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ELECTROMAGNETIC WAVES

       DISPLACEMENT CURRENT
    Consider a capacitor of capacitance C being charged by a battery as  shown in Fig There is a conduction current I into plate A but no conduction current flowing out of plate A. Likewise, there is no conduction current (into plate B but conduction) current us flowing out of plate B. Therefore. Kirchlioff’s current law seems to fail. Since it is series current must be the same in all parts of the circuit. The above difficulty has arisen because of our limited viewpoint about current as the flow of electrons (i.e. charge). But if we define current as that which produces a magnetic field then we may say that the  same current flows in every part of the circuit shown in Fig. It is because experiments show that part between plate A and plate B is as effective in producing a magnetic field as any other part. 
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Maxwell resolved the problem of no conduction current between the plates A and B by stating that as the capacitor charges. a changing electric field is set up between the plates of the capacitor. This changing electric field is equivalent to an electric current and produces the magnetic field. He called this as displacement current ‘ID’ The ordinarily current I is called the conduction current. It can be shown that the displacement current is given by 
Displacement current.  ID =
where = rate of change of electric flux between plates A and B 
Thus displacement current is that current which appears in the region in which the electric field (and hence electric flux) is changing with time. 
    As the capacitor charges, the current in the wire is due to the conduction current while between the plates of the capacitor. it is due to changing electhc field  (i.e. displacement current): the two currents being equal at every instant. When the capacitor is fully charged, the conduction current becomes zero and so is the displacement current. Thus the concept of displacement current has provided continuity to current path and Kirchhoff’s current law holds good.
Maxwell modified Ampere’s circuital law as The line integral of magnetic field around any closed path or circuit is equal to µ0 times the sum of current threading the closed circuit and displacement current.
       )
and is known as Ampere-Maxwell law.
MAXWELL EQUATIONS OF ELECTROMAGNETIC INDUCTION
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      According to Maxwell’s theory, the electric and the magnetic fields at all points on the path of propagation of the electromagnetic wave do not come into existence instantaneously, but the effect travels in free space at the velocity of light. 
and fields  oscillate in mutually  perpendicular plane and perpendicular to the direction of propagation of the wave. Bothand values increase from zero to maximum with the passage of time and then start decreasing and become zero again. Then, the direction of the fields gets reversed, become maximum in the reverse direction and increase to zero. Thus oscillations of the fields continue as the wave passes through any point.  
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Characteristics of Electromagnetic Waves:
1. Electromagnetic waves are transverse waves.
2. Electromagnetic waves possess energy.
3. Maxwell derived the equation for the velocity of electromagnetic wave in vacuum ( free
space) as
c =  = 3 x 108m/s
4. Electromagnetic waves reflects and refracts
5. Electromagnetic waves gives phenomenon of interference, diffraction and polarisation
6. Electromagnetic waves follows inverse square law
7. Electromagnetic waves not deflected by electric and magnetic field.
8. Electromagnetic waves give the phenomenon of photoelectric effect.
9. and  are related by the equation, 
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10. Electromagnetic waves do not require material medium to travel.
11. Electromagnetic waves can transfer energy as well as momentum to objects placed on their paths.
Hertz’ experiment to produce electromagnetic waves.
                             [image: Phy_2007_Set1_Outside%20Delhi_Saif]
     The setup consists of two metal plates P1 and P2 held parallel to each other, which are connected to two metallic spheres S1 and S2.
A high voltage is applied to the spheres using an induction coil so that a spark is formed between the gaps. This leads to the production of an electromagnetic wave. These waves are detected by detector, which consists of a single loop of wire connected to sphere
ELECTROMAGNETIC SPECTRUM
We now know that, electromagnetic waves include visible light waves, X-rays, gamma rays, radio waves, microwaves, ultraviolet and infrared waves. The classification of em waves according to frequency is the electromagnetic spectrum. There is no sharp division between one kind of wave and the next.
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Green house effect:

