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Introduction 

At the end of the 19th century, scientists believed that they had learned most of what there 

was to know about physics. Newton’s laws of motion and his universal theory of gravitation, 

Maxwell’s theoretical work in unifying electricity and magnetism, and the laws of 

thermodynamics and kinetic theory employed mathematical methods to successfully 

explain a wide variety of phenomena 

Frame of reference 

“A frame of reference is a set of coordinates that can be used to determine positions and 

velocities of objects in that frame; different frames of reference move relative to one 

another.” 

or 

“An arbitrary set of axes with reference to which the position or motion of something is 

described or physical laws are formulated.” 

There are two types of frame of reference.  

1. Inertial frame of reference. 

2. Non-Inertial frame of reference. 

Inertial frame of reference 

“An inertial frame is one in which an object subjected to no forces moves in a straight line at 

constant speed.” An object observed from such a frame obeys Newton’s first law, the law of 

inertia. 

Example 

1. An elevator at rest or moving with uniform velocity. 

2. The earth. 

Non-inertial frame of reference 

“An accelerated frame of reference is called non-inertial frame of reference”. 

Example 

1. A rocket engine firing in space. 

2. An accelerating elevator moving upward or downward. 

Transformation 

To show the underlying equivalence of measurements made in different reference frames, 

we need a mathematical formula that systematically relates measurements made in one 

reference frame to those in another. Such a relation is called a transformation. 

 



   

The Galilean Transformation 

The one satisfying Newtonian relativity is the so-called Galilean transformation, which owes 

its origin to Galileo. It can be derived as follows. 

Consider two inertial systems or frames S and S’, as in figure. The frame S’ moves with a 

constant velocity ‘v ’along the xx’ axes, where ‘v’ 

is measured relative to the frame S. Clocks in S 

and S’ are synchronized, and the origins of S and 

S’ coincide at t = t’= 0. We assume that a point 

event, a physical phenomenon such as a 

lightbulb flash, occurs at the point P. An 

observer in the system S would describe the 

event with space – time coordinates (x, y, z, t), 

whereas an observer in S’ would use (x’, y’, z’, t’) 

to describe the same event. 

Measurement made in ‘x’ direction in frame S will exceed by amount ‘vt’, from the 

measurement made in frame S’. Hence, we have 

𝑥 = 𝑥′ + 𝑣𝑡 _____(1) 

There is no relative motion in ‘y’ and ‘z’ direction so, 

𝑦′ = 𝑦 ___________(2) 

𝑧′ = 𝑧 ____________(3) 

And time is also synchronized in both frames so, 

𝑡′ = 𝑡 ____________(4) 

 

These equations form a set called Galilean Transformation. 

Divide equation (1) by ‘t’, we get, 

𝑥

𝑡
=

𝑥′

𝑡
+

𝑣𝑡

𝑡
  

𝑢𝑥 = 𝑢𝑥
′ + 𝑣 

Where, 𝑢𝑥 and 𝑢𝑥
′ are the instantaneous velocities of the object relative to S and S’ 

respectively. This result is called Galilean addition law for velocities or Galilean velocity 

transformation. 

After some interval ‘∆𝑡’ velocity becomes 𝑣𝑥 and 𝑣𝑥′ so, 

𝑣𝑥 = 𝑣𝑥
′ + 𝑣 

𝑣𝑥 − 𝑢𝑥 = (𝑣𝑥
′ + 𝑣) − (𝑢𝑥

′ + 𝑣) 



   

𝑣𝑥 − 𝑢𝑥 = 𝑣𝑥
′ + 𝑣 − 𝑢𝑥

′ − 𝑣 

𝑣𝑥 − 𝑢𝑥 = 𝑣𝑥
′ − 𝑢𝑥

′ 

Divide both sides by ‘∆𝑡’ 

𝑣𝑥 − 𝑢𝑥

∆𝑡
=

𝑣𝑥
′ − 𝑢𝑥

′

∆𝑡
 

From definition rate of change of velocity is called acceleration. 

𝑎𝑥 = 𝑎𝑥
′ 

hence acceleration 𝑎𝑥
′ in the moving frame S’ is the same as that observed in the stationary 

frame S. As the mass remains same in both frames so, 

𝑚𝑎𝑥 = 𝑚𝑎𝑥
′ 

𝐹𝑥 = 𝐹𝑥
′ 

Therefore, force in both frames are same and Newton’s Second law remains same under 

Galileans transformation. Hence it is proved that Newton’s laws of motions i.e., law of 

mechanics are same in all inertial frames under Galilean transformation. 

