4. Magnetic effect of current
Multiple choice – ( Answers of all the multiple type questions given below ; after the multiple type questions)
1. Magnetic induction is measured in:
(a) weber
(b) weber/m
(c) weber/m 2
(d) weber/m3
2. The force acting on a charge q moving with a velocity ʋ in a magnetic field of induction B is given by:
(a) q/(ʋ ₓ B)
(b) (ʋ ₓ B)/q
(c) q/(ʋ ₓ B)
(d) (ʋ . B)q
3. Two free parallel wire carrying currents in the opposite directions:
(a) attract each other
(b) repel each other
(c) do not affect each other
(d) get rotated to be perpendicular to each other
4. Two parallel wires carrying currents in the same direction attract each other because of:
(a) potential difference between them
(b) mutual inductance between them
(c) electric forces between them
(d) magnetic force between them
5. A free charged particle moves through a magnetic field. The particle may undergo a change in:
(a) speed
(c) direction of motion
(b) energy
(d) none these
6. An electron and a proton travel with equal speeds and in the same direction, at 90° to a uniform magnetic
field. They experience forces which are initially:
(a) in opposite direction and differing by a factor of about 1840
(b) in the same direction and differing by a factor of about 1840
(c) equal but in opposite directions
(d) identical
7. A rectangular loop carrying a current I , is situated near a long straight wire such that the wire is parallel to
one of the sides of the loop. If a steady current I is established in the wire as shown in the figure, the loop

will: (figure no:-27.8)
(a) rotate about an axis parallel to the wire
(b) move away from the wire
(c) move towards the wire (d) remain stationary
8. A coil of one turn is made of a wire of certain length and then from the same length a coil of two turns is
made. If the same current is passed in both the cases, then the ratio of the magnetic induction at their
centres will be:
(a) 2 : 1
(b) 1 : 4
(c) 4 : 1
(d) 1 : 2

9. A uniform magnetic field acts at right angles to the direction of motion of electrons. As a result, the
electron moves in a circular path of radius 2 cm. If the speed of the electrons is doubled, the radius of the
circular path will be:
(a) 2.0 cm
(b) 0.5 cm
(c) 4.0 cm
(d) 1.0 cm
10. If a long copper rod carries a direct current, the magnetic field associated with the current will be:
(a) only inside the rod
(b) only outside the rod
(c) both inside and outside the rod
(d) neither inside nor outside the rod
11. A proton and an alpha-particle enter a uniform magnetic field with the same velocity. The period of
rotation of the alpha-particle will be:
(a) four times that of the proton
(b) two times that of the proton
(c) three times that of the proton
(d) same as that of the proton
12. If two streams of protons move parallel to each other in the same direction, then these:
(a) do not exert any force on one another
(b) repel each other
(c) attract each other
(d) get rotated to be perpendicular to each other
13. Two straight long conductors AOB and COD are perpendicular to each other and carrying currents I1 and I2.
The magnitude of the magnetic induction at a point P at a distance d from the point O in a direction
perpendicular to the plane ABCD is:
(a) μ0/2πd(I1 + I2)
(c) μ0/2πd(I12 + I22)
(b) μ0/4πd(I1 - I2)
(d) μ0/2πd(I1I2/I1 + I2)
14. The magnetic field dB due to a small current element dl at a distance r and an element carrying current I is:
(a) dB = μ0I/4π(dl ₓ r/r)
(c) dB = μ0I2/4π(dl ₓ r/r2)
(b) dB = μ0I2/4π(dl ₓ r/r)
(d) dB = μ0I/4π(dl ₓ r/r3)
15. A circular coil of radius 4 cm and 20 turns carries a current of 3 ampere. It is placed in a magnetic field of
0.5 tesla. The magnetic dipole moment of the coil is:
(a) 0.3 ampere ₓ metre2
(c) 0.60 ampere ₓ metre2
(b) 0.45 ampere ₓ metre2
(d) 0.15 ampere ₓ metre2
16. Two particles X and Y having equal charges, after being accelerated through the same potential difference,
enter a region of uniform magnetic field and describe circular paths of radii R 1 and R2 respectively. The
ratio of masses of X and Y is:
(a) (R1/R2)1/2
(b) (R2/R1)
(c) (R1/R2)2
(d) (R1/R2)
17. A circular current carrying coil has a radius R. The distance from the centre of the coil on the axis where
the magnetic induction will be (1/8)th of its value at the centre of the coil, is:
(a) R/√3
(b) R√3
(c) 2R√3
(d) (2/√3)R
18. A current of I ampere flows in a circular are of wire which subtends an angle of (3π/2) radians at its centre,
whose radius is R. The magnetic induction B at the centre is:
(a) μ0I/R
(b) μ0I/2R
(c) 2μ0I/R
(d) 3μ0I/8R
19. An electron and a proton having equal moment enter in a uniform magnetic field normal to the lines of
force. If the radii of curvature of circular path be re and rp respectively., then:
(a) re/rp = me/mp
(b) re/rp = √me/mp (c) re/rp = √mp/me (d) re/rp = 1/1
20. A proton, a deuteron (nucleus of 1H2) and an α-particle with the same KE enter in a region of uniform
magnetic field, moving at right angles to B. What is the ratio of the radii of their circular paths?

