CHAPTER

DAWN OF THE MODERN
PHYSICS

Q7: Distinquish between an inertial and a non-inertial frame of
reference- Discuss that inertial frames of reference are equivalent-

Answer: Frame of Reference:

Definition: “Any coordinate system with respect to which we can
determine the state of rest or motion of a body is known as frame
of reference-”

~ Types of Frame of Reference: |
There are two types of frames of reference which are given below:

7+ Inertial Frame of Reference:

A frame of reference which is moving with constant velocity with
respect to another frame of reference (or) at rest with respect to
another frame of reference is known as inertial frame of reference:

The inertial frames of reference are equivalent because the laws of

physics are the same for all observes in case of inertial frames of
reterence-

2- Non-iInertial Frame of Reference:
“A frame o1 .eference which is moving with certain acceleration with

respect to another frame of reference is known as non-inertial
frame of referernce”

Q2: Discuss the difference between:
a) Absolute motion and relative motion
b) Absolute rest and relative rest

Answer: a) Absolute Motion:

A body is said to be in state of absolute motion, if someone Jjudge

its motion with respect to some reference point which is completely
at rest: |
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Relative Motion:

A body is said to be in state of relative motion, if someone judge
its motion with respect to some reference point which is also in
motion-

b) Absolute Rest:

A body is said to be in state of absolute rest, if someone observes

its state of rest with respect to some reference point which is also
at rzst:

Relative Rest:
A body is said to be in state of relative rest, if someone observes

its state of rest with respect to some reference point which is it-
self in motion-

NOTE: We always deals with relative rest and relative motion, be-
cause the planets are in state of motion-

QR3: (a) State and explain Einstein's postulates of special theory
of relativity- (b) Discuss the results obtained from special theory
of relativity- (ETEA 2005)

Answer: a) Special Theory of Relativity:

The special theory of relativity was put forward by Einstein in
7905 This theory deals with those bodies which are moving with
constant velocity with respect to each other- This theory consists
¢f the following postulates:

1- _The laws of physics are the same in_all inertial frames of |
reference:

Explanation:

The principle of relativity was first stated by Galileo and embodied

in Newton's first law which states that it is impossible to perform

an experiment within an inertial frame of reference to detect the
motion of the frame of reference: The only way to detect the mo-
tion of an inertial frame of reference is by referring to another
frame of reference-

For example, if we are in a space craft which is far away from any

www.perfect24u.com


https://www.perfect24u.com/
https://www.perfect24u.com/

object [i-e- planet, star etc] then we cannot observe our motion- In
other words we can say that we cannot detect or measure our ve-
locity without referring to outside objects:

2- The speed of light in vacuum is a universal constant:
Explanation:

The 2" postulates represent the principle of the constancy of the
speed of light- It tells us that the speed c¢f light in vacuum is the
same in all inertial frames of reference, regardiess of the motion of

the source or observer:

b) Results Obtained from Special Theory of Relativity:

The following results were obtained from special theory of relativity:

7- The relativity of simultaneity:

If an observer judge two ev~onts in different places in a certain
frame of reference simultaneously, then it cannot be judge by an-

other observer simultaneously in another frame of reference in rela-

tive motion-

{:

Explanation:
Consider a train which is fitted with light operated doors ie: the
door opens due to light signals- Let the light source is situut:d in
the centre of the roof which is operated by an observer standing in
the middle of the floor-

Let the observer turns-ON the light, when the train is travelling at
half the speed cF light- The light emitted from the source travels
forwards und backwards wich c-ual speed and reaches the two doors

at the same time: The observer in the train observes that both -
doors open simultaneously-

Now another observer standing outside the train observes that both
doors does not open simultaneously: It is because, the back door is
advancing on the light waves coming from the light source, while the
front door is moving away from the light waves-

From the above discussion it is clear that, whether or not two
events are seen by us to be simultaneous depends upon where we
are standing:
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2+ The Equivalence between Mass and Energy:
The rest mass of an object is equivalent to cerzain quantity of en-

ergy- In other words, we can say that mass and energy are inter-
convertible:

Explanation:
The equivalence between mass and energy can expressed with the
help of Einstein equation i-e-

£ = mc7] (7
Where “E” represents energy, “m” represents mass and *c" repre-
seats the converging factor- Equation (1) shows that mass can be
converted into energy and enerqy can be converted into mass+ Thus
in special theory of relativity, the law of conversion of mass and law
of conservation of energy have been replaced by the law of conser-
vation of mass-enerqy due to their mutual relationship

3 Lenqgth Contraction: (ETEA 2008)
The length of an object appears to be shorter to observers in dif
ferent frames of reference in relative motion and is given by,

g
PL s L_,\’_!? - V1 (2

[

Explanation:

n equaticn (2) “L.” represents the length of an object measured
witiiin 1ts resc frame of reference and is called proper length: “L"”
rapresents the length of the same object in relativistic motion- “C”
represents the velocity of light and “U”

represents the relativistic velocity- Letni-v2rc2 ;

Now consider a train whose length is 100 | Put L:; 100m
V=08C

meter at rest- Let the train is moving

with velocity of O-8C, then the length of | =L = ZOO\Jf;r . (O_'.z‘:)

train measured by the observer present in- 0-69C°
side the train will be equal to T00m- While | =L ?OOJ:

an observer standing outside by the side of | _, _ 150 7= 064
the track will observe the length of the | _, - 100x06
train to be 60m- =L =60m
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Thus the length of an object appears to decrease to an observer
standing outside the train, when the train is moving with relativ-
istic velocity-

4- Time Dilation: (ETEA 2008, 2011)

The time intervals between two events appear to increase to ob-
servers in different frames of reference in a relative motion and is
given by,

¢ = J? _,, = (3)
c2

Explanation:
In equation (3) “t,” represents the time interval for an event to
occur within its rest frame of reference and is called proper time,
“t" represent the time interval for the same event noted by an
observer standing outside with respect to
which the frame of reference is moving with

Put V = 0-8C, t, = Tsec

relativistic velocity. “V” represents the rel- | t = Pt
7

ativistic velocity and “C"” represents the ve- Vf g l::
locity of light- 7

=6 T
Now consider a train is travelling with a I7 - (_f?_--S;E)i
speed of O'8C: An observer inside the train _ Y &
picks up and opens a newspaper in 1 second- jt__ JT- 064

S50 the proper time is t, = Tsec: While an | —¢=_"__

observer standing by the side of the track,

note that the event takes 1-7 sec- REF 0z
7

5+ Mass Dilation: (ETEA 2007-8)
The mass of an object appears to increase when moving with relativ-
istic speed and is given by,

m

S+ Explanation:
In equation (%), “m,” represents the rest mass of an object, “m"
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represents its relativistic mass, “U” represents relativistic speed and
“C" represents the speed of light-

For getting relativistic speed, the object Put m, = 0:5ky, U = 0-8C

is accelerated by using large amount of "

enerqy- Such energy s converted into | M~ = °V2

mass due to which mass of the object in- \57' 2

creases 50 the total energy of an cbject | . 05

is then ecquai to its K-E pf’us the energy \:!;'— (O-&F)z

embodied in its mass- v e
05

Now consider a ball of mass O-5kg s g w5,

thrown with velocity O-8C- Here -Hkq ik YT

represents the rest mass of the ball, so “;%"’;

m. = 0:5kg, V = O-8C- Now the mass of | &= ™ = 086

the same ball during relativistic speed of | =1 = 0834y

0-8C will be equal te -8kg:
6 Speed Limit:

The special theory of relativity tells us that the speed of light “C”
is a uriversal constant and the speed of a material object “V" can-

not be equal or greater than the speed of light- For example, the
time dilation is given by,

. _— R i

Let suppose that a materia! object 1s moving with v = ¢ je equal

to velocity of light, then equation (7, becomes,

T T 3
N =i = = e E
I C'- iz i 1
s S s
\ €
= L=

Which is inpossible in practice: Thus the velocity of a mavcerial ob-
ject cannotv be equal to or greater than veiocity of light: i-e:

