
 === Dual nature ==================================Unit ( 2 ) Chapter ( 1 )=== 
 

Mr. Yousri Abdelgaber                               Bank of Physics 1 

 
Branch of physics Deals with a great collection of scientific phenomena, which 

might not be directly observed in our daily life. 

1. treat with a number of situations in the universe which classical physics 

cannot explain. especially when we deal with atomic and subatomic system. 

2. This kind of physics explains all phenomena involved in electronics, which is 

the basis for all modern electronic and communication system. 

3. It also explains chemical reactions on the level of the molecule. 

On the other side  

Classical physics explain everything in our daily life and common experiences. 

    

 

1. Light as waves have common features, i.e., reflection, refraction, interference 

and diffraction. 

2. Visible light is a small portion of the electromagnetic ( em ) spectrum. 

3. Electromagnetic waves may differ in frequency, and hence, in wavelength, 

they propagate in free space at a constant speed c = 3 x 108 m/s. 

4. Electromagnetic waves do not need necessarily a medium to propagate in. 

 

 

 

 
 

The radiation 
 

Hot bodies emit light and heat.  

For example: 
a ) The sun.     b ) other stars.   

c ) a burning charcoal.   d ) A glowing incandescent lamp 

 

The dominant color of light emitted from these sources varies. Hence, an em source 

does not emit all wavelengths equally, but the intensity of radiation varies with 

wavelength. 

The distribution of the radiation intensity with wavelength is called Planck's 

distribution   
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Planck’s distribution. 
It is the curve which show The distribution of the radiation intensity with 

wavelength . 

Wien’s law. 
The wavelength (λm) at which the peak of the curve occurs is inversely 

proportional to temperature.  

Therefore : 
      The higher the temperature, the smaller the wavelength of the peak. 

 

 

 

 

 

 

 

 

 

Note  
The wavelength tends to infinity ( very large ) or zero ( very small ) the intensity of 

radiation tends to zero. 
 

Example : 
1. The temperature at the surface of the sun is 6000ºK. Hence, the wavelength at the 

peak is 5000ºA ( 0.5 μm ). This is within the visible range. 

Thus: 

Almost 40% of the total energy emitted by the Sun is in the visible range almost 

50% is heat  ( infrared radiation ), While the rest is distributed over the remaining 

spectrum. 

2. Incandescent lamp, the temperature is now 3000ºK which puts the wavelength 

at the peak at 1000 nm = 10-6m = 10000ºA = 1 Micron. From such lamps get 

nearly 20% as visible light and most of the rest as heat. 

 

 
 

Classical physics state that since the radiation is 

an electromagnetic wave, the intensity of 

radiation increases with frequency. 

Why should the intensity of radiation goes 

down at the high frequency end.? 

 

The modern physics in disagreement with the 

classical physics in that 

Modern physics proved that the intensity of 

radiation decreases with increasing frequency  
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This curve is repeated for all hot bodies, which emit continuous radiation not only 

the Sun but also the Earth, and all bodies even living creatures.  

 

Earth radiations 
the Earth-being a non-glowing body- it absorbs 

the radiation from the Sun and reemits it. But 

its temperature is far less than that of the Sun . 

Therefore; we find the wavelength at the peak 

to be nearly 10 Micron, which is within the 

infrared region. 

 

 

in addition to the reflected visible light also microwaves are used for the same 

purpose in radars. 

 

Question 
Compare between radiation of sun and earth. 

The importance of earth radiation 
 

1. There are satellites, and airborne as well as terrestrial equipment, which map and 

photograph the surface of the Earth, using different regions of the spectrum 

including the infrared radiation emitted by the surface of the Earth which help to 

determine possible natural Earth resources. 

 

2. For military purpose such as night vision systems, which detect and moving 

objects in the dark due to the heat radiation which these objects re-emit. 
 

3. Thermal imaging is also used in medicine, particularly in topography ( tumor 

detection ) in embryology. 

4. In criminology, since the heat radiated from a person lingers for a while even 

after the person has left. 