(a) 1 : √2 : 1
(b)1 : √2 : √2
(c) √2 : 1 : 1
(d) √2 : √2 : 1
21. Two identical coils carrying equal currents have a common centre and their planes are at right angles to
each other. Find the ratio of the magnitudes of the resultant magnetic at the centre and the field due to
one coils alone:
(a) 2 : 1
(b) 1 : 1
(c) 1 : √2
(d) √2 : 1
22. Two long parallel wire P and Q are both perpendicular to the plane of the paper with distance of 5 m
between them. If P and Q carry current of 2.5 amp and 5 amp respectively in the same direction, then the
magnetic field at a point half-way between the wires is:
(a) (3μ0/2π)
(b) (μ0/π)
(c) (√3μ0/2π)
(d) (μ0/2π)
23. An electron of mass m is accelerated through a potential difference of V and then it enters a magnetic field
of induction B normal to the lines. Then, the radius of the circular path is:
(a) √2eV/m
(b) √2Vm/eB2
(c) √2Vm/eB
(d) √2Vm/e2B
24. A straight wire carrying a current I1 amp runs along the axis of a circular current I2 amp. Then, the force of
interaction between the two current carrying conductors is:
(a) ꚙ
(c) μ0/4π 2I1I2 N/m
(b) zero
(d) 2I1I2/r N/m
25. An arbitrary shaped closed coil is made of a wire of length L and a current I ampere is following in it. If the
plane of the coil is perpendicular to magnetic field B, the force on the coil is:
(a) 2IBL
(b) IBL
(c) zero
(d) 1/2IBL
26. Magnetic induction at the centre of a circular coil is given by:
(a) μ0NI/2r
(b) μ0Nir2/r2 + x2)3/2 (c) μ0NI/2r2
(d) μ0NI/r
27. A cell is connected between two points of a uniformly thick circular conductor. I1 and I2 are the currents
following in the two parts of the circular conductor of radius a; then the magnetic field at the centre of the
loop will be:
(a) zero
(b) μ0/2a (I1 – I2)
(c) μ0/2a (I1 + I2)
(d) μ0/a (I1 + I2)
28. A proton moving with a velocity ʋ is acted upon by electric field E and magnetic field B. The proton will
move undeflected if:
(a) E is perpendicular to B
(b) E is parallel to ʋ and perpendicular to B
(c) E and B both are parallel to ʋ
(d) E, B and ʋ are mutually perpendicular and ʋ = E/B
29. A circular coil of radius R carries an electric current. The magnetic field due to the coil at a point on the axis
of the coil located at a distance r from the centre of coil such that r >>R, varies as:
(a) 1/r
(b) 1/r1/2
(c) 1/r2
(d) 1/r3
30. The radius of the circular path or helical path followed by the test charge q0 moving in magnetic field B the
some velocity ʋ is:
(a) mʋ sin θ/q0B
(b) mʋ cos θ/q0B
(c) mʋ/q0B
(d) mʋ tan θ/q0B
31. A long solenoid carrying a current produces a magnetic field b along its axis. If the current is doubled and
the number of turns per cm is halved, then new value of the magnetic field is:
(a) B
(b) 2B
(c) 4B
(d) B/2
32. Energy associated with a moving charge is due to a:
(a) electric field
(b) magnetic field
(c) both electric field and magnetic field
(d) none of the above