[c>V or V <]
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Application of time dilation_and length contraction for space travel:
The special theory of relativity suggests that time dilation and
length contraction enables the spaceship crew to reach a distant

place or planet in a short time- It is because in relativistic speed,
then the time interval for them will be dilated and length of the
journey will be contracted:

J|

Q%: What are the black pody radiations? Discuss the features of
thermal radiations from black body- Discuss Plank’'s quantum thec-
ry and its importance in physics-

Answer: Black Body: (ETEA 2007, 2011)

Definition: “A body which absorbs all types of the electromagnetic
radiations falling on it when cold, and emits all the electromagnetic
radiations when hot are known as black body-"

The 1adiations absorbed or emitted by a black body are called black
body radiations-

Explanation:

Generally, a black body is .n the form of a
cavity having very narrow ¢pening, as shown
in the figure- The walls of the cavity are
given a coating of good absorber of heat ra-
diations-

Blark Body

Main Features of Thermal Radiation: —
7+ When these radiations enter the cavi- Vi
ty of black body, they are absorbed in

the cavity walls due to successive ab-
sorption:

2+ These radiations can be emitted frcm
the walls of the cavity by rising itc
temperature:

3- These radiations are also called cavity
radiations or full wave radiations:

4- The intensity of the radiation emitted
from the interior of the cavity is high
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as compared to the intensity of radiation emitted from outside
the wa!l of the cavity-

5+ The radiation emitted from the cavity has a wide range of
wavelengths:

6 These radiations obey Wien's displacement law for shorter wave-
lengths-

7+ These radiations obey Rayz'er‘gh-Jeans‘!aw for longer wavelengths-
& These radiations obey Plank's law for all wavelengths:

Laws of Black Body Radiations:

The radiations emitted by a black body obey certain laws, which are
known as laws of black body radiations: These laws are given below:
1) Wien’'s Law:

Definition: This law states that, “the wavelength of radiation is
inversely proportional to the absolute temperature” i-e-

Ao — 7 constant i
b e (Y -
T

= [ 1T = constant |
Explanation: On the basis of this law, Wien's was successful to ex-
plain the distribution of black body radiations for shorter wavelength
only: i-e- the curve obtained by Wien's was fit with experimental
curve for shorter wavelength only: It was not fit with experimental

curve for longer wavelerigths, as

2 TR ~ r 3

shown in tne figure:

2) Rayleigh-Jeans Law: N T Avieighluans .
Plank curve ¥ o |

Statement: e N, |

According to Rayleigh and Jeans, \ o Sk :

the radiations emitted by a black ’," 4 o i

body are reflected back and forth Y Weinseuve SR

by the walls of the black body to | ffz¥ Experimentalcurve N

form a system of standing waves,
just like transverse stationary waves in a stretched string-
Explanation: Rayleigh and Jeans also tried to explain the distribu-
tion of energy of black body radiations-

On the basis of this law, they developed the following formula for
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energy distribution of black body radiations: i-e:

- 8’nfT
i 2

But the curve obtained from this law was fit with experimental

curve only for longer wavelengths, as shown in the figure: [t was
not fit with experimerital curve for shorter wavelengths:

3) Stefan-Boltzmann Law:
This law states that, “the amount of energy of all wavelengths ra-

tional to the fourth power of absolute temperature” i-e-
ExT® = E=constt-T' '

= |E = aT*

Where “c” is constant and is known as Stefan’s constant-

4) Plank’s Law (or) Plank’s Quantum Theory: (ETEA 2071-12)
In 1900, Plank introduces his quantum theory for removing the de-
ficiencies of Wien's and Rayleigh-Jeans laws: The curve obtained by
Plank was fit with experimental curve both for shorter wavelength
as well as for longer wavelength: For this handsome success, he was
awarded with noble prize in 71978

The Plank's quantum theory consists of the following two assump-
tions i-e:

7-  The vibrating molecules which emits the radiations have only cer-
tain discrete amount of energqy “E,” and is given by,

E, = nhf| )

Where “n” is a positive integer and is called a quantum number, “f’
represents the frequency of vibration of the molecules, “h"” is called
Plank’s constant and its value is 6-626 x 107°*J-s: The energies of
molecules are said to be quantized and the allowed energy state are
called quantum states:-

2: The molecules emit enerqy in discrete units of light energy which
is called quanta or photon- They do so by jumping from one quan-
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tum state to another If the quantum number changes by one unit,
then we put n = 1, sc equation (1) becomes,

(E = bLf)
1 F_._._..._I

Thus the energy of a molecule is equal to “hf’ The molecule will
absorbs or radiate energy if it changes its quantum states-

Importance of Plank's Quantum Theory:

The Flank's quantum thecry has played an important role in the
birth of modern physics- [t gives us useful information about the
distribution of energy of thermal radiations- In the light of this
theory. Einstein explains the phenomenon of photo electric effect-
Eeside these, this theory can be use to explain many other phenom-
enon which cannot be explain by using the wave theory of light:

RS5: What is photo electric effect? Discuss in detail-

Answer: Photoelectric Effect:
It has been found that when light of high frequency fall upon a
metal surface, then electrons are emitted from the metal surface:

This phenomenon is kmown as photo electric effect:

Explanation:
Consider a circuit which consists of

Light of high

f o
a metal plate “P”, two electrodes xequency
“pnon and ugl?' a battery, 99]'/9”0”?"

eter etc as shown in the figure- 4

When light of high frequency s
allowed to fall on metal plate
“P”, then electrons are emitted
from metal plate- These electrons moves from electrode “A” to-
wards the electrode “B” and as a result current is produced in the
circuit: The galvanometer thus shows deflection: This phenomenon is
known as photoelectric effect- The current produced is known as
photoelectric current and the electrons are called photoelectrons:

Results Obtained from Photoelectric Effect: (ETEA 2010, 2013)
The following features or results have been observed in the phenom-
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enon of photoelectric effect:
7- The electrons will be emitted only, if the frequency “f' of inci-
dent light is equal to or greater than the threshold frequerncy

"f;" l.'B F_}. f;
2: The threshold frequency “£.” de- | The minimum frequency for
pends upon the nature of metals: a metal, for which the inci-

3+ The ejection of electrons increases | et iight can cject elec:

" with increase in intensity of incident i i\
light-
4- The maximum K-E of photoelectrons
depends upon the frequency of ircident light:
5 No electron will be emitted from the metal suriace if the fre-
quency of incident light is less than the threshold “requency i-e:

F<f

Determination of Max- K-E of Photoelectrons: (ETEA 2006-8)
For finding the maximum K-E of
photoeiectrons, the polarity of

called threshold frequency
E‘ .

electrodes is reversed i-e: the ter-
minal “A" is made positive and
the terminal “B” is made negative,

as shown ' in the figure: Under such
conditions, only those electrons wili

=R
1]

move towards “B” whose K-E is

maximum- Thus the number of electrons moving towards “B” will
decrease and thus the galvanometer shows less current-
Now if the electrode “A" is
\ ; g Pheota electric
made more positive and the rurrent

electrode “B" s made more
negative, then no electron will Iy
4e able to move towards the Stoppirig
electrode “B”- Thus the cur- PR

rent will be stop in the circuit !
- -V, o +

and the galvanometer will show
no deflection- This potential
difference [workdone] which is applied for stopping most energetic

— Retarding potential Ancde potential V—p
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electrons is known as stopping potential “V,”- Thus the workdone in

stopping most energetic electrons will be equal to “UV,e” i-e-
Workdone = Ue (7)

This workdone is equal to maximum K-E of photoelectrons so equa-

tion (1) becomes,

r

((KE),, = Ve (2)

Q6: Discuss the failure of classical wave theory in explaining pho-
toelectric effect-

Answer:

7- The wave theory tells us that the phenomenon of photoelectric
effect can occur at any frequency of incident light, whereas the
experimental fact shows that the phenomenon of photoelectric
effect occurs only, if the frequency of incident light is equal to
or greater than the threshold frequency “f,” i-e £2> -

