SIMIL Reference numericals
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:‘cm Numericals
Magnetic Field due to a Straight Wire

I A long straight wire carries a current of 35 A. What is the magnitude of magnetic feld B at
4 point 20 cm from the wire.

Sol. Magnetic field due 10 a current carrying straight wire at a distance r 1y

g - Mol
| 2ar N
GivenA =35 A, r = 20cm=0-20m. B =7
7
pAnx10 *x3 asu1070T »
2ax 020 o
'

"orth o south direction. Give the magnitude and direction of B at a

2,
A long straight wire in the horizontal plane carries @ current of 50 A in
Point 2.5 m east of the wire? L
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Sol.

Sol.

Given 1 =50 A, r =25 m

B=}101 =4nx10_7 x 50
2nr 2nx 2.5

=4x10"° T

By right hand palm rule the magnetic field is directed vertically upward.

A horizontal overhead power line carries a current of 90 A in an W
east to west direction. What is the magnitude and direction of

magnetic field due to the current at a distance 1.5 m below the g
line?

The magnitude of magnetic field at a distance r is

g_Hol
2nr
Here I=90A,r=15m
-
B:Mxlo >Um: 1.2 x 10~ ° tesla
2nx1.5

According to Right hand palm rule the magnetic field at a point vertically below the wire is directeg
along the south.

Magnetic Field due to a Circular Coil

4.

Sol.

Sol.
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A circular coil of wire consisting of 100 turns, each of radius 8-0 cm carries a current of
0-40 A. What is the magnitude of magnetic field B at the centre of the coil?

Given N =100,7 =8-0 cm =8-0x10" > m, / =0-40 A
..Magnetic field at centre of circular coil

oM _4mx1077 x100x 0-40
2 2x8.0x1072
=nx10"4 T=314x10"* T

Two concentric circular coils X and Y of radius 16 cm and 10 cm
respectively lie in the same vertical plane containing the X
north-south direction. Coil X has 20 turns and carries a current of Y
16 A, coil Y has 25 turns and carries a current of 18 A. The sense of
the current in X is anticlockwise and in Y is clockwise, for an E
observer looking at the coils facing west. Give the magnitude and

the direction of the net magnetic field due to the coils at their
centre.

B

.
.

As currents in coils X and Y are opposite, the direction of magnetic field
produced by them at the centre will be opposite.
The magnetic field produced at the centre due to a current carrying coil is
_Ho Ni
2R
Let B, and B, be magnetic fields at centre O due to coils X and Y respectively-
Forcoil X,I; =16 A,N; =20,R; =16 cm=0-16 m
_HoNiIy _4nx1077 x 20x 16
T 2R, 2x 016

For coil Y. 12 =18 A,N; =25.R; =10cm=0-10 m

n4

B, =4nx 10~ * T, towards west




““N.nf) Anx 10 }HZSNIH

. 4
B> 2R, 3% 0-10 Inx 10" T, towards east.

Nel magnetic ficld B =B, - B, =Ynx10 4 ~4nx 10 ? =Sax10°4 T
=5x314x10° 4 T=157x 10~ ¢4 T, towards east.
Thus resultant magnetic field at centre has magnitude 157 x 10 T and is directed towards east.

A magnetic field of 100G (1G =104 7)is required which is uniform in a region of linear
dimension about 10 ¢cm and area of cross-section about 10" m2. The maximum current
carrying capacity of a given coil of wire is 15 A and the number of turns per unit length that

can be wound round a core is at the most 1000 turns m~ I, Suggest some appropriate design
particulars of a solenoid for the required purpose. Assume the core is to be not ferromagnetic.

Given B=100G =100x10"* T=10"2 T, 1 =15 A, n=1000 turns/m.
We have B=pynl

We may have I =10 A, n =800

The length of solenoid may be about 50 cm, number of turns about 400, so thatn = —?{ = % =8000.

2 or more; though these particulars are not

; ; . =1
The area of cross-section of solenoid may be 10~ = m
unique, slight adjustments are possible.

Magnetic Field due to a Solenoid

7.

