CHAPTER 19
| OF MODERN

1. Einstein explained phetoelectric effect on the fuliowing assumption
that
A light has a particle nature
B light consists of photons or quanta
C. :re energy of igntincreases with speed
D. light nas a wave nature
2. The photoelectric threshoid frequency depends upon
A frequency \ \ B natwe of material
C intensity of hght BRNYZAY frV'vD none of these
3.  Inthe equation: £ & ] h*..‘|s éaned

A grawtato]nql ¢:onstam B. plank’'s constant
C gay| doristant D none of these
4q. A positron is an anti particle of ,
A Proton B Electron C. Neutron D. Photon
5. According to Maxwell theory, llght was known to consists of
oscillating:
A Electric fields B. Magnetic field
C Both electric and magnetic D. None
6. If an observer is moving in the same direction as sound wave, the
velocity of wave seems to be: ‘
A More B less C Half D Double
7. A set of coordinate axes with respect to which measurements are
made is called:
A inertiat frame of reference B Non-inertial frame
C Frame of reference BNphe, | '
8. The relativistic length of an; Ob]ECt measured by an observer in the

moving frame of reference IS given by:
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9. The sto;;ping potential for a certain metal is 10 V. The work

function for the cathode is _
ia 20 J 3 16x10°J



10.

11.

12.
13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

_A-—l B hf C Veg o

C16x10" D 1 607 (@(C
An observer s:ttmg in aeropiane \and\ movmg “with very h|gh speed

observes a meter rod placed on earth. The rod appears to him:
A Less than one met' N B Greater than one metre

C One metre(| |\ WU = D Two metre

Amo\mt of energy hberated due to breaking of 1Kg of matter is:
A 9x10°J B.9x10"J

C 9x10°°J D.3x10%J

Absorption power of perfect black body is:

A. Zero B.0.5 C1 D. 100 -
The rest mass of X- -ray photon is

A.9.1x10% kg B.1.67 x 10 kg

C. 160 x 10 kg D. zero

All motions are

A Absolute B. uniform

C Reiative D. variable

The energy of photon is given by:

In photoelectnc effect, the threshold frequencv rs

A Different for dlfferent matena!s \\B-same for all materials

C Random AN ST D None

The momeIntum of 'phcton of frequency "f' is:

Aw—l,\]r\ B~ - gL D =~
Compton scattering experlment provides a proof that radlatlon has:
A Wave nature B Particle nature

C Both particte and wave nature D None

Photocells are used for

A Security system B counting system

C. Automatic door system D. All of these

Theory of relativity which deals with non inertial frames of
reference is called

A Speciai theory of relativity B General theory of relativity

C Quantum theory D. Classical theory .

The physical quantity related to photon that does not change in
Compton scattering is,

A energy OB Speed

C frequency W70\ L \ D wavelength

Plank's Constant has dnmenmons

A MLT?) B \[ML2T) C [MLT) D [MLT?
In black 'bbdy radlatlons at low temperature a body emits
radiations of

A Long wavelength B Small wavelength

C Medium Wavelength - D. High energy

X-Ray diffraction implies that X-rays have

A Particle nature B wave nature




C wave-paricle natuyre C_Nen2 nf mSF

25. The materialization of energy takes place inthe P"OCG';S Of
A Par production _, ) 8 Annihilation

C Compton- effnc{ \CRNN N D Photoelectric effect
26. The de-Broghg wavelength of partlcle is dependent on:

A Energyl. NN B Momentum
C Energy & Momentum D None
27.  Which of the following phenomena can be studied with y-rays:
A Photo-electric effect B Compton effect
C' Pair production D All

28. The uncertainty principle points out that:
A Electrons can exist inside the nucleus
B Cannot exist inside the nucleus

C BothA&B
D None
29. Blue light has frequency 7.5 x 10 cps. Its energy is:
A 31eV B 62eV C 83eV D 75eV
30. The rest mass of photon is:
A 167 x 107'kg - Bgrxidkgtt
C. Zero '{'D None of these
3t. Who gave the idea of matter wave?
A.de-Broghe  ; VLS N B. Plank
C EmsternJ J “ AR\B\= A D Huygens
NN N Answers:
_1._B‘_' 2.B 3.B 4B 5C | 6.B . 7.C
.~ 8.A 9.B  10.A 11.B  12.C . 13.D 14.C
- 15.B 16. A 17.C 18.B | 19.D . 20.8 21.B |
22.C 23.A 24. B 25. A 26. B 27.C 28.B .
29. A 30.C 31.A ’

SHORT & LONG QUESTIONS

Q1: Briefly discuss the history of modern physics?
Ans: Classical physics:

In the early part of the twentieth century. many experimental | and theoretical
problems remained unresolved Attempts 1o exp!am the behawour of matter on the
atomic level with the faws of ciassical physrcs were) not successful Phenomena
. such as black body radiation_the pho@eiecmc effect, the emission of sharp spectral
lines by atoms in a gas dlscharge tube and invariance of speed of light, could not
be understood 4thppJ:He framework of classical physics
Quantum theory:

To explain these observations a revolutionary framework oi explanation was
necessary which we call modern physics. Its two most significant features are
relativity and quantum theory
Special theory of relativity:



C wave-paricle natyre D NG”" nf( 'P"DSF' 3V

25. The matenahzatuon of energy takes place in' ‘the process of:
A Parr production. (O '8 Annihilation
C Compton- effuc{ D Photoelectric effect

26. The de- Brﬁaghe wavelength of partlcle is dependent on:

A Engrgy N B Momentum
C Energy & Momentum D None
27. Which of the following phenomena can be studied with y-rays:
A Photo-electric effect B Compton effect
C' Pair production D. All

28. The uncertainty principle points out that:
A Electrons can exist inside the nucleus
B Cannot exist inside the nucleus

C BothA&B
D None
29. Blue light has frequency 7.5 x 10'* cps. Its energy is:
A 31eV B 62eV C 93eV D 75eV
30. The rest mass of photon is:
A 167 x 10°kg o RY ‘r £ 10'” kg o
C. Zero O AN\ 0 Norré of these
31. Who gave the ndeaofmatti.‘Wan
A. de-Broglie \\ B. Plank
C Emggiﬂ\“\\”\_.\Jgﬂ,‘..__,\v D Huygens
NNV | Answers:
. 1.B 2B _ 3.B 4.B 5C | 6.B 7.C
~ 8.A 9.B 10.A 11.B = 12.C 13.D 14.C
~ 15.B  16.A 17.C _18.B ' 19.D , 20.8 21.B
22.C 23.A 24.B |, 25.A  26.B 27.C 28.B .
29. A 30.C 31.A

I SHORT & LONG QUESTIONS I

Q1: Briefly discuss the history of modern physics?
Ans: Classical physics:

In the early part of the twentieth century. many experlmental Bhd theoretical
problems remained unresolved Attempts o exptain, the behaviolr of matter on the
atomic level with the laws of c1dss:ca1 phys:cs were not successful Phenomena
. such as biack body radsatton ARNe pthelec:Irsc effect, the emission of sharp spectral
ines by atoms in a ga dlscharge tube, and invariance of speed of hght, could not
be understoad, within the framework of classical physics
Quantum théory

To explain these observatxons a revolutionary framewoik oi explanation was
necessary which we call modern physics. Its two most significant features are
relativity and quantum theory
Special theory of relativity:




The observations on objects moving very fast \approachmg the speed of
light are well explained by the special theory of\ reratwsty Quantum theory has been
able to explain the behawiour of | e}ectromagnehc radiation as discrete packets of
energy and the particles on a very 'sinali'scale are dominated by wave properties
Q2: Discuss tpe relative motion?

Ans: Relaﬁve'motlon'

The motion of a body with respect to some reference point i1s called relative
motion.
Explanation:

The rest position or the motion of an object i1s not same for different
observers For example, the walls of the cabin of a moving train"are stationary with
respect to the passgngers sitting inside it but are in motion to a person stationary on
the ground. So we cannot say whether an object is absolutely at rest or absolutely in
motion. All motions are relative to.a person or instrument observing it
Q3: What do you mean by frames of reference, inertial frame of

reference and non-inertial frame of reference?
Ans: Frame of reference:

A coordinates system relative to whnch measurements are téken is called a
frame of reference O\ 4 CA) ‘\'1 CRAl

The simplest frame of referen(:e ,-fs" he Carteman coordrnate system with

consist of three mutuany perpeneﬁcmglmes x-axis, y-axis and z-axis)
Explanation: A\R\pReY

In factr Jﬁrér#w’e“of"reference is any coordmate system relative to which
measuremeﬁts are taken The position of a table in a room can be located relative to
the walls of the room A coordinate system based on these stars is then the frame of
. reference
Types of frames of reference:

1. Inertial frame of reference:
An inertial frame of reference is defined as a coordinate system in which the
faw of inertia is valid.