2+ The wave theory tells us that the maximum K-E of photoelec-
trons depends upon the intensity of incident light whereas the
experimental facts shows that the maximum K-E of photoelec-
trons depends upon the frequency of incident light-

3+ The wave theory tells us that the emission of electrons takes
place by taking longer period of time: Whereas the experimental
facts show that the phenomenon of photoelectric effect can oc-
cur instantaneously when light of high frequency falls upon the
metal surface-

The above discussion shows that the wave theory cannot explain the
phenomenon of photoelectric effect- That is why, Einstein use quan-
tum theory to explain photoelectric effect:

Q7: Discuss the photon theory of photoelectric effect- (OR) Dis-
cuss the Einstein explanation of photoelectric effect- (ETEA 2010)
Answer:

As the wave theory was failed to explain the phenomenon of photo-
electric effect, so Einstein use quantum theory to explain the phe-
nomenon of photoelectric effect:

According to Einstein, this phenomenon occurs due to collision of in-
cident photon and a bound electron, as shown in the figure:
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Consider light of high frequency “f ” is allowed to fall on vhe metal
surface- Let one of the incident photon of energy “E = ht' ” collides
with electron in the atom of the

metal, as shown in the figure- elalsi ""fzo"
— N LAY
Now if the photon gives whole of its I B 2

energy “hf” to the electron and .¢!, |

comes to rest and disappears, then Bound
electron

the electron starts motion towards

metal surface and finally comes out

of it- But for this purpose, the elec- Niciohe

tron must do work against the at- prhotoelectric

work tuniction  [¢.= hf.)
tractive force of the nucleus- This

remaining energy appears

work which the electron has to do in the form of K.E in
electron, so
against the attractive force of the K.E = hf -0,

nucleus is Kknown as phrotoelectric
work function- It is represented by “p,” and is equal to the thresh-
old energy “hf,”- i-e

¢, = Hf, (7)
Thus the electron spends energy out of “hf”’ energqy which is equal
to “9.”- 50, the remaining energy in electron will be equal to “hf -

b." which appears in the form of K-E in electron- With this K-E,
the electron leaves the metal surface: So we have,

[KE = hf -4, | 2)
Putting equation (7) in equation (2), we get,
= hf - hf,
v IKE =h(F-F,) (3)

As K-E = Ve, so equation (3) —

Ve = h(f - £,) | (4)

Equations (2), (3), (%) represents the various forms of Finstein
equations of photoeleé<tcir effect:
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Q8: Discuss the applications of photoelectric effect- (OR)

Write a note on the following; (1) Photo cell (2) Solar cell
Answer: 1) Photo Cell:

Definitio:s: It is a device which converts light energy into electrical energy-

Construction:

It consists of an anode, cathode which are enclesed in an evacuated
glass bulb, as shown in the figure-

light of  Quartz or glass tube

Working:
The working of photocell is based on the

phenomenon of photoelectric effect- When
light of high frequency falls on the cathode,
then electrons are emitted which moves to-
wards the anode- In this way, current s
produced in the circuit- The current depends

Cathode

Cathode
upon the intensity of incident light- i-e: the
amount of current increases with an increase
in intensity of incident light and vice versa- S

Uses of Photocell:

It is used in security system-
It is used in counting system-

-

It is used in automobile door system-

It is used in sound track of movies-

It is used in photography-

It is used in automatic street lighting system-

2) Solar Cell:

A solar cell is a type of photocell whose working is based on photoe-
lectric effect: It receives light energy from solar radiations: The
light is focused from large area into the cell-

FD RN

In 2006, a largest solar power station was built in Southern Portu-
gal which produces an electric power of 11 mega watt- It consists of
52000 photovoltaic panels steered always to point to the sun dur-
ing day light-
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Q9: What is Compton's effect? Develop a mathematical relation
for the Compton’s wave shift- (ETEA 2006-2008, 2071, 2015)
Answer: Compton’s Effect:

Definition: It was found by Compton that when x-rays are scat-
tered, then their frequency decreases and wavelength increas.s: This
phenomenon is known as Compton’s effect:

Explanation: —__—_ ,

The Compton’s effect oc- phaton of momentum “h/2."

curs due to bcoﬂ:s:an Ibe‘ it hA' sino

tationar £ hot i

tween a s _fo_na Yy ele PROL e =-h/yf cost

tron and on incident x-ray b p mv cosd

photon, as shown in the P=h/; .
Caty. =P -mv sing

figure- Slecty, e

. - Stationary On
During the collision, the electron, P=0 Fhiy ¢
photon transfers some of

its energy to the electron and thus its enerqy decreases- As a re-
sult, its frequency decreases and wavelength increases: The ircrease
in wavelength of photon is known as Compton’s shift in wavelength-
Now the change or decrease in energy of photon is given by,

Energy loss by photon = hf - hf' )
While the change or increase in enerqy of electron is given by,
Energy gain by electron = mc® - mc? (2)

Now by the law of conservation of energy, we have,
Energy lost by proton = electron gain by electron
= hf - hf' = mc® - mc? (3)
Now we apply the law of conservation of momentum in two steps:

STEP-I: In I** step, we apply the law of conservation of momen-
tum to the initial direction of photon and electron i-e-

Total momentum before collision = Total momentum after collision

= :;1+O=-;l,case+mvcos¢ (4)
2. ,

STEP-2: In 2™ step, we apply the law of conservation of momen-

tum to the direction perpendicular to the initial direction of photon
and electron i-e-
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0+0 = —flsmaf-[-mvs:‘né)
A

= 0+0=%s:‘n9-mv;:’n¢ (5)
Solving equations (3), (%), (5), we get the following result:
| -
- — s 0| 6
£ F e

We know that,
=F) = f=%< and F'=;
A 2!

S50 equation (6) —>
i:ﬁ = [‘?-—c&gf}l
c c mc
= A -A=—|7T-cost
,,,oct ]

Here 2' = L' = AL

N By
=5 Al-;[? 5050] (7)

Equation (7) represents the Compton shift in wavelength: The
quantity « B - 2.43 x 103mp Veferred to as the Compton wave-

m ¢
length of electron- As cosO varies between +1 and -1 the wavelength
shift “AL" may vary between “zero” and w2,
m.c

The experiments carried out by Compton to find “AL” were in
agreement with the theoretical prediction: Thus we conclude that
the photon concept of radiation is valid:

Q10: Write a note on pair production: (ETEA 2006-8)
Answer: Pair Production:
Definition: The process in

which energy is converted into

High energy Pos:tron
two particles of matter s phorm € = hf .

mt m+

known as “'pair productien”-
P

Explanation: et B W
: I
The phenomenon of pair pro- nucleus
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duction is also known as materialization of enerqy: In this phenome-
non, it is found that when a high enerqy photon passes near a
heavy nucleus or collide with nucleus, then the nucleus makes an at-
tempt to stop the photon- Due to this attempt, the photon losses
its identity, disintegrates and is converted into two particles

One of the two particics is an electron and the other one is called
positron- The mass and rest mass energy of electron and positron
are the same but are oppositely charged-

The rest mass energy of electron is m,c’: The rest mass enerqy of
positron is also equal to m,’- S0 the energy of the pair is equal to
“2m,c*"- Now the pair production will take place if the energy of
photon is equal to or greater than “2m,*"- i-e:

| hf > 2mﬂ.:5_1

No pair production will take place if hf < 2m,c*- Now if hf > 2m,c,
then out of “hf " energy equal to “2m,c*" will be used in the pro-
duction of the pair and the remaining energy will be equally appears
in the form of K-E in the pair-

KE = hf - 2mc*

The pair production phenomenon obeys the conservation of momen-
tum e momentum of photon must be equal to the momentum of
electron pius the momentum of positron- i-e-

T
=
n

Hle ™

| LE |
or e \- V. mv,
] (3

The phensmencn of pair production also obeys the conservation of
charge- (t is impossibie for a photon to produce single electron, sin-
gle positron, two eiectrons or two positrons- Under such conditions,
tize ret charge will not be zero, whereas photons have zero charge:
Tiius tor conservation or charge, the pair must contain an electron
and positron-

The pair production confirms the photon model of electromagnetic
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radiations- (t also clearly illustrates the Einstein’s idea about mass
and energy-

Q71: Write a note on pair annihilation-

Answer: Pair Annihilation:
Definition: “The process in which | %
Positron Electron

e
matter [positron and electron] is | @ > < -

converted into energy is called pair
annihilation or annihilation of mat- | €NV WAAAAN—S

9 ?-ray 7-ray
ter photon photon
E = hf = mJc? E=hf=m.