Sol,

Sol,

A closely wound solenoid 80 cm long has 5 layers of winding of 400 turns each. The diameter

_>
of the solenoid is 1.8 cm. If the current carried is 8.0 A, estimate the magnitude of B inside
the solenoid near its centre.
Given /=80 cm = 0.80 m, N =5x 400=2000, / =80 A

Magnetic field inside the solenoid
woNI_4mx 10”7 x 2000 x 8.0

B=ugnf=——}-—- 080

~8nx10” > T=25x 10°%T
A toroid has a core (non-ferromagnetic) of inner radius 25 cm and outer radius 26 cm
around which 3500 turns of a wire are wound. If the current in the wire is 11 A; what is the
magnetic field (a) outside the toroid (b) inside the core of toroid and (c) in the empty space
surrounded by the toroid.

ro4r 25+ 26
Mean radius of toroid =J_2—l "2

Total number of turns N =3500, current / =11 A
N 3500

2nr 21 x 255x 10~ 2
(@) Magnetic field outside the toroid is zero,

=255cm=255x10"2 m

Number of turns per unit length,  n = turns/ metre
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(b) Magnetic field inside the toroid
' 3500

=ponl =4xx1077 x| x11=3.0x10"° T

| 2xx 255x107°
() Magnetic field in empty space surrounded by toroid is zero.

Magnetic Force and Torque

9. What is the magnitude of magnetic force per unit length on a wire cat:rying A current of § 4
and making an angle of 30° with the direction of a uniform magnetic field of 0.15 19

Sol. Magnetic force F=Bllsin b
Magnetic force per unit length, f =§ = BI sin 06=015x 8 x sin 30°=0.6 N/m

10. Two long and parallel straight wires A and B carrying currents of 8-0 A and 50 A in the
same direction are separated by a distance of 4.0 cm. Estimate the force on a 10 cm sectiop
of wire A.

Sol. Given I; =80 A, [, =5-0 A.r=4-0cm =4-0x10"* m
Currents in same direction attract each other: so magnetic force on/ =10cm=10x10" : mlength of
wire A 1S
<3 -3
F=P0[|13124n>c10 x8-0x5-0x10-0x10 _2.0x10-° N

2r Inx 4-0x107 2

11. A square coil of side 10 cm consists of 20 turns and carries a current of 12 A. The coil is
suspended vertically and normal to the plane of the coil makes an angle of 30° with the
direction of uniform horizontal magnetic field of magnitude 0.80 T. What is the magnitude
of the torque experienced by the coil?

Sol. Torque on coil T=NIAB sin 0

Here N=20:A=10cmx10cm=100cm> =100x10"* m?
I=12A,0=30°. B=080T
1=(20) x (12) x (100 x 10~ *) x 080 sin 30°

= 24x O.Bx(%]xl(]_l =0.96 Nm

12. (a) A circular coil of 30 turns and radius 8-0 cm carrying a current of 6.0 A is 5“"""”
vertically in a uniform horizontal magnetic field of magnitude 1.0 T. The field hns

make an angle of 60° with the normal to the coil. Calculate the magnitvde

counter-torque that must be applied to prevent the coil from turning. aof

Would_l your answer change, if the circular coil in (a) were replaced by a planar ol

some irregular shape that encloses the same area?

(All other particulars are also unaltered).

Sol. (a) Given

®)

N=30,A=nr’ =nx(80x10" %)% m?

I=6.0 A,B:I_OT'G=6OO

=30x 60x314x 64x 10 * x[ﬁ} =3.13 Nm

on?

(b) As the CXPTCS‘SiOR fOT_ torque contains only area and not the shape of coil. 50 torq¢
planar loop will remain the same provided magnitude of area is same. J

e

——— O ST T



: ich connect t
¢ wires whi t the battery of an automobile to its starting motor carry &
current

13. for a short while) What i
f300 A (fo . at 1s the force y T
0 per unit length between the wires if they are

14.

Sol.

70 cm long and 1.5 cm apart? Is the force attractive or repulsive?

. F‘
Sol. Force per unit length f =— _Ko I, Kiim

e " L 2ntr =
Here KO =4nx10"" N/A%, I} =1, =300 A, 5 x “““‘““(l
r=1-5CIIl=1-5:~<10_2 m __:--' / E '
4nx 10”7 x 300 x 300 l r

= ——=12N/m ——

2nx 1510

currents are in opposite directions, therefore the force is repulsive.

Remark: The answer is approximate because the formula is true for infinitely long wires.

