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UNIT 1l

MAGNETIC EFFECTS OF CURRENT AND
MAGNETISM

Weightage 8 Marks

TOPICS TO BE COVERED

Concept of magnetic field and Oersted’s experiment Biot-savart law and its
application to current carrying circular loop.

Ampere’s law and its applications to infinitely long straight wire, straight and
toroidal solenocids.

Force on a moving charge in uniform magnetic and electric fields.

Cyclotron

Force on a current carrying conductor in a uniform magnetic field, force
between two parallel current carrying conductors, definttion of ampere. Torque
experienced by a current loop in a uniform magnetic field.

Moving coil Galvanometer — its current sensitivity.

Maving Coil Galvanometer — Conversion to ammeter and voltmeter, Current
loop as a magnetic dipole and it's magnetic dipele moment, Magnetic dipole
moment of a revolving electron, Magnetic field intensity due to a magnetic
dipole (bar magnet) along it's axis and perpendicular to it's axis.

Torgue on a magentic dipole (bar magnet) in a uniform magnetic field; bar
magnet as an equivalent solenoid, Magnetic field lines Earth's Magnetic
field and magnetic elements. Para-, dia- and ferro-magnetic substances with
examples.

Electromagnets and factors affecting their strengths, Fermanent magnets.
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QUESTIONS

*9.
10.

1.

12.
13.

VERY SHORT ANSWERS QUESTIONS (I Mark)

Must every magnetic field configuration have a north pole and a south
pole? What about the field due to a toroid?

How are the figure of merit and current sensitivity of galvanometer related
with each other?

Show graphically the variation of magnetic field due to a straight conductor
of uniform cross-section of radius ‘a’ and carrying steady currently as a
function of distance r (a > r) from the axis of the conductor.

The fo rce per unit | ength b etween two parallel | ong current carrying
conductor is F. If the current in each conductor is tripled, what would be
the value of the force per unit length between them?

How does the angle of dip vary from equator to poles?

What is the effect on the current measuring range of a galvanometer when
it is shunted?

An electric current flows in a horizontal wire from East to West. What will
be the direction of magnetic field due to current at a point (i) North of wire;
(ii) above the wire.

Suggest a method to shield a certain region of space from magnetic fields.
Why the core of moving coil galvanometer is made of soft iron?

Where on the earth's surface, is the vertical component of earth’'s magnetic
field zero?

If the current is increased by 1% in a moving coil galvanometer. What will
be percentage increase in deflection?

Write S.1. unit of (i) Pole strength and (ii) Magnetic dipcle moment.

If the magnetic field is parallel to the positive y-axis and the charged
particle is moving along the positive x-axis, which way would the Lorentz
force be for (a) an electron (negative charge), (b) a proton (positive charge)

Sol : When velocity () of positively charged particle is along x-axis and

the magnetic field (g) is along y-axis, so0 v« B is along the z-axis (Flemings
left hand rule).
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14.

15.

16.

17.

18.

19.

20.

Therefore,
(a) for electron Lorentz force will be along -z axis;
(b) for a positive charge (proton) the force is along +z axis.

If a toroid uses Bismuth as its core, will the field in the core be |lesser or
greater than when it is empty?

Ans : Bismuth is diamagnetic, hence, the overall magnetic field will be
slightly less.

An electron beam projected along + x-axis, experiences a force due to a
magnetic field along the + y-axis. What is the direction of the magnetic
field?

Ans : +Z axis.
What is the principle of a moving coil galvanometer?

Ans : When a current carrying coil is placed in uniform magnetic field, it
experiences a torque.

What is the direction of magnetic dipole moment?
Ans : Sto N

What is the angle of dip at a place where vertical and horizontal component
of earth’s field are equal?

Ans : 45°

Is any work done on a moving charge by a magnetic field?

Ans : No, as magnetic field is in perpeudicular direction.

Sketch the magnetic field lines for a current carrying circular loop.

Ans :

__qunloaded fro wyyw.studiestoday.com
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SHORT ANSWERS QUESTIONS (2 MARKS)

1.  Write the four measures that can be taken to increase the sensitivity of a
galvanometer.

2. A galvanometer of resistance 120£2 gives full scale deflection for a current
of 5mA. How can it be converted into an ammeter of range 0 to 5A7 Also
determine the net resistance of the ammeter.