It is found that when an glectron
and positron collide with each other, they loss their material nature
and converted into two y-rays photons: The energu of each photon
is equal to the rest mass enerqy of electron i-e-

Energy of each photon = mc’> = 511Kel/ = 0-571MeV

The pair annihilation obeys the conservation of momentum i-e:

=511KeV =511KeV

Total momentum of two photons = Total momentum of e &e'

The pair annihilation also obeys the conservation of energy:

Total enerqy of two photons = Total energy of € & e’

The pair production and pair annihilation confirms the photon model
and Einstein idea about mass and energy-

Q72: (a) Discuss the wave nhature of particles: (OR)
Discuss De-Broglie hypothesis-

(b) Discuss a set of experiment which gives us experimental verifi-
cation of De-Broglie hypothesis- (ETEA 2012-14)

Answer: a) Wave Nature of Particles (or) De-Broglie Hypothesis:
In 1924, De-Broglie give the hypothesis that if light shows dual nature,
then a material particle like electron, proton, neutron etc may also

shows dual nature- i-e* if a photon can behave like a particle in motion,
then a material particle can also behave like a wave in motion-

Thus we can compare the momentum “mv” of a particle with the

[ 13 1

momentum of a photon i-e
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x
5 lgs 2 (1)
mv 2

Equatmn (1) represents the wavelength equivalent to the particle of
mass “m” and moving with velocity “V"-

Let an electron is moving with velocity of 10°m/sec, then its De=
Broglie wavelength can be calculated as,

% = 6-6 x10°"

T (9T X107 x70° )

Note: The De-Broglie eguation
tells us that the wave nature of
— | % =7-3x107"m large particles cannot be ob-

This represents the De-Broglie wave- e i . ik

length of electron moving with ve-
locity 10°m/sec- Such wavelength
approximates the distance between
atoms in a crystal- Such wavelength

wavelength: For example, the
wavelength of a cricket ball of
mass  O-25kg  and  velocity
20mssec is given by,

663 x70%
is suitable for diffraction and inter- | * = (025 x 20)
ference- As diffraction and interfer- = 73 x10"m

ence are wave phenomenons, thus
the electron under such conditions
behaves like a wave-

b) Experimental Verification of De-Broglie Hypothesis:

The De-Broglie hypotheses were verified with the help of following
experiment:

Such wavelength s very very

small and cannot be observed-

Davisot, ard Cermer Experiment:

Davison and Germer per-
formed an experiment for W2t
the verification of De-
Broglie hypothesis: The

Electron b Nickel
apparatus used by them :'.--[. ]“e_c_rg:f.zn |'.targnet
were arranged in a4 vacu- < Electron —p -

i gun xk
um chamber, as shown in &

.~ Diffracted ‘/VE‘CU'-'“"

- lectron chamber
the figure: Mo~ Beam
A narrow beam of elec-
. Davi imer f
trons was obtained from avison and Germer experimental arrangement
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an electron qun- This beam of electron was allowed to fall on a sin-
gle nickel crystal, as shown in the figure-

The electrons after falling on a crystal, were diffracted, which were
detected by a movable electron detector, as shown in the figure-

As the diffraction occurs in case of waves only, so in this case tne
electrons behave like a wave: Therefore, this experiment verifies the
De-Broglie hypothesis-

The De-Broglie hypothesis was also verified experimentally by G-P-
Thomson' In this experiment, he obtained a diffraction pattern of
eleckron beam- This diffraction pattern was similar to the diffrac-
tion patgern of x-rays: In this way, G-P- Thomson verified the De-
Broglie hé‘pathesis-

Q13: What lis electron imicroscope? Discuss. the principle, construc-
tion and working of electron microscope:

Answer: Electron Microscope:
Definition: [t is a device which can be
used for cctting a magnified image of a
certain specimen by falling a beam of
electrons on that specimen-

electron source

magnetic [:

P rincigle: condenser
The prirciple of electron microscepe is

TReCImen
magnctic ™
byt

first image

based on the wave nature of electrons-

iy

Constructicn and Working:

The structure of eiectron microscope is
shown in the figure-

For studjing <=he nature of a certain P —

image projecter

specimen, a beam of electrons is focused
on the specimen under the action of

. ; ; ; d stag
electric and magnetic fields- The working ogrilied Sage
process of electron microscope is given

below:

7. First of all, a beam of eiectrcns is

obtained from electron gun by appiy- | Feciron microscope (Binck diagram)
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ing very high voltage-

2 The beam of electrons is then focused on the specimen with the
help of magnetic conduction lens-

3- When the electrons fall on the specimen, its beam becomes
denser after passing through the specimen' The intensity of
transmitted electrons depends upon the thickness and nature of
the specimen-

4- There is objective lens which produces an intermediate image of
the specimen-

5 There s a projective lens which produces the final image of the
specimen* In this way, a large [magnified] image of the specimen
is obtained on the screen which is called electron micrograph:

From the final rmagnified image, we can get information about the
physical and chemical properties of the given specimen:

Q@1%: What is meant by wave-particle duality? Explain-
Answer: Wave-Particle Duality:
Light is electromagnetic radiations which shows dual nature: In some

cases, it behaves like a wave and in some cases it behaves like a par-
ticle

For example, in case of interference, diffraction, reflection, refrac-
tion, polarization etc the light behaves like a wave: While in case of
photoelectric effect, Compton effect, Raman effect etc the light
behaves like a particle:

The wave nature of light can explain with the help of wave theory
of light- While the particle nature of light can be explain with the
help of quantum theory-

According teo quantum theory, light is emitted from its sourze in
the form of packets or bundle of energy which are known as quantas
or photons: The energy of photon is equal to “hf "- The quantum
theory can be use to explain the phenomenon of Compton effect,
photoelectric effect, Raman-effect etc successfully: in these phe-
nomenons, the light behaves like a particle Thus light shows dual
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nature which is called wave-particle duality-

In 1924, De-Broglie extended the dual nature of light to a material
particle- He pointed out that if light shows dual nature, then a
material particle like electron, proton, neutron, molecules etc can
also shows dual nature- i-e- in some cases, it exhibit particle behav-
iour and in some cases they behave like a wave: The hypothesis of
D-Broglie was experimentally verified by Davison and Germer, G-P
Thomson in their experiments- Thus a material particle also shows
wave-particle duality-

Q15; State and explain Heinsberg's uncertainty principle: (ETEA 2008)
Answer: Statement:

According to Heinsberg’s uncertainty principle, it is impossible to
find out an absolute correct value of a certain quantity such as
momentum, energy, position etc of a particle, however high precise
instrument we may use:

Explanation:
Actually an error or uncertainty is introduced during the process of

measurement, which cannot be removed- This can be explains with
the help of simple thought experiment given below-

Let we want to measure the momentum of an electron- For thi<
purpose, we would fall some light upon the electron to make it visi-
ble for observation Thus a photon of light may give some of its
momentum which we measure is not the actual momentum of elec-
tron which it posses before the falling of light upon it- Thus an er-
ror or uncertainty is introduced in momentum which is at the most
equal to the momentum of photon ie-

._\P=?-J

Similarly, an uncertainty is introduced during the measurement of
position of electron, which is at the most equal to wavelensth of
photon i-e-

Ax =k

Now if the position and momentum are measured at the same
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time, then the uncertainties are multiplied i-e-

\P-.\x::_ﬁ-k

i
= EF; Axxh

Similarly, if the uncertainty is introduced in the measurement of
energy at a certain instant of time, then the uncertainty in energy
and time is given by,

