CBSE CLASS XII PHYSICS
Magnetic Effect of Current
One mark questions with answers
Q1. What are the dimensions of (permeability of free space) o?
Ans1. [MLT-2A-2]
Hint : F = 0/4).(m1m2/r2), where m1 and m2 stand for pole-strength.
Q2. A horizontal current carrying wire is running east to west. Find the magnitude and direction of magnetic field due to 18 amperes of current at 3m above the line.
Ans2. The magnitude of the magnetic field is given by
B = I/2r = (4 x 10-7 x 18)/(2 x 3) = 1.2 x 10-6 T.
Applying the Right hand rule, we find that the direction of B is northwards.
Q3. Does the work done by an agency to move a charge particle in a uniform magnetic field depend upon the path traversed by the charge particle?
Ans3. Yes, the work done by an external agency depends upon the path of the charged particle.
Hint : This is due to the non-conservative nature of magnetic field.
Q4. Depict the magnetic field lines due to a straight current carrying conductor kept in a vertical plane.
Ans4.

Q5. A current-carrying circular loop lies on a smooth horizontal plane. Can a uniform magnetic field be set up in such a manner that the loop turns around itself (i.e., turns about its vertical axis)?
Ans5. No, as it requires the torque to be in the vertical direction


Two mark questions with answers
Q1. Give a graphical representation of the magnetic field due to a current-carrying a circular coil.
Ans1. The fig. shows a magnetic field due to a circular coil carrying current. There are two holes in the cardboard through which a circular coils passes. When the current is passed through which a circular coil, magnetic lines of force of each loop are formed, which are two sets of concentric circles. The direction of the lines of force is obtained by applying Ampere's right-hand rule.
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Q2. What is a solenoid? How will you represent the magnetic field around a solenoid when some current is passed through it?
Ans2. A long cylindrical coil of insulated copper wire is called a solenoid. The magnetic field around a solenoid is made up of the fields of narrow circular coils connected in series. These fields just add together, giving rise to a strong field like that of a bar magnet. Hence, the current-carrying solenoid behaves like a bar magnet
[image: image2.png]



Q3. What is produced by a moving charge?
Ans3. A moving charged particle produces both electric field and magnetic field. When a charged particle moves in one direction or in a closed loop then it constitutes a current and magnetic field is produced. Electric field is produced by the electric nature of the charges.
Q4. What is the significance of radial field and where is it used?
Ans4. When a current carrying coil is kept in a uniform magnetic field, then it experiences a torque.
 = NIBA sin, where 'N' is the number of turns in the coil, 'I' is the current in the coil, 'A' is the cross-sectional area of the coil and '' is the angle which the normal to the coil makes with the magnetic field (such a field is called radial field).
If '' always remains 90o for any rotation of the coil then the torque becomes maximum and the sensitivity of the galvanometer increases.


Three mark questions with answers
Q1. A uniform magnetic field of 3 x 10-4 T is established along the positive Y-direction. A rectangular loop of sides 15 cm and 10 cm carries a current of 2 A. What is the torque on the loop in the different cases as shown in the figures?
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Ans1. (i) (a) Torque on the loop is given by
 = M x B
or  = IAB sin 90o = IAB
= 2 x (0.15 x 0.1) x 3 x 10-4.
= 9 x 10-6 N-m along negative X-direction.
(b) 9 x 10-6 N-m along negative Z-direction.
Q2. Two parallel wires 2 m apart in vacuum, carry currents of 2A and 4A respectively in opposite directions. Calculate the force per unit length acting between the wires?
Ans2. F = oI1I2/2a
= (4 x 10-7 x 2 x 4)/(2 x 2)
= 8 x 10-7 N/m
Q3. With the help of a diagram show the components of velocity of a charged particle entering into a magnetic field and the helical path described by it.
Ans3. A charged particle entering into a magnetic field at some angle  has two components of velocity. vCos parallel to the magnetic field and v Sin perpendicular to the magnetic field. Due to the perpendicular component the particle describes circular path but as v Cos exists parallel to the magnetic field so the path becomes helical.The axis of the helix is along the magnetic field.
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Q4. The number of turns in a current carrying circular coil is doubled and radius reduced to one-third. How should the current in the coil be changed so that the magnetic field at the centre of the coil remains the same?
Ans4. Let 'n', 'r' and 'I' denote number of turns, radius and current in given coil.
Let n', r' and I' be the corresponding quantities after change. Given n' = 2n, r' = r/3. Also B = B, therefore
onI/2r = on' I'/2r'
or I'/I = (n/n')(r'/r) = 1/2 x 1/3 = 1/6
The current in coil is reduced to 1/6 of the actual value.