3. A current loop is placed in a uniform magnetic field in the f ollowing
orientations (1) and (2). Calculate the magnetic moment in each case.

(1) f, f\ ﬁ (2) B
\ 4 -

ri

4. A current of 10A flows through a semicircular wire of radius 2cm as shown
in figure (a). What is direction and magnitude of the magnetic field at the
centre of semicircle? Would your answer change if the wire were bent as
shown in figure (b)?

10A

]
s
-

Fig. (a) Fig. (b)

5. A proton and an alpha particle of the same enter, in turn, a region of
uniform magnetic field acting perpendicular to their direction of motion.
Deduce the ratio of the radii of the circular paths described by the proton
and alpha particle.

6.  Which one of the two an ammeter or milliammeter, has a higher resistance
and why?

7. Mention two properties of soft iron due to which it is preferred for making
electromagnet.

8. A magnetic dipole of magnetic moment M is kept in a magnetic field B.
What is the minimum and maximurn potential energy? Also give the most
stable position and most unstable position of magnetic dipole.

Downloaded from W\_/vw.studiestoda}_/.c_c_)rr_\
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10.

11.

12

13.

14,

15.

16.

What will be (i) Pole strength (ii} Magnetic moment of each of new piece
of bar magnet if the magnet is cut into two equal pieces :

(a) normal to its length?
(b) along its length?

A steady current | flows along an infinitely long straight wire with circular
cross-section of radius R. What will be the magnetic field outside and
inside the wire at a point r distance far from the axis of wire?

A circular coil of nturns and radius R carries a current I. It is unwound and
rewound to make another square coil of side ‘a’ keeping number of turns
and current same. Calculate the ratio of magnetic moment of the new coil
and the original coil.

A coil of N turns and radius R carries a current I. It is unwound and
rewound to make another coil of radius R/2, current remaining the same.
Calculate the ratio of the magnetic moment of the new coil and original
coil.

At a place horizontal component of the earths magnetic field is B and
angle of dip at the place is 60°. What is the value of horizontal component
of the earths magnetic field.

(i) at Equator; (i) at a place where dip angle is 30°

A galvanometer coil has a resistance G. 1% of the total current goes
through the coil and rest through the shunt. What is the resistance of the
shunt?

Prove that the magnetic moment of a hydrogen atom in its ground state
is eh/4mm. Symbols have their usual meaning.

Each of eight conductors in figure carries 2A of current into or out of page.

Two path are indicated for the line integral 56\ B.dl What is the value
of the integral for the path (a) and (b).

®

(a) (b)
Downloaded from www.studiestoday.com
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17. What is the radius of the path of an electron (mass 9 x 1073 kg and
charge 1.6 x 107'® C) moving at a speed of 3 x 107 m/s in a magnetic field
of 6 x 10 T perpendicular to it? What is its frequency? Calculate its
energy inkeV. (1 eV = 1.6 x 1079 J).

Sol : Radius, r = mv/ (gB)

=91x10%kg x3x 10" ms—1/ (16 x 1079 Cx 10°T) =26 cm
v =wi{2nr) =2 x 108 7' = 2 x 10%® Hz = 200 MHz.
E = ()mv? = (14) 9 x 1073 kg x 9 x 10" m?/s?

=405 x 1077 J =4 x 1078 J = 25 keV.

18. A particle of mass m and charge g moves at right angles to a uniform
magnetic field. Plot a graph showing the variation of the radius of the
circular path described by it with the increase in its kinetic energy, where,
other factors remain constant.

Ans @ raJKE

-

Hadius r—

Kinetic Energy E—

19.  Magnetic field arises due to charges in motion. Can a system have magnédic
moments even though its net charges is zera? Justify.

Ans : Yes; for example the atoms of a paramagnetic substance possess
a net magnetic moment though its net charge is zero.

20. Define the term magnetic dipole moment of a current loop. Write the
expression for the magnetic moment when an electron revolves at a speed
v, around an orbit of radius ‘r' in hydrogen atom.