AE - At =h

(X [SOLUTTONS OF EXANPLES  ASSTGNMENTS | 3

EXAMPLE 18-1:

Alpha Centauri is nearest star to our sun- it is at 4-37 light
years from earth, it means that it takes 4:37 years of light to
reach from earth to Alpha Centauri- If a spaceship is sent to Al-
pha Centauri with a speed of v = 0:96¢c- How much time would
have passed for the passengers, when they reach it? Assume that
the earth and Alpha Centauri are stationary with respect to one
another-

Solution:

Given Data:

Time for light to travel = t' = 4-37 years
Relativistic speed = v = 0-96¢

Required:
Proper time = t, = 7
Calculation:
First we calculate the time dilated for the person on earth, which is
given by,
t = s years = 4-55 years
0-96

Now we have,
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o —
= t = 4.55«% \l'? - &926—6)— = 4:.55 x \J1 - 0-9276
c
= 4.55 x JO-078%

= &t =485 x028 = |t =1-274% years

Thus the passenger in spaceship will have aged only 7-27 years when
they reach Alpha Centauri, and not the 4-55 years an observer on
earth has calculate:

ASSIGNMENT 18-1:
‘How fast must a meter stick be mcving if its length is observed
to shrink to one half of a meter?

Solution:
Given Data:
Original length of meter stick = L, = Tm

L
Length appear during relativistic motion = L = =
P
Required:
Relativistic speed = v = ?
Calculation:
e know that,
[ o2
v
L= Lo\!? =N
3 {:;’. = e ;7 - j/j
2 S\
A
7 ! v
DN Y —5 (7)
AN 2
Squaring both sides of equation (7), we get,
'___,-V"- L,f?“:: .
¢TI T T
v s F i v 3
pt 4 1 B o
=S o = :?,x:;\?x?():_} ¢ =3x10"m / sec
g ._;. , L Tk
F = xOXI0 wsel = L wi0" el
- &
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= v2 = 675 x10"° m*/sec
= v2 = [6:75 x10°m? / sec® = 2-59 x10° m/sec

= |v=26x70°m / sec

EXAMPLE 18-2:

\ The temperature of the human skin is approximately 35°C: What
is the wavelength at which the peak occurs in the radiation emit-
ted from the skin?

Solution:

Given Data:

Wien’s constant = 0-2898 x 10°mK

Temperature = T = 35°C = 35 + 273K = 308K

Required:

Wavelength = }. = 7

Calculation:

By Wien’s displacement law, ... T = constant
constant

or h_ = e (7)

putting the values in equation (1), we get,
_ 02898 x 107 mK

ks 308K
Therefore |h = 9-409 x70°m = 9-4um
ASSIGNMENT 18-2:

A sodium surface is illuminated with light of wavelength 300nm-
The work function for sodium is 2:46eV- Find (a) the K-E of
ejected electron (b) the cut-off wavelength for sodium-

Solution:

Given Data:

Work function = ¢, = 2-46el/

Plank’s constant = h = 6-63 x 107 J-sez

Wavelength = . = 300nm = 300 x 10°m

Energy of light photon = E = hf

he _ 6-63 x 1O x 3.2 10F —

A (300 x707)
= £ =0-0663x10"J = E =6-63x107°J

= E =

www.perfect24u.com


https://www.perfect24u.com/
https://www.perfect24u.com/

a) We know that,
(KE)  =E-¢, = (441~ 2-46)eV
= |(KE), =168eV| or KE, = (168 x1-6 x107)J

= K'Emm = 2'688X ro-?QJ
== .4
b) We know that, o, = 2-46eV
he ¢ = 246 x1-6 x107°J
¢, = hf, = —
AO
5 he
= f,_o L=y
9,
. _ 6:63x10*x3x70°
T T (246 x1-6 x107)
= &, 7 5.05 x107"m
+ o 20BN 0% = s
or ., = 505nm

EXAMPLE 18-3:

The work function for tungsten metal is 4-52eV- (a) What is the
cutoff wavelength L. for tungsten? (b) What is the maximum Ki-
netic energy of the electrons when radiation of wavelength 198nm
is used? (c¢) What is the stopping potential in this case?

Solution:

Given Data:

Work function = ¢ = 4-52elV

b= 452x71-6x107°TJ =7232x107J
Wavelength = 3. = 198nm = 198 x 10°m
a) Cutoff wavelength = ), = ?

b) Maximum kinetic enerqgy = K-Epo = 7
¢) Stopping potential = V, = ?
Calculation:

a) The cutoff wavelength = ). is given by,
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(1)
Putting the values in equation (1), we get,
- [6-626 x107 x 2:998 x10°
? 7232 x 107
> A, =275x107°m

= |A, = 275nm 107 = nanoi

b) The maximum kinetic energy “K-E,.." at shorter wavelength “rL”

- |T

Jm= 275 x107" m

is given by,
KE,u =hF =4 = KE, =24 ___ (2) [F=°
A Al
Putting the values in equation (2), we get,
- -3¢ 3 & N
ke, = [E626X10"x2:996 x10° _Lpss i) 5
198 x 10 )

=5 KB =2TIx10%J
¢) We know that,
K-E,.. = Ve

s = (3)

e

Putting the values in equation (3)
_2:79x10°7
¥ 7-6 x107°¢C

= |V =174V

o

ASSIGNMENT 18-3:
X-rays of wavelength 0-140nm are scattered from a very thin
slice of carbon- What will be the wavelengths of x-rays scattered
at (a) O°, (b) 90°, (c) 180°?
Solution:
Given Data:
Wavelength of x-rays = A = 0-7140nm
= A =0T140 x10°m
Velocity of light = ¢ = 3 x 10°m/sec
Plank’s constant = h = 6-663 x 107°* J-sec
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Rest mass of electron = m, = 91 x 10%kg
Required:

Wavelength of scattered x-rays at (0
Calculation:

We know that,

i

0°, 90° and 180°) = \' = ?

L (1 - cost))
m.c

\i = —h-—(? ~gos) =% L =i
mec

o s B e
= &k = h¥E—(T=tosll)
m ¢

6' 7 34
P S DGR IO 4 T OIFICT i)
97wl ¥y 3510
= 3= 0140 X107 + 0-24 x 107 (T - cos)) )

a) For O = 0°, equation (7) becomes,

2= 0-140 x107° + 0-24 x 107 (7 - cos0°)
L= 0740 x10° + 0-24 x107'(1-1)

= A = (0140 x107° + O)m

U

s |3 = 0740 x10°m| or |). = 0-140nm|
b) For O = 90° equation (1) becomes,
i = 0140 x107° + 0:24 x107" (1 - c0s90° )
= W =[0740 x70° + 0-24 x107 (1 - 0)|m
= 1 = (0740 %107 +0-24 x10" | m
i = 0140 x10° + 0-0024 x10°°
2 = (0140 + 0-0024) x 107 m
= N =0-142x107m

= = 0742 x 70‘"'71 or i 04-7_422‘_’}_;7
¢) For :'m—: 180°, equation (1) beicmes,
L= 0140 x 107 + 0-24 x10 " (7 - cosI80°)
7= 0140 x107° + 024 x107 (1 +1)
= w = (0140 X107 + 0-24 x10" x 2 m

= 2 = (0740 x10° + 0-48 xi0" |m

= ' = (0740 x107 + 0-0048 x107 \m
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= V' = (0740 + 0-0048) x10°m
= A = 07448 x10°m = 0-145 x10°m
= [\ = 0145 x10°m| or (N = 0-1%5nm|

EXAMPLE 18-4:
X-rays of.wavelength A = 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-
ray at this angle:

Solution:

Given Data:

Angle = B = 45°

Plank’s constant = h = 6-626 x 107°*Js
Rest mass of electron = m, = 9-11 x. 10 kg
Speed of light = ¢ = 3 x 10°ms’
Wavelength = A = 0-:20nm = 0-20 x 10°m
Required:

Wavelength after scattering = \' = ?
Calculation:

