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04

MOVING CHARGES
AND MAGNETISM

SECTION — A

Questions 1 to 10 carry 1 mark each.

1. Two charged particles each carrying same charge q, but of different masses my and mq enter the
magnetic field B with speed V;, and V respectively.

For the trajectories followed by P and ) as shown, which of the following condition is true?
(a) mpVp > mgVyg (b) mpVp <mqVy  (c)mpVp=mqVy  (d) mp=mgand V, =Vy

2. A current | is flowing through the loop as shown in the figure (MA = R, MB = 2R). The

magnetic field at the centre of the loop is %; times:
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(a) E,mtn the plane of the paper (b) E,uut of the plane of the paper
(c) %,uut of the plane of the paper (d) %,intu the plane of the paper

3. An electron is projected with velocity v along the axis of a current carrying long solenoid. Which
one of the following statements is true?
(a) The path of the electron will be circular about the axis.
(b) The electron will be accelerated along the axis.
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{c) The path of the electron will be helical.
{d) The electron will continue to move with the same velocity v along the axis of the solenoid.

4. Three long, stranght parallel wires, carrving current are arranged as shown in the figure. The
force experienced by a 25 cm length of wire C is

R e e

30 A 10 A 204 .
(a) 10 N (b) 2.5 = 10 N (¢) zero (d) 1.5 = 10° N

8. What 1s the net force on the rectangular coil?

E|--|— 10cm —»|~
e T ¥ 12em
PN
{a) 25 = 10" N towards wire. (b) 25 » 107" N away from wire.
{c) 35 = 10" N towards wire. (d) 35 = 10-" N away from wire.

6. A rectangular loop carrying a current 118 sifuated near a long straight wire such that the wire 15
parallel to the one of the sides of the loop and is in the plane of the loop. If a steady current I is
established in wire as shown in figure, the loop will

(a) rotate about an axis parallel to the wire.
{b) move away from the wire or towards right.
() move towards the wire.

(d) reman stationary.

7. An electron is projected with uniform velocity along the axis of a current carrying long solenoid.
Which of the following is true?
(a) The electron will be accelerated along the axas.
{b) The electron path will be circular about the axis.
{¢) The electron will experience a force at 457 to the axis and hence execute a helical path.
{d) The electron will continue to move with uniform velocity along the axis of the solenoid.
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B. A current carrying closed loop of an irregular shape lying in more than one plane when placed in
uniform magnetic field, the force acting on it
(a) will be more in the plane where its larger position 15 covered.
(b} 15 zero.
{¢) 15 infinite.
(d) may or may not be Zero.,

In the following questions 9 and 10, a statement of assertion (A) is followed by a statement of reason

(E}. Mark the correct chowce as:

{a) Both assertion (A) and reason (R) are true and reason (R) is the correct explanation of assertion (A).
{b) Both assertion (A) and reason (R) are true but reason (R) is not the correct explanation of assertion (A).
{¢) Assertion (A) is true but reason (R) 15 false.

(d) Assertion (A) is false but reason (R) is troe.

9. Assertion (A): Ampere’s circuital law is not independent of the Biot-Savart law.
Reason (R): Ampere’s circuital law can be derived from Biot-Savart law.

10. Assertion (A): The magnetic lines of force of a straight current carrying conductor are
concentric circles with the wire at the centre and in a plane perpendicular to the wire.
Reason (R): If the current flows upwards, he lines of force have anticlockwise direction and if
the current flows downwards, then the lines of force have clockwise direction.

SECTION —B
Qruestions 11 to 14 carry 2 marks each.

11. (i) Write the expression for the magnetic force acting on a charged particle moving with velocity
v in the presence of magnetic field B.
{11) A neutron, an electron and an alpha particle moving with equal velocities, enter a uniform
magnetic field going into the plane of the paper as shown. Trace their paths in the field and
jJustify your answer
» 3 * » » »

® ¥ x = ® =

12. Define the current sensitivity of a moving coil galvanometer. “Increasing the current sensitivity
may not necessarily increase the voltage sensitivity.” Justify this statement.

13. A circular coil of N turns and radius R carries a current L. It 15 unwound and rewound to make
another coil of radius R/2, current | remaining the same. Calculate the ratio of the magnetic
moments of the new coil and the original coil.

14. Two identical circular loops, P and (), each of radius r and carrying currents | and 21 respectively
are lving in parallel planes such that they have a common axis.

VARV

Founder , Mentor , Subject Expert Data Scientist, IIT Guwahati | M.Sc (11T Delhi)

CD SIR (Chandra Dev Singh) SURYADEYV SINGH ( SURYA BHAIYA)
& Career Counsellor at CBSE ACADEMY PLUS Director & Educator at CBSE Academy Plus



15.

16.

17.

19.

CBSE ACADEMY PLUS

The direction of current in both the loops is clockwise as seen from O which is equidistant from
both loops. Find the magnitude of the net magnetic field at point O.

SECTION -C

Cuestions 15 to 17 carry 3 marks each.

