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        ELECTROMAGNETIC INDUCTION
                     The phenomenon in which electric current is generated by varying magnetic fields is appropriately called electromagnetic induction.
THE EXPERIMENTS OF FARADAY AND HENRY
Experiment1: 
Figure shows a coil C1 connected to a galvanometer G. When the North-pole of a bar magnet is pushed towards the coil, the pointer in the galvanometer deflects, indicating the presence of electric current in the coil. The deflection lasts as long as the bar magnet is in motion. The galvanometer does not show any deflection when the magnet is held stationary. When the magnet is pulled away from the coil, the galvanometer shows deflection in the opposite direction, which indicates reversal of the current’s direction. Moreover, when the South-pole of the bar magnet is moved towards or away from the coil, the deflections in the galvanometer are opposite to that observed with the North-pole for similar movements. Further, the deflection (and hence current) is found to be larger when the magnet is pushed towards or pulled away from the coil faster. Instead,
when the bar magnet is held fixed and the coil C1 is moved towards or away from the magnet, the same effects are observed. It shows that it is the relative motion between the magnet and the coil that is responsible for gene ration (induction) of electric current in the coil.
[image: ]
When the bar magnet is pushed towards the coil, the pointer in the galvanometer G deflects

Experiment:2
In Fig the bar magnet is replaced by a second coil C2 connected to a battery. The steady current in the coil C2 produces a steady magnetic field. As coil C2 is moved towards the coil C1, the galvanometer shows a deflection. This indicates that electric current is induced in coil C1. When C2 is moved away, the galvanometer shows a deflection again, but this time in the opposite direction. The deflection lasts as long as coil C2 is in motion. When the coil C2 is held fixed and C1 is moved, the same effects are observed. Again, it is the relative motion between the coils that induces the electric current.
[image: ]
Current is induced in coil C1 due to motion of the current carrying coil C2.

Observe:
 i) The relative motion between the coil and the magnet 
 ii) The induced polarities of magnetism in the coil
 iii) The direction of current through the galvanometer and hence the deflection in the galvanometer
iv) That the induced current (e.m.f) is available only as long as there is relative motion between the coil and the magnet
Note: i) coil can be moved by fixing the magnet
 ii) Both the coil and magnet can be moved (towards each other or away from each other) i.e. there must be a relative velocity between them
iii) Magnetic flux linked with the coil changes relative to the positions of the coil and the magnet
iv) Current and hence the deflection is large if the relative velocity between the coil and the magnet and hence the rate of change of flux across the coil is more 
Experiment: 3
[image: ]
1. When the primary circuit is closed current grows from zero to maximum value.  During this period changing, current induces changing magnetic flux across the primary coil. This changing magnetic flux is linked across the secondary coil and induces e.m.f (current) in the secondary coil.
Induced e.m.f (current) and hence deflection in galvanometer lasts only as long as the current in the primary coil and hence the magnetic flux in the secondary coil change.
2. When the primary circuit is open current decreases from maximum value to zero.  
During this period changing current induces changing magnetic flux across the primary coil.
This changing magnetic flux is linked across the secondary coil and induces current (e.m.f) in the secondary coil.
However, note that the direction of current in the secondary coil is reversed and hence the deflection in the galvanometer is opposite to the previous case.

MAGNETIC FLUX
Magnetic Flux through any surface is the number of magnetic lines of force passing normally through that surface.
It can also be defined as the product of the area of the surface and the component of the magnetic field normal to that surface.
  dØ =

Flux is maximum when θ = 0° and is Φ = B . A 
Total flux

	Φ = B . A cos θ



Positive Flux:  Magnetic Flux is positive for 0° ≤ θ < 90° & 270° < θ ≤ 360°       
Zero Flux: Magnetic Flux is zero for θ = 90° & θ = 270°
Negative Flux: Magnetic Flux is negative for 90° < θ < 270°
Magnetic Flux across a coil can be changed by changing:
1) The strength of the magnetic field B
2) The area of cross section of the coil A
3) The orientation of the coil with magnetic field θ or
4) Any of the combination of the above
Note:
* Magnetic flux is a scalar quantity.
* SI unit of magnetic flux is weber or tesla-metre2    or ( wb or Tm2).
* Magnetic flux (associated normally) per unit area is called Magnetic Flux Density or Strength of Magnetic Field or Magnetic Induction (B).

Faraday’s Laws of Electromagnetic Induction:
I Law:
Whenever there is a change in the magnetic flux linked with a circuit, an emf and hence a current is induced in the circuit.  However, it lasts only so long as the magnetic flux is changing.
II Law:
The magnitude of the induced emf is directly proportional to the time rate of change of magnetic flux linked with a circuit. 
                  E α dΦ / dt    

                    E = 

(where k is a constant and units are chosen  such that k = -1)
	E = - 



	 E = 


           In the case of a closely wound coil of N turns, change of flux associated with each turn, is the same. Therefore, the expression for the total induced emf is given by    
                 E = - 
The induced emf can be increased by increasing the number of turns N of a closed coil.