Contradictions 

Note that the fourth coordinate ‘time’ is assumed to be same in both inertial frames. In 

classical mechanics, all clocks run at the same rate regardless of their velocity, so that the 

time at which an event occurs for an observer in S is the same as the time for the same 

event in S’. Consequently, the time interval b/w two successive events should be same for 

both observer.  

Although this assumption may seem obvious, it turns out to be incorrect when treating 

situations in which v is comparable to the speed of light. 

  



   

MODERN PHYSICS 

At the turn of the 20th century, a major revolution shook the world of physics. In 1900 

Planck provided the basic ideas that led to the quantum theory, and in 1905 Einstein 

formulated his special theory of relativity. 

Special Theory of Relativity 

Special Theory of relativity has two postulates: 

1. The Principle of Relativity: All the laws of physics have the same form in all inertial 

reference frames. 

2. The Constancy of the Speed of Light: The speed of light in vacuum has the same 

value,  𝑐 = 3 x 108𝑚/𝑠, in all inertial frames, regardless of the velocity of the 

observer or the velocity of the source emitting the light. 

 

Consequences of Special Theory of Relativity 

We will find that the distance between two points and the time in interval between two 

events depend on: 

1. The frame of reference in which they are measured. That is, there is no such thing as 

absolute length or absolute time in relativity.  

2. Events at different locations that occur simultaneously in one frame are not 

simultaneous in another frame moving uniformly past the first. 

 

1- Mass Variation 

“Mass of an object starts increases with its increasing velocity and if the velocity approaches 

to the speed of light then the mass becomes infinite”. 

The relation for the relativistic mass is given as 

𝑚 =
𝑚0

√1 − (
𝑣
𝑐)2

 

 

Where,    m; moving mass 

     𝑚0; Rest mass 

     v; velocity of the object 

     c; velocity of light 

  



   

When object moves with velocity of light 

𝑣 = 𝑐 

𝑚 =
𝑚0

√1 − (
𝑐
𝑐)2

 

𝑚 =
𝑚0

√1 − 1
 

𝑚 =
𝑚0

0
 

𝑚 = ∞ 

This shows that mass seems to be infinite if it approaches to speed of light. 

 

2- Length Contraction 

“Length of an object decreases with its increasing velocity and if the velocity approaches to 

the speed of light then the Length becomes zero”. 

The relation for the relativistic length is given as 

𝐿 = 𝐿0√1 − (𝑣/𝑐)2 

Where, ′𝐿0
′  is the rest length 

When object moves with velocity of light 

𝑣 = 𝑐 

𝐿 = 𝐿0√1 − (𝑐/𝑐)2 

𝐿 = 𝐿0√1 − 1 

𝐿 = 0 

When the object moves with velocity of light, its length becomes zero. 

 

  



   

3- Time Dilation 

“A moving clock appears to tick slowly if object’s velocity approaches speed of light, the 

interval between two events become infinite”. 

The relation for time dilation is given as 

𝑡 =
𝑡𝑜

√1 − (𝑣/𝑐)2
 

Where, ′𝑡𝑜′ is the time for observer at rest. 

When object moves with velocity of light 

𝑣 = 𝑐 

𝑡 =
𝑡𝑜

√1 − (𝑐/𝑐)2
 

𝑡 =
𝑡𝑜

0
 

𝑡 = ∞ 

It shows that time appears to be stop for an observer moving with velocity of light. 

 

4- Energy Mass Relationship 

“Energy and mass are inter-convertible, i-e. energy can be converted into mass and mass 

can be converted to energy”. 

Einstein relation for energy mass conversion can be given as 

𝐸 = 𝑚𝑐2 

Where, 

′𝐸′ is the energy 

′𝑚′ is the mass, and 

′𝑐′ is the speed of light 

 

5- Un-attainability of speed of light 

“No object can travel with the speed of light or even attain velocity comparable to speed of 

the light” 

  



   

Blackbody Radiation 

All objects with temperature above absolute zero emit energy 

in form of electromagnetic radiations. “A blackbody refers to 

an opaque object that emits thermal radiation. A perfect 

blackbody is one that absorbs all incoming radiations and does 

not emit any”.  

The spectral distribution of the thermal energy radiated by a 

blackbody (i.e. the pattern of the intensity of the radiation over 

a range of wavelengths or frequencies) depends only on its 

temperature. 

Wavelength shift towards shorter value and become more 

intense as temperature increases.  