A fine pencil of B-particles, moving with a speed v, enters a region (reigon 1), where a uniform
electric field and a uniform magnetic field both are present. These p-particles then move into
region [I, where only the magnetic field, (out of the two fields present in region [) exists. The
path of the B-particles, in the two regions is as shown in the figure.

(1) State the direction of the magnetic field.
(i1) State the relation between £ and & in region £
{111) Derive the expression for the radius of the circular path of the f-particle in region I1.

Deduce the expression for the magnetic dipole moment of an electron orbiting around the central
nucleus.

A cell of emf £ and internal resistance r 13 connected across a variable load resistor B. Draw the
plots of the terminal voltage V versus (1) R and (1) the current L. It 1s found that when R = 4 £3,
the current 15 1 A and when R is increased to 9 £, the current reduces to (.5 A. Find the values of
the emf £ and internal resistance r.

SECTION-D

Questions 18 carry 5 marks.

(a) State Biot-Savart’s law and express this law in the vector form.

{b) Two identical circular coils, P and Q each of radius R, carrying currents 1 A and VI A
respectively, are placed concentrically and perpendicular to each other lying in the XY and YZ
planes. Find the magnitude and direction of the net magnetic field at the centre of the coils.

SECTION — E (Case Study Based Questions)

Cuestions 19 to 20 carry 4 marks each.

Helical Motion

The path of a charged particle in magnetic field depends upon angle between velocity and
magnetic field.
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If velocity v is at angle g to B, component of velocity parallel to magnetic field (v costl) remains
constant and component of velocity perpendicular to magnetic field (v sinf) is responsible for
circular motion, thus the charge particle moves in a helical path.

¥sin B

Helical path

.|'

A

JAaY.

The plane of the circle is perpendicular to The magnetic field and the axis of the helix is parallel
to the magnetic field. The charged particle moves along helical path touching the line parallel to
the magnetic field passing through the starting point after each rotation.

Radius of circular path is r = mvsinf/gB

Hence the resultant path of the charged particle will be a helix, with its axis along the direction

umﬂ

e

of B as shown in fizure.

(1) When a positively charged particle enters into a uniform magnetic field with uniform velocity,
its trajectory can be

(1) a straight line (i1) a circle (iii) a helix.

{a) (i) only (b) (i) or (ii) (c) (i) or (iii) (d) any one of (i), (ii) and (iii)

{i1) Two charged particles A and B having the same charge, mass and speed enter into a magnetic
field in such a way that the initial path of A makes an angle of 30° and that of B makes an angle
of 90° with the field. Then the trajectory of

(a) B will have smaller radius of curvature than that of A

(k) both will have the same curvature

(c) A will have smaller radius of curvature than that of B

{d) both will move along the direction of their original velocities.

(iii) An electron having momentum 2.4 = 10> kg m/s enters a region of uniform magnetic field
of 0.15 T. The field vector makes an angle of 30° with the initial velocity vector of the electron.
The radius of the helical path of the electron in the field shall be

{a) 2 mm (b) 1 mm (c) ¥3/2 mm (d) 0.5 mm

(iv) The magnetic field in a certain region of space is given by B = 3.35:-.'1[]"1; T. A proton is
shot into the field with velocity v = (2x1 0°i +4x Il}f‘_}'} m/'s. The proton follows a helical path in

the field. The distance moved by proton in the x-direction during the period of one revolution in
the yvz-plane will be

(Mass of proton = 1.67 * 10 kg)

(a) 0.053 m (b 0136 m () 0,157 m(d) 0.236 m

20. Torque on a Rectangular Loop Placed in Uniform Magnetic Field
When a rectangular loop PQRS of sides "o’ and ‘b carrying current [ is placed in uniform

magnetic field B, such that area vector 4 makes an angle 8 with direction of magnetic field, then
forces on the arms QR and SP of loop are equal, opposite and collinear, thereby perfectly cancel
each other, whereas forces on the arms PO and RS of loop are equal and opposite but not
collinear, so they give nse to torque on the loop.
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Force on side PQ or RS of loop 1s F = IbB sin 90° = Ib B and perpendicular distance between
two non-collinear forces isr, = a sinfl
So, torque on the loop, t = 1AB sinf

In vector form torque, r=MxB8B
Where M = NI 4 is called magnetic dipole moment of current loop and is directed in direction of

—

area vector A i.e., normal to the plane of loop.

(i) A circular loop of area 1 em’, carrying a current of 10 A is placed in a magnetic field of 0.1 T
perpendicular to the plane of the loop. The torque on the loop due to the magnetic field is

(a) zero (b) 10* N m (c) 102 Nm (d) 1 Nm

(i1) Relation between magnetic moment and angular velocity is
(a) M o @ (b) M o ? (c) M o Y (d) none of these

(1ii) A current loop in a magnetic field

(a) can be in equilibrium in two orientations, both the equilibrium states are unstable
(b) can be in equilibrium in two orientations, one stable while the other is unstable

(c) experiences a torque whether the field is uniform or non uniform in all orientations
(d) can be in equilibrium in one orientation.

(iv) The magnetic moment of a current [ carrying circular coil of radius r and number of turns N

varies as

(a) 1/r* (b) 1/r (c)r (d) r*
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