Explanation:

i That is, a body at rest remains at rest unless an unbalanced force produces

acceleration in it. Other laws of nature also apply in such a system If we place a

body upon Earth it remains at rest unless an unbatanced force is applied upon it

This observation shows that Earth may be conszdered as an memal frame of

reference. ~(O)U\

ii. A body placed in a car moving- with'\a umform velocrty wuth respect to Earth
also remains at rest, so thatwar is also aninertial frame of reference

iii. Thus any frame ef referenCe W\hICh is moving with uniform velocity relative to
an inertial framg is\also an inertial frame

Non-inertial. fraﬁie of reference:

A non-inertial frame of reference is defined as a coordinate system in wnizn
the law of inertia 1s not valid
Explanation:

i. When the moving car is suddenly stopped the body placed in it e =
remains at rest So is the case when the car s suddenly .accelerated I »..n



situation, the car is not an inerlial frame of reference Thus an acce}erated trame Is
a non-inertial frame of reference

ii. Earth is rotating and revolving- and hence stnctw speakmg the Earth is not
an inertial frame. But it can| often be! tre“ated as an inertial frame without serious error
because of very small. cce!erahon ‘

Q4: Explain the basic postulates of special theory of relativity?

Ans; Special theory of relativity:

i The theory of relativity is concerned with the way in whlch observers who are
. in a state of relative motion describe physical phenomena.
i, The special theory of relativity treats problems involving inertial or non-

accelerating frames of reference.
iii. General theory of relativity:

. There is another theory called general theory of relativity whrch treats
problems involving frames of reference accelerating with respect to one
another.

Postulates of special theory of relativity:

The special theory of relativity is based upon two postulates wh:ch can be

stated as follows
1. - The laws of physics are the same inall inertial frames :

2. The speed of light in free space has Ihe same va!ue for all observers,
regardless of therr state ahmotion: \ %
_Explanation of first ostulates ef specna! theory of relativity:

The first pqstd late is the generalization of the fact that all physical laws are
the < me in frémes of reference moving with uniform velocity with respect to one
another. If the laws of physics were different for different observers in relative
motion, the observer could determine from this difference that which of them were
stationary in a space and which were moving. But such a distinction does not exist,
so this pastulate implies that there is no way to detect absolute uniform motion.
Explanation of second postulates of special theory of relativity:

The second postulate states an expenmental fact that speed of light in free
space is the universal constant 'c’ (¢ =3 x 10 ms™).

Significance of special theory of relativity:

These simple postulates have far-reaching consequences. These include

such phenomena as the slowing down of clocks and contraction of lengths in

moving reference frames as measured by a stationary observer.

Q5: Discuss the result concluded from special theory of relatwnty?

Ans: Result concluded from special theory of rela'tiwty

Some interesting results of the specnat theory of relativity can be summarized

as follows.
ilatlon means moving clocks run slowly):

1. Time dllathn, (Tmer-d
Accordwnb o' special theory of relativity, time is not absolute quantity. It
depends upon the motion of the frame of reference. A
Explapation:
Suppose an observer is stationary in an inertial frame He measures the time
interval between two events in this frame Let it be t,. This is known as proper time.
if the observer is moving with respect to frame of events with velocity v or if the



frame of events is moving with respect to observer with a uniform vel o(;rty v the time
measured by the observer would not be f; b‘ut it wouid be f gwe“ By

1))

As the ]qqahtm) “’—z wIS always less than one. so t is greater than 1 e

time has dtlated or stretched due to relative motion of the observer and the frame of
reference of events.

Application:

i This astonishing result applies to all timing processes--physical, chemical
and biological.

i, Even aging process of the human body is slowed by motion at very high
speeds.

2. Length contraction:

(Length contraction means faster objects will have shorter length).

i The distance from Earth to a star measured by an observer in a moving
spaceship would seem smaller than the distance measured by an observer on
Earth. That is. if you are in motion relative to two points-that are) a \fixed distance
apan, the distance between the two pomts appears, Shanecthan if you were at rest
relative to them. This effect is known as- Jlefngth contraction.

ii. The length contractron happens\only aﬁong the direction of motion. No such

contraction onld be' observed perpendicular to the direction of motion.

iii.  Properlength h(%): '

The. ngth of an object or distance between two points measured by an
observer who is relatively at rest is called proper length "¢’ If an object and an
observer are in relative motion with speed v, then the contracted length 't is given
by

ve

t = tgfl_:" (2)

3. Mass variation:
(Mass variation means faster objects will be heavier).

i According to special theory of relativity, mass of an object 1s a varying
quantity and depends upon the speed of the object.
ii. An object whose mass when measured at rest is my will have an increased
mass m when observed to "t?e moving at speed v. They are related by
m = == (3)

1 = ‘{2 O
\ 7 A

fli.  The increase in mass,tndtcateuhe increase in mema the object has at high

the spee {'of a material object:
As v abproaches c. it requires a larger and larger force to change the speed
of the object.

v <
As voc, == 1 thercfore [1-~ 1; -0
A C

Thus m — o



An infinite mass would require @n infinite| force t6“accelerate it Because
infinite forces are not available. be-nc":é,f"'é‘hz‘xbbié‘?»f‘;éahhbt be accelerated to the speed

V. In our everyday)ife \we deal with extremely small speeds. EgHparcuiie the
speed of light\[EUen/the Earth's orbital speed is only 30 kms' On the other hand
the speed of l'i‘g';ﬁt in free space 1s 300.000 kms ' This is the reason why Newtonfs
laws are valid in everyday situations However whén experimenting with atomic
particles moving with velocities approaching speed of light, the relativistic effects are
very promiment. and experimental results cannot be explained without taking
Einstein's equations into account '

Q6: Explain energy-mass relation?

Ans: Energy-mass relation:

i. According to special theory of relativity, mass and energy are different

entities but are interconvertible. The total energy E and mass m of an object are
reiated by the expression

E = mc | (1)
where m depends on the speed of the object. PR\
i. At rest. the energy equivalent of an 0bjes;ﬂt;.sma’ss;m@@@gmélre‘d rest mass
energy E. el W\ € \ [ (S5 .
Ec= mect /7! o= K0

(WA

iii. - As mc’is greater tha

s d“uie.\ile\\"WPQ‘-@M"’*éé‘*sﬂch it represents the kinetic energy of the mass.
Hence Wﬁilj\\\i‘_ R

rﬁoﬁ'ﬁ.‘“:.ft,t’\kaﬁéﬁ}f%é‘r/gnce of energy

KE = (m-mg)c? (3)
iv. From equation 1 above the change in mass m due to change in energy AE
IS given by "
am = 2

Note:

Because ¢’ 1s a very large quantity. this implies that small changes in mass
require very large changes in energy In our everyday world. energy changes are
too small to provide measurable mass changes However energy and mass
changes in nuclear reactjons are found to be exactly in accordance with the above
menuoned equations
Q7: Write a short note on NAVSTAR navigation system?

Ans: NAVSTAR navigation system (Global positioning systém):

i The resuits of special theory of relativity-are ‘put 4o cpractical use even n
everyday life by a m_odern systef’h ofnavngatlon satelites called NAVSTAR.

. The location and_speed anywhere on Earth can now be determined to an
accuracy of about 2ioms |\ 1\

1. Howg:ygr;;wi‘fgp‘*e{_létiv‘ity"e'ffects are not taken into account, speed could not be
determined any closer than about 20 cms ',

iv. Using these results the location of an aircraft after an hour's flight can be

predicted to about' 50 m as compared to about 760 m determin

ed by without
using relativistic effects ¥ W



Q8: Briefly describe the black body radiation? _ —
Ans: Black body radiation. e

A blac tuay 5 a sous NISeR R
and the radiahor car Epte, \ s D

A olibw taviy within it It has smail hole
W\ tareLgh this ncie

Biack Loay hasqthe \pr ,‘e”vh ansorp all the radiation entering it A black
body s both aqydeE dbseIDer anc an .aeal radiator
Explanation:-
L When a body Is heated t enuts radiation The nature of radiation depends
upon the temperature
ii. At low temperature a body emits radiation which is principally of long

wavelengths in the invisible infrared region
ii. At high temperature the proportion of shorter wavelength radiation
increases Furthermore the amount of emitted radiation s different for
different wavelengths
For exampie when piatinum wire s heated, it appears dull red at about
500°C changes ‘c cherry red at 200°C, becomes orange red at 1100°C. yellow at
1300°C and finaily white at about 1600°C This shows that as the temperature is

Increased the radiation becomes richer In shorter waveiengths
1 S

s ~yal: o K
rrodler g N [
™\

irslsarm 40 wici et
aviy FAnt Ll rary i e e e aing
Crvily rad.ation
() Ao bon O rarngtion ’ )
(b} Frinssion of radiation

Q9: Explain the distribution of energy in the black body radiation
spectrum at various temperatures with the help of diagram?
Ans: Intensity distribution diagram:

h Lummer and Pringsheim measured the intensity of emitted energy with

wavelength radiated from a black body at different temperatures bythe apparatus

ii. The amount of radiation em‘“edWth‘ffefentwavelen gths s shown in the
form of energy distribution curves for\gach temperature in the Fig




rock sait

prism (transmits
——— and disperses all
wavelengths)

thermopile
(radiation detector)

:_\ infrared
spectrometer

Results of Lummer and Pringsheim experiments:
These curves reveal the following interesting facts.