         Of all the wavelengths of the electromagnetic waves, Earth’s atmosphere is transparent to the visible light. The infrared radiations from the Sun are absorbed in the atmosphere. During the day time, the Earth’s surface and various objects get heated and emit infrared radiations which are absorbed by molecules like CO2, H2O and re-emitted to the surface of the Earth. Thus heat energy is trapped in the lower atmosphere and its temperature is maintained. This is known as the Green house effect. Infrared rays are known as heat rays as they are responsible for producing warmth experienced during night. Some pollutants also contribute to the green house effect. In the absence of the green house effect, the average temperature of the lower atmosphere would have been much less. The harmful ultraviolet radiations and all wavelengths less than 3000 A° get absorbed in the Ozone layer which acts as a protective layer for us. Certain gases like Chloro-Fluoro Carbons (CFCs) used in refrigerator cause damage to the Ozone layer.
Electromagnetic waves and communication
              Electromagnetic waves have revolutionized the field of communication. Waves of different frequencies interact differently with different media on earth and hence are used for different types of communications. They are broadly known as radio waves.
1. What physical quantity is the same for X-rays of wavelength 10−10 m, red light of wavelength 6800 Å and radiowaves of wavelength 500 m? 
Ans: The speed of light (3 × 108 m/s) in a vacuum is the same for all wavelengths. It is independent of the wavelength in the vacuum.
2. A plane electromagnetic wave travels in vacuum along z-direction. What can you say about the directions of its electric and magnetic field vectors? If the frequency of the wave is 30 MHz, what is its wavelength? 
Ans: The electromagnetic wave travels in a vacuum along the z-direction. The electric field (E) and the magnetic field (H) are in the x-yplane. They are mutually perpendicular.
Frequency of the wave, ν = 30 MHz = 30 × 106 s−1
Speed of light in a vacuum, c = 3 × 108 m/s
Wavelength of a wave is given as:
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3. A charged particle oscillates about its mean equilibrium position with a frequency of 109 Hz. What is the frequency of the electromagnetic waves produced by the oscillator? 
Ans: The frequency of an electromagnetic wave produced by the oscillator is the same as that of a charged particle oscillating about its mean position i.e., 109 Hz.
4. Answer the following questions:
(a) Long distance radio broadcasts use short-wave bands. Why?
(b) It is necessary to use satellites for long distance TV transmission. Why?
(c) Optical and radio telescopes are built on the ground but X-ray astronomy is possible only from satellites orbiting the earth. Why?
(d) The small ozone layer on top of the stratosphere is crucial for human survival. Why?
(e) If the earth did not have an atmosphere, would its average surface temperature be higher or lower than what it is now?
(f) Some scientists have predicted that a global nuclear war on the earth would be followed by a severe ‘nuclear winter’ with a devastating effect on life on earth. What might be the basis of this prediction? 
(a) Long distance radio broadcasts use shortwave bands because only these bands can be refracted by the ionosphere.
(b) It is necessary to use satellites for long distance TV transmissions because television signals are of high frequencies and high energies. Thus, these signals are not reflected by the ionosphere. Hence, satellites are helpful in reflecting TV signals. Also, they help in long distance TV transmissions.
(c) With reference to X-ray astronomy, X-rays are absorbed by the atmosphere. However, visible and radio waves can penetrate it. Hence, optical and radio telescopes are built on the ground, while X-ray astronomy is possible only with the help of satellites orbiting the Earth.
(d) The small ozone layer on the top of the atmosphere is crucial for human survival because it absorbs harmful ultraviolet radiations present in sunlight and prevents it from reaching the Earth’s surface.
(e) In the absence of an atmosphere, there would be no greenhouse effect on the surface of the Earth. As a result, the temperature of the Earth would decrease rapidly, making it chilly and difficult for human survival.
(f) A global nuclear war on the surface of the Earth would have disastrous consequences. Post-nuclear war, the Earth will experience severe winter as the war will produce clouds of smoke that would cover maximum parts of the sky, thereby preventing solar light form reaching the atmosphere. Also, it will lead to the depletion of the ozone layer.
 5.  Find the wavelength of electromagnetic waves of frequency 5 × 1019 Hz in free space. Give its two applications.
Ans: 
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This wavelength corresponds to X-rays.
Uses:
(i) In radio therapy, to cure untraceable skin diseases and malignant growth
(ii) In engineering, for detecting faults, cracks, flaws, and holes in final metal products
6. What is the name given to that part of electromagnetic spectrum which is used for taking photographs of earth under foggy conditions from great heights?
Ans: Infrared rays
7. Why is shortwave band used for long distance radio broadcast?
Ans:The shortwave band radio-waves are used for long distance broadcast because they are easily reflected back to earth by the ionosphere.
8. What is the name given to that part of electromagnetic spectrum which is used in ‘Radar’?
Ans: Microwaves
9. Find the wavelength of electromagnetic waves of frequency 4 × 109 Hz in free space. Give its two applications.
Ans: Wavelength, 
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The electromagnetic wave corresponding to this wavelength is microwave.
Uses:
(i) Used in microwave ovens
(ii) Used in radar systems
10. Electrons are emitted from a photosensitive surface when it is illuminated by 
(i) red light (ii) blue light.
Ans:  (i) Electrons are not emitted with red light.
(ii) Electrons are emitted with blue light.
11. Write any four characteristics of electromagnetic waves. Give two uses each of
(i) radio-waves (ii) Micro-waves. 
Ans: Four characteristics of electromagnetic waves are:
(a) They are transverse in nature.
(b) They travel through vacuum with a speed of 3×108 m/s.
(c) They do not require material medium for their propagation.
(d) Electric and magnetic fields oscillate perpendicular to each other.
(i) Uses of Radio waves:
(a) Radio transmission
(b) Radio astronomy
(ii) Uses of Microwaves:
(a) Microwave ovens
(b) Radar systems
12. Identify the following electromagnetic radiations as per the wavelengths given below. Write one application of each.
(a) 10−3 nm
(b) 10−3 m
(c) 1 nm
Ans:  (a) Wavelength range: 10−3 nm = 10−3 × 10−9 = 10−12 m
Type of EMW: X-rays
Applications:
X-rays are used in surgery for the detection of fractures, foreign bodies such as bullets, diseased organs and stones in human body.
(b) Wavelength range: 10−3 m
Type of EMW: Microwave
Application: Microwaves are used in Radar systems for aircraft navigation.
(c) Wavelength range: 1 nm
Type of EMW: Infrared
Application: Infrared waves are used for taking photographs during the conditions of fog, smoke, etc.
12. Name the part of the electromagnetic spectrum of wavelength 10−2 m and mention its one application.
Ans: The part of the electromagnetic spectrum which ranges from 0.1 m to 10−3 m is known as microwave.
Microwaves are used in radar systems for aircraft navigation

13. Write the following radiations in ascending order with respect to their frequencies:
X-rays, microwaves, UV rays and radio waves.
Ans: The given radiations can be arranged in ascending order with respect to their frequencies as:
               Radio waves < Microwaves < UV rays < X-rays
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(1) Gauss’s law for electricity as jE-ds =3
B

describing charge and the electric field,
(2) Gauss’s law for magnetism as §B-ds =0

describing the magnetic field,
dog

(3) Faraday’s law of induction as fE-dS=+

describing the electrical effect of a
changing magnetic field and

(4) Ampere’s law as extended by Maxwell, §B-di= %[eq% +ID]
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