By Compton’s scattering formula we have, A\ = L( 7-cosB)
m.c

% (T-cosB) = L =r+ &
mec me

Putting the vaiueos in equation (1), we 9“,.,
6626 x10°*Js
9771 x 10 kg x 3 x 10° ms
Or A =0-20x10°m+ 711 x10"m
= 0:20 x10°m + 0-00711 x10° m
= A = (0-20 + 0-00711) x10°°

= A =0:20711 x10°m = |\ = 0-20777 nm

ASSIGNMENT 18-4:
Compute the De-Broglie wavelength of the following: (a) A cricket
ball of mass 760g, traveling at 45m/s (b) A smoke particle of
mass 10°°g moving at Tcm/s- (c) An electron moving with a typi-
cal speed of 10°m/s-

-]

= A =-A=

(7 -cosB) (1)

A = 0:20x10°m +

= (7 - cos45° )
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Solution:

Given Data:

Mass of cricket ball = m; = 160gm = 107 x107 kg = 10? kg
Speed of cricket ball = v, = 45m/sec

Mass of smoke particle = m, = 10°gm = 107kg
Speed of smoke particle = v, = Tem/sec = 0-01m/sec
Mass of electron = my = 9-71 x 107%kg

Speed of electron = v; = 10°m/sec

Plank’s constant = h = 6-63 x 107°*J's

Reguired:

a) De-Broglie wavelength for cricket ball = X; = 7

b) De-Broglie wavelength for smoke particle = h, = 7

¢) De-Broglie wavel-ngth for electron = )3 = 7

Calculation:
a) We know that,
}L=f'-::h_,= s (7) 'p=mv]
P myv, 5 =

Putting the values in equation (1), we get,
, . 6:63x710°%
T 016 x45

= |h, = 9-2x70%m

=0-92 x10°*m

b) For ma, V> equation (1) becomes,

h [5-63“0'3"\

A. = L
= 10" x 0-07 |

m = 663-0x10%m

v,
= (A 663 x 10%°m

= |1, =66x10%m

¢) For ms vz equation (1) becomes,
h 6-63 x107
}'3 o = =37 6 n
m,v, 9-17 x 10~ x 10
073 X ?0‘3‘4“3.’-5
=073 x10°m

= |k, =7:3x70"°m

Y
]

U
1
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EXAMPLE 18-5:
Determine the waveiength of electron that has been accelerated
through a potential difference of (a) 50V (b) 200V
Solution:
Given Data:
Potential difference = AV, = 50V
Potential difference = Al/> = 200V
Rest mass of electron = m, = 9-11 x 10%kg
Charge on electron = g, = 1-6 x 107°C
Plank’s constant = h = 663 x 1073 J-s
Required:
a) Wavelength
b) Wavelength
Calculation:
a) We know that,
A= .5 = Az B i
mV mV,
We also know that,

n

hy = 7

"
hp = 7

I}

(")

KE,, =qA\V = %mV,Z = gAY,

2q,AV, f v,
— V?2 - q;n LA U; - 2‘7;?1’ (2)

Putting equation (2) in equation (1), we get,

A, = 2 [N (3)
? m, ‘queAU;

Putting the values in equation (3), we get,

663707 | 971707
971 x10% \2x1-6 x10° x50

:}_ )

= A, = 0-73 x10°%% [0-057x 107
= 3, = [0-73 £107\J0-057 x107 | m
= 1, = 0:73x710°x0:24 x10°m = 0-175 x10° =

= |1, = 0775 x10°m| or |\, = 0-175nm
b) For “AV," equation (3) can be written as,
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= : (%)
2 m \29,AY,
Putting the valies in equation (4), we get,
6:63x10°* | 9-11 x10™
977 x10% \ 2 x1-6 x10™° x 200

A, =

2

= 1, = [0-73x10° J0-0142 x107 | m
= A, = 0-73 x10°x0-119 x10°m
= A, = 0-0868 x10°m

>

=

, = 0:087 x10°m| or |\, = 0-O87nm

ASSIGNMENT 18-5:

The life time of electron in the excited state is about 107s
What is the uncertainty in energy during this time?

Solution:

Given Data:

At = 10%sec, Plank’s constant = h = 663 x 10°*Js

Required:

Uncertainty in enerqy = AE = 7

Calculation:

We know that,

AE -At=h = Afzi
At

6:63 x 107*

= AE "—:[
~107F

N

]J = 6-63x10%°J

= |AE = 663 x10°%°T

EXAMPLE 18-6:

An electron roves in a straight line with a constant speed 6-67 x
710°m/s which has been measured to a precision of 0-10%: What is
the maximum precision with which its position could be simultane-
ously measured? '

Solution:
Given Data: '
Speed = v = 6-61 x 10°m/s
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Mass of electron = m = 9-11 x 10kg
Precision = 0-10% = 0-001
Plank’s constant = h = 6:626 x 10°*Js

Regquired:
Position precision = Ax = ?
Calculation:
The momentum “P” of the electron is = P = mv
= P = (971 x10% x 6-67 x10° ) kg-m/'sec
= P =602x10% kg -m/sec
Now the uncertainty in momentum is given by,
AP = P x precision = 6:02 x 10°%* x 0-001
= 6-02 x10°% x 107 kg
= AP = 6:02 x 10%kq
Now we know that,
h

AP -Ax=~ h = Ax~——
AP

6:63 x707%
= Axx|———|m
6-02 x10%

= |Ax=1T10x707 m
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o]

Choose the best possible answer:

7- Triplets A and B board spaceships and head away from earth in
opposite directions, each traveling the same distance at the
same speed before returning to earth- Triplet C remains on
earth- Which expression describes the triplet's relative ages once
they’'re reunited on earth?
a) A<B<C b) A
c) A=B< W/ d) A

"

F&E
B=¢C

1

2+ If a spaceship travels from earth to a planet in the Alpha Cen-
tauri star system, which observer measures the proper time for
the trip?
a) An observer on earth
b) An observer on the planet in the Alpha Centauri star system
¢) An observer on the spaceshipy/
d) An observer deep in space far from the planet and earth

3+ UWhen you compress a spring between your fingers, its mass:
a) /ncreases b) Decreases
¢) Stay the same ¥ d) Turns negative

4+ By doubling the absolute temperature of black-body, the total
energy radiated will change by a factor of:

a) 05 b) 2 ¢) 4 d) 16/
Solution:
According to Stefan Boltzmann law, we have,
E=oT* )
If the temperature becomes double, then equation (1) becomes,
E' =oT"* (2)

Put T = 2T in equation (2), we get,

E' = o(2T)" =16(cT*)
= E'=16(cT*) (3)
> [ =76E] £ = oT*]

5- According to Einstein, increasing the brightness of a beam of
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light without changing its color will increase:
a) The number of photonsy/

b) The energy of each photon

¢) The speed of the photons

d) The frequency of the photons

6- Sources of red, blue and yellow- light each emit light with a
power of 50mW- The source which emits more photons is:
a) Red v b) Blue c) Yellow
d) They all emit the same number per second

7- Of the following energies for photons, which is the least energy
that could result in photoelectron production if the work func-
tion is 3-:00eV?

a) 1-50eV b) 2:90el/
¢) 3:50eV v d) 6:07eV
Solution:
hf = ¢ + KE (7)
If we put ¢ = 3:00eV and K-E = 0-5eV then eauation (1) be-
comes,

hf = 3:00+ 05 = hf = 3:50eV :
Which represents the least energy for causing photoelectric effect:

8 In a Compton scattering experiment at which angle the electron
can have maximum enerqu? (Assume that initially the target
electron is at rest)

) O b) 90°  ¢) 135° d) 180°v

9 If x-rays are scattered from protons instead of electrons, the
change in its wavelength for a given angle of scattering:

a) Increases b) Decreasess/
¢) Is unchanged d) Is one radian
Solution:
B & LT - ol ()
m.c

a

Equation (1) shows that change in wavelength is inversely propor-
tional to mass of the particle: As the mass of proton is greater
than the mass of electron, so according to equation (7) the change
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in wavelength for proton will decrease-