Laws of Blackbody Radiation 

The characteristics of blackbody radiation can be described in 

terms of several laws: 

1. Wien’s Displacement Law 

2. Stefan Boltzmann’s Law 

3. Rayleigh-Jeans Law 

4. Planck’s Law – Quantum Theory 

Wien’s Displacement Law 

“The wavelength of maximum intensity 𝜆𝑚 in blackbody radiation is inversely proportional 

to the absolute temperature”. Mathematically, 

𝜆𝑚 ∝
1

𝑇
 

𝜆𝑚 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 
1

𝑇
 

𝜆𝑚x 𝑇 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

Value of the Wien's constant is 0.0029mk 

Limitation of the law 

This law relates the maximum energy and the corresponding wavelength only with 

temperature. It tells nothing about the wavelengths other than 𝜆_𝑚 in the energy 

distribution. 

Therefore, we can say that Wien’s displacement law is valid for shorter wavelength 

radiation but not valid for larger wavelength radiation. 

 



   

Stefan Boltzmann’s Law 

“Total energy of all wavelengths in blackbody radiation is directly proportional to the fourth 

power of absolute temperature”. Mathematically, 

𝐸 ∝ 𝑇4 

𝐸 = 𝜎𝑇4 

Where, 𝜎 = 5.67 𝑥 10−8 𝑤𝑎𝑡𝑡 𝑚2𝐾4⁄  

 

Limitation of the law: 

This law failed to explain the energy distribution among individual wavelength at different 

temperatures. 

 

Rayleigh – Jeans Law 

“The energy associated to a particular wavelength is inversely proportional to the fourth 

power of the wavelength at a given temperature”. Mathematically, 

𝐸𝜆 ∝
1

𝜆4
 

𝐸𝜆 =
𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝜆4
 

𝐸𝜆 =
8𝜋𝑘𝑇

𝜆4
 

Where ‘k’ is the Boltzmann’s constant and ‘T’ is absolute temperature 

 

Limitation of the law 

This classical expression, known as the Rayleigh– Jeans law, does not agree with the 

experimental results in the short wavelength region. 

The mathematical relation diverges as 𝜆 → 0, predicting unlimited energy emission in 

ultraviolet region. It is called ultra-violet catastrophe. 

 

  



   

Planck’s Law 

“Planck’s proposed that the radiated energy comes out in form of ‘quanta’. The energy of 

each quanta is directly proportional to the frequency of radiation. The energy ‘E’ of a 

quantum is given by ‘ℎ𝜐’. 

Where ‘h’ is the Planck’s constant and its value is 6.63 x 10−34𝐽𝑠 the quanta of energy are 

given out by atomic oscillations. 

If atom vibrates with a frequency ‘𝜐’ it can emit any amount of energy which is given by, 

𝑬 = 𝒏𝒉𝝊 

Where n= 0, 1, 2, 3, … 

It means atomic oscillator cannot emit any amount of energy other than 0, ℎ𝜐, 2ℎ𝜐, … nℎ𝜐. 

Based on this law, Planck’s obtained a formula, which gave intensities for different 

wavelength that perfectly matched with experimental values. 

 

The Photon 

A particle that has no charge and no mass. It is the lightest particle, being a mass-less 

particle, its energy is: 

𝐸 = 𝑚𝑐2 = 𝑝𝑐 

Where p=mc is the momentum of the photon. 

Since ′𝐸 = ℎ𝜐′ is the energy of the photon the mass of the photon will be given by 

𝑚𝑐2 = ℎ𝜐 

𝒎 =
𝒉𝝊

𝒄𝟐
 

From this it is obvious that the mass of photon approaches to zero as 𝑐2 is very large. 

 

  



   

Photoelectric Effect 

“Hertz in 1887 first discovered that clean metal surfaces emit charges when exposed to 

ultraviolet light. This phenomenon in which certain metals emit electrons when exposed to 

high frequency light is called photoelectric effect.” 

Experiment 

The figure shows the arrangement for the experiment of 

photoelectric effect. 

An evacuated tube contains two electrodes connected to a battery 

through ammeter. Ammeter shows deflection when light of high 

frequency falls on the metal surface connected to the positive 

terminal of the battery. 

Photon emitted from the metal surface are collected by the collector 

connected to the negative terminal of the battery. 

 

Photoelectric effect depends upon: 

1. The frequency of light 

2. The intensity of light  

3. The nature of metal 

 

Observations 

 A strong light beam (high intensity) yields more photoelectrons than a weak of same 

frequency. 

 Energy of photoelectron is independent of the intensity. 