Ans : The product of the current in the loop to the area of the loop is
the magnetic dipole moment of a current loop.
The magnetic moment of electron

a — g -
g <Pl

Downloaded from www.studiestoday.com

T




Downloaded from www.studiestoday.com

4.

ia.

10.

“11.

SHORT ANSWERS QUESTIONS (2 MARKS)

Derive the expression for force between two infinitely long parallel straight
wires carrying current in the same direction. Hence define ‘ampere’ on the
basis of above derivation.

Define (i) Hysteresis (ii) Retentivity (iii) Coercivity

Distinguish bet ween diamagnetic, paramagnetic and ferromagneti C
substances in terms of susceptibility and relative permeability.

Name all the three elements of earth magnetic field and define them with
the help of relevant diagram.

Describe the path of a charged particle moving in a uniform magnetic field
with initial velocity

(i) parallel to (or along) the field.
(i) perpendicular to the field.
(i) atan arbitrary angle §(0° < 6 < 90°),

Obtain an expression for the magnetic moment of an electron moving with
a speed ‘v in a circular orbit of radius r'. How does this magnetic moment
change when :

(i) the frequency of revolution is doubled?
(i) the orbital radius is halved?

State Ampere, circuital law. Use this law to obtain an expression for the
magnetic field due to a toroid.

Obtain an expression for magnetic field due to a long solenoid at a point
inside the solenoid and on the axis of solenoid.

Derive an expression for the torque on a magnetic dipole placed in a
magnetic field and hence define magnetic moment.

Derive an e xpression for mag netic field intensity due to ab ar magnet
(magnetic dipole) at any point (i) Along its axis (ii) Perpendicular to the axis.

Derive an expression for the torque acting on a loop of N turns of area A
of each turn carrying current |, when held in a uniform magnetic field B.

__I_Z_)o_\_/vn_loaded from W\_/yw.studiestoday.com
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12

13.

4.

How can a moving coil galvanometer be converted into a voltmeter of a
given range. Write the necessary mathematical steps to obtain the value
of resistance required for this purpose.

A long wire is first bent into a circular coil of one turn and then into a
circular coil of smaller radius having n turns. If the same current passes
in both the cases, find the ratio of the magnetic fields produced at the
centres in the two cases.

Ans : When there is only one turn, the magnetic field at the centre,

bl
2a
2nxa'xn = 2ma = a' = a/n

B

2
nl n-l
_ Bt Mol 1 2p

e - B, =
The magnetic field at its centre, By 2a/n  2a

The ratio is, B,/B = n?

LONG ANSWER QUESTIONS (5 Marks)

How will a diamagnetic, paramagnetic and a ferromagnetic material behave
when kept in a non-uniform external magnetic field? Give two examples of
each of these materials. Name two main characteristics of a ferromagnetic
material which help us to decide suitability for making

(i} Fermanent magnet (ii) Electromagnet.

State Biot-Savart law. Use it to obtain the magnetic field at an axial point,
distance d from the centre of a circular coil of radius 'a’ and carrying
current |. Also compare the magnitudes of the magnetic field of this coil
at its centre and at an axial point for which the value of d is 35

Write an expression for the force experienced by a charged particle moving
in a uniform magnetic field B. With the help of diagram, explain the principle
and working of a cyclotron. Show that cyclotron frequency does not depend
on the speed of the particle.

Write the principle, working of moving coil galvanometer with the help of
neat labelled diagram. What is the importance of radial field and phosphor
bronze used in the construction of moving coil galvanometer?

Downloaded from W\_/yw.studiestoda_y.c_c_)m
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NUMERICALS

1. An electron travels on a circular path of radius 10m in a magnetic field of
2 x 107 T.Calculate the speed of electron. What is the potential difference
through which it must be accelerated to acquire this speed? [Ans. :
Speed = 3.56 x 10 m/s; V = 3.56 x 107 volts]

2. A ship is to reach a place 15° south of west. In what direction should it
be steered if declination at the place is 18" west? [Ans. : B7° west of
North]

3. Calculate the magnetic field due to a circular coil of 500 turns and of mean
diameter 0.1m, carrying a current of 14A (i) at a point on the axis distance
0.12m from the centre of the coil (ii) at the centre of the coil. [Ans. : (i)
5.0 x 1073 Tesla; (i) 8.8 x 1072 tesla]

4. An electron of kinetic energy 10 keV moves perpendicular to the direction
of a uniform magnetic field of 0.8 milli testa. Calculate the time period of
rotation of the electron in the magnetic field.