1. A circular coil of radius 10 cm, 500 turns and resistance 2 Ω is placed with its plane perpendicular to the horizontal component of the earth’s magnetic field. It is rotated about its vertical diameter through 180° in 0.25 s. Estimate the magnitudes of the emf and current induced in the coil. Horizontal component of the earth’s magnetic field at the place is 3.0 × 10–5 T.
Solution
                   Initial flux through the coil,
                   Φ1 (initial) = BA cos θ
                                      = 3.0 × 10–5 × (π ×10–2) × cos 0º
                                      = 3π × 10–7 Wb
                   Final flux after the rotation,
                   Φ2 (final) = 3.0 × 10–5 × (π ×10–2) × cos 180°
                                    = –3π × 10–7 Wb
Therefore, estimated value of the induced emf is,
                      E = 
                                = 500 × (6π × 10–7)/0.25
                               = 3.8 × 10–3 V
                              I = ε/R = 1.9 × 10–3 A
Note that the magnitudes of ε and I are the estimated values. Their instantaneous values are different and depend upon the speed of rotation at the particular instant.
LENZ’S LAW AND CONSERVATION OF ENERGY
The statement of the law is:
     The polarity of induced emf is such that it tends to produce a current which opposes the change in magnetic flux that produced it.
i.e. If the current is induced due to motion of the magnet, then the induced current in the coil sets itself to stop the motion of the magnet.
      If the current is induced due to change in current in the primary coil, then induced current is such that it tends to stop the change.
According to Lenz’s law, the induced emf opposes the change that produces it.  It is this opposition against which we perform mechanical work in causing the change in magnetic flux.  Therefore, mechanical energy is converted into electrical energy. Thus, Lenz’s law is in accordance with the law of conservation of energy.
If, however, the reverse would happen (i.e. the induced emf does not oppose or aids the change), then a little change in magnetic flux would produce an induced current which would help the change of flux further thereby producing more current.  The increased emf would then cause further change of flux and it would further increase the current and so on.  This would create energy out of nothing which would violate the law of conservation of energy.
1. Figure shows planar loops of different shapes moving out of or into a region of a magnetic field which is directed normal to the plane of the loop away from the reader. Determine the direction of induced current in each loop using Lenz’s law.
[image: ]
Solution (i) The magnetic flux through the rectangular loop abcd increases, due to the motion of the loop into the region of magnetic field, The induced current must flow along the path bcdab so that it opposes the increasing flux.
(ii) Due to the outward motion, magnetic flux through the triangular loop abc decreases due to which the induced current flows along bacb, so as to oppose the change in flux.
(iii) As the magnetic flux decreases due to motion of the irregular shaped loop abcd out of the region of magnetic field, the induced current flows along cdabc, so as to oppose change in flux.
Note that there are no induced current as long as the loops are completely inside or outside the region of the magnetic field.
2. (a) A closed loop is held stationary in the magnetic field between the north and south poles of two permanent magnets held fixed. Can we hope to generate current in the loop by using very strong magnets?
(b) A closed loop moves normal to the constant electric field between the plates of a large capacitor. Is a current induced in the loop
(i) when it is wholly inside the region between the capacitor plates
(ii) when it is partially outside the plates of the capacitor? The electric field is normal to the plane of the loop.
(c) A rectangular loop and a circular loop are moving out of a uniform magnetic field region to a field-free region with a constant velocity v. In which loop do you expect the induced emf to be
constant during the passage out of the field region? The field is normal to the loops.
[image: ]

(d) Predict the polarity of the capacitor in the situation described by Fig
[image: ]
Solution:
(a) No. However strong the magnet may be, current can be induced only by changing the magnetic flux through the loop.
(b) No current is induced in either case. Current can not be induced by changing the electric flux.
(c) The induced emf is expected to be constant only in the case of the rectangular loop. In the case of circular loop, the rate of change of area of the loop during its passage out of the field region is not constant; hence induced emf will vary accordingly.
(d) The polarity of plate ‘A’ will be positive with respect to plate ‘B’ in the capacitor.
MOTIONAL ELECTROMOTIVE FORCE
The magnetic flux linked with a coil can be changed in many ways. For this,
( 1 ) the magnet can be moved with respect to the coil.
( 2 ) the coil can be rotated in the magnetic field.
( 3 ) the coil can be kept inside the magnetic field in proper manner and the magnitude of the magnetic induction can be changed.
( 4 ) the coil can be moved inside a non-uniform magnetic field.
( 5 ) the dimensions of the coil placed inside a magnetic field can somehow be changed.
     “The induced emf. produced due to the change in magnetic flux linked with a coil due to some kind of motion is called motional emf.”
An example of motional emf. Is illustrated as under.
                                 [image: ]