A straight horizontal conducting rod of length IINIPPIPNP7777777777777777 77727 j777774

0-45 m and mass 60 g is suspended by two
vertical wires at its ends. A current of 5-0 A is 4T, i 4
set up in the rod through the wires. ®le ® ® ®“@;L ® ® é ®
(@) What magnetic field should be set up
pormal to the conductor in order that the ®® ®;® ®® O ® O
tension in the wires is zero? RO RO ® ®
(b)) What will be the total tension in the wires
if the direction of current is reversed, (:)Mg

keeping the magnetic field same as
. yI7I7774 ////////////////////////////f///////jL
before? (Neglect the mass of wires,

g=9-8 m/s%). [CBSE (Al) 2005]
(@) Key idea: If tension in wires be Zero, then +T1
the weight of rod and magnetic force on rod ®
must be equal and opposite. ®
——<—
Weight of rod acts vertically downward. ® @ OO
For magnetic force to act upward, the
magnetic field should be normal to the
length of current as shown in Fig. (a). (b)

Magnetic force = weight of rod -
skl

BIL =Mg
M ic field =H§
agnetic field, IL

Given M =60g = 60x107° kg _5.0A,L=0-45m

0x107° %98 _0.26T

5.0% 0:45

(b) Key idea: When the direction of current is reversed, the magnetic force also rev
direction. so that weight Mg and magnctic force BIL act in the same direction.
- Hotsl ity wisEl (] #T) = BIL

-2Mg since Mg = BIL from (i)

__,2,60x10-3 x9-8=1-176 N

=

erses the
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Motion of Charged Particle in Magnetic Field

15. (a) In a chamber a uniform magnetic field of 6.5 G (1 G = 1074 T)is Maintajpeq A
electron is shot into the field with a speed of 4-8x 10 ¢ ms! normal to the l:igln
Explain why the path of electron is a circle. Determine the radius of the circyly, Orh:::
(e=16x10"" C,m=9-1x 10" kg)
() In Q. 15. (a), also find the frequency of revolution of the electrmf in its circulay orbit,
Does the answer depend upon the speed of the electron? Explain.

Sol. (a) The electron in transverse magnetic field experiences magnetic force F,, =quB which i
- —
perpendicular to v as well as B; so magnetic force only changes the direction of path of

electron, without changing its speed. This is only possible in circular path; the magnetic
force provides the necessary centripetal force for circular path.

mv

SIMIL Reference

. Radius r= =
eB 1.6x107"9 x6-5x10" 4

=4-2%x1072 m=4-2¢cm

(b) Time period of revolution of electron T = Zﬂ = E e =2n—m
v v eB eB

. Frequency fmem=a

_1:6x107" x6-5x1074
2x3-14x9-1x107 3!

=18-2x10% Hz =18.2 MHz

16. An electron emitted by a heated cathode and accelerated through a potential difference of
2:0kV, enters a region with a uniform magnetic field of 0-15 T. Determine the trajectory of

the electrons if the magnetic field (a) is transverse to its initial velocity. (b) makes an angle
30° with the initial velocity.

Sol. Velocity of electron accelerated through a potential difference V is given by

1 ’
— mv2 =eV — D= %—V
2 m

GivenV =2-0kV=2.0x10° V,e=1-6x10" 'Y C,m=9x10"3! kg

U=J2x1-6x10“‘9 x2-0x10° 8

—xlO-" m/s
9x10" 3! 3

; ; b caid . iven by
(a) When an electron enters the transverse magnetic field, its path is a circle of radius 7, givet

mv2

=evB or r i

- eB
Substituting given values

(9x10“3])x(§x10")
. :

C1:6x107 %) x (0-15)

=10_3 m=1 mm
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) when electron enters at an angle 30° with magnetic fi | FR——

elds, its path become a helix of radius
mv sin 30°  (mp
y = —eee = 1 o
s eB]x sin 30 =Immx (0-5)=0-5 mm

velocity component of along the field

= o _ 8 7 J§
711 =v cos 30 ——(-3—)(10 m/S]X-—z—zz,sxlo'fm/s
7. A magnetic field set up using Helmholtz coils is uniform in a small region and has a

magnitude of 0.75 T. In the same region, a uniform electrostatic field is maintained in a
direction normal to the common axis of the coils. A narrow beam of (single species) charged
particles all accelerated through the 15 kV enters this region in a direction perpendicular to
both the axis of the coils and the electrostatic field. If the beam remains undeflected when

the electrostatic field is 9-0x 10 S Vm! , make a simple guess as to what the beam contains.
Why is the answer not unique?
sol. Given B=0-75T, E=9x10° Vm™!, vV =15KV =15000 V.

The velocity of electron v is given by

lmvz =eV or V= ﬂ
2 u m

Substituting the value of V, we get

o= wzJS)(lod (e/m)
v m

If particles are undeflected in simultaneous transverse electric and magnetic field, eB = evB

E
v=£ = 1}3)(104 elm=-§

B

or e EX_ 1 _(9x100)* 1
_—= X =
m B2 3x10* (0-75% 3x10° |
This gives the value of e/m of charged particle and not any particular particle; ‘the charged particle
may be deuteron (D* ), Het* and Li* "™ ions etc. Hence the answer is not unique.