[Ans. : 4467 x 1078 5]

5. If the current sensitivity of a moving coil galvanometer is increased by 20%
and its resistance also increased by 50% then how will the voltage sensitivity
of the galvanometer be affected?

[Ans. : 25% decrease]

6. A uniform wire is bent into one turn circular loop and same wire is again
bent in two turn circular loop. For the same current passed in both the
cases compare the magnetic field induction at their centres.

[Ans. : Increased 4 times]

7. A horizontal electrical power line carries a current of 90A from east to west
direction. What is the magnitude and direction of magnetic field produced
by the power line at a point 1.5m below it?

[Ans. : 1.2 x 1075 T south ward)]

*B. A galvanometer with a coil of resistance 90Q shows full scale deflection
for a potential difference 225 mV. What should be the value of resistance
to convert the galvanometer into a voltmeter of range OV to 5V. How
should it be connected? [Ans. : 19108 in series]

9. Two identical circular loops P and Q carrying equal currents are placed
such that their geometrical axis are perpendicular to each other as shown
in figure. And the direction of current appear's anticlockwise as seen from

__po_\_/vnloaded from wy_vw.studiestoday.com




Downloaded from www.studiestoday.com

point O which is equidistant from loop P and Q. Find the magnitude and
direction of the net magnetic field produced at the point O.

2
' Ans. : HolR™ 2
| 2(5“2 + xz}

32

10. A cyclotron’s oscillator frequency is 10 MHz. What should be the operating
magnetic field for accelerating protons, if the radius of its dees is 60cm?
What is the kinetic energy of the proton beam produced by the accelerator?
Given e=1.6 x 107" C, m = 1.67 x 10?7 kg. Express your answer in units
of MeV [1MeV = 1.6 x 1073 J]. [Ans. : B = 0.656T, E___= 7.421 MeV]

11. The coil of a galvanometer is 0.02 x 0.08 m?. It consists of 200 turns of
fine wire and is in a magnetic field of 0.2 tesla. The restoring forque
constant of the suspension fibre is 10 Nm per degree. Assuming the
magnetic field to be radial.

(i) what is the maximum current that can be measured by the
galvanometer, if the scale can accommodate 30° deflection?

(i) what is the smallest, current that can be detected if the minimum
observable deflection is 0.1°7
[Ans. : (i) 4.69 x 107 A; (i) 1.56 x 1079 A]

12. A voltmeter reads 8V at full scale deflection and is graded according to its
resistance per volt at full scale deflection as 5000 QV-'. How will y ou
convert it into a voltmeter that reads 20V at full scale deflection? Will it still
be graded as 5000 QV-'? Will you prefer this voltmeter to one that is
graded as 2000 QV-'7 [Ans. : 7.5 x 10* Q]

13. A short bar magnet placed with its axis at 30° with an external field 1000G
experiences a torque of 0.02 Nm. (i) What is the magnetic moment of the

Downloaded from wyyw.studiestoda_y.c_c_)m
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magnet. (i) What is the w ork done in turning it from its most stable

equilibrium to most unstable equilibrium position?
[Ans. : (i) 0.4 Am?; (ii) 0.08 J]

14, What is the magnitude of the equatorial and axial fields due to a bar
magnet of length 4cm at a distance of 40 c¢m from its mid point? The
magnetic moment of the bar magnet is 0.5 Am?.