A U-shaped conducting wire is placed in a plane perpendicular to the magnetic field. The magnetic field lines enter the plane of paper as shown by ( x ) sign. A conducting rod is slid over the two arms of the conductor with a constant velocity v. The perpendicular distance between the two arms of the conductor is l. MN is the position of the rod at time t when the magnetic flux linked with the loop PMNO is
Ø = ( area of PMNO ) X  B ( magnetic field intensity )
     = l B x,       where x = PM = ON
According to Faraday’s law, the induced emf.,

   E = -   
        = - -
       = - Bl             
         = - l B v, where v =  is the velocity of the sliding rod.
As the emf is generated due to the motion of the rod, it is known as motional emf.  Motional emf. is produced by a conducting rod moving in a magnetic field in appropriate manner even without the U-shaped conductor. This is explained in the following example with the reason behind
the origin of induced emf.
The reason behind the origin of induced emf
[image: ]
  With the conducting rod moving with velocity  positive ions and electrons in it also move perpendicularly to the magnetic field B. Electrons move from Q to P under the effect of Lorentz force F = q( x  )leaving positive ions exposed at Q. Thus rod behaves as a battery of emf B v l.

1. A metallic rod of 1 m length is rotated with a frequency of 50 rev/s, with one end hinged at the centre and the other end at the circumference of a circular metallic ring of radius 1 m, about an axis passing through the centre and perpendicular to the plane of the ring as shown in fig. A constant and uniform magnetic field of 1 T parallel to the axis is present everywhere. What is the emf between the centre and the metallic ring?
     [image: ]

Solution
As the rod is rotated, free electrons in the rod move towards the outer end due to Lorentz force and get distributed over the ring. Thus, the resulting separation of charges produces an emf across the ends of the rod. At a certain value of emf, there is no more flow of electrons and a steady state is reached. The magnitude of the emf generated across a length dr of the rod as it moves at right angles to the magnetic field is given by

                    dε = Bv dr
 Hence
              ε = 
                 = 
                 =                        ( v =
                = 
                  =
                  = 157 V
2. A wheel with 10 metallic spokes each 0.5 m long is rotated with a speed of 120 rev/min in a plane normal to the horizontal component of earth’s magnetic field HE at a place. If HE = 0.4 G at the place, what is the induced emf between the axle and the rim of the wheel?  Note that 1 G = 10–4 T.
Solution
Induced emf = (1/2) ω B R2
                      = (1/2) × 4π × 0.4 × 10–4 × (0.5)2
                      = 6.28 × 10–5 V
The number of spokes is immaterial because the emf’s across the spokes are in parallel.
EDDY CURRENTS OR FOUCAULT CURRENTS
The induced circulating (looping) currents produced in a solid metal due to change in magnetic field (magnetic flux) in the metal are called eddy currents.

              [image: ]
Applications of Eddy Currents:
1. In induction furnace eddy currents are used for melting iron ore, etc.
2. In speedometer eddy currents are used to measure the instantaneous speed of the vehicle.
3. In dead beat galvanometer eddy currents are used to stop the damping of the coil in a shorter interval.
4. In electric brakes of the train eddy currents are produced to stop the   rotation of the axle of the wheel.
5. In energy meters (watt – meter) eddy currents are used to measure the consumption of electric energy.
6. In diathermy eddy currents are used for localised heating of tissues in human bodies.
Note : 1.According Lenz’s Rule, the direction of induced current is such that it opposes the cause of changing magnetic flux.
Here, the cause of changing magnetic flux is due to motion of the loop and increase in area of the coil in the uniform magnetic field.
Therefore, this motion of the loop is to be opposed. So, the current is setting itself such that by Fleming’s Left Hand Rule, the conductor arm PS experiences force to the right whereas the loop is trying to move to the left.
Against this force, mechanical work is done which is converted into electrical energy (induced current).
2.If the loop is completely inside the boundary of magnetic field, then there will not be any change in magnetic flux and so there will not be induced current in the loop.
Fleming’s Right Hand Rule:
If the central finger, fore finger and thumb of right hand are stretched mutually perpendicular to each other and the fore finger points to magnetic field,  thumb points in the direction of motion (force), then central finger points to the direction of induced current in the conductor.
                     [image: ]

Self Induction:
    Self Induction is the phenomenon of inducing emf in the self coil due to change in current and hence the change in magnetic flux in the coil.
    The induced emf opposes the growth or decay of current in the coil and hence delays the current to acquire the maximum value.Self induction is also called inertia of electricity as it opposes the growth or decay of current.
Self Inductance:
           Φ α I   
 or       Φ = LI
(where L is the constant of proportionality and is known as Self Inductance or co-efficient of self induction)
If I = 1, then    L =  Φ 
Thus, self inductance is defined as the magnetic flux linked with a coil when unit current flows through it.
Also, 
          E = - dΦ / dt      
   or    
E = - L 
If  dI / dt = 1, 
then         L = E
Thus, self inductance is defined as the induced emf set up in the coil through which the rate of change of current is unity.
SI unit of self inductance is henry (H).
  Self inductance is said to be 1 henry when unit rate of change of current (1 A / s) induces emf of 1 volt in the coil.
Self inductance of a solenoid:
	Magnetic Field due to the solenoid is
B = μ0nI
Where n is the no of turns per unit length
Length of the solenoid = l
Magnetic Flux linked across N turn of the coil is
Φ = NB A = N (μ0nI)A = n l (μ0nI)A 
Magnetic Flux linked across N turns of the coil is
                            Φ  = (μ0n2 l A ) I
But,                       Φ = LI      
                            So,     L = μ0n2 A l