33. An are of a circle of radius R subtends an angle π/2 at the centre. It carries a current I. The magnetic field
at the centre will be:
(a) μ0I/2R
(b) μ0I/8R
(c) μ0I/4R
(d) 2μ0I/5R
34. A current i ampere flows along an infinitely long straight thin walled tube, then the magnetic induction at
any points inside the tube is:
(b) infinite
(b) zero
(c) μ0I/4R 2i/r tesia (d) 2i/r tesia
35. A long wire carries a steady current. It is bent into a circle of one turn and the magnetic field at the centre
of the coil is B. It is then bent into a circular loop of n turns. The magnetic field at the centre of the coil will
be:
(a) nB
(b) n2B
(c) 2nB
(d) 2n 2B

36. Two long conductors, separated by a distance d carry currents I1 and I2 in the same direction. They exert a
force F on each other. Now, the current in on of them is increased to two times and its direction is
reversed. The distance is also increased to 3d. The new value of force between them is:
(a) -2F
(b) F/3
(c) -2F/3
(d) -F/3
37. A straight wire of mass 200 g and length 1.5 m carries a current of 2A. It is suspended in mid-air by a
uniform horizontal magnetic field B. The magnitude of B (in tesla) is: (assume g = 9.8 ms -2)
(a) 2
(b) 1.5
(c) 0.55
(d) 0.66
38. Graph of force per unit length between two long parallel current carrying conductors and the distance
between them is:
(a) straight line (b) parabola
(c) ellipse
(d) rectangular hyperbola
39. When a positively charged particle enters in a uniform magnetic field with uniform velocity, its trajectory
can be:
(i)
a straight line
(ii) a circle
(iii) a helix
(a) (i) only
(b) (i) ot (ii)
(c) (i) or (iii)
(d) any one of (i), (ii) and (iii)
40. Two similar coils are kept mutually perpendicular such that their centre coincide. At the centre, find the
ratio of the magnetic field due to coil and the resultant magnetic field through both coils, if the same
current flows:
(a) 1 : √2
(b) 1 : 2
(c) 1 : 3
(d) 3 : 1
41. A proton and a deuteron with the same initial kinetic energy enter in a magnetic field in a direction
perpendicular to the direction of the field. The ratio of the radii of the circular trajectories described by
them is:
(a) 1 : 4
(b) 1 : √2
(c) 1 : 1
(d) 1 : 2
42. Two circular coils of radius R and 2R carry current I and 2I respectively. If magnetic induction at their
centres are B1 and B2 then B1/B2 is:
(a) 1 : 1
(b) 1 : 2
(c) 1 : 4
(d) 2 : 1
43. Magnetic field intensity H at the centre of a circular loop of radius r carrying current I emu is:
(a) r/I oersted
(b) 2 πr/r oersted
(c) I/2 πr oersted
(d) 2 πr/I oersted
44. A wire of length 2 m carrying a current of 1 A is bent to from a circle. The magnetic moment of the coil is:
(a) 2π Am2
(b) 1/π Am2
(c) π Am2
(d) 2/π Am2
45. A current loop consists of two identical semi-circular parts each of radius R, one lying in the x , y-plane and
the other in x, z-plane. If the current in the loop is i. The resultant magnetic field due two semi-circular
parts at their common centre is:
(a) μ0i/2√2R
(b) μ0i/2R
(c) μ0i/4R
(d) μ0i/√2R
46. A current I flows in an infinitely long wire with cross-section in the from of a semi-circular ring of radius R.
The magnitude of the magnetic induction along its axis is:

(a) μ0I/π2R
(b) μ0I/2π2R
(c) μ0I/2πR
(d) μ0I/4πR
47. A proton, a deuteron and an α-particle having the same kinetic energy are moving in circular trajectories in
a constant magnetic field. If rp , rd and rα denote respectively the radii of the trajectories of these particles
then:
(a) rα = rd > rp
(d) rα = rp < rd
(b) rα = rd = rp
(e) rα > rd > rp
(c) rα < rd < rp
48. Two particles A and B having equal charges +6C, after being accelerated through the same potential
difference, enter a region of uniform magnetic field and describe circular paths of radii 2 cm and 3 cm
respectively. The ratio of mass of A to that of B is:
(a) 4/9
(b) 9/5
(c) 1/2
(d) 1/3
(e) 9/4
49. A long straight wire of radius a carries a steady current I. The current is uniformly distributed over its crosssection. The ratio of magnetic fields B and B’ radial distances a/2 and 2a respectively, from the axis of the
wire is:
(a) 1/4
(b) 1/2
(c) 1
(d) 4
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Fill in the blanks1.

Current sensitivity of a galvanometer can be increased by decreasing
NBA
Ans. [Cs =
] Torsional Constant or restoring couple per unit twist.
C
2.

.

To convert galvanometer in to a voltmeter of given range, a suitable high resistance should beconnectedin
with the galvanometer.

V

Ans. Series R =  − G 
I

 g

3.

→
When a magnetic dipole of moment M rotates freely about its axis from unstable equilibrium
→
to stable equilibrium in a magnetic field B , the rotational kinetic energy gained by it is

.

Ans. 2 MB [ K = U = MB − (−MB)
]
4.

An electron passes undeflected when passes through a region with electric and magnetic
fields. When electric field is switched off its path will change to

.

Ans. Circular
5.

The ratio of angular momentum (L) to magnetic moment (M) of an electron revolving in a circular orbit is
_.

Ans. M =
6.

e

L
2m
Thepathofchargedparticlemovingperpendicularlywith is

B

.

Ans. Path of the charged particle will be circular.
7.

Thereisno change inthe

as a charged particle moving in a magnetic field, although

magnetic force is acting on it.
Ans. When a charge particle moves through the magnetic field, its kinetic energy remains
constant.
8.

Two linear parallel conductors carrying currents in the opposite direction -------------------each other.

Ans. (repel)

9.

When a coil carrying current is set with its plane perpendicular to the direction of magnetic field, then torque
on the coil is----------------.

Ans. (zero)
10.

A linear conductor carrying current if placed parallel to the direction of magnetic field, then it experiences --------------- force.

Ans. (No) F = IlB sin and  = 0o
11.

Electric current flows through a thick wire. Magnetic field at a point on its surface is
on its axis.
( B = o I / 2R) and is

Ans. (zero)
12.

Torque on a current carrying rectangular coil inside a galvanometer is maximum and constant
irrespective of its orientation as it is suspended inside

magnetic field.

Ans. (radial)

Very short answer type questions (1 marks )1- Define one ampere as SI unit of current .
2- What is the work done by a uniform magnetic field on charged particle moving through
it?
3- What is the values of angle of dip at (i) magnetic equator (ii) magnetic poles?
4- Why electrons cannot be accelerated by a cyclotron?
5- Why are the pole pieces of a magnet in a moving coil galvanometer made cylindrical?
6- Under what condition an electron moving though a magnetic field experiences (i) no
force (ii) maximum force?
7-

State two properties of the material of the wire used for suspension of the coil in a
moving coil galvanometer?

8-

What will be the path of a charged particle moving along the direction of a uniform
magnetic field?