[Ans.: B = 7.81256 x 107" T; B, = 15.625 x 107" T]

15.  What is the magnitude of magnetic force per unit length on a wire carrying
a current of BA and making an angle of 30° with the direction of a uniform
magnetic field of 0.15T7

16. Two moving coil galvanometers, M, and M, have the following
specifications.

R

10Q, N, = 30, A, = 3.6 x 10°m?, B, = 0.25T

1
R, = 14Q, N, = 42, A, = 1.8 x 107°m?, B, = 0.50T

Given that the spring constants are the same for the twe galvano meters,
determine the ratio of (a) current sensitivity (b) voltage sensitivity of M, &
M.,
17. In the given diagram, a small magnetised needle is placed at a point O.
The arrow shows the direction of its magnetic moment. The other arrows
shown different positions and orientations of the magnetic moment of

another identical magnetic needs B

(@) In which configuration is the systems not in equilibrium?
(b) In which configuration is the system.

(i) stable and (ii) unstable equilibrium?

__I;)o_\_/vn_loaded from wyyw.studiestoday.com
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{c) Which configuration corresponds to the lowest potential energy
among all the configurations shown?

18. In the circuit, the current is to be measured. What is the value of the
current if the ammeter shown :

— (R
)

30 1

3V

1

||

.

(a) is a galvanometer with a resistance R, = 609,

(b) is a galvanometer described in (i) but converted to an ammeter by
a shunt resistance r_ = 0.02£}

(c) is an ideal ammeter with zero resistance?

19. Anelement Al = Ax-i is placed at the origin and carries a large current
| = 10A. What is the magnetic field on the y-axis at a distance of 0.5m.
Ax =1 cm.

0.5

T — M AX— %

20. A straight wire of mass 200g and length 1.5 m carries a current of 2A. It
s suspended in mid-air by a uniform haorizontal magnetic field B. What is
the magnitude of the magnetic field?

21. A rectangular loop of sides 25 cm and 10 cm carrying current of 15A is
placed with its longer side parallel to a long straight conductor 2.0 cm
apart carrying a current of 25A. What is the new force on the loop?
Ans : 7.82 x 10~ N towards the conductor

Hint :

Hg2hly 1077 %x2x25x15%0.25
S s
411y 0.02
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7
E - p_,;,EI,I2 }”,=‘ICI ®x2x25x15=0.25

i =1.56 107N repalsive
4 rs 012

Net F = F, —F, = 7.82 x 10 N

15A

B
>

25A% L rv2bhcom

il
-

2 4
CM10 em

22. In a chamber of a uniform magnetic field 6.5G is maintained. An electron
is shot into the field with a speed of 4.8 x 10° ms™' normal to the field.
Explain why the path of electron is a circle.

(a) Determine the radius of the circular orbit (e = 1.6 x 1077 C, m, =
9.1 x 10731 kg)

(b) Obtain the frequency of resolution of the electron in its circular
orbit.

, -1 B
Hint (@) p=Ma¥ _ S1=10 1gx4.3x1{] —=4.2¢m
eB  1.6x 107" x6.5=107

1 eB 16x10 %6510
(b) frequency ver=Eg —7=1.8 MH,
Mg 2x3. 149,110

SHORT ANSWER QUESTIONS (2 Marks)

1. The figure shows four directions of m:::-tioﬂ of a positively charged particle
moving through a uniform electric field E (directed out of the page and

represented with an encircled dot) and a uniform magnetic field B. (a)
Rank, directions 1, 2 and 3 according to the magnitude of the net force on
the particle, maximum first. {b) Of all four directions, which might result in
a net force of zero?

‘_I_Z_)o_\_/vn_loaded from wy\_/w.studiestoday.com
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ARARARIA
NUMERICALS

2. The true value of dip at a place is 30°. The vertical plane carrying the
needle is turned through 45° from the magnetic meridian. Calculate the
apparent value of dip. [Ans. : & = 39°147]

3. Figure shows the path of an electron that passes through two regions
containing uniform magnetic fields of magnitude B, and B,. Its path in each
region is a half circle. (a) Which field is stronger? (b} What are the directions

of two fields? (c) Is the time spend by the electron in the Ei: region greater
than, less than, or the same as the time spent in E_:'r: region?