	



If we fill the inside of the solenoid with a material of relative permeability
                  L = μ0n2 A l
The self-induced emf is also called the back emf as it opposes any change in the current in a circuit.
Energy  stored in Inductor:
  If dW amount of work done to increase current by dI against back emf E  in tine dt then
     dW = E I dt
Total work done to change current from o to Imax is
  W = 
      = 
        = 
       = L [
       = L [   - 0]
     W  = L
This amount of work stored as potential energy

Mutual inductance:
Mutual Induction is the phenomenon of inducing emf in the secondary coil due to change in current in the primary coil and hence the change in magnetic flux in the secondary coil.
Mutual Inductance:
            [image: ]
           Φ21 α I1   
 or       Φ21 = MI1
where M is the constant of proportionality and is known as Mutual Inductance or co-efficient of mutual induction
If I1 = 1, then   
 M =  Φ 
Thus, mutual inductance is defined as the magnetic flux linked with the secondary coil when unit current flows through the primary coil.
Also,  E2 = - dΦ21 / dt      
   or     E 2= - M (dI1 / dt)
If dI1 / dt = 1, 
then    M = E
Thus, mututal inductance is defined as the induced emf set up in the secondary coil when the rate of change of current in primary coil is unity
SI unit of mututal inductance is henry (H).
Mutual inductance is said to be 1 henry when unit rate of change of current   (1 A / s) in primary coil induces emf of 1 volt in the secondary coil.
Mutual inductance between two coil
[image: ]
Magnetic Field due to primary solenoid is
B1 = μ0n1I1
Magnetic Flux linked across one turn of the secondary solenoid is
Φ21 per turn  =  B1 A  =  μ0n1I1A  =  μ0N1I1A / l
Magnetic Flux linked across N turns of the secondary solenoid is
      Φ21  =  μ0N1N2I1A / l
But, Φ21 = M21I1              
                                        M21 =  μ0N1N2A / l  =  μ0n1n2Al 
Similarly                              M12 = μ0N1N2A / l = μ0n1n2Al 

For two long co-axial solenoids of same length and cross-sectional area, the mutual inductance is same and leads to principle of reciprocity.
                                         M = M12 = M21
The value of mutual inductance of a system of two coils depends upon
	( i ) shapes and sizes,
( ii ) their number of turns,
( iii ) distance between them,
	( iv ) their mutual inclination angle and
( v ) the material on which they are wound


.AC GENERATOR
 Generator or dynamo is device to convert mechanical energy into electrical energy

[image: Phy_2008_Set1_Outside%20Delhi_SS_html_24445c0]
Principle: It is based on the principle of electromagnetic induction (Whenever a closed coil is rotated in a uniform magnetic field about an axis perpendicular to the field, the magnetic flux linked with coil changes and an induced emf is set up across its ends.)
Construction: The construction of an ac generator is shown in the figure. An A.C. generator consists of a rotor shaft on which a coil is mounted. A magnetic field is created around an armature coil with the help of permanent magnets.
The terminals of the coil are connected to two slip rings. Carbon brushes are attached to slip rings so as to make connection with an external circuit
Working: Initially, the coil ABCD is horizontal. The coil starts rotating clockwise and the arm AB moves up whileCD moves down. By Fleming’s right hand rule, the induced current flows along ABCD.
In second half rotation, the arm CD moves up and AB moves down. The induced current flows in the opposite direction that is along DCBA. Thus, an alternating current flows in the circuit.
Theory: The magnetic flux linked with the coil at any instant is 
Φ = NBA cos ωt
Induced emf will be
[image: Phy_2008_Set1_Outside%20Delhi_SS_html_4cac4b9c]
Or E = E0 sin ωt, where E0 = NBA ω = Peak value of induced emf
Generation of an alternating e.m.f. by a loop of wire rotating in a magnetic field
[image: ]
1. Predict the direction of induced current in the situations described by the following Figs.(a) to (f ).
(a) [image: http://cbse.meritnation.com/img/curr/1/12/16/250/7050/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m48c43b10.jpg]