1. At a given temperature, the energy is not uniformiy drstrlbuted in the
radiation spectrum of the body

2. At a given temperature T the emitted energy, 'ﬂas nﬁax«mum'va!ue for a
certain wavelength A.a, and the produCt Am, X Tremams constant.
Amax* T = Constant AN O\ Sseenord

L

The value of the eans’(ant kno?m ag npastrun,
Wien's constant is a out 29 *x-10° mK.
This equationy \medrhé that as T increases,
Amax SHifts to shorter wavelength ‘

3. For all wavelengths. an increase in
temperature causes an Iincrease in energy
emission The radiation intensity increases
with increase in wavelengths and at a
particular wavelength 4 .5, it has a

e L i i T B
"

— VoY

maximum value. With further increase 'in ° L A a
wavelength. the intensity decreases ’m::;:‘;;::?ﬁé’}j;iil-%a:”;:‘?;h: .
4 Stefen-Boltzmann law: S R (o T eorgy momnet

The area under each curve represents the total energy (E) radiated per
second per square metre over all wavelengths at a particular temperature It 1s
found that area is directly proportional to the fourth power of ke!vm temperature f

Thus

E « T* or

E = O'Td semmee g
Where o is called Stefen S| oonstam AR
Its value is 5 67x1O V\J/m and the%bove relation is known as Stefen-Boltzmann
I(;;.VO: Bneﬂv Bescnbe the Planck’s assumption?
Ans: Planck’s assumption (quantum theory):
: In 1900. Max Planck founded a mathematical model resulting in an equation

that descrives the shape of observed curves exactly




ii. He suggested that energy Is radiated of absorbed nn dxscrete packets called
quanta rather than as a contmuouswave RN
ii. Each quantum is associated wnh radtatlon of a smg1e frequency The energy
E of each quanturjn is\ propomonal 0 its freque1r;cy f. and
(] = hf e A
where 1) s Pljéncks constant. Its value is 6.63 x 10°* Js. This fundamental
constant is as important in physics as the constant C. the speed of light in vacuum
iv. Max Planck received the Nobel Prize in pnysics in 1818 tor his discovery of
energy quanta.
Q11: Briefly describe about the photon. Drive a relation for the
momentum of photon?
Ans: Photon:

' Einstein extended his idea and postulated that packets or tiny bundles of
energy are integral part of all electromagnetic radiation and that they could not be
subdivided. These indivisible tiny bundles of energy he called photons.

Momentum of a photon:

The beam of light with wavelength A consists of stream of photons travelling
at speed c and carries energy hf. From the theory of relat vny mameﬁtum p of the
photon is related to energy as ' -

Thus O\ A\ Er=\ ) (z)
By compann d we get

‘e = -—C{ (dividing both sides by c)

p- = {i (3) (Since mc = momentum)

- N e =
p = 7 (Since ¢ = fA)
h
P = > (4)

This equation shows the momentum of photon in terms of wavelength.
Q12: What are some of the differences between photons and electrons?
Ans: Electrons have mass, photons do not. Electrons have electric charge,
photons do not. Electrons may be stationary, photons move only at the velocity of
ight Electrons are constituents of ordinary matter, photons are not. The energy of a
photon depends only on its frequency that of an electron depends on |ts velocuy and
position K
Q13: Explain the electromagnetlc spectrum?
Ans: Electromagnetlcspectrum' W

I At the hithend, y-\radiation with energy ~ 1 MeV i1s easily detected as
quanta by .a radiation detector and counter
ii. At the other end. the energy of photon of radio waves is only about 10 eV

iii. Millions of photons are needed to detect a signal and hence wave properties
of radio waves predominate The quanta are so close together in energy value that
radio waves are detected as continuous radiation.



iv. The emission or absorptionof eﬁergy m sleps may be extended 1o include

any system such as a mass) oseifiating'on\a’spring. However the energy steps are

far too smail to be detected and $o\any granular nature 1s invisible o

V. Quantum efﬁec(é are- only important when observing atomic sized objects
where n 1s\a'significant factor in any detectatie energy change

.Q14: Enlist the names of methods in which interaction of
electromagnetic radiation with matter takes place?

Ans: Interaction of electromagnetlc radiation with matter:

Electromagnetic radiation or photons interact with matter in three disunct
ways depending mainly on their energy
The three processes are

. Photoelectric effect il. Compton effect Hy. P2, gooauction
Q15: Explain photoelectric effect? Discuss experimental arrangement to
observe photoelectric effect and its important results?
Ans: Photoelectric effect:

The emission of electrons from a metal surface when exposed to ultraviotet
hight of suitable frequency is cailed the pnotoelectric effect ()
Photoelectrons: U2 7:/.’"'7/‘ .

The emitted electrons are kpownas- phatoelectmr\s» =
Experimental arrangement toobserve photoelectric effect
i. The photoelectric: effect s dem\nstrated by

the apparattr;s snown in'Fig~
ii. An ev@ﬁuétéd glass tube X contains two .

electrodes.
iii. The electrode A connected to the positive
terminal of the battery 1s known as anode.
The electrode C connected to negative
terminal is known as cathode
iv. When monochromatic light 1s allowed to
shine on cathode, it begmns to emit
electrons. These photoelectrons are
attracted by the positive anode and the
resulting current is measured by an
ammeter.

V. Photoelectric current:

The current stops when hght are cut off. which proves, that. the current flows

because of incident light This curreat s, hence rcaned photoelectric current.
vi. Maximum energy of the photoelecbuns. |

The maximum energy-of- the' ptlotoeiectrons can be determined Dy reversing

the connect:on ofi the bat'er’y In the circuit te  now the anode A is negative

and cathqdle NN at positive potentiai In this condition the photoelectrons
are repelled by the anode and the photoeieciric current decreases
Stopping potential Vo: :

If this potential 1s made rmore and Meoie negative at a cenain value, called

stopping potenual V, the current becomes ¢ero Even the eiectrons of maximum

incigent




energy are not able to reach collector plate The maximum-energy. of photoelectrons
1S thus where m s mass, v is veloc;ty and e |s the charge on electron

vii. If the expenment 15 repeated %th hght beam of higher intensity the amount
of current increases bt the current stops for the same value of V;
Characteristic \\eurve of photocurrent vs. applied voltage for two

intensities of monochromatic light: Phoiogiectric

The Fig. shows two curves of photoelectric currunt i\
current as a function of potential V where I > |, ‘
Characteristic curve -of photocurrent vs. g ;
applied voltage for light of different / '
frequencies: < v, >0

If, however, the intensity is kept constant i o |

v

and experiment is performed with different
frequencies of incident light, we obtain the curves
shown in Fig.

The current is same but stopping potential
is different for each frequency of incident light, —~SHA
which indicates the proportionality of maxlmurrv**f(}\.\ ;’k}’;?‘--\'}-. SN
kinetic energy with frequency of hghtf \ LD L

Important expenmental -

photoelectric effect: | \\ \ v

The important ['espulftsﬂu&f the expenments are

p 8 The élebtrons are emitted with different energies. The maximum energy of
photoelectrons depends on the particular metal surface-and the frequency of
incident light.

2. There 1s a minnmum frequency below which no electrons are emitted,

however intense the light may be. This threshold frequency 7, varies from

o metal to metal.
3. Electrons are emitted mstantaneously the intensity of light determines only

their number.
These results could not be exp!amed on the basis of electromagnetic wave

theory of light. According to this theory, increasing the intensity of incident light
should increase the K.E. of emitted electrons which contradicts the experimental
result The classical theory cannot also explain the threshold frequency of ight.
Q16: How did Einstein explain the photoelectrlc effect on ‘the basis of

quantum theory?
Ans: Explanation of photoelectnc errect on the basns of quantum theory
i. Einstein extended the idea of\quanttzatzon of energy proposed by Max
Planck that ight is emltled on absorbed iIn quanta, known as photons. The energy of
each photon of F‘reqhen yf asE given t;y quantum theory is

= hf - ... (1)

A photon couid be absorbed by a single eiectron in the metal surface
ii. Work function ‘¢":

The electron needs a certain minimum energy calied the work function ‘¢ to
escape from the metal surface. If the energy of incident photon is sufficient, the



electron is ejected instantaneously fcom the metai surfarCe A part of the photon
energy (work function) is-used- by the\ slgctron’to break away from the metal and the

rest appears as the kmeh' ‘ energy bNhe electron
That is, \\

Incident Photon éné'rgy Work function = Max

K E. of phoibelectron ' "-Ezw /
ot bt - @ = imul,, (2)

Note: This is known as Einstein's r’) L
photoelectric equation. _
iii. When K Emax of the photoelectron is zero, 4 9707 of 0 e o o Ton
the frequency f 1s equal to threshold frequency fo, frequency BSueiow & certain
hence the Eq. 2 becomes el (s &5 ERCSREE

hfo—¢ =0 or ¢ = hfy ........(3)
Hence we can also write Einstein's photoe!ectnc equation as

K Emax - hf hfo (4)

Alpert Einstein was awarded Nobel Pnze in physucs n 1921 for his
explanation of photoelectric effect. A0 \
Q17: How photoelectric effect proved thex:omu‘scu!ar nature of life?
Ans: Phenomenon of photoelectrlc effect cannat be explained if we assume that
light consists of waves and energy s undormiy distributed over its wavefront. It can
only be explained by assummg &t consists of corpuscles of energy known as
photon Thus :t@h Wﬁ the ‘corpuscular nature of light.