     These applications are called 

             Remote sensing applications 

The black body radiation 
Planck called these phenomenon black body radiation. Give reason 
The reason for naming it so is that a black body absorbs all radiation falling on it, 

regardless of the wavelength. It is, thus, a perfect absorber. It then re-emits this 

radiation wholly. It is therefore a perfect emitter. 
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The explanation of black body radiation 
If we imagine an enclosed cavity with a small hole, the inside of the cavity 

appears black because all of the radiation within the cavity remains trapped due 

to multiple reflections. Only a small part of it leaks out. 

Give reasons for: 

If we have a closed cavity with a small hole inside the cavity appears black? 

 

 

 

 

 

 

 

 

 
 

 

Plank’s explanation of black body radiation : 
1. He proposed that radiation was made up of small units ( or packets ) of energy, 

called quantum ( or photon ). 

2. We may consider radiation from a glowing object as a flux of emitted photons. 

3. The photons’ energy increases with frequency, but their number decreases with 

increasing energy. 

4. The photons emanate from the vibrations of atoms.  

5. The energy of these vibrating atoms is not continuous but quantized ( discrete or 

discontinuous ) into levels. 

6. These energy levels take values E=nhv, where h is Planck’s constant h=6.625 x 

10-34 Js, and v is the frequency ( Hertz – Hz ). 

7. The atom does not radiate as long as it remains in one energy level. But if the 

vibrating atom shifts from a high energy level to a lower energy level, it emits a 

photon whose energy E = hv.  
 

 

Thus : 
1. Photons with high frequency have high energy and those with low frequency 

have low energy. 

2. Radiation consists of billions upon billions of these photons. We do not see 

separate photons, but we observe the features of the stream of photons as a 

whole. 

3. These features express in, the stream of photons represents the classical 

properties of radiation. 
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    It is the emission of electrons due to light falling on a metallic surface. 

 

A metals contains positive ions and free electrons which can move around inside the 

metal but cannot leave it due to the attractive forces of the surface which be represented 

by a surface potential barrier 

 

A surface potential barrier 
It is the least potential enough to escape electron from the surface. 

Emission of electrons from metals 
1- heat energy which is called ionic thermal emission. 

2- Light energy. 

The emission takes place when the energy is greater than potential barrier. 

 

Firstly emitting electrons by heating 

Cathode ray tube ( CRT ): 
    Uses  in: T.V. and computer monitors. 

    Operating principle:  Electro photo effect. 

   Construction:  It consists of a tube has: 

1-electrons gun: 
a)the cathode it is a metal surface heated by a filament so electrons are emitted . 

b)the grid to control the intensity of  the electron  

c)the anode to pick up the electron emitted from the cathod 

2-screen it gives light when the electrons hit it, its intensity varies according to 

the intensity of the electrical signal. 

3-electric and magnetic fields to control the electron beams to sweep or 

over come the screen point by point to give a complete image. 
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How does it work: 
1. This tube consists of metal surface called the cathode, which is heated by a 

filament. 

2. Electrons are emitted by the electron gun ( E-gun ). Due to heat. 

3. Some electrons may overcome the forces of attraction at the surface, which is 

called a surface potential barrier. 

4. These electrons are then freed ( librated ) from the metal and are then picked 

up by screen, which is connected to a positive pole called the anode, thus 

causing current in the external circuit. 

5. When the electrons hit the screen, they emit light, which varies in intensity 

from point to point on the fluorescent screen../Depending on the intensity of 

the electrical signal transmitted. Such a signal controls the intensity of the 

electron beam emitted from the E-gun through a negative grid in its way. 

6. The E-beam can be controlled by electric or magnetic fields to sweep the 

screen point-by-point generating, so called raster until the frame is completed. 

7. When light falls on a cold cathode instead of heating a filament, a current 

flows in the circuit too. 

Note that 
The electric energy of the electrons convert into kinetic energy according to the 

relation:         e.V = 1/2 mv2 

 

Secondly emitting electron by light 
    Considering light as a wave, part of the light falling on the surface of the metal is 

absorbed, giving some electrons enough energy to escape. 

 The explanation of the classical theory This Phenomenon : 
 
 

1.  the current intensity or the emission of such 

electrons ( called photoelectrons ) should 

depend on the intensity of the incident wave, 

regardless of its frequency. Also, the kinetic 

energy ( or velocity ) of the emitted electrons 

should increase with increasing intensity of the 

incident radiation. 