-4.8x10" C/kg

18. A circular coil of 20 turns and radius 10 cm is placed in uniform magne?ic field of 0-10 T
normal to the plane of the coil. If the current in the coil is 5-0 A, what is the
(a) total torque on the coil

(%) total force on the coil ' \
(¢) average force on each electron in the coil due to thesmazgnetlc field? o
[The coil is made of copper wire of cross-sectional area 107> m*~ and the free electron density in

s e -3
Copper is given to be about 10 m™°).

Given N-__—_201r =10Cn'l=0'10 m, I =5-0 A, B=0'10 T
2

Sol,
Area : 2 2 23.14x10"2 m
T OfCOllA =nr =314X(0‘10) =

- —p: =P
(@) Angle between normal to plane of coil and magnetic field is 0° i.e., T =NI AxB=0

(b) Total force on a current carrying coil in a magnetic field is always zero.
(_C} Average (magne[ic) force on an electron Fm == e’udB
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SWEANUIEITIERES
™ neA nA 102 x10”

19. A solenoid 60 cm long and radius 4-0 cm has 3 layers of windings of 300 turns each. 4 3 ¢
long wire of mass 2-5 g lies inside the solenoid (near its centre). no.rmal Lo its axis, by, e
wire and the axis of solenoid are in the horizontal plane. The wire lS (:onnel_'l.ed thmugh twg
leads parallel to the axis of the solenoid to an external bat'lery which sup!)hw 3 Currey
6.0 A in the wire. What value of current (with appropriate sense of fl;‘cmﬁ(mj it
winding of the solenoid can support the weight of the wire? g =9-8 ms

Sol. For solenoid, I; =60 cm =0-60 m, Ny =3 x 300 =900, /, =1
- -3
For wirel, =2-0cm=2-0x10"2 m my =2:5g=2-5x10"" kg, [, =6-0A

Magnetic field pS“I“M‘ieEd R ’e[ I r@m@

N
Magnetic force on wire, F, =153 B} =13l5p (l—l] I

1
The weight of wire can be supported if this force acts vertically upward
N
Le., mg =1212 Ko [l_l]ll
1
mgly 2-5x1073 x 9-8x 0-60
= Il = —
RoMhlz  4nx1077 x 900x 2:0x10"2 x 6-0
=108-3A
Let length of solenoid be along Y-axis and length of wire along X-axis.

For upward magnetic force on wire the current in winding should Z
be anticlockwise as seen from origin, so that magnetic field is

along Y-axis and the current in wire should be along the positive
X-axis mathematically.

- - -
F,=11xB8B J
A " i __—'-‘r'"
=llixBj=IBk :
. =1IB along the positive Z-axis 3:
Weight is vertically downward (along the negative Z-axis) j B |
Sensitivity of Galvanometer

20. Two moving coil meters M, and M, have the following particulars:

Ry =100,N,=30,4; =3.6x10*m?, B, =025 T,
R =14Q,N; =42, 4, =1.8x 10 * m?, B, 050 T

(The spring constants are identical for the two meters).

: . M2
Determine the ratio of (a) current sensitivity and (b) voltage sensitivity of M -

§p =2AB

C

Sol. Current sensitivity,

|
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s NAB S e
ltage sensitivity, e O T
and voltag VIR TR
The spring constant C 1s same for two meters,
(ScIm, _N2A2By _ 42x1:8x107% x 0.50

Sc)m,  MAIBI 30x3.6x1073x0.25

14

Svim., Oclm, R
(b) E__.E_-—ﬂi:—: 2 X 1 :l.4x&=1
Sy, Gcom, R 14

1. A monoenergetic {_18 keV) electron beam initially in the horizontal direction is subjected to a
horizontal magnetic field of 0-04 G normal to the initial direction. Estimate the up or down

deflection of the beam over a distance of 30 cm (m, =9-11x 10031 kg,e=1.6x10"" C).
Sol. Given, Ej =18 keV =18x10° x1:6x107 " =18 x1.6x1071° J,
B=0-04G=0-04x10"% T,x =30cm=0-30 m
Momentum of beam, m'v:m

On entering the magnetic field normally beam is deflected up or down in a circle of radius r given by

mo 2mE _2x9-11x18x1:6x107'%
pe—= = -
eB ¢B 1.6x10‘19x0-04x10-4

Ad—— =030 m —»D

Up or down deflection z=AN =r —r c0s 0 A
=r(1—cos0) '
x 0:30 : :
From fig. inf=—= feeermnnnnssenmmnnnaneees \
R B r 113 NE
0-33 :
As @ is very small, sin9=9=—ﬁ-3— i
2 92 l‘."'r
cosB=1—-9—- - 1—-cos@=— ' 2
2 2 ! B
.. Deflection -

A ST

Conversion of Galvanometer into Ammeter and Voltmeter
2. A galvanometer coil has a resistance of 12Q and the meter shows full scale deflection for a
current of 3 mA. How will you convert the meter into a voltmeter of range 0-18 V?