Q18: wughz bHotocell'? Describe its working and applications?
Ans: Photocell: . quarts or giass uhe
A photocell is based on photoelectric effect. g,y .

Construction: cathode
It consists of an evacuated glass bulb with a — ‘
thin anode rod and a cathode of an appropriate S
metal surface. The mateérial of the cathode is =1} =
selected to suit to the frequency range of incident
radiation over which the cell is operated. For
example sodium or potassium cathode emits
electrons for visible light, cesium coated oxidized
silver emits electrons for infrared light and some
other metals respond to uitravioiet radiation.

Working: . A0
When photo-emissive surface is-exposed-to. appmpnate hght electrons are
emitted and a current flows in the exfternal cireuit) which increases with the increase
in.light intensity. The curient siops %hen the ight beam is interrupted.

Applications of photocell

The cell has w:dje range’of appt:catlons Some of these are to operate:

écunty systems 2. Counting systems
3. Automatic door systems 4. Automatic street lighting
5. Exposure meter for photography 6. Sound track of movies

The cut off wavelength s in the green region of the visible spectrum



Q19: Explain Compton effect? OR Describe how Compton's experlmental
result proved striking confirmation- of pamde like interaction of
electromagnetic waves with matter" :

Ans: Compton effect:| |\ (|| NS
When X- -Tays, qre scattered by loosely bound

electrons from JaJ 'graphite target, it is known as

Compton effect

Explanation:

i Arthur Holly Compton at Washington University

in 1923 studied the scattering of X-rays by loosely

bound electrons from a graphite target.

ii. He measured the wavelength of X-rays

scattered at an angel ¢ with the original direction. He

found that wavelength As of the scattered X-rays is larger than the ‘wavelength 4, of
the incident X-rays. This is known as Compton effect.

il The increase in wavelength of scattered X-rays could not be explained on

the basis of classical wave theory. Compton suggested that X-rays consist of

photons and in the process of scattering the photons suffer. collision-with electrons
like billiard balls. In this collision, a part of mudent phaton energy sand momentum is

transferred to an electron. Q ,

iv.  Compton shift (42):.,
Applying energy | anq momen}m conservatlon laws to the process, he

derived an expre: sﬂon fﬂor the change in wavelength AA known as Compton shift for

scattering angle

— h :
Ad = m‘(1—cosf}) .......... (1)

V]

where my is the rest mass of the electron.
V. Compton wavelength-( T:_c ):
1)

h , : ;
The factor;‘;; has dimensions of length and is called Compton wavelength

and has the numerical value

h 6x10734 Js
= . o = 243x10"m

myt 9.1x10731 kg x3x108 ms™

(%)
y

£,

N

vi. if the scattered X-ray photons are observed at 4 = 90° the Comptor shv* 3/
equals the Compton wavelength



The Eq.1 was found to be in complete agreement ( wﬁh \Compton's
experimental result, which again is a stnktng conﬁrmattoh of particle like interaction
of electromagnetic waves with matter A\

Arthur Holly Compton was awasded Nobel Prlze in physics in 1927 for his
discovery of the effect. named after him.

Q20: Write a short/note on pair production?
Ans: Pair production:

The change of very high energy photon into an electron, positron pair is
called pair production.

Explanation: I
R A kind of interaction of very high energy

photon such as that of y-rays with matter is pair photon
production in which photon energy is changed
into an electran-positron pair

ii. Positron: |

A positron is a particle having mass and
charge equal to that of electron but the charge
being of opposite nature 1e positive. The - \
creation of two particles with equal and opposite f“/’iii‘*77:{j’~' ‘ Pa” Pr i
charges i1s essential for charge conservatron WAL
the universe. The positron, :s atsv knoWQ as- anhpamcle of electron or-anti-electron.

ili. The mteractnon sua!by takes place in the electric field in the vicinity of a
heavy nucleum,aa Ishown in the Fig so that there is a partlcle to take up recoil
energy and m&mentum IS conserved
iv. Materialization of energy:

In the process, radiant energy is converted into matter in accordance with
Einstein's equation E = mc?, and hence. is also known as materialization of energy.
V. Energy during pair'production:

For an electron or positron, the rest mass energy = myc?= 0.51 MeV. Thus to
create the two particles 2 x 0.51 MeV or 1.02 MeV energy is required.

vi.  Surplus energy in the form of Kinetic energy:

For photons of energy greater than 1.02 MeV, the probabmty of pair
production occurrence increases as the energy increases and the surplus energy is
carried off by the two particies in the form of kinetic energy. The prooess can be

represented by the equation
Energy required ] [kmeuc energy
Energy required = [ f or pair producﬂon of |the particles
ht = 2mgci+KE (e)+KE (e &) L %))
Q21: Describe the process of-annihilation of matter?
Ans: nmhqlbtidh of matter:
When a positron comes close to an electron, they annihilate and produce
two photons in the y-rays range it 1s called annihilation of matter
Explanation:
i it 1s converse of pair production when a posttron comes close to an electron
they annihilate or destroy each other

.= efectron




ii. Tne matter ¢f two particles cnanges inte- e*ec‘rcmagnenc energy producmg
two photons in the y- rays range \BR=N)

e + e _ ¥
iil. The two photons \are| nroduced 'ravenmg I
opposite directcp $Jsd that-momentum i1s conservec |
Each photon'Has energy 0 51 MeV equivalent to rest v
mass energy of a particie
iv. A particle and s antiparticle cannot. exist
together at one place WWhenever they meet they
annhilate each other That is, the parucies
disappear, their combined rest energies appear in
other forms
V. Proton and antiproton annihiation has also been observed at Lawrence

Berkeley Laboratory

Q22: Describe the view of Louis de Broglie about light?
Ans: Light is in short the most refined form of matter (Lows de Broglie
1892-1987) 7\
Q23: Who predicted the existence of positron? . (| -
Ans: The existence of positron _was) p;edrcted by Durac in 1928 and it was
discovered in the cosmic_radiation iny/ 1932 by\Carl-Anderson_ It gradually became
clear that every pamcle has ar Corresbéndmg antiparticle with the same mass and
charge (if it is a ct ar pamcle) but of opposite sign Particles and antiparticles
also differ mmd,si s 0f other quantum numbers
' Q24: Discuss the wave nature of particles? OR Derive de Broglie

T1- photon

elactron

éposnron

relation? ,
Ans: Wave nature of particles: ,
i Dual nature of light:

It has been observed that ight displays a dual nature it acts as a wave and
it acts as a particle

i, Assuming symmetry in nature, the French physicist, Louis de Broglie
proposed in 1924 that particles shouid also possess wavelike properties.

iii. As momentum p of photon is given by equation.

de Broglie suggested that momentum of a material particle-of mass m
moving with velocity v should be glven by the same expressmn Thus
h A\ - \ \ b

where ,{ us tqe wéveiength assocuated with particle waves.
Note: ‘;
Hence an electron can be considered to be a particle and it can alsc be
considered to be a wave The equation 2 is called de Brogiie relation.



Q25: Why diffraction effects for electrons. are measurable whereas
diffraction or mterferenCe effects for bullets are not?
Ans: An object of large mass) and\srdmary speed has such a small wavelength
that its wave effects sych as\interference and diffraction are negligible.
For example:\ NNNE
i A rifle bullet of mass 20 g and flying with speed 330 ms ' will have a
wavelength 4 given by
b.63x 10734 Jy

A= , = 1%x10*m
2x107 - kgx330my ™!

This wavelength is so small that it is not measurable or detectable by any of
its effects
ii. On the other hand for an electron moving with a speed of 1x10°ms ™,

6.63x1079% )y
= ! = 7x10"%m
9.1x1073 Kgalx10v my !

This wavelength is in the X-rays range. Thus, diffraction effects for electrons
are measurable whereas diffraction or interference effects for bullets are not.’
Q26: Describe briefly Davisscn and Germer experimental arrangement
for electron diffraction with the help of de-ﬂroglre sequatlom
Ans: Davisson and Germer experiment: (| \\'/(Z-°
i A convincing evidence of| the( wave nature of e!ectrons was provided by
Chnton J. Davisson and Laster H Gkrmer ‘They
showed that e!ectronﬁ are dlﬂ‘racted from metal Efectron
;

\_/

crystals in exagtiy! [IR& $ame manner as X-rays or ol

any other wave.
Detector

ii. Experimental arrangements: .
The apparatus used by them is shown in .
Fig . in which electrons from heated filament are .
accelerated by an adjustable applied voltage V. _ 9.
ces - Nickul IR
il The electron beam of energy Ve is made  (cy /‘ S|
incident on a nickel crystal The beam diffracted l \
from crystal surface enters a detector and is o .

recorded as a current /. |
iv. The gain in K.E. of the ek_ectron as it is accelerated by a potential V in the

electron gun is given by

2

or my
or mv_

From de Broglie eqqagon_‘ |

Thus
V. For examﬁle.
in one’of the experiments, the accelerating voltage Vv wa
. g s 54 volts, hence
A =
vimVe

o 6.63x107 % /s - 16 '
4 = V2201730 kg xS4/C Ix16x10 ¢ 6x10"m (2)