2. Even in the case of low light intensity, giving 

sufficient time should give some electrons 

enough energy to be freed, regardless of the 

frequency of the incident light. 
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The practical observations: 
    Are contrary to these classical expectations: 

1. It has been observed that the emission of electrons depends primarily on 

the frequency of the incident light not on its intensity. 

2. Such electrons are not emitted if the frequency is under a threshold ( 

critical value ) Vc no matter how intense light may be. 

3. If the frequency exceeds Vc, photocurrent increases with the intensity of 

light,  

4. the kinetic energy of the emitted electrons depends on the frequency of the 

incident wave not its intensity. 

5. the emission of electrons occurs instantly don't need a time to collect 

energy 

photocurrent 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Einstein proposed that a photon with V falling on a metallic surface, has energy hv, 

while the energy needed to free an electron (called the work function) is EW = hvc . 

where  Vc is critical frequency. 

The work function 
           It is the least energy needed to free electron from metal surface . 

The critical frequency: 
            It is the smallest frequency needed to emit an electron from a metal surface. 

=1=The photon is barely able to free an electron, if it has energy hv = hvc = EW. 

=2= if the photon energy exceeds this limit, the electron is freed and the energy 

difference hv –EW is carried by the electron as kinetic energy, i.e., it moves 

faster as hv increases. 

Light intensity 

Photocurrent versus light 

Intensity for V < VC 

Light intensity 

Photocurrent versus light 

Intensity for V > VC 
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So  K.E of the electron 

1/2 mv2 = hv – hvc 
 

 

 

 
 

The slope of line = Planck's constant  h,  point A represent  vc  

 

 

 

 

 

 

 

 

 

=3=Whereas if hv < EW, the electron would not be emitted at all, no matter how 

intense the light might be. 

-The emission is instantaneous. There is no need for time to collect energy once 

hv > hvC. 

- noted that 
 Vc and EW vary for different materials, and do not depend on the light intensity, 

the exposure time or the voltage difference between the anode and the cathode. 

 

Question 
Compare between the explanation of photoelectric effect from point of view of 

classical physics and Einstein  

 

Give reasons for: 
1. The intensity of the electric current in the increases as the frequency of the 

incident light increase? 

2. The cesium element is used as cathode in the photoelectric cell. 

3. It is preferred to use the ultraviolet to incident on the cathode of 

photoelectric cell. 

4. The kinetic energy of the photoelectron emitted from the cathode due to 

green color is greater than that of the yellow color. 
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Examples 
 

1. The threshold energy “ the critical energy “ to liberate an electron from the 

metallic surface is 4 x 10-19 Joule if the incident light of one of the following 

wavelengths. 

a . 6200 Aº   b. 5000 Aº   c. 4000 Aº 

Explain in each case: 

1. Does the electrons liberate from the metal surface. 

2. Find the kinetic energy of the emitted electrons and its velocity and the 

stopping potential given that mass of electron is 9.1 x 10-31 Kg its 

charge 1.6 x 10-19 coulomb considering hc = 2 x 10-25 J.m 

 Solution: 

  E = hν = 


hc
 = 



-2510 x 2
 = 



8-34 10 x 3 x 10 x 6.625
 

a. E = 


hc
 = 

10

-25

106200

10 x 2
x

 = 3.23 x 10-19 Joule 

No photoelectrons are emitted because this energy is less than the threshold 

energy. 

b. E = 
10

-25

105000

10 x 2
x

 = 4 x 10-19 Joule. 

Photoelectrons are emitted with kinetic energy = 0 because this energy equals 

the threshold energy. 

c. E = 
10

-25

104000

10 x 2
x

 = 5 x 10-19 Joule 

Photoelectrons are emitted with kinetic energy. 

K.E. = hν – hνc = 5 x 10-19 – 4 x 10-19 = 1 x 10-19 Joule 

 K.E. = 
2

1
 mν2      1 x 10-19 = 

2

1
 x 9.1 x 10-31 v2     v = 4.69 x 105 m/sec 

The stopping potential: 

KE = ev  1 x 10-19 = 1.6 x 10-19 v  v = 0.625 volt 
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 When a photon ( X or y rays ) collided with a free electron, the photon frequency 

decreased and changed its direction. Also, the electron velocity increased and it 

changed its direction. 