(b)
[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7050/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m30f8c01.jpg]
(c)
[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7050/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_273a83b2.jpg]
(d)
[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7050/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m559b7562.jpg]
(e)
          [image: http://cbse.meritnation.com/img/curr/1/12/16/250/7050/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_5c9f4db1.jpg]
(f)
[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7050/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m79c663fa.jpg]
Ans: The direction of the induced current in a closed loop is given by Lenz’s law. The given pairs of figures show the direction of the induced current when the North pole of a bar magnet is moved towards and away from a closed loop respectively.
[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7050/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m488c0226.jpg]
Using Lenz’s rule, the direction of the induced current in the given situations can be predicted as follows:
(a) The direction of the induced current is along qrpq.
(b) The direction of the induced current is along prqp.
(c) The direction of the induced current is along yzxy.
(d) The direction of the induced current is along zyxz.
(e) The direction of the induced current is along xryx.
(f) No current is induced since the field lines are lying in the plane of the closed loop.
2. Use Lenz’s law to determine the direction of induced current in the situations described by Fig. 
(a) A wire of irregular shape turning into a circular shape;
(b) A circular loop being deformed into a narrow straight wire.
[image: http://cbse.meritnation.com/img/curr/1/12/4/250/14103/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_66096be4.jpg]
Ans: According to Lenz’s law, the direction of the induced emf is such that it tends to produce a current that opposes the change in the magnetic flux that produced it.
(a) When the shape of the wire changes, the flux piercing through the unit surface area increases. As a result, the induced current produces an opposing flux. Hence, the induced current flows along adcb.
(b) When the shape of a circular loop is deformed into a narrow straight wire, the flux piercing the surface
3. Two circular coils, one of radius r and the other of radius R, are placed coaxially with their centres coinciding. For R >> r, obtain an expression for the mutual inductance of the arrangement.
Ans: Suppose a current I2 flows through the outer circular coil. Magnetic field at the centre of the coil is [image: Phy_2004_Set1_Delhi_Vandana_SS_html_269cbb1a]
Field B2 may be considered constant over the cross-sectional area of the inner smaller coil.
Hence,
[image: Phy_2004_Set1_Delhi_Vandana_SS_html_m3d85976c]
4. A circular coil of N turns and radius R is kept normal to a magnetic field, given by B = B0 cosωt. Deduce an expression for e.m.f. induced in this coil. State the rule which helps to detect the direction of induced current.
Ans:
  Φ = BA
Flux linked with N turns of the coil
Φ = NBA = N (B0 cosωt) (πR2)
Φ = πR2NB0 cosωt
Induced emf is given by:
[image: Phy_2004_Set1_Delhi_Vandana_SS_html_m7265ddd0]
The direction of induced current can be determined be Lenz’s law.
Lenz’s Law: The direction of induced current is such that it opposes the cause which produces it.
5. A solenoid with an iron core and a bulb is connected to a d.c. source. How does the brightness of the bulb change when the iron core is removed from the solenoid?
Ans: The brightness of the bulb remains unchanged because inductive reactance in a d.c. circuit is zero.
6.  A bar magnet M is dropped so that it falls vertically through the coil C. The graph obtained for voltage produced across the coil vs. time is shown in figure (b).
(i) Explain the shape of the graph.
(ii) Why is the negative peak longer than the positive peak?
                        [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_md3a749d]
Ans: As the magnet M approaches coil C, magnetic flux linked with the coil increases and emf is induced in the coil, which opposes the increase in flux. When magnet is inside the coil, magnetic flux linked with the coil decreases and emf is induced in the coil, which opposes the decrease in flux. As velocity of magnet has increased, induced emf is more. Therefore, negative peak is longer than the positive peak. When the magnet has fallen through large distance, changing magnetic flux due to its movement vanishes. Induced emf reduces to zero.
7. A conducting rod of length ‘l’ with one end pivoted, is rotated with a uniform angular speed ‘ω’ in a vertical plane, normal to a uniform magnetic field ‘B’. Deduce an expression for the emf induced in this rod.
In India, domestic power supply is at 220 V, 50Hz, while in USA it is 110 V, 50 Hz. Give one advantage and one disadvantage of 220 V supply over 110 V supply.
Ans: Suppose the conducting rod completes one revolution in time T. Then,
Change in flux = B × Area swept
= B × πl2
Induced emf [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_14b77037]
[image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_m6ffab72]
However, [image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_m3b08ec4e]
[image: Phy_2004_Set1_Outside%20Delhi_Vandana_SS_html_m627a46aa]
Advantage:
The power loss at 220 volt supply is less than at 110 V.
Disadvantage:
It is difficult to work with 220 V supply because its peak value (311 V) is much higher than the peak value (155.5 V) of 110 V supply.
8. In the figure given below, a bar magnet moving towards the right or left induces an e.m.f in the coils (1) and (2). Find, giving reason, the directions of the induced currents through the resistors AB and CD when the magnet is moving (a) towards the right, and (b) towards the left.
[image: Phy_2005_Set1_Delhi_Vandana_SS_html_7aa98049]
Ans: (a) When the magnet is moved towards right, the right end of coil (1) develops S-polarity and the left end of coil (2) also develops S-polarity. In coil (1), current flows from A to B while in coil (2), current flows from D to C.
(b) When the magnet is moved towards left, the right end of coil (1) develops N-polarity and left end of coil (2) also develops N-polarity.
In coil (1), current flows from B to A while in coil (2), current flows from C to D.
9. The figure shows two identical rectangular loops (1) and (2) placed on a table along with a straight long current carrying conductor between them.
(i) What will be the directions of the induced currents in the loops when they are pulled away from the conductor with same velocity u?
(ii) Will the e.m.f. induced in the two loops be equal? Justify your answer.
[image: Phy_2005_Set2_Delhi_Sravana_SS_html_5b8d61ee]
Ans:  (i) The direction of the induced current is always such that it tends to maintain the original flux. The direction of induced current in loop 1 is anticlockwise and that in loop 2 is clockwise.
(ii) The emfs induced in the two loops will not be equal. Although the loops are moving with the same velocity, the length of loop 2 (b) will cover a greater area than the length of loop 1 (a) in the same time interval. Hence, the rate of flux change will be greater in loop 2 than in loop 1. Therefore, the emf induced in loop 2 will be greater than that induced in loop 1.
10. How is the mutual inductance of a pair of coils affected when:
(i) Separation between the coils is increased?
(ii) The number of turns of each coil is increased?
(iii) A thin iron sheet is placed between the two coils, other factors remaining the same?
Explain your answer in each case.