This beam of electrons diffracted from crystal surface was obtamed for a
glancmg angle of 65° A Nt/ e

Bragg's equation: AVZAREOR\ AL
According to Braggs equatlon N\ i
\2d'sind = mA
For 1??..ptde'rlj.d"lﬁracuon m = 1
For nickel d = 091x10"m
Thus 2x091x10" x sin65° = A
Which gives A = 165x10"m (3)

Thus, experimentally -observed wavelength (in eq.2) is in excellent
agreement with theoretically predicted wavelength (in q.3).
Note: ’
Diffraction patterns have also been observed with protons, neutrons,
hydrogen atoms and helium atoms thereby giving substantial evidence for the wave
nature of particles.
Q27: Discuss wave particle duality? :
Ans: Wave particle duality:
Matter and radiation have a dual wave-pamcle nature ar)d /thas new concept
is known as wave particie duality. \ \\ /(o)
Explanation: N\ \ \ )\
b Interference andC diﬁractwn o{ hght conf ™ tts wave nature, while

photoelectric eff ct proves the particle nature of light.
ii. The ex rqrrieﬁt of Davisson and Germer and G. P. Thomson reveal wave

like naﬂ.rre of etectrons
iii. The experiment of J J. Thomson to find e/m we had to assume particle like
nature of the electron In the same way we are forced to assume both wavelike and
particles like properties for all matter electrons. protons, neutrons, molecules etc.
and also light. X-rays, y-rays etc have to be included in this.
iv. Principle of complementarity:

Nieis Bohr pointed out in stating his principie of complementanty that both
wave and particle agpects are required for the compiete description of both radiation .
and matter. Both aspects are always present and either may be revealed by an
experiment. However, both aspects cannot be revealed simultaneously in a single
experiment. which aspect is revealed is determined by the nature of the experiment
being done.
v. - If we put a diffraction grating in the path of a light beam we reveal it as a
wave. If we allow the light beam to hit a-metal; surface we need to regard the beam
as a stream of particles to explain y0ur obServanOns - U
vii  Thereis no SJmple expenment that we can carry out with the beam that will

require us. toJ m@érpret it-4% a wave and as a particle at the same time
vii.  Light behaves as a stream of photons when it interacts with matter and
behaves as a wave in traveling from a source to the place where it is detected.
Note:

In effect, all micro-particles (elettrons. protons, photons, atoms etc)
propagate as if they were waves and exchange energies as if they were particles -
that ig the wave particte duality.



Q28: Describe the uses of wave nature of partu:les? \ O
Ans: Uses of wave nature of particles: | || |||\

The fact "ma' pnes mggﬁ ey have extremely shon de Brogle
wavelengths has pear [0\ i \Aractical use m many ultra-modern devices of
immense importance\§iLh-as elect-or microscope

-

Q29: Desci:iﬂé‘-bert:eptnon and working of electron microscope?
Ans: Electron microscope:

Electron microscope makes practical use of the wave nature of electrons
which is thousands of time shorter than : '
visible light which enables the electron
microscope to distinguish. details not visible

wieutron sowce | o

with optical microscope :
Construction and working of Electron mmgnens —f 4y
Microscope:

i in an electron microscope. eiectnc spucwre

and magnetic fields rather thsn optical g,

lenses are used to focus electrons by oy
means of electromagnelc forces that are
exerted on moving charge The resuiting
deflections of tne ewectrons beamsare|\ \\\\\\\ )/ . T .
similar to the refracticr ef'ectsmmdu\c,gd by ammetet. LrVYid
glass lenses used 0 focys \iigntiin' optical -

microscope. [\

. Apphh&bgi"\ of high voitage:

NINN S

AN Sl g

A The electrons art acceierated to high FAAG IO g
energies by applyirg vitage from 30 kV to 2
several megavolts Sucr: high vortages giwve ) :
extremely short wavelength and also give WHEHGH IrRrascons | BIock Dimgrem]

the electron sufficient energy to penetrate specimen of reasonable thickness.
Resolution of Electron Microscope:

A resolution of G 5 tc * nm is possible with a 50 kV microscope as compared
to best optical resoiutior of 0 2 nm A schematic diagram of the electron microscope
is shown in the Figure
Function of magnetic conducting lens:

. The magnetic conducting lens concentrates the beam from an electron gun
on to the specimen. Electrons are scatiered out of the beam from the thicker parts of
the specimen The transmitted beam :heref_qre hag »»59\33',a"lﬁﬁt!’ff.e;r'é‘déé-"s“";ﬁ‘ denstty that
correspond to the features of the specimen | AN [ (8o~
Electron micrograph: | //\\[ (D20 b
| The objective and mitermediatel lenses produce a real intermediate image
and projection len formsthe \'ﬁhal_*mage which can be viewed on a fluorescent
screen or photographed on special film known as electron micrograph.
Scanning electron microscopes:

A three dimens:onal imag!s of remarkable quality can be achiev
versions called scanning electron microscopes.

Q30: State and explain Heisenberg uncertainty principle?

Ans: Uncertainty principle: .

ed by modern



Position and momentum-, ofD 2.\ pamcle Cannot bOth be measured
simultaneously with periect accuracy There IS~ afways a fundamental uncertainty
associated with any measurement It \s -a consequence of the wave particle duality
of matter and rad!ﬁttonj, Itis.known as Heisenberg uncertainty principle
Explanatlon’.l. N
i When a stream of light photons scattering from a flying tennis ball hardly
affects its path, but one photon striking an electron drastically alters the electron’s
motion. * '

18 Since light has also wave properties, we would expect to be able to
determine the position of the electron only to within one wavelength of the light
being used. Hence. in order to observe the paosition of an electron with less
uncertainty and also for minimizing diffraction effect, we must use light of short
wavelength. But it will alter the motion drastically making momentum measurement
less precise

iii, Mathematical form of uncertainty principle:

If light of wavelength A is used to locate a micro particle movmg along X-axis,
the uncertamty In its position measurement is o

AX = A AN f‘w‘::
At most. the photon of hight canlvansfez ail rts momentum (4 ) to the micro

particie whose own morr;emuruwﬂl“'-the\ hﬁe gncertam by an amount

ap
A
Muft:plymg the\§p Mrlb uucertamtses gives
| Ax.8p = A(3) = h (1)

The equation 1 1s the mathematical form of uncertainty principle.
Planck’s constant (h):

It states that the product of the uncertainty Ax in the position of a particle at
some instant and the uncertainty Ap in the x-component of its momentum at the
same instant approximately equals Planck's constant h.

Relation of uncertainty principle with energy:

There is another form of uncertainty principle which relates the energy of a
particle and the time at which it had the energy. If the AE is the uncertainty in our
knowledge of the energy of cur particle and if the time interval during which the

AE At
particle had the energy E t S 18 to + = then
AE. At = h .......... (2) v‘ _ e
Note: v j{‘\ ,’ ,’\'--‘,"‘,, \ =
Thus more accurately we determmeq the energy of a pEiide. fhe more
uncertain we will be of the time durmg hich-it\has that energy.
Best form of Helsenberg unCertamty principle:
According to Hﬁxseqpe[rb s\more careful calculations, he found that at the very best
> h (3)
and AE At > h (4)
h

=2 = 105x10%Js
2R

where
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19.1.

" photoelectrons

A\ B 5ﬂ‘=rw 3 a5 a ceordingte system i which the
law of ineric L;j.miid A ‘mmw of reference that 1 not accelerating 18 an

An inertial frame uT reierm* ,

“inertial frlam of retercnce

The speczal theory of -elatively treats problems involving inertial or non-
accelerating frames of reference 1t s based upon two postulates

The laws of physics are the same in all inertial frames

The speed of light in free space has the same value for all observers,
regardless of their state of motion.

E = mcis an important result of special theory of relativity

A black bedy is a solid black having a holiow cavity within it. it has small hole
and the radiation can enter or escape only through this hole.

Stephen Boitzmann law states that total energy radiated over all wave length
at a particular temperature 1s directly proportional to the fourth power of that
Kelvin temperaturs

The emission ot electrons from a metai surfuce whem exp&qed m ultraviolet
light is called :rotoe :.unr e‘fect The- 9m|ttpd ermtrcms are known as

When X-rays aré’ acauered 'ny loosely ‘bound electrons from a graphite
target. it 's knuwn as| Ccm{)tor‘ effect

The changd'o Wery high engigy photon nto an electron. positron pair is
called ba r proguchon

When a positron cemes civse 1o an electron they annthilate and produce
two photons in the y-rays range it is caled annihilation of matter

Position anc momentum of a padicle cannot both be measured
simultaneously with peitect accuracy There 1s always a fundamental
uncertainly associaed win any measurement itis a consequence of the
wave particte auarty ' matle and rad@ation it s known as Heisenberg
uncertainty principie

I SOLUTION OF EXERCISE l

What are the measurements on Wthh Nhé observers in relative
motion will always agree, upon'? {

Ans. The two obserwrs ) ;e{d'w&: motuon WHI agree on the speed of hght
direction and magnituge & \acc,clerdnm ‘and direction and magmitude of force
19.2. Does the tﬂmé difation actually means that time really passes more

Ans:

slowly in-moving system or that it only seems to pass more slowly?