 This observation could be explained by Plank’s hypothesis that electromagnetic 

radiation consists of photons, which can collide with electrons as billiard. 

 
In this collision: 
1. Linear momentum must be conserved ( law of conservation of linear momentum 

). The linear momentum before collision must equal the linear momentum after 

collision. 

2. The law of conservation of energy must apply, i.e., the sum of the energy of the 

photon and the electron after collision must equal the sum of the energy of the 

photon and the electron before collision. 

Therefore Compton proved that: 
a photon as a particle with a linear momentum, as much as electron which has mass 

and velocity, and hence a linear momentum. 

 

Photon Properties 
 

1. A photon is a concentrated packet of energy which has mass, velocity and linear 

momentum. 

2. Its energy E = hv, it always moves at the speed of light c regardless of its 

frequency. 

3. Einstein showed that mass and energy were equivalent E = mc2. 

4. A loss of mass is translated to released energy as in the atomic bomb. Nuclear 

fission is associated with a small loss of mass which is converted to large amount 

of energy due to the c2 ( c2 = 9 x 1016 m2/s2 ) factor. 

5. Thus, a photon whose energy is hv 

                                       has a mass of hv/c2, 

   while in motion. Its momentum becomes hv/c. 
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Examples 
 

1-Calculate the photon mass and linear momentum if λ = 380 nm. 

Solution: 

  V = c/ λ = 
) m 10 x 1 ( ) 380 (

) m/s 10 x 3 (
9-

8

 = 7.89 x 1014 Hz 

 

 m = E/c2 = hV/c2 = 28

-114-34

) m/s 10 x 3 (

) s 10 x 7.89 ( ) Js 10 x 6.625 (
 = 5.81 x 10-36 kg 

 

 PL = h/λ = 
) m 10 x 1 ( )380(

) Js 10 x 6.625 (
9-

-34

 = 1.74 x 10-27 kgm/s 

***************************************** 

Explanation of Compton effect  
    If a beam of photons is incident on a certain surface at the rate of ØL ( photons/s, 

), then each photon impinges on the surface and bounces off, and hence, suffers a 

change in linear momentum =2 mc 

The force which a beam of photons applies to the surface is the change in linear 

momentum per second: 

  F = 2mc ØL   

          PL = mc = 
C

h v
                                   

 
                         Slope=2/c 

 
Where PW is the power of the light incident on the surface it is measured by watt. 

This force is too small to be noticed but it is noticeable if it effects on electron  

Examples 
1-Calculate the force applied by a beam of light whose power is 1W on the 

surface of a wall. 

Solution: 

F = 
C

P 2 w

 = 810 x 3

1 x 2
 = 0.67 x 10-8 N     This force is too diminutive to affect the wall. 

Microscopic model 
 
 

1. We can image an photon as a sphere whose radius is roughly equal to λ and 

oscillates at frequency υ. 

2. The stream of photons collectively has a magnetic field and an electric field. 

These two fields are perpendicular to one another and to the direction of 

propagation. Both oscillate at υ. 

3. The photon flux ( or stream ) carries the energy of the wave. 

4. If we working on the scale of the electron or atom, we must use the 

microscopic (photon ) model. 

F = 2 (
C

h v
 ) ØL  = 

C

P 2 w

 

F(N) 

Power (watt) 
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Macroscopic model. 
    ==The wave motion accompanies the photon stream. 

==The wave  intensity measured by the magnitude of the electric or magnetic field 

associated with the light wave indicates the concentration of photon. 

==Microscopic model and macroscopic model  depends on the dimensions of the 

obstacle or the size that constricts light 

Question  
comparre between the microscopic and macroscopic model 

Relation between photon wavelength and its linear momentum 
  λ = C/V  

 Multiplying the numerator by h 

  λ = 
Vh 

ch 
 = 

c / hV

h 
 

  PL =
C

Vh 
  

     

 

                          Slope of line = h 

 
 

A comparison is made between λ and the interatomic distance of the surface. 

 ==If λ is greater than the interatomic distance, these photons sense the surface as a 

continuous one and get reflected from it as in wave theory.  

==If the interatomic distance is comparable to λ, photons penetrate through the 

atoms. This is what happens in the case of X-rays. 

examples 

1.Calculate momentum of electron, the wavelength of the association of its 

frequency given that mass electron 9.2 x 10-19,its velocity 2 x 106 m/s and 

Blank’s constant 6.625 x 10-34 j.s. 