9- When a charge particle is moving with velocity v is subjected to magnetic field B , the
force experience on it is non zero . would the particle gain any energy?
10- A long straight wire carrying current I in y -axis and a particle of charge +Q is moving with
velocity v in positive X-axis in which direction will the particle experience a force ?
11- Under what condition the force experience on the charged particle will be (i) minimum
(ii) maximum (iii) zero .
12- In what condition the path followed by the charge particle In a uniform magnetic field
will be (i) circular (ii) helical ?
13- What is the nature of magnetic field in a moving coil galvanometer ?
14- Give two factors by which sensitivity of the galvanometer can be increased?
15- Why should the ammeter have low resistance?
16- Why should the voltmeter have high resistance?
17-

What should be the orientation of magnetic dipole in a uniform magnetic field so that
its potential energy is (i) maximum (ii) minimum ?

Short answer type questions (2 marks )-

4. Write the expression for the force acting on a charged particle of charge q moving with velocity is
in the presence of magnetic field B. Show that in the presence of this force (a) The K.E. of the particle
does not change. (b) Its instantaneous power is zero.
7. What is radial magnetic field? How it is obtained in moving coil galvanometer?
1. Two wires of equal lengths are bent in the form of two loops. One of the loop is square shaped
whereas the other loop is circular .These are suspended in a uniform magnetic field and the same
current is passed through them. Which loop will experience greater torque? Give reasons?
2. A cyclotron is not suitable to accelerate electron. Why?

[

4. An ∝ - particle and a proton are moving in the plane of paper in a region where there is uniform
magnetic field B directed normal to the plane of paper. If two particles have equal linear momenta,
what will be the ratio of the radii of their trajectories in the field?
1- explain the law which is used to find the magnetic field at a point due to small current carrying
element. Using this law find the magnetic field at the centre of a circular coil.
2- state Ampere circuital law , use this law to find the magnetic field line due to straight infinite
current carrying wire. How are the magnetic field line different from electric field lines?

3-What is meant by crossed electric and magnetic fields? Under what condition a charged particle
entering a crossed electric and magnetic fields passes undeflected?
4-Derive the expression for the magnetic energy stored in a solenoid in terms of magnetic field B ,
area A and length ∫ of the solenoid carrying a steady current I . How does this magnetic energy. per
unit volume compare with the electrostatic energy density stored in a parallel plate capacitor.
10-A galvanometer can be converted into a voltmeter to measure upto.
(i)
(ii)

V volts by connecting a resistance R1 in series with coil.
V/2 volts by connecting a resistance R2 in series with coil.

Find the resistance (R) , in terms of R1 and R2 required to convert it into a voltmeter that
can read upto ‘2V’ volts.

Long answer type questions (3 and 5 marks)1- Express Biot- savart law in the vector form . Use it to explain the magnetic field at an axial point,
distance d from the centre of a circular coil of radius r carrying current I . also find the ratio of the
magnitudes of the magnetic field of this coil at the centre and at an axial pint for which x= r √3 .

2- State and prove Ampere circuital law .How a toroid is different from solenoid ? use Ampere
circuital law to obtain the magnetic field inside the solenoid and toroid.
4- With the help of neat and labelled diagram explain the principle and working of a moving coil
galvanometer. What is the function of redial magnetic field and how it is produced? Define current
and voltage sensitivity of a galvanometer and how it is increased.
5. On what factors the force experience on a moving charge in a uniform magnetic field depend, and
how can you explain its direction . Also derive an expression for the force acting on a current
carrying conductor placed in a uniform magnetic field Name the rule which gives the direction of the
force. Write the condition for which this force will have (1) maximum (2) minimum value?
6. State Ampere’s law . A straight thick long wire of uniform crossectional circular area of radius ‘a’
is carrying a steady current I . The current is uniformly distributed across the cross-section . Use
ampere circuital law at obtain a relation showing the variation of the magnetic field B inside and
outside the wire with distance r , (r<R) and (r>R) of the field point from the centre of the crosssection . Plot a graph showing the nature of this variation . Also calculate the ratio of magnetic field
at a point a/2 above the surface of the wire to that of point a/2 below its surface.
7-Two infinite long parallel wire carrying current i1 and i2 in the same direction separated by distance
d . obtain the expression for the magnetic field on wire 2 due to wire 1 . hence find out the force per

unit length on wire 2 due to 1 also draw the diagram . how does the nature of force changes if
direction of current in 1 and 2 is opposite? Also define one Ampere using this derivation.
8. Find the expression for the torque experience on a current carrying coil placed in uniform
magnetic field . what is the conditions when torque is maximum and where torque is minimum . Also
states on what factors the torque experience depends.