Since times not ah;oadte zuant»ty t depends Jpon the rmaticn of the frame of

reference That is why timie 7wy passes more slowly due to relativistic effect
19.3. If you are moving in a spaceshlp at a very high speed relative to

the earth. Would you notice a difference
(a) in your pulsc 1ate (b) in the pulse rate of people on earth?



5 gn‘mpJ 55 5 \,O(J'd*l"d @ system in which the

law of inertia 15 ngmd A ame of reterence that 1s not accelerating 18 an
“inertial frjamé of reference
2. The speczal theory of -elatively treats problems involving inertial or non-
| accelerating frames of reference 1t s based upon two postulates

(i) The laws of physics are the same in all inertial frames

(i) The speed of light in free space has the same value for all observers.
regardless of their state of motion.

3. E = mcis an important result of special theory of relativity

4. A black bedy is a solid black having a holiow cavity within it. it has small hole
and the radiation can enter or escape only through this hole.

5. Stephen Boltzmann law states that total energy radiated over all wave length

" at a particular temperature s directly proportional to the fourth power of that

Kelvin temperature

6. The emission ot eiectrons trom a metai surfuce when exno«ed 10 ultraviolet

light is called [~ sewctne. e‘fect The- pmlﬁm ek‘urfms are known as
" photoelectrons O\ 2 VL)

1. An inertial frame ot reierm" &

7. When X-rays are) scauered '-.oy\‘ lt)osely nounc. ‘eloctrons from a graphite
target. it 's known as Ccmptor eHect

8. The chq 1g‘é df Ve rv ngh enaiqy photon into an eiectron. positron pair is
called b ir production

9. When a positron cemes civse to an electron they annihilate and produce

two photons in e y-rays range it s called annihilation of matter
10. Position anc momentum of a paricle cannot both be measured
simultaneously with peitect accuracy There 1s always a fundamental
uncertainly assaciaed wIin any measurement s a consequence of the
wave particte duabty; 2t matter and radaton 1t s known as Heisenberg
uncertainty principie

I SOLUTION OF EXERCISE l

19.1. What are the measurements on whlch twu observers in relative
motion will always agree upon" W

Ans: The two observers, in_ reia*we metton wm agree on the speed of hght

direction and magnitude ¢ Hcelerdtmq and direction ang magnitude of force

19.2. Does the time dilation actually means that time really passes more
slowly i moving system or that it only seems to pass more slowly?

Ans: Since times not ah;oute :uanttty t depends Jpon the rsticn of the frame of

reference That s why time . passes more siowly due to relativistic effect

19.3. If you are moving in a spaceshlp at a very high speed relative to
the earth. Would you notice a difference

(a) in your pulsc 1ate (b) in the pulse rate of people on earth?




Ans: (a) No effect. because time d;latlon s, 0055|bie only m two dlﬁerent frames of

reference D~ AT

(b) Pulse rate of people on, eargl\wm "decrease relatwe to observer In the

spaceship because m thrs case the'condition of two different frames of reference is

applicable ; N o™

19. 4. If the) Epeed of light were infinite, what would the equations of
* special theory of relativity reduce to?

Ans: There will be no relativistic effect

Since ¢ = w therefore vied = 0 (1)
i, Since T .
' ve
Vioa
From Eq 1 -t = Tti._--- = t =1
vi~0
ii. Since
From Eq. 1 t =t
ili.  Since 120\ (C -
From Eg 1 O\ EA :l—nﬁ;\ m = mg
Therefore the relanwan,equattons become
t = tuj zy *ﬂ tu and m = Mg

19.5. 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?

Ans: Since the Work done in compressing the spring have been changed into

energy due to which mass of the compressed spring will increase.

But change in mass takes place only at velocities comparable to that of the
velocity of light
19.6. As a solid is heated it begins to glow, why does it appear red first?
Ans: When a solid 1s heated its electrons become excited and they jump into
higher energy orbit and emit radiations in the form of light, this light is responsible to
glow the solid.

When the temperature of solid is increased. it emits radiationscf exceedingly
smailer wavelength Starting from radio-waves, the. ﬂrst coior that” lies in visible
region of spectrum is red so it 1s-seen first and then the others having shorter
wavelengths than that of red\color hght are seen ‘

19.7. What happens to the total radiations of a body if its absolute

temperqntmre is doubled?
Ans: According to the Stephen. Boltzmann law:
E = oT
If the temperature is doubled then '
E o (2T)*

o

E 160T*
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E becomes 16 times the initial intensity
19.8. A beam of red light and a beam! of blue Irght have exactly the same
energy. Which beam contau{s the greater number of photons?

Ans: Energy for srngle photon ESCE = hf
Energy for_niphotons'= = = E = nhf (1)
Srnceué' ML = f = i putin Eq. 1
E = nhx<
EA 4
n = — = n «Aa

Therefore Ionger wavelengths will have greater number of photons. The
wave length of red colour is greater than blue colour. Therefore red beam contains
greater number of photons.

Ared > “lblue
19.9. Which photon, red, green or blue carries the most (a) energy (b)
momentum?
Ans: The photon with highest frequency or smaller wavelength will have the most
energy and momentum. (0

As frequency of blue hght i greater than /the frequency ef .green and red
hght Therefore photon of blue lrght have most energy (E hf = —) and most

momentum (P = =) T\ 0 (1L \
19.10. Whrch pagl Idwbr energy quanta; Radio-waves or x-rays?
Ans: Smce ) E=— or E o« 1/4.

A
As wavelength of radio waves is greater than that of x-rays

Having much longer corresponding wavelength, radio-waves have much
lower energy quanta. It is so because wavelength and energy are inversely
proportional to each other.
19.11.Does the brightness of a beam primarily depend on the frequency

of photons or on the number of photons?

Ans: The brightness primarily depends on the number of photons. Further the
brightness depends upon intensity which is directly related with number of photons
for a fixed value of frequency.

19.12.When ultra violet light falls on certain dies, visible hght is emitted.

Why does this not happen when infrared light falls, on| these dies?
Ans: When ultra violet rays fall on dies, a-part of theirlenergy is absorbed and ‘the
rest which lies in visible region is emittéd: - Since (frequency of infrared hight is very
small so when infrared rays-are, rncrdent due to partial absorption of energy the
reflected rays have energy whlch hes'in far infrared region so.it is not visible
19.13.Will. br]lghter light eject more number of electrons from a metal

surface than the dimmer light of the same color?

Ans: As in photoelectric effect the number of photoelectrons emitted is directly
proportional to intensity of hight used so the bright light reject more electrons as
compared to dimmer light.



19.14.Will higher frequency light e)ect more. number of( electrons than

low frequency light? ‘ \ \ \\
Ans: The rumper of Dhotoe'eczron‘*does not --deoend upon frequency but they

‘depena upon ntensity of light| 1\ (| || >4

Higher frequﬂenQy means hlgher energy photons which can result in the
increasea  enefgy)\ of photoelectrons and cannot increase the number of
photoeleutrons' 'So high and low frequency light rejects the same number of
electrons
19.15.When light shines on a surface, is momentum transferred to the

metal surface?

E

Ans: Since P = -

During interaction of radiation with ;natter. energy as well as momentum is
also shared. The example 1s of Compton Effect in which the recoil electrons take a
portion of momentum of the incident photon Therefore when hLght shines on a
surface its momentum transferred to the metal surface.
19.16.Why can red light be used in photographic dark room when
developing films, but a blue or white light cannot be?
Ans: \We usec red ight because the frequency of ted\ hght $\! lsmallest as
compared to biue and white ght so 1t cannot’ affect| the pﬁé(ograph:c plate.
19.17.Photon A has twice the energy of photon B/ What is the ratio of the
momentum of A'to ha‘i:‘of B2\

Ans: Since energ)r ojf\ghoton W E o= = or E = pc

Let enéﬂj; N p‘noton A = E,
Let energy of photon B = E;
Let momentum of photon A = P,
Let momentum of photon B = P,
Therefore E: = P.C (1) and E, = P,c (2)
GiventhatE. = 2E,
Putin Ea 1 2E. = Psc (3)
Dividing £Eq 3 by Eq 2

H 4 ¢

iz PZC

1
P‘, 2

Hence momentum of photon A is 2 times the momentum of photon B.
19.18.Why don't we observe Compton effect with vnscble light?
Ans: During interaction with matter the- photon of visible light 1s completely
absorbed showing photoejectnc effec;t because in Compton effect hf » ¢ For
Compton Effect energy. of \ the! pamcie has to be high enough so that during
interaction only- gart of its energy Is absorbed and the rest is use for scattered
19.19.Can péir productlon take place in vacuum? Explain.
Ans: Pair production cannot take place in vacuum In pair production momentum
and energy are conserved Pair production takes place near a rucleus to conserve
momentum As nucleus does not exist in vacuum therefore pair production cannot
take place in vacuum



it will violate the law of consewatton of momentum and thts law IS never

violated hence it s not possible -

19.20.1s it possible to creabe a slngle electron from energy? Explain.

Arts: A single electron cannot be created from energy Creation of electron will be

against the Iawl of gonservation of charge which cannot be violated because singie

part;cle cannct be created from energy without s anti-particle (electron-positron

pair .