 A certain minimum frequency of light is necessary to cause photoelectron emission. 

This minimum frequency of light is called threshold frequency(f0). It is different for 

different metals. 

 If the frequency of incident light is below than the threshold frequency, no 

photoelectrons are emitted. 

 There is a linear dependency of 𝐾𝑚𝑎𝑥 on light frequency. 

 

  



   

Unexplained Features 

Classical wave theory failed to explain the observation taken from the experiment due to 

following reasons: 

 Light of any frequency should cause photoelectric emission because of electron may 

absorb enough energy from the incident light, hence there should be no threshold 

frequency. 

 Light of greater amplitude(intensity) possess greater energy. Hence the energy of 

emitted photoelectron should depend upon the intensity of light rather than 

frequency. 

 

Graphical Representation 

1. The increase in the current (or no. of electron per 

second) with increasing light intensity shown. 

The graph shows that 𝐾𝑚𝑎𝑥 𝑜𝑟 𝑉0 is independent of 

light intensity 𝐼 for light of fixed frequency. If this 

potential is made increasingly negative, at certain 

value, called stopping potential ′𝑉0′, the current will 

be zero. Hence electron of max. energy cannot even 

reach to the collector plate. 

The max. energy is given by: 

1

2
𝑚𝑣𝑚𝑎𝑥2 = 𝑉0𝑒 

′𝑒′ is the charge on electron. 

 

2. A graph between frequency of incident light and the 

maximum K.E of photoelectron is a straight line.  

The graph shows that there is a certain minimum 

value of frequency, f0, for which the energy of 

photoelectron is zero. 

  



   

Einstein’s theory of the Photoelectric Effect 

Light is composed of tiny small particle known as photons or quanta. These photons are 

called bundle or packet of energy. 

The energy of each photon is directly proportional to frequency of radiation. 

𝐸 = ℎ𝜐 

Where, ′𝐸′ is the energy, ′ℎ′ is the Planck’s constant and ′𝜐′ is the frequency. 

Einstein’s picture was that a light quantum was so localized that it gave all its energy, ℎ𝜐, 

directly to a single electron in the metal. Therefore, according to Einstein, the maximum 

kinetic energy for emitted electrons is 

𝟏

𝟐
𝒎𝒗𝒎𝒂𝒙 = 𝒉𝝊 − 𝝓 

Where, ′𝜙′ is the work function of the metal, which corresponds to the minimum energy 

with which an electron is bound in the metal.  

Above equation explained the independence of 𝐾𝑚𝑎𝑥 and intensity, it is called Einstein’s 

photoelectric equation. 

Work function has different values for different metals. It is given by 

∅ = ℎ𝜐0 

Where, ′ℎ𝜐0′ is the threshold frequency. 

1

2
𝑚𝑣𝑚𝑎𝑥 = ℎ𝜐 − ℎ𝜐0 

𝑽𝟎𝒆 = 𝒉(𝝊 − 𝝊𝟎)    ∴
1

2
𝑚𝑣𝑚𝑎𝑥2 = 𝑉0𝑒 

𝑉0𝑒 = ℎ (
𝑐

𝜆
−

𝑐

𝜆0
)          ∴ 𝜐 =

𝑐

𝜆
 

𝑽𝟎𝒆 = 𝒉𝒄 (
𝟏

𝝀
−

𝟏

𝝀𝟎
) 

For cut-off wavelength 𝝀𝟎 = 𝝀𝒄 

  

𝑽𝟎𝒆 = 𝒉𝒄 (
𝟏

𝝀
−

𝟏

𝝀𝒄
) 



   

The Compton’s Effect 

Definition: “When a photon strikes an electron both are scattered. The scattered photon has 

lower frequency and has longer wavelength than the incident photon. This phenomenon is 

known as Compton’s effect”. 

 

Whenever photon strikes to any electron which is initially at rest, then it transfers some of 

its energy to the electron due to which both scattered in different directions. Energy lost by 

photon is equal to energy gain by the electron. Energy lose from photon result in increase of 

scattered photon wavelength. Because wavelength varies inversely with the energy such 

increase in wavelength is called Compton’s shift. 

Mathematical Treatment 

According to law of conservation of energy. 

Energy lost by photon = Energy gained by electron 

ℎ𝜐 + 𝑚0𝑐2 = ℎ𝜐′ + 𝑚𝑐2 

ℎ(𝜐 − 𝜐′) = 𝑐2(𝑚 − 𝑚0)________________(1) 

According to law of conservation of momentum. 