(Ans. : (a) B, = B,; (b) B, inward; B, outward. (c} Time spent in B, <

Time spent in B,]

4
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ANSWERS / HINTS

| MARK QUESTIONS

1. No, pole exists only when the source has some net magnetic moment. In
toroid, there is no pole.

VERY SHORT ANSWER QUESTIONS (I Mark)

1.  The figure shows two wires 1 and 2 both carrying the same current | from
point a to point b through the same uniform magnetic field B. Determine
the force acting on each wire.

ns. : Same for both = ILB

x O OX X X X X X X
O K X x 2 x
® ¥ ¥ O
* = x X =
4 X LK X Kb a X X X :-:b
2. Reciprocal. 3. Fig. NCERT.
4. Nine Times. 5. 0° to 90°
6. Increased.

7. (i) Going into the plane of the paper;

paper.

B. By putting in a ferromagnetic case

10. At eguator. 11.

12. () Am; (i) Am2.

(i) Emerging out of the plane of the

1%.

2 MARKS QUESTIONS

, s._f1 o 5x10°

[.f—}g] 5-5x10°

(i) — mB {(ii) zero

x 120 =0.12 Q.
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107 x % 10
2x 1072
(i) B=5p x 107 T (inwards).

4. (iy B = 51 x 10°T (outwards ) .

v 4mv I 1
5. rP:—"’and My = kL =2r, = £ -,

gB (2g)B ry, 2
6. A _,> A,

7. Low Retentivity and high permeability.

B. Minimum potential = — MB when 6 = 0 (most stable position)
Maximum potential = ME when 8 = 180° (most unstable position).

9. (a) Pole strength same; magnetic moment half.

(b) pole strength half; magnetic moment half.

10.

2nrN = 4aN ::».Elu—ﬂ
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M,
— n/d
M, /
i r "12
21 x m| —J
19 Muew — lkz — l
' 2
Mariginal I x R 2

13.  0° and 90°.
14. (a) 5€ Badl=wl=2p Tm
(b) zero

ANSWER FOR NUMERICALS

15. Force experienced by current carrying conductor in magnetic field.
F=ILxB=ILBsin#®

Fio.:
Hence, force permit length, f—EIBsmaﬂ“
=8x0.15x % = 0.6 Nm™

NBA

16. (a) Current sensitivity, I

N,B, A, Y /[ N,B, A
Ratio of current Sensitivity = [ 1 |{1 1)]/[ : ; : ]

 30x0.25x3.6x107°
42x0.50%1.8x1073

5/7

NBA

.
(b) Voltage sensitivity, vV KR

f 3
Ratio of voltage sensitivity =} N By Ay N2Ba A, |
| kR, kR, )

_30xﬂ.25x3.5x1ﬂ‘3x14_1
42%0.50x1.8x107° %10
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17. (a) For equilibrium the dipole moment should be parallel or auto paralld
to B. Hence, AB, and AB, are not in equilibrium.

(b) (i) for stable equilibrium, the dipole moments should be parallel,
examples : AB; and AB, (ii) for unstable equilibrium, the dipole
moment should be anti parallel examples : AB, and AB,

(c) Potential energy is minimum when angle between M and B is 0°,
Le, U=-MB Example : AB,
18. (a) Total resistance, R, + 3 = 6302

Hence, |_—‘?"IlIIr =0.048A
B30

(b) Resistance of the galvanometer as ammeter is

Rals  60€2x0.02Q

0.02Q.
Rals  (60+0.02)

Total resistance R = 0.028 + 30 = 3.02L0)

3
|=——=0.99A
Hence, 302 0.99

(c) For the ideal ammeter, resistance is zero, the current,
| = 3/3 = 1.00A

19. From Biot-Sayart’s Law, |dﬁ|—ldfsirhﬁ r?

dl=Ax=1cm=10%m, | = 10A, r = y = 0.5m
uo/dn = 1077 Tm/A, 8 = 90° s0 sinB = 1
- 1077 x10x1072

a8 ——=4x10T° alongz+ axis
25x10°

20. Force experienced by wire F_ = Bll (due to map field)
The force due to gravity, Fg = mg

0.2x9.8

=0.657T
2x1.5

mg = Bll = B = mg/ll =

[Earth’'s magigield 4 x 107 T is negligible]
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