19.21.1f electrons behaved only like particles, what would you expect on
the screen after electrons pass through the double slit?

Ans: When electrons behave like particles then they would passed through the

slits and strike the screen to produce glow and exact image of double slit on the

screen.

There will be no interference pattern (which is the property of wave only) and
only the central portion of the screen would be having spots due to electrons.
19.22.1f a proton and an electron have the same de-Broglie.wavelength,

which particle has greater speed?

Ans: According to de-Broglie Equation A =£e
—1 - v Nt/
mA ' M\

Hence for same - waveiength the smalier mass has greater velocity
Therefore electron will hav ‘greater s&ed because the mass of electron is smaller
than that of protons: 0N NI
19.23.We dphnb notlce the de- -Broglie wavelength for a pitched cricket

ball. Explain why? \

" Ans: According to de-Broglie Equation A= —

muy
Due to smaller value of v and greater value of m, the wavelength (4)

associated with the moving cricket ball is very small. The diffraction produce by a

cricket ball 1s too smail. so it is not possible to measure the wavelength of a cricket

ball

19.24.1If the following particles have the same energy, which has the
shortest wavelength; Electron, alpha particle, neutron, proton?

Ans: Energy of moving particle 1s given by:

E=_-my = v = — v =

2 m 2\
According to de-Broglie Equation 1 = ;’:—; <« )
By putting the value of vin Eq.& we get( || (\ |\ /L

This_ Eq: hmb that the partncle which is heaviest, will have shortest
wavelength As mass of a-particle s greatest so it will have the shortest wavelength.

We have 4 = % So. the particle with greatest mass will be having the shortest
wavelength and clearly it is alpha particie.



19.25.When does light behave as a wawe7 When does nt behave as a
particle? \ 0\
Ans: When lght proDa@ates then'ttﬁsenaves as a wave The examples of wave
behavior are interferemce diffraction and polanzation
\Nhen !ghtJ interacts then it acts as particle. The examples of particle
:)“ehav:or are\ Photoelectrsc effect Compton Effect and pair production.
ote:

The two properties can never be seen at the same time this is called dual
behavioer of light.
19.26.What advantages an electron microscope has over an optical
microscope?
Ans: i. Electron microscope makes practical use of the wave nature of electrons
which 1s thousands of time shorter than wisible light which enabies the electron
microscope to distinguish details not visible with optical microscope
i, A resolution of 0 5 to 1 nm is possible with a 50 kV microscope as compared
to best optical resolution of 0 2 nm
iii. Three dimensional image of remarkable quality can- be/aeme/ved by modern
versions called scanning electron microsgopes: /Suctn three -dimensional image
distinguish details not visible with optucaf rmcroscope
19.27.If measurements show a pkgc'.lse position for an electron, can those
measuremenﬁs show precise momentum also? Explain.
Ans: Pos;tgar]m [and) momentum of a particle cannot both be measured
Sfmuitaneously with perfect accuracy There is always a fundamental uncertainty
associated with any measurement It i1s a consequence of the wave particle duality
of matter and radiation It is known as Heisenberg uncertainty principle.

‘ax.Apa-A(;-‘)zh .......... (1)

The equation 1 is the mathematical form of uncertainty principle.
It is not possible to measure position and momentum at the same time. If one
quantity 1s precise then other becomes uncertain because it will violate Heisenberg's

uncertainty principie.

Example 19.1: The period of a pendulum IS measured to 3 0 s in the
inertial reference frame of the pendulumi 'What is its period measured by
an observer movmg at a S” | of 0.95¢ with respect to the pendulum?

Solution: \BISh )
Time\ penocJ in memal frame = 1, = 30s
Speed of the observer = v = 095¢

Time period 1S accelerated frame
_ b

Tima ditation = t = ;,1. =

N

P‘. '\.



S U ;
t = - i[)

T T

" ¢! _tussa? ~(0. 95)

wE_—_E‘“):;? le 19.2: A bar 1.0m m\length and Iocated along x-axis moves
a speed of Q. 75¢ wnth respect to a stationary observer. What is the

length of the ]batJ as measured i
Solution: " by the stationary observer?

Length of bar = I, = 10m
Speed of bar = v =075¢
Length of bar measured by stataonary obseiver = {1 =7

! :
Length contraction = 1 = { - 4o
{ = 10x\j1 --——‘”fi‘” - ‘[OxJI et ok TT(075)7
I = 1.0xV1-056 = 066m
Example 19.3: Find the mass ‘'m' of a moving object with speed 0.8c.
!

Solution:
Speed of mass
Mass of moving object

Mass variation

my

m = ===

} Wf > 1= 08)°
_a_mpi_e_z& Assuming you radiate as does a blackbody at your
body temperature about 37°C, at what wavelength do you emit the most
energy?
Solution:
Temperature = T =37°C = 37 +273 = 310K
Wien's Constant = 29x10°m
Wavelength = Amax = 7
For black body: )
Amax X T = Wien's constant
wien's Constant
Amax = T
-3
Aman = 20— = 9365x10° = 935um
Example 19.5: What is the energy of a photon m a beam of infrared
radiation of wavelength 1240 nm"w,; N
Solution: \ sk § , N
Wavelength ».4‘-._;.-\_.,»1240nm = 1240 x10°m
Plancks copstant ‘ “n = 6673x10*Js
30 10°ms”
[:nergy of photon: = E. = ?
We have,
E = nf
But. f = =
A



6.63x10734x3x 108~ 198910726

=
E
E
E

x| |\ 1240x1077
= 16;‘2;513 (+~16x10""J=10eV)
'_',' (R @JEV . - .
mmpﬂ_}_iﬁs A sodium surface is illuminated with light of

wavelength 300nm. The work function of sodium metal is 2.46 eV,
(a)  Find the maximum K.E. of the ejected electron.
(b) Determine the cut off wavelength of sodium.

Solution: .
Wavelength = 1 = 300nm = 300x10°m
Work function = ¢ = 246eV

(3a) Max KE ofelectron = E =7

(b) Cut off wavelength = Ao = 7?

(a) Find the maximum K.E. of the ejected electron.

We have,
E = nf A
. 663x107x3x10° _ 193%10;‘26 VWO
€= 300",},‘3’. f“ N :. 300x10~9/ 5 6 63 gl 10 J
E 1.6x 107 “ ] (v 1eV=16x10"7J)
E = f&JfN
Acc&bmg to Einstein's equation for Photoelectric effect:

KEmay = E-¢
: KEmax = -414-246 = 168eV
(b) Determine the cut off wavelength of sodium.

Since ¢ = hf,
- N
P = ™
Ao = %
Here 'tp = 246eV = 3.94 x 109J ( 1eV = 1 6 x 1019J)
- 6.63x10 **x3x10° _ _
Ao = ':.94x10 - 5.05x10"m = 505nm

Example 19.7; A 50 keV photon is Compton scattered by a quasi-free
electron. If the scattered photon comes off at 45" (\what is its

wavelength? e

- Solution: ‘ W\ RS R\t 7
Energy of photono | | =~ S0 = 50 x 10° x1.6 x 10"
Energy of photon 80 x 107"y
Angle . NN\ o= 45°
Wavelbngth of scattered photon = A = ?

Wavelength of incident photon can be calculated by using the relation
E = nf
e

or E—;




= 603x10° T xgRgP "";,jwu'iNu e
A HUO> 10 .T BUAIU 1t = 00248 nm
Now. thelrelamon for- change in wavelength 1S
A Al = A -4 = — (1-cosb)
3 = 6.63x 10747 :
A A Y 1x1lu- “)‘.34‘(103 x (1 - COS45 )
. _ wodxiv Phaaxio®
A‘ A s T o X (-0707)
A —A=02429x 107" x 0.293 = 0.0007 nm
A = A + 00007 = 00248 + 00007 = 0.0255nm
Example 19.8: A particle of mass 5.0 mg moves with speed of
8.0ms™, Calculate its de Broglie wavelength.
Solution:
Mass = m =50mg = 5x 10°%g
Speed = v =80ms'h =

6.63x10%Js

De Broglie wavelength =
The de-Broglie relation is.

_ 663x1073 ‘
— 5 ofgl})\-ﬁ L \
xam An electron is accelerated through a potential
dufference of 50 V, Calculate its de Broglie wave!ength
Solution:
Potential difference
h 6.63 x 10 Js
m = 91x 107 kg
e 1.6x10"C
De-Broglie wavelength
Since Voe
or mv = 2Vee
Multiplying by m' on both sides, we have
mi? = 2mV,e )
Taking square root on both sides, we have

vV = 50V

1
>~
i
~J

3
<
"

. 34
A= il = 174:10"°m

2x91x10 ¥ x50x16%x10 1Y



Es.amp_'t_!.lﬁ.l_o_: The life time of an electron in| an exated state is about
10%s. What is its uncertamty m energy durlng thlS time?
" Solution: ) A
Life time of electron‘ \ (W
Uncertamty is) énergy
By usaﬁg uncertainty principle,

i o
~

AE. At = h
B
or D AR & ~
AE = XD = 105x 107y
107

Example 19.11: An electron is to be confined to a box of the nucleus
(1.0 x 107 m). What would the speed of the electron be if it were so
confined?