10+ Pair production cannot take place in vacuum because:
a) Mass is not conserved
b) Momentum is not conservedy
¢) Energy is not conserved
d) Charge is not conserved

77+ According to De-Broglie equation which one has the smallest
wavelength associated with it?

a) Proton b) Neutron
¢) a-particle/ d) Electron
Solution:
" We knows that,
g 5 )
mv

Equation (7) shows that wavelength is inversely proportional to
mass of the particle: As the mass of o-particle is greater than the
mass of proton, neutron and electron, so a-particle will have short-
est wavelength-

12- An electron and a proton have the same De-Broglie wavelength,
then kinetic energqy of the electron is:
a) Zero b) Infinity
¢) Equal to the kinetic energy of the proton
d) Greater than the kinetic energy of the protons

Solution:
We know that,
A e ﬁ = i = i_ (?)
p mv
Also  KE =l = vs ZE 2)
2 m
Putting equation (2) in equation (1), we get,
__ h__h
J_2‘<'f 2mx K-E
m V m
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O SO P
- J2m xK-E 2m xK-E
h2
KE = ——— 3
= 2m x A2 ()

As “h” is constant and “\L” for both electron and proton is also
same, so equation (3) becomes,

K-E = constant xi
m

= |KEx i, (4)
m
As mass of electron is lesser than mass of proton, so according to re-

lation (4) the K-E of electron will be greater than that of proton-

13+ In electron microscope, light source is replaced by a beam of
very fast moving:
a) Electrond/ b) Neutron c) Proton d) Photon

74+ According to Heisenbery, as the uncertainty in the measurement
. of particle’s momentum is reduced by a factor of 2, by what
factor is uncertainty in that same particle’s position changed?

a) % b) 1 ) 2 d) ¢
Solution:
Ap-Ax = h
= Ax= . (7)
Ap
For change in momentum equation (1) can be written as,
el (2)
Ap
As momentum js reduced by a factor of “2”, so we have
. _ Ap
c\P & —:2—"

50 equation (2) becomes,

Ax' = 5 = Ax = 2[1}

(.é_e] \4p
2

= | AX' = 2Ax
S0 particle position change by a factor “2”-
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(| CONCEPTUAL QUESTIONS |33
Q7T: Imagine a world in which speed of light is only 50m/sec- How
would the everyday events appear to us?

Answer:
If the speed of light is reduce to 50m/sec, then relativistic effects
for material object will appear at a speed lower than 50m/sec-

Reason and Explanation:

According to Lorentz transformation, the value of velocity of mate-
rial object must be less than the velocity of light “C” ie: V < C:
Now if the speed of light is reduced to 50m/sec, then under such
condition we say that the velocity of material object will not exceed
50m/sec nor reach at 50m/sec It will always become less than
50m/sec: So under such circumstance, a material object will show
relativistic effects at low speeds i-e- at a speed less than 50m/sec-

Q2: Some stars are observed to be reddish, and some are blue:
Which stars have the higher surface temperature? Explain-

Answer:
The starts which are observed to be blue will have higher surface
temperature:

Reason and Explanation:
The astronomers use the color of starts to estimate their temperature
by using Wien’s displacement law: According to Wien's law, we have,

+T = constant
conscant
S (7
Here constant = 0-002898 meter-Kelvin
Now for red light we have,

ky = 700nm = 700 x707°m
While for blue light, we have,

J.o = 475nm =475 x10"m
For red light, equation (7) becomes,

= 0'0028__9__‘? K| = 474 x10°K
< 700 x707 |

=5 FTeS
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- [1,, = 4140-0K (2)-

re

For blue light, equation (1) beccmes,

e = (0'002398]K = 67 x10°K

475 x 107
= |T,,. = 67100-OK {3)
Comparing equation (2) and equation (3), we get,
T, =T

blue red

Thus the stars appear to be blue will have higher surface temperature-

Q3: If the photoelectric effect is observed for one metal, can you
conclude that the effect will also be observed for another metal
under the same conditions?

Answer:

It is not possible for the photoelectric effect to be observed for
different metal surfaces under the same conditions-

Reason and Explanation:

The ejection of electrons from a metal surface depends upon its
work function which is defined as “the minimum enerqy required to
eject the electron from the metal surface is known as photoelectric
work function”- It is represented by “90" and is equal to threshold

energy i-e: & = hf, (7)
In terms of wavelength equation (1) can be written as,
0= (2)

Now different elements have different work functions, so will re-
quire radiations of different wavelengths and frequencies- Thus it is
not possible for the photoelectric effect to be observed for differ-
ent metals surfaces under the same conditions-

Q4: Does a light bulb at a temperature of 2500K produce as
white light as the sun at 6000K?

N'o, _ -a_h'ght bulb at 2500K does not produce as white light as the
sun at 6000K-
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Reason_and Explanation:
According to Wien's displacement law, we have,
AT = constant

> A = canf}t_:ant ) |
Putting constant = 2898um-K and T = 2500K in equation (1), we
get,
2898
R = = 17160
o " ZE00 i
= A, =1760x70°m = 1160 x10°m
= |A,. =7160nm (2)

Equation (2) represents the wavelength of light emitted by the
bulb at 2500K- But this range of wavelength does not exist in the
visible range (white light)- It is mostly exist in infrared region-

Now putting T = 6000K in equation (1), we get,
2898

.= ——um= 0% = 0:483 x 10°°
i um= 0-483um 83 x m
= A, =483 x10°m = 483nm

— [ =483mm (3)

Equation (3) represents the wavelength of light emitted by the sun
at 6000K- This range of wavelength exists in visible range (white
light)- Thus we can say that a light bulb at 2500K cannot produce
as white light as the sun at 6000K-

Q5: A beam of red light and a beam of blue light have exactly the
same enerqgy: Which light contains the greater number of photons?

Answer:
For same energy, the red light will contain more number of photons
as compare to blue light-

Reason _and Explanation:
We know that the energy of n-number of photons is given by,

E = nhf (1)
For red light equation (1) can be written as,
Ema’ b nrw‘hﬁza‘ (2)
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For blue light equation (2) can be written as,
Eb."ue = nbfwhﬂ!us (3)
For same energy, we have,

Ersd = Ebfue = nre:fhﬁ'd = n.‘:.’uehﬂfue
F, = Nk = { foe (4)
= "!‘ed red nb.*ue. blue = nnsd' F nHue —_——
red

We know that frequency of blue light is greater than the frequency
of red light, so we have,

> f :-ﬂ'i“—‘->?

ﬂ.rfus red

red

S0 equation (%) shows that,

>
nrcd' nbiuc

Thus for same energy, the red light will contain more number of
photons than blue light:

Q6: Why must the rest mass of a photon be zero?

The rest mass of photon must be equal to zero-

Reason and Explanation:
According to Einstein’s special theory of relativity, we have,

— (1)
,/z & :
62

While the energy of photon is given by,

E = mc (2)
Now the photon travel with speed of light, so we put v = ¢ in
equation (1), we get,

e m m,

\K c? Jf—?ﬂ'o
?‘E'

c

=

> [m=a (%)

As the photon does not passes infinite energy and mass, so we con-
clude that the rest mass of photon must be equal to zero-
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Q7: Why do not we observe Compton’s effect with visible light?
Answer:
We do not observe Compton's effect with visible light-

Reason and Explanation:

The Compton’s effect occurs if the minimum energy of photon is
from O-71MelV to 1-OMel/- We cannot observe Compton’s effect with
visible light- [t is because the energy of visible light photon is less
than O-1MeV- The energy of visible light photon is comparable to
the binding enerqy of electron i-e- during interaction the visible
light photon will give whole of its energy to the electron and itself
will disappear- While in Compton’s effect the photon does not dis-
appear: It retains some enerqy and scattered through certain angle
with certain frequency and wavelength- Thus we cannot observe
Compton's effect with visible light- |t can be observed with x-rays
and y-rays which posses high energy than the binding enerqy of elec-
tron-

QR8: If an electron and a proton have the same De-Broglie wave-
length, which particle has greater speed?