Total momentum before collision = Total momentum after collision 

Momentum along x-direction 

ℎ𝜐

𝑐
+ 0 =

ℎ𝜐′

𝑐
𝑐𝑜𝑠𝜃 + 𝑚𝑣𝑐𝑜𝑠𝜙 

ℎ𝜐

𝑐
=

ℎ𝜐′

𝑐
𝑐𝑜𝑠𝜃 + 𝑚𝑣𝑐𝑜𝑠𝜙________________(2) 



   

Momentum along y-direction 

0 + 0 =
ℎ𝜐′

𝑐
𝑠𝑖𝑛𝜃 − 𝑚𝑣𝑠𝑖𝑛𝜙 

ℎ𝜐′

𝑐
𝑠𝑖𝑛𝜃 − 𝑚𝑣𝑠𝑖𝑛𝜙 = 0______________(3) 

Solving 1, 2, 3 we get 

1

𝜐′
−

1

𝜐
=

ℎ

𝑚0𝑐2
(1 − 𝑐𝑜𝑠𝜃) 

Multiplying both sides by c 

𝑐

𝜐′
−

𝑐

𝜐
=

ℎ

𝑚0𝑐
(1 − 𝑐𝑜𝑠𝜃)_____________(4) 

 

Using relation v = 𝜐𝜆 

For photon; c = 𝜐𝜆 

Substituting values in eq. (4) 

𝜆′ − 𝜆 =
ℎ

𝑚0𝑐
(1 − 𝑐𝑜𝑠𝜃) 

But 𝛥𝜆 = 𝜆′ − 𝜆; Compton’s shift 

𝜟𝝀 =
𝒉

𝒎𝟎𝒄
(𝟏 − 𝒄𝒐𝒔𝜽) 

This is the expression for Compton’s shift.  

 

  



   

Pair Production 

It is observed experimentally that photon near a heavy nucleus disintegrates and form an 

electron-positron pair. This phenomenon is known as pair production. Positron is a 

antiparticle of electron. It is positively charged. In process of pair formation, momentum, 

charge, and energy are all conserved. 

Both electron and positron have a rest mass 𝑚0 energy is required to form an electron and 

positron pair. Energy can be calculated as: 

Energy of incident photon= Energy required to form electron + Energy required to form 

positron 

𝐸 = 𝐸𝑒− + 𝐸𝑒+ 

𝐸 = ℎ𝜐 = (𝑚0𝑐2)𝑒− + (𝑚0𝑐2)𝑒+ 

Electron and positron have same mass.  

𝐸 = ℎ𝜐 = 2𝑚0𝑐2 

𝐸 = 2 x 9.1 x 10−31x (3 x 108)2 

𝐸 = 1.638 x 10−13𝐽 

In electron-volt 

𝐸 =
1.638 x 10−13

1.6 x 10−19
 

𝑬 = 𝟏. 𝟎𝟐𝟒𝑴𝒆𝑽 

This is the minimum required energy to produce an electron-positron pair. 

 

If the energy of incident photon is greater than the required amount of energy, it is utilized 

to increase the kinetic energy of the electron and positron. 

𝐸 = 2𝑚0𝑐2 + 𝐾. 𝐸𝑒− + 𝐾. 𝐸𝑒+ 

ℎ𝜐 = 1.024𝑀𝑒𝑉 + 𝐾. 𝐸𝑒− + 𝐾. 𝐸𝑒+ 

Annihilation of Matter 

The reverse process of pair production is called annihilation of matter. 

The process in which electron and positron annihilate to one another and forms the energy 

of incident photon is called annihilation of matter. If incident photon has 1.024MeV energy, 

then energy of each photon will be 0.512MeV and it holds the conservation of energy. 

2𝑚0𝑐2 + 𝐾. 𝐸𝑒− + 𝐾. 𝐸𝑒+ = 2ℎ𝜐 

Where, ′ℎ𝜐′ is the energy of each photon. 