Solution:
Maximum uncertainty in the location of electron equals the size of the

nucleus of the box itself that is Ax =1.0 x 10" m. The minimum uncerlamty in the
velocity of electron is found from Helsenberg uncertainty pnncspie - \

h — . \” Y\ ‘.

ﬂ ~ —— — N\ ¥~ 1 LA

p ~— ~ NN\ N\ | /4 \ A~

\ VAt ANy O\ N | \__/~
= LYY\
VAN )

of\ Tl A‘
Av = —-h = 0 xw = 115x10"¥ ms™

mdg Jv 91x10 -”xlelO 14

19.1 A particie called the pion lives on the average only about 2.6 x 10™®
when at rest in the laboratory. If then changes to another form. Howe
long would such a partlcle live when shooting through the space at 0.95c?

Solution'

Propertme = t, = 26x10°%s
v = 0895c¢
timedilated = t =7
Time dilation = t = -—t"—z-
26x.i67% 2 6x10"°

= ’ - —— *0
c
182 What s the mass of 2 70 kg man n a space rocket travelling at 0.5¢

from us as measqde from Earth?
Solution: ") ,‘
Restmass = my, = 70kg
v = 080c¢
m = ?

H
é



Ezsamnk:_;ﬂ.io_: The life time of an electron in an excnted state is about
10%. What is its uncertamty m energy durmg thls time?
- Solution: \

Life time of electron =At = 0'” s
Uncertamt)ﬁ‘ls @nergy = AE = 7
By using\u certainty pnncnple
AE At = h
o B
or B AE = e
AE = X0 = 105x 107
107

Example 19.11: An electron is to be confined to a box of the nucleus
(1.0 x 10** m). What would the speed of the electron be if it were so
confined?

Solution:
Maximum uncertainty in the location of electron equals the size of the

nucleus of the box itself that is Ax =1.0 x 10 m. The minimum uncertainty in the
velocity of electron is found from Heisenberg uncertamty pnncspie

A NN
— \\ )
dp =~ — N AYGEOMN
_—\ M2 LA/ L
—\ — \ \ | /A \ \)
\ Y Y\ (O \O~
{1\ \ /™

\mav =\

105;;10"* ,
o) AN 6101 e
lxw*“xmxw 14

f’:‘»l*

Av

SOLUTION OF PROBLEMS

19.1 A particle called the pion lives on the average only about 2.6 x 10
when at rest in the laboratory. If then changes to another form. Howe
long would such a partlde live when shooting through the space at 0.95c?

Solution'

Propertme = t, = 26x10%s
v = 0895¢c
timedilated = t =7
Time dilation = t = -——‘—"—;
=]
26xi6”%  _ 26x107°

t = Tr:::f)g = v"o-ﬁ—z‘ 8325’(10'a > 83*10 S

19.2 What is the mass of 270 kg man in a space rocket travelling at 0.8c¢
from us u measude from Earth?

Rest mass = me = 70kg
v = 080c
m = ?

Mass variation= m = =2



_ 70 R - eagFen (€O
m === = gm = 166P8 T NE&/@\>
11 -10800)" A 9 A\ Y
19,3 Find the energy of photon in:-
(a)  Radio wave of (wavelength 100m
(b) Greenflight of wavelenigth 550nm
(c) x-ray with wavelength 0.2nm
Solution:

Wavelength of radiowave = 2, = 100m
Wavelength of greenlight = 4, = 550 nm
Wavelength of x-rays = 4; = 0.2nm
E, =7 E, =7 E, =7
(a) Radio wave of wavelength 100 m
Ey= —
Ay

6 63x10 *x3x10% _
100

E, =
E, = 21683x10_ 12.42x10™° = 1.242x10%eV
f16x10719 o - |

(b) Green light of wavelength 550 nm [/ | ([O2/0
g .’_:] _.jl ha' A\ () '. \\ [\ -

3 x6.63x107%8 Y

it

E'z:

E: =\
(c) X-ray with wavelength 0.2 nm -

1

_ 6.63x10 **x3x10°
- 02x10 "

E, = 9945x1t3‘1:7 = 62.156 x 10° = 62156 eV
16x10

= 99456 x 1077

19.4 Yellow light of 577 nm wavelength is incident on a cesium surface.
The stopping voltage is found to be 0.25 V. Find

(a) The maximum K.E. of Photoelectrons

(b) The work function of Cesium

SO‘UﬁOAﬂ- = §77nm = 577 x 10°m ,‘.i:_;';/
Vo = 025volts | 7 WY
KEmax = 2 O\ 00\
¢

(a) Themaxithum K.E. of Photoelectrons
For an accelerating potential Vo,
(K.E)max = Vo€ -
(KE)mu = 0.25 x 16 x 10.19 = 0.400 x 10'“ = 4 x 10.2qJ
(b) The work function of Cesium

(o B0



The Einstein's equation for photoelectric effect s

¢0 "~ hf A (K E)mu ‘“; Vo=
- (6 63x1q‘34xv3¥“-‘1b3 )\
%o c ]( NIEVE2S
o =10.03447 x 10-17 — 0.004x10-17 = (0.03447 — 0 004) x 10~ 7
P = 00340?10 17 |
go = IO = 0.0191x10%eV = 1.191eV

19.5 X-rays of wavelength 22 pm are scattered from a carbon target.
The scattered radiation being viewed at 85° to the incident beam. What is

Compton shift?

Solution:
A = 22pm = 22x10%m
] = 85°
AA = D
Compton shift = Ad = ——
myl
- 6.63%10734
ad = 9.11x10-2?x3x10% (1 —C0385)
AA = 02426 x 1071 x, (1- )/
Ad = 2215::1(3*‘2 \BNS

19.6 A 90 kev. g(-rfhy photon is f‘ red at a carbon target and Compton
scattering ‘occurs. Find the wavelength of the incident photon and the
wavelength of the scattered photon for scattering angle of

(a) 30° (b) 60°.

Solution:

8 = 30° )

E = 90keV =90x10°x16x10"J

E = 144 x

10

A = ?

A o= 7
(a) Energy of photon is, .

hc
E=7 PN

= ‘ 1= E = A= & 63*1’:'3-3{%‘5’:16’-5

iwxw 16
A =0.138x10" = 138x1o*2m -‘138pm
(b) The formula for the wavelength ofa scattered photon is
YR ! +;£——(1-cos€) )

(i) When 9 30°
By using values in equation (1) we get,

- 12 6.63x10734 o
A = 13.8x10 TTieociimgs (1~ cos 30°)
A 138 x 102+ 0.2426 x 10" x 0.86
A 141x10"%m = 14.1pm

it n



(b) When 9 = 60°
By using values in equation (1) we get,.

A . .12 663)‘:10’_1‘ \\ ) \ \ o
" 13.8 x40 911"><10§“x3x105 {1 "cos 60 )

(13.8 %\ 10‘2+02426 x 10" x 0.5
A = 1501%10"m = 15pm
19.7 Whatlis the maximum wavelength of the two photons produced
;vl'slen a positron annihilates an electron? The rest mass energy of each is
.51MeV,

1]

Solution:
E = 051MeVv
E = 051x10°x16x10"J
A = ?
Wavelength of photons = A = %
_ 6.63x1073*x3x10%  _ A3 o A 12
A = hmtiieaes = 24375x1077 = 2.44x107°m
A = 244pm
19.8 Caiculate the wavelength of PR\
(3) a140g ball moving at 40 ms™* ;"‘,'{,v;;a;

(b) a proton moving at the same speed
(c) anelectron movmg at the S{me speed

Solution:
m = 140g]m},# 1 0*10 kg
vV =(40'hs
(a) Wavelength of ball = A4 =7
(b) Wavelengthofproton = 4, = ?
(c) Wavelengthofelectron = A3 = ?
De-Broglie wavelength is,
h
h P
(a) Ay = ™y

6.63x10734 .
I, = —2— _— =1184x10%m
140x107 x40

(b) 4y = ==
’ -3 -
p = 20T = 009925 107 = 9.925x10%m)

1.67x10727 x40

(c)

A-"* T ié}ff:b{g“uo 0018!10- = 1.8x10°m
What"is ‘the de Broglie wavelength of an electron whose kinetic

energy is 120 eV?

Solution: )
m = 911x10%Kg
e = 1.6x10"¢

KE 120keV = 120x10° = 120x10°x 16x 10"



KE

= 192k 107y
VvV = .7
Since - sz
v = = = 65x10°ms’
De-Broglie wavelength s,
_ h
6.63 34 i ™
an X10~ -
B - 9.11x10-31%6.5x100 = 0112"10 = 112! 1010m
19.10 An electron is placed in a box about the size of an atom that is
about 1.0 x 10"°m. What is the velocity of the electron?
Solution:
Sizeofatom = Ax = 1x10"m
m = 91x10°kg
Av = 7

Aceording to Hetsenberg uncertamty principle,

Ap
AV = —=
65 ﬂfu%‘" o
= NG 7
Av Jlli‘ﬂmuo"n:clxlo 10 Q’.729 ¢ 10

—
—

7.29 x 10° ms™’