Five mark questions with answers
Q1. Explain Biot-Savart's law. Derive an expression for magnetic field at a mid-point due to an infinitely long current carrying straight conductor.
Ans1. (a) Biot-Savart's law
This law was given by Biot and Savart together so it is known as Biot-Savart's law. This law gives the dependence of magnetic field produced by a given current carrying conductor.
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Let an arbitrary shaped conductor carry current 'I' and d [image: image6.png]


be length element. According to the law, magnetic field d [image: image7.png]


produced by d [image: image8.png]


element depends upon many factors as below
dB  dl
 I
 sin
 1/r2
combining all these factors,
dB  (I dl.sin)/r2
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where o is the permeability of free space.
[o = 4 x 10-7 weber/amp-metre]
In vector sense
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The direction of d [image: image11.png]


given by R.H.Rule. At a given point P, d [image: image12.png]


is in vertically downward direction.
(b) Expression for magnetic field : Let 'I' be the current through the straight conductor. Field is desired at point N. Let PQ be a small length element. According to Biot-Savart's law magnetic field at N due to PQ is
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dB = o/4.[(I.dl.sin )/(r2)]..........(1)
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..................(2) [In vector sense.]
In  MNP tan ( - ) = - tan  = R/l
l = -R cot 
Differentiating w.r.t 
dl/d = -R[- cosec2] = R cosec2.
dl = R cosec2.d.............(3)
IN  MNP
sin ( - ) = sin  = R/r  r2 = R2 cosec2  ......(4)
using (3) and (4)in (1)
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dB = (o/4) (I/R) sin d........(5)
Integrating between (-  and + )[for infinitely long conductor]
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B = (o/4) (I/R) [- cos ]-+ = (oI/4R)(|- cos | + |cos(-)|)
[magnitude has been taken because it is an integral over area]
B = (oI/4R)(1 + 1) = (oI/2R)
Q2. What is Hall's effect? Explain, how is it used to determine the nature of charge carriers in a current carrying material. Find mathematical expression for Hall's resistance and Hall's coefficient.
Hint: Define Hall's effect. Draw a diagram in which two points are at the same potential before applying the magnetic field across the current carrying conductor or some material. Show that the deflection is produced between these two points after applying magnetic field. Show the motion of charges moving between these two points due to the force on the charges by the applied magnetic field. From this, the sign of the potential between the two points will decide the nature of the charges. Finally, find mathematical expression for Hall's resistance and Hall's coefficient.
Ans. (Try yourself).
Q3. Explain Ampere's law. Using it derive an expression for magnetic field due to a solenoid at a point well within it.
Hint: State the law, give mathematical expression and also draw a diagram to show the length element and the current flowing through the conductor.
Then draw a suitable diagram of a solenoid showing the direction of current. Depict the magnetic field due to solenoid. In a separate diagram show a closed rectangular loop, which passes through the axis of the solenoid. Write mathematical expression for contribution of each part of the rectangular loop towards the magnetic field and finally, by taking proper sign of each term find the net magnetic field at the centre of the solenoid. In the last paragraph, write about the direction of magnetic field, its magnitude within the solenoid and outside it.
Ans. (Try yourself).
Q4. Give the principle of moving coil galvanometer. Derive an expression for torque acting on a current carrying coil kept in a uniform magnetic field. Hence, explain the terms current sensitivity and voltage sensitivity of galvanometer.
Hint: State the principle of galvanometer. Find an expression for the torque and give a brief idea about the radial field. In last part of the answer define the terms current sensitivity and voltage sensitivity. Relate these terms. You may write about how to increase these quantities.
Ans. (Try yourself).