Solution: 

 P = mv  P = 9.1 x 10-31 x 2 x 106 = 18.2 x 10-25 Kg.m/s 

 λ = 
m

h
 = 

25-

-34

10 x 18.2

10 x 6.625
 = 3.64 x 10-10 m 

 v = λ x ν  ν = 


v
 = 

10-

6

10 x 3.64

10 x 2
 = 5.49 x 1015 Hz 

===================================== 

 
    If waves have particle nature, could it be that particles might have wave 

properties. De Broglie led to a hypothesis of wave particle duality applying to 

particles. The wavelength of a particle must be in analogy with a photon. 

 

                                                        Where PL is the linear momentum of the particle. 

 λ = 
L

P

h
 

λ = h/PL  

λ 

LP

1
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The dual property of light 
  

==Consider light as a huge stream of photons which have a wave property 

accompanying them, thus manifesting reflection ,refraction , interference and 

diffraction  

==The intensity of the accompanying wave describes the photon concentration.  

==Such a wave can disperse as if  

==a photon carries the genes of the stream,  

==regarding charge, spin and linear momentum.  

==The accompanying wave has wavelength  

==it has a mass during its motion and converts into energy if it comes to rest. 

==it has energy depending on the frequency. 

The dual property of electron beam 
 

==An electron ray ( e-beam ) is a huge stream of electrons. Collectively, there must 

be a wave accompanying them and has wavelength 

== An electron carries the genes of the stream, regarding charge, spin and linear 

momentum.  

==The intensity of the accompanying wave describes the electron concentration. 

Such a wave can disperse, reflect, refract, interfere and diffract, 

==electron has a negative charge and deflected under the electric and magnetic 

fields. 

==it has a mass even at rest. 

==it has energy depend on the voltage acting on it 

we can use an electron ray as much as we use a light ray in a microscope? By the 

discovery of the electron microscope. 
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Give reasons for: 
Photons cannot be accelerated, while electron can be accelerated? 

 

Question 
Compare between Electrons and Photon. 

 

Comparison Electron Photon 

1. Nature Charged material particle 

move wave. 

Quantum of energy also has dual 

nature. 

2 Charge -ve equal 1.6 x 10-19 

coulomb. 

Natural. 

3. Mass Constant = 9.1 x 10-31 Kg Depends on frequency m = 
2C

h
 

4. Momentum P = m x v Kg.m/s P = 
C

h
 Kg.m/s 

5. Energy K.E = 
2

1
mv2 depends on 

velocity 

K.E. hν depends on freq. 

6. When stopped 

( at velocity = o ) 

No changed in mass, but 

losses all of its kinetic 

energy converted to 

radiations. 

The mass vanishes ( mass 

becomes zero ) converted to 

energy absorbed by the target     

( photoelectric effect ). 

 

 
Its operation 
    Depends on the wave nature of electrons. 

 

1. The e-microscope has a high 

resolving power, because the 

electrons can be accelerate and 

can carry a high kinetic energy, 

and hence very short λ which is 

1000 times shorter than visible 

light. 

2. its magnification is so high that it 

can detect very small objects. 

3. The lenses used in e-microscope 

are usually magnetic. These 

lenses focus the e-beam. 
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Question 
Compare between the optical microscope and electron microscope 

 

Optical microscope Electron microscope 

1. The object is illuminated by visual 

light. 

1. Electron beam of very short wave length 

is used. 

2. Viruses or smaller details cannot be 

seen through it. 

2. Viruses or smaller details can be seen 

through it. 

3. Deflection of rays occurred by 

glassy lenses. 

3. Deflection of rays occurred by 

electrostatic or magnetic lenses. 

4. Maximum available magnification 

about 2000 times. 

4. Maximum available magnification about 

400000 times. 

5. The final image is virtual cab be 

seen by the eye through the 

eyepiece lens. 

5. The final image is formed on a 

fluorescent screen or a photographic 

plate. 

 

Give reason for:: 

1.the wavelength of the moving electron changes by changing the acting 

voltage. 

2.the optical microscope is unable to magnify viruses but electron microscope 

able. 

 
 
 
 
 
 
 
 
 
 