Answer:
For same De-Broglie wavelength the speed of electron will be greater
than the speed of proton:

Reason _and Explanation:
We know that the De-Broglie wavelength is given by,

h
% = -S 7
3 ¢
For electron, equation (1) can be written as,
h
L) T — 2
,! mel/‘ ( )
For proton, equation (1) can be written as,
h
hy = (3)
iV,
For same De-Broglie wavelength, we have,
%, = A ¥
L g mV. — ml,
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= mM = ml., = Y, = [T—’iJVP (4)
m

e

As mass of proton is greater than mass of electron i-e:

m
m, > m. = =2 ]
m

e

S0 equation (4) becomes,
v, >,
Thus for same De-Broglie wavelength the speed of electron will be
greater than the speed of proton:

Q9: An electron and a proton are accelerated from rest through
the same potential difference- Which particle has the longer wave-
length? :

The electron will have longer wavelength than a proton for same po-
tential difference- _
Reason and Explanation:

We know that the De-Broglie wavelength associated with a moving
particle is given by, '
h

y s X (1)
P

We know that the momentum of a charged particle in terms of po-
tential difference “V,” is given by,

P = |2gmVy, (2) Ke = qV,
Putting equation (2) in equation (1), we get, ___5_;,”‘,2 = qV,
A= ?f'-:_—.-; (3) = mv? = 2qV,
y2gamV, =mv’ = 24V m
In equation (3), h, q and U, are constant, so | = P* = 2qmV,
equation (3) becomes, =P = J2qmV,
A o L (%)

Jm

Relation (4) shows that the wavelength is inversely proportional to
the square root of the mass of the charge particle i-e: greater the
mass, smaller will be the wavelength and vice versa- Now the mass
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of electron is less than the mass of proton, so electron will have
longer wavelength than proton for same potential difference-

Q10: Why ultraviolet radiations are harmful to skin while visible
light is not?

Reason and Explanation:
We know that the energy of photon is given by,

E=hf = Eoxf )

Equation (1) shows that the energy of photon is directly propor-
tional to the frequency i-e- greater the frequency of radiations,
greater will be its enerqy and vice versa-

Now we know that the frequency of ultraviolet light is greater than
the frequency of visible light So ultraviolet radiations are more en-
ergetic and can penetrate very far in the body: They can damage
living cells and tissues: They can cause various skin diseases: While
visible light is less energetic due to their low frequency- They are
safe as compare to ultraviolet radiations-

- | COMPREHENSIVE QUESTIONS 5)

Q7: What are inertial and non-inertial frame of references? Explain
with examples-

Answer: See answer of question # 1 in the text-

Q2: State Einstein’s postulates of the special theory of relativity-
Discuss its various results-

Q3: What are the main features of thermal radiations from a
black body? Discuss Plank’s quantum theory and its importance in
physics-

Answer: See answer of question # 4 in the text-
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Q4: What is photoelectric effect? Discuss the failure of classical
physics and success of photon concept in explaining this effect-
Answer: See an<wer of question # 5, 6 in the text:

Q5: What is Compton's eff2ct? Develop a mathematical relation
for the Compton’s wave shift- '

Answer: See answer of questicn # 9 in the text-

Q6: Write note nn pair production and annihilation of matter:

Answer: See aisiweir of question # 10, 1 1a the text-

Q7: What is Ee-lt?f‘ogffe hypothesis? Describe an experiment to

show that particie has wave characteristics:

Answer: See answer of question # 12 in the text:

QRE: What is meant by wave-particle duality? Explain-

Answer: See answer of guestion # 14 in the text:

QRI: State and explain Heisenberg's uncertainty principle- Justify
the validity of this principle by a thought experiment:
Answer: See answer of question # 15 in the text-

NUMERTCAL QUESTIONS

Q7: The length of a spaceship is measured to be exactly one-third
of its proper length- What is the speed of the spaceship relative
to the observer?

Solution:
Given Data:
FProper lenath of spaceship = L,

Length of spaceship during relativistic speed = L = -2

Required:

Relativistic speed = V = 7
Calculation:

We know that,

g
14
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Q2: The time period of a pendulum is measured to be 3s in iner-
tial frame of the pendulum- What is the period when measured by
an observer moving with a speed of 0:-95c¢ with respect to the
pendulum?

Solution:

Given Data:

Relativistic speed = V = 0-95¢
Proper time = t, = 3sec
Period in motion
Calculation:

We know that,

t 3 3

t = ol Wl gy

\frr-f‘ J?-_(Q-%c)f VT - (0-95)°
2

& ¢

]
(3
1}
A\

3 3 N 3

=t = — =
J7-0-9025 Jo-0975 0-3122

= [t = 9-60sec]
Q3: A metal, whose work function is 3-Oel, is illuminated by
light of wavelength 3 x 10°m- Calculate the (a) threshold fre-
quency, (b) maximum energy of photo-electrons and (c¢) stopping
petential-
Solution:
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Given Data:

Work function = ¢ = 3el/
=376 x107°TJ = 4-8& x 107°J
Wavelength = . = 3 x 107m
Regquired:

a) Threshold frequency = ¥,
b) (KE)pexr = ?

¢) Stopping potential = U, = ?
Calculation:

a) We know that,

?

_ 4-8 x70™7°
6:625 x 10

= |f, = 072 x710° Hz

b) From Einstein equation,®we have,

(KE)  =hf-o F =%
= (KE)p 72 -4
! -34
L (kp), = E62EAI0FX3AIO7 o e

e 3x70°

[6:625 x10™ - 4.8 x10™ | J
(6625 -4-8) x10™J
1-825 x107° J

1625 x10™
7-6 x10™°

7-74eV
= [(KE)_ = I-74eV
¢) We know that,
(K-E),, = Ve

= (K-E)_.

L]
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_ (K&, _ 1-825 x 107

v max.
¢ e 7-6 x10™
= [V =114V

Q4: A 50keV x-ray is scattered through an angle of 90°- What is

the energy of x-ray after Compton scattering?

Solution: '

Given Data: _

Energy of x-ray = E = 50keV = 50 x 10°V  [1eV = 16 x107°J |
= E =50x10°x1-6 x10"J = 80 x 107°T

Scattering angle = 6 = 90°

Required:

Energy of photon after scattering = E' = 7

Calculation:
 We know that,

o 0oy
AA = e [? cos B]
A== h [T-cosﬁ]
m.c
¢ _c _ kP
= F ;"‘ oc[’ COSG]
7] el NNy 7 _
= ;[-F—' -;_"il = mﬂc [7 COSB]
& ._T__L).. a
\ [hf’ ]
7 7 7 s ,
= e ]r?-mcz[? cos90] Pr
F . hf' = E'
= E-E=m‘,c2 cos90° = 0
7 _ 1 .1
= E-m°62+E
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.. 7 7
= B 9 x107x(3x10° )2 80x10"
a
= _.’_.= Q + 7
E 8199x10°  &0xI0"
= r +_E._ X? IS
8199 &
‘m Lo| L+ Llx10° =(0-012+01725)x10°
£ |82 8 _
= L =037 x10"
£
F o ’ -15 = 7. 15 =47 -19
= E' = —==x10"J =728 x10™J [7ev =16 x10" 7]
. _[7-28 x10™
5 P | DSORE ]
7-6 x107°

= E' =456 x10%V
= E'=456x10%V

= [E' = 45-6KeV|

QS5: The speed of electron is measured to be 5 x 10°ms’ to an
accuracy of 0-003%- Find the uncertainty in determining the po-
sition of this electron: '

Solution:

Given Data:

V=25 xT10°m/sec

Accuracy = 0-003%

Uncertainty in speed = AV = |/ x 0-003%

s AV =8 270°x 0003 x——
700

=015 =15.0x702 1

sec s5ec

Required:
Uncertainty in position = Ax = ?
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Calculation:
We know that,

Ax-AP ~h
= Ax-mAV =h

h =
= Ax = — [ap = mAv]

6-63 x107*
9-71 x107 x 15 x 102

= Ax =~ 0-0484 x107m

= Ax

2

= |Ax = 484 x10°m

WININT
RIS
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