Ans:  (i) When the separation between the two coils is increased, the flux linked with the secondary due to the current in the primary decreases. Hence, the mutual inductance decreases.
(ii) Mutual inductance increases when the number of turns in each coil is increased because M α N1 N2.
(iii) When an iron sheet is placed between the two coils, the mutual inductance increases because M α permeability (μr).
[Where, μr is the relative permeability of the iron sheet]
11. A circular copper disc 10 cm in radius rotates at a speed of 20π rad/s about an axis through its centre and perpendicular to the disc. A uniform magnetic field of 0.2 T acts perpendicular to the disc.
(i) Calculate the potential difference developed between the axis of the disc and the rim.
(ii) What is the induced current if the resistance of the disc is 2 Ω?
Ans:  (i) Flux change in 1 rotation = BA = B × πr2
= 0.2 × π × 0.12
Rotation of 20π radians takes place in 1 second.
Rotation of 2π radians takes place in[image: Phy_2007_Set1_Outside%20Delhi_Saif]seconds.
i.e., 1 rotation takes place in[image: Phy_2007_Set1_Outside%20Delhi_Saif]seconds [image: Phy_2007_Set1_Outside%20Delhi_Saif]second
[image: Phy_2007_Set1_Outside%20Delhi_Saif]
(ii) Induced current =[image: Phy_2007_Set1_Outside%20Delhi_Saif]
[image: Phy_2007_Set1_Outside%20Delhi_Saif]
= 0.01 π A
12. A plot of magnetic flux (Φ) versus current (I) is shown in the figure for two inductors A and Β. Which of the two has larger value of self inductance? 
[image: CBSE%20XII%20Physics%20Board%20Paper%20Set%203%20Delhi_html_7a176891]
Ans: Inductor A has the larger value of self-inductance.
13 A coil Q is connected to low voltage bulb B and placed near another coil P as shown in the figure. Give reasons to explain the following observations: 
(a) The bulb ‘B’ lights
(b) Bulb gets dimmer if the coil Q is moved towards left.
[image: CBSE%20XII%20Physics%20Board%20Paper%20Set%203%20Delhi_html_m643a063a]
Ans:  (a) The A.C. source creates a varying magnetic field in coil P. This varying magnetic field of P is linked to coil Q. Hence, an induced current is produced in Q, which lights bulb B.
(b) As coil Q moves away from P, the rate of variation of magnetic flux changes. Therefore, the induced e.m.f. inside coil Q decreases and bulb B gets dimmer.
14. A long solenoid with 15 turns per cm has a small loop of area 2.0 cm2 placed inside the solenoid normal to its axis. If the current carried by the solenoid changes steadily from 2.0 A to 4.0 A in 0.1 s, what is the induced emf in the loop while the current is changing? 
Ans: Number of turns on the solenoid = 15 turns/cm = 1500 turns/m
Number of turns per unit length, n = 1500 turns
The solenoid has a small loop of area, A = 2.0 cm2 = 2 × 10−4 m2
Current carried by the solenoid changes from 2 A to 4 A.
[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7052/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_4dd19828.gif]Change in current in the solenoid, di = 4 − 2 = 2 A
Change in time, dt = 0.1 s
Induced emf in the solenoid is given by Faraday’s law as:
[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7052/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m529a038a.gif]
Where,
[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7052/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_2fac22b2.gif] = Induced flux through the small loop
= BA ... (ii)
B = Magnetic field
= [image: http://cbse.meritnation.com/img/curr/1/12/16/250/7052/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_55b7b537.gif]
μ0 = Permeability of free space
= 4π×10−7 H/m
Hence, equation (i) reduces to:
[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7052/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m6b6d0405.gif]
Hence, the induced voltage in the loop is [image: http://cbse.meritnation.com/img/curr/1/12/16/250/7052/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_4eefdc3d.gif]
15. A horizontal straight wire 10 m long extending from east to west is falling with a speed of 5.0 m s−1, at right angles to the horizontal component of the earth’s magnetic field, 0.30 × 10−4 Wb m−2.
(a) What is the instantaneous value of the emf induced in the wire?
(b) What is the direction of the emf?
(c) Which end of the wire is at the higher electrical potential? 
Ans: Length of the wire, l = 10 m
Falling speed of the wire, v = 5.0 m/s
Magnetic field strength, B = 0.3 × 10−4 Wb m−2
(a) Emf induced in the wire,
e = Blv
[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7056/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m604dd834.gif]
(b) Using Fleming’s right hand rule, it can be inferred that the direction of the induced emf is from West to East.
(c) The eastern end of the wire is at a higher potential.
16. circuit falls from 5.0 A to 0.0 A in 0.1 s. If an average emf of 200 V induced, give an estimate of the self-inductance of the circuit. 
Ans: Initial current, I1 = 5.0 A
Final current, I2 = 0.0 A
Change in current,[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7057/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m2ef75ded.gif]
Time taken for the change, t = 0.1 s
Average emf, e = 200 V
For self-inductance (L) of the coil, we have the relation for average emf as:
e = L [image: http://cbse.meritnation.com/img/curr/1/12/16/250/7057/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_5637e516.gif]
[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7057/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m626a791d.gif]
Hence, the self induction of the coil is 4 H.
17. A pair of adjacent coils has a mutual inductance of 1.5 H. If the current in one coil changes from 0 to 20 A in 0.5 s, what is the change of flux linkage with the other coil? 
Ans: Mutual inductance of a pair of coils, µ = 1.5 H
Initial current, I1 = 0 A
Final current I2 = 20 A
Change in current, [image: http://cbse.meritnation.com/img/curr/1/12/16/250/7058/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m48fa83bb.gif]
Time taken for the change, t = 0.5 s
Induced emf, [image: http://cbse.meritnation.com/img/curr/1/12/16/250/7058/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_6f066621.gif]
Where [image: http://cbse.meritnation.com/img/curr/1/12/16/250/7058/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_4b1b6ff1.gif] is the change in the flux linkage with the coil.
Emf is related with mutual inductance as:
[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7058/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m4aa3af85.gif]
Equating equations (1) and (2), we get
[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7058/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m5a49709a.gif]
Hence, the change in the flux linkage is 30 Wb.
18. A jet plane is travelling towards west at a speed of 1800 km/h. What is the voltage difference developed between the ends of the wing having a span of 25 m, if the Earth’s magnetic field at the location has a magnitude of 5 × 10−4 T and the dip angle is 30°. 
Ans. Speed of the jet plane, v = 1800 km/h = 500 m/s
Wing spanof jet plane, l = 25 m
Earth’s magnetic field strength, B = 5.0 × 10−4 T
Angle of dip, [image: http://cbse.meritnation.com/img/curr/1/12/16/250/7059/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m153b1308.gif]
Vertical component of Earth’s magnetic field,
BV = B sin[image: http://cbse.meritnation.com/img/curr/1/12/16/250/7059/NS_18-11-08_Sravana_12_Physics_6_17_NRJ_html_m14aad32c.gif]
= 5 × 10−4 sin 30°
= 2.5 × 10−4 T
Voltage difference between the ends of the wing can be calculated as:
e = (BV) × l × v
= 2.5 × 10−4 × 25 × 500
= 3.125 V
Hence, the voltage difference developed between the ends of the wings is 3.125 V.