   

De-Broglie’s Hypothesis 

In 1924, De-Broglie’s put forward an idea about the wave nature of particle and called De-

Broglie’s Hypothesis. It stated as, “A wave is associated with every moving particle 

depending on its momentum" 

De-Broglie’s wavelength 

Consider energy-mass relation of Einstein’s special theory of relativity 

𝐸 = 𝑚𝑐2 

It can also be written as 

𝐸 = 𝑚𝑐.  𝑐_____________(1) 

Using relation for a momentum 

𝑃 = 𝑚v 

Photon travel with ‘c’, the velocity of light 

𝑃 = 𝑚𝑐_________________(2) 

Using (1) and (2) 

𝐸 = 𝑃𝑐__________________(3) 

According to Einstein’s Plank’s Quantum Theory 

𝐸 = ℎ𝜐___________________(4) 

Equating (3) and (4) 

ℎ𝜐 = 𝑃𝑐 

or 

P =
hυ

c
__________________(5) 

Using relation; 𝑐 = υ𝜆, substitute in equation (5) 

𝑃 =
ℎ𝜐

𝜐𝜆
 

𝑃 =
ℎ

𝜆
 

𝝀 =
𝒉

𝐏
 

𝝀 =
𝒉

𝐦𝐯
 

This is the required expression for De-Broglie’s wavelength and it shows that it depends on 

momentum` 



   

Davisson and Germer Experiment 

American physicists Clinton J. Davisson (1881–1958) and Lester H. Germer (1896–1971) at 

the Bell Laboratories in New York City 1927 experimentally proved that matter behaves as a 

matter as well as it behaves as waves. They use electrons and showed that electron exhibits 

wave nature the experimental arrangement shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Potential difference ‘V’ accelerates a beam of electron and allowed to strike polycrystalline 

nickel target from which the electron scattered. The intensity of electron i.e. number of 

electron reflecting per second is measured at different angle by means of detector.  

The nickel crystal in the beam of electron diffracts the beam of electron as X-rays. This 

diffraction shows that electron behaves as matter as well as wave. 

 

Using De-Broglie Expression 

𝜆 =  
ℎ

𝑝
 

𝜆 =
ℎ

𝑚𝑣
 ________________(1)                     ∵  𝑝 = 𝑚𝑣 

When beam of electron passes through particle accelerator 



   

1

2
 𝑚𝑣2 = 𝑉𝑒 

 𝑚𝑣2 = 2𝑉𝑒 

Multiplying both side by m 

𝑚 ×  𝑚𝑣2 = 𝑚 × 2𝑉𝑒 

 𝑚2𝑣2 = 2𝑚𝑉𝑒 

𝑚𝑣 = √2𝑚𝑉𝑒_______________________________________(2) 

Substituting 2 in 1 

𝝀 =  
𝒉

√𝟐𝒎𝑽𝒆
 

Davisson and Germer used above relation to prove the dual nature of matter 

 

Experimental Verification 

Davisson-Germer experimentally found when accelerating voltage is 54V, the diffracting 

angle for first order is 65o. 

It can be verified by  

1. De-Broglie wavelength expression. 

2. Diffraction process. 

 

Verification from De-Broglie wavelength Verification from Diffraction process 

λ =  
h

√2mVe
 

λ =  
6.625 × 10−34

√2 × 9.1 × 10−31 × 1.6 × 10−19
 

𝛌 = 𝟏. 𝟔𝟕 × 𝟏𝟎−𝟏𝟎 𝐦 

 

𝑚𝜆 = 2𝑑𝑠𝑖𝑛𝜃 

𝜆 =
2𝑑𝑠𝑖𝑛𝜃

𝑚
 

𝜆 =  
2 × 0.9 × 10−10 × sin 65∘

1
 

𝝀 = 𝟏. 𝟔𝟕 × 𝟏𝟎−𝟏𝟎 𝒎 

 

Result 

Same wavelength from two different relations shows that electron behaves as a matter as 

well as behaves as wave. 



   

Uncertainty Principle 

In classical physics, it is generally impossible that the position and momentum of a body can 

be measured with accuracy without any certainty in it. But these measurements cannot be 

possible for microscopic particle, as there is limitations for the accuracy with which position 

and momentum of these particle can be determined. This limitation was first expressed by 

Heisenberg and is known as uncertainty principle. “The product of uncertainty Δx in the 

position of the body at some instant and the uncertainty Δp in the momentum at the same 

instant is equal to or greater than ℏ(h/2𝜋) where h is plank’s constant.” 

∆𝑝∆𝑥 ≥ ℏ 

or 

∆𝑝∆𝑥 ≥ ℎ 2𝜋⁄  

 

Where, ℏ = 1.05 x 10−34𝐽𝑠 

 Another form of uncertainty principle involved energy of a system i.e., 

∆Ε. ∆𝑡 ≥
ℎ

2
 

or 

∆Ε. ∆𝑡 ≥ ℏ 

Above equation of uncertainty in energy and uncertainty in time is approximately equal to h 

or  ℎ/2𝜋. 
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