9. (a) Draw a labelled diagram of a moving coil galvanometer. Prove that in a radial magnetic field,
the deflection of the coil is directly proportional to the current flowing in the coil. (b) A
galvanometer can be converted into a voltmeter to measure upto (i) V volt by connecting a
resistance R1 series with the coil (ii) 2 v volt by connecting a resistance R2 in series with coil Find R
in terms of R1 and R2 required to convert – it into a voltmeter that can read upto ‘2v’ volt.
10. What is cyclotron? Explain its working principle? Show that cyclotron frequency is independent
of velocity of the charged particle also write two limitation of cyclotron.

Numericals-

27. A galvanometer has a current range 15 mA and voltage range 750 mV . How will you convert it
into an ammeter of range 25 A ?
28. A cyclotron’s oscillator frequency is 10MHz what should be the operating magnetic field for
accelerating protons? If radius of its Dees is 20cm, what is the K.E .of the proton beam produced by
the accelerator?(e = 1.6 ×10-19c , mp = 1.6 ×10-27kg 1Mev = 1.602×10-13J
29. A straight wire carries a current of 10A. An electron moving at 107 m/s is 2.0 cm from the wire.
Find the force acting on the electron if its velocity is directed towards the wire?
30. An electron of kinetic energy 25KeV moves perpendicular to the direction of a uniform magnetic
field of 0.2 mT, calculate the time period of rotation of the electron in the magnetic field?
31. It is desired to pass only 10% of the current through a galvanometer of resistance 90Ω. How
much shunt resistance be connected across the galvanometer?
32. A uniform magnetic field of 6.5 × 10-4 T is maintained in a chamber . An electron enters into the
field with a speed of 4.8 × 106 m/s normal to the field . Explain why the path of the electron is a circle
. Determine its frequency of revolution in the circular orbit. Does the frequency depend on the
speed of the electron ? Explain.
33. If two circular coils of equal radii are placed co-axially such that their planes are perpendicular to
each other , if the same current flows through them then find the magnetic field at the common
centre . ( Take your own direction of current in each coil ) .

34.find the magnetic field at the centre ‘ o ‘ as shown in fig.

35.An alpha particle and a proton moving with the same speed enters into uniform magnetic field
‘B’ as shown in fig. Show the trajectory followed by them and also find the ratio of their radii .

37.

Hots –
1. The magnitude F of the force between two straight parallel current carrying conductors kept at a
distance ‘d’ apart in air given by F= μ0 I1 I2 /2∏d , where I1 and I2 are the current flowing through the
wires use this expression and sign convention. Draw the graph showing the variation of force F on (i)
I1 I2 when d is kept constant . (ii) d with the product I1 I2 kept constant (i) d when I 1I2 is maintained
at constant negative value .
2. Two small identical circular loops carrying equal current , are placed with the geometrical axes
perpendicular to each other as shown in fig. find the magnitude and direction of the net magnetic
field produced at point O .

3. an electron moving through the uniform magnetic field does not experience any force under what
conditions it is possible 4. On a smooth plane inclined at 300 with the horizontal , a thin current
carrying rod is placed horizontally . The plane is located in a magnetic field of 0.15 T in the vertical
direction . for what value of the current can the rod remain stationary ? the mass per unit length of
the wire is 0.30 g/m .

5. A neutron , an electron and an alpha particle moving with equal velocities , enter in a uniform
magnetic field going into the plane of the paper as shown in fig , trace their path and justify your
answer.