Home work
1. An inductor of 10mH carries a current of 2A. The current is increased to 5A in 10 seconds. What is the voltage induced in the inductor?
2. Name the phenomenon associated with the production of back emf in a coil due to change in the current in the coil itself
3. State Lenz law and show that it obeys energy conservation
4. What are eddy currents? Explain a method to reduce them. Also mention 2 applications
5. A choke coil and a bulb are connected in series to a d.c source. The bulb shines brightly .How does the brightness change when an iron core is inserted in the choke coil?
6. State Faraday’s laws of electromagnetic induction.
7. Derive an expression for induced e.m.f produced by changing the area of a rectangular coil placed perpendicular to the magnetic field.
8. Derive an expression for the instantaneous value of induced e.m.f in a coil when it is rotated in  a uniform magnetic field  at a uniform angular velocity .How does the e.m.f vary  when the coil  rotates through an angle of 2π ? 
9. Derive expression for the self inductance of a long solenoid of length having N turns.
10. Define Mutual induction. Write its S.I unit. Give two factors on which the coefficient of mutual inductance between a pair of coils depends.
11. Explain the basic principle, description and working of a.c generator with neat labeled diagram.
12. A rectangular coil of N turns and area of cross section A, is held in time varying magnetic field given by B = B0 sin ωt , with plane of coil normal to the magnetic field .Deduce an expression for the e.m.f induced in the coil.
13. Derive the expression for magnetic energy stored in a inductor
14. Define Mutual induction. Write its S.I unit. Derive an expression for the mutual inductance of two   long coaxial solenoids of same length wound one over the other.
15.Why does metallic piece becomes very hot when it is surrounded by a coil carrying high frequency (H.F) alternating current?
16. If the rate of change of current of 2A/s induces an emf of 10mV in a solenoid. What is the self inductance of the solenoid?
17. A circular copper disc. 10 cm in radius rotates at a speed of 2p rad/s about an axis through its centre and perpendicular to the disc. A uniform magnetic field of 0.2T acts perpendicular to the disc.
i) Calculate the potential difference developed between the axis of the disc and the rim.
ii) What is the induced current if the resistant of the disc is 2W?
18. A horizontal straight wire l0 m long is extending along east and west and is falling with a speed of 5.0 m/s at right angles to the horizontal component of the earth’s magnetic field of strength 0.30 ´10-4 wb/m2.
(a) What is the instantaneous value of the emf induced in the wire? (b) What is the direction of the emf? (c) Which end of the wire is at the higher potential?
19. How does the self induction of a coil change when?
(i) The number of turns in a coil is decreased (ii) An iron rod is introduced into it. Justify.
20. Predict direction of current in the metal rings 1 and 2 lying in the same plane where current I increasing steadily.
                               [image: ]
21) The rate of change of current in one of the coils ( a system formed by two coils ) is 1.6 A /s. Due to this, induced emf in the other coil is 25.6 x10 3 μV. Find mutual inductance of the system formed by coils                                                                                              ( Ans: 16 ´ 10 -3 H )
22. The total length of wings of an aeroplane is 15 m. Its horizontal velocity is 720 km /hr. Calculate the induced electromotive force between the two ends of its wings. The value of vertical component of earth’s magnetic field is 4 x10 - 5 Tesla.                  ( Ans: 0.12 V )
23. There are 50 turns in the coil and the flux linked with each of its turn is 0.2 weber. If 5 ampere current passes through the coil, find self - inductance of the coil. ( Ans: 2.0 H )
24. Number of turns of a coil is 50. Area of every turn is 100 cm 2. The plane of the coil is perpendicular to the uniform magnetic field of 200 × 10 - 4 weber /m 2. It is rotated so that the plane of the coil becomes parallel to the same magnetic field within 0.1 sec. Calculate the induced e.m.f.                                                                                 ( Ans: 0.10 V )
25. The length of a solenoid having 1000 turns is 10π cm. If its cross-sectional area is 10cm2, find its self-inductance. If a current of 10 A flows through it, what is the strength of magnetic field intensity inside it.                                    ( Ans: 4 × 10 - 3 H, 0.04 tesla )

26. A direct current of 2 A in a coil of 400 turns causes a flux of 10 - 4 weber to links of the coil. Compute the average counter e.m.f. induced in the coil if the current is interrupted in
0.08 s. Find the inductance of the coil.            ( Ans: 0.5 V, 0.02 H )

27. Find the direction of the current induced in the suspended loop as the magnet moves away as shown in fig

                        [image: ]
28. An increasing current in a wire flows from M to N. What is the direction of the currents induced in the circular loop as shown is fig
                [image: ]
29. Why does a spark occur in a switch when the power line is put off?
30. What is the self inductance of an air cored solenoid, 1m long and 0.05 m in diameter, having 1400 turns? 
31. The magnetic flux linked with a coil passing perpendicular to the plane of coil changes with time as, φ (Wb) = 4t2 + 2t + 3, where t is the time in second. What is the magnitude of emf induced at t = 1 second?


MODEL TEST PAPER
SUB: PHYSICS                                                                                             MARKS: 25
TOPIC:   Electromagnetic Induction                                                           TIME: 60 MIN                                                                           
GENRAL INSTRUCTIOS:
i. Q No 1 to 5 carries one marks each,          ii) Q No 6 to 8 carries two marks each,
iii) Q No 9 to 11 carries three marks each    iv) Q No 12 carries five marks
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1. An increasing current in a wire flows from M to N. What is the direction of the currents induced in the circular loop as shown is fig
                                 [image: ]
2. Why does a spark occur in a switch when the power line is put off?
3. Name the phenomenon associated with the production of back emf in a coil due to change in the current in the coil itself
4. A choke coil and a bulb are connected in series to a d.c source. The bulb shines brightly .How does the brightness change when an iron core is inserted in the choke coil?
5. Why metallic piece does become very hot when it is surrounded by a coil carrying high frequency (H.F) alternating current?
6. An inductor of 10mH carries a current of 2A. The current is increased to 5A in 10 seconds. What is the voltage induced in the inductor?
7. What is the self inductance of an air cored solenoid, 1m long and 0.05 m in diameter, having 1400 turns?
8. How does the self induction of a coil change when?
(i) The number of turns in a coil is decreased
(ii) An iron rod is introduced into it. Justify.
9. . Derive the expression for magnetic energy stored in a inductor
10. State Lenz law and show that it obeys energy conservation
11. Derive expression for the self inductance of a long solenoid of length having N turns.
12. Explain the basic principle, description and working of a.c generator with neat labeled diagram.
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