2
0 _,{Ex[_——o'”] m=4x10"> m=4mm

Sol. For conversion of galvanometer into voltmeter a resistance R is connected in series with the coil.

Series resistance, R= i G
g

1 -3
Given, V=18 V, G =12Q, 1, =3mA =3x10"A
R= 18 —~12 =6000 -12 =5988 Q2
3)(1(}_3

Q2. 4 galvanometer has a resistance of 15Q and the meter shows full scale deflection for @
current of 4 mA. How will you convert the meter into an ammeter of range 0to6A?

Sal FOr conversion of galvanometer into an ammeter a shunt (a small resistance in parallel with coil)
iS connected. The value of shunt resistance ‘S’ is given by

A\ AVICIRI NIV | Lly A\ CNRRL L VICIRI N LAY |

R T M — W P



S 1,

18= I = 8= G
S+G I-1,
Given, I, =4 mA —4x103 A I=6A,G=15Q
-4 4
S=—ﬂ-—x15=4xm XISQ=10><10—3 Q=10 mQ
6-—4><10_3 6

Magnetism . .
24. A short bar magnet placed with its axis at 30° with a uniform external magnetic field js . 27

experiences a torque of magnitude equal to 4-5x 10" 2> Nm. What is the magnitude o
magnetic moment of the magnet?
Sol. Given B=0-25T, t=4-5x10" % Nm, 0=30°
We have t=mB sin 6
4-5x107 2

T
- STMIERETe
R ETerence
22919 7 _ .36 Am2 (or J/T)
0-25x0-5
25. A short bar magnet of magnetic moment M =0-32 ]'l"_1 is placed in a uniform magnetic

field of 0-15 T. If the bar is free to rotate in the plane of the field, which orientation would
correspond to its (i) stable and (ii) unstable equilibrium? What is the potential energy of the
magnet in each case?

Sol. Given m=0-32JT" ', B=0.15T

Potential energy of magnet in magnetic field

U=-mB cos 0
(1) In stable equilibrium the potential energy of magnet is the minimum; so
cos0=1 or 0=0°

Thus in stable equilibrium position, the bar magnet is so aligned that its magnetic momentis
along the direction of magnetic field (6 = 0°).

Up=-mB=-032x015=-4.8x10"2 ]
(1) In unstable equilibrium, the potential energy of magnet is the maximum.

Thus in unstable equilibrium position, the bar magnetic is so aligned that its magnetic
moment is opposite to the direction of the magnetic field i.e., cos © = —1or 6 =180°.

In this orientation potential energy, Up. =+mB=+4-8x10"2 J.

26.  (a) Closely wound solenoid of 800 turns and area of cross-section 2-5x 10”4 m” carm®’

. iS
current of 3.0 A. Explain the sense in which solenoid acts like a bar magnet- Whs!
the associated magnetic moment. o
(b) If the solenoid is free to turn about the vertical direction in an external unif®
horizontal magnetic field at (.25 T, what is the magnitude of the torqué T’
solenoid when its axis makes an angle of 30° with the direction of the external fie o
Sol.  (a) If solenoid is suspended freely, it stays in N-S direction. The polarity of solenoid dein’ o~
on the sense of flow of current. If to an observer looking towards an end of solen?

| W
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current appears nticlockwise, the end of solenoid will be N-pole and other end will be

S-pole.
Magnetic moment m =NIA =800x3-0x2-5x10"* =0-60 Am?

(b) Torque an solenoid Tt =mB sin 0
—0.60x0-255in30°=0-60x0-25x 0-5=7-5x 10 * Nm

7. A bar magnet of magnetic moment 1.5JT°! lies aligned with the direction of a uniform
magnetic field of 0-22 T.
(@ What is the amount of work required by an external torque to turn the magnet so as W

align its magnetic moment.
(i) normal to the field direction, and (i) opposite to the field direction?

(b)) What is the torque on the magnet in cases (i) and (ii).
(a) Work done in aligning a magnet from orientation 0, to 0, is given by
W=U, -U; =—mBcos8, —(-=mB cos6y)
=mB (cos 8 —cos 0;) ...(0)
(1) Here 91 =0°; 92 =90°
W =mB (cos 0° — cos
(if) Here 8, =0°, 07 =180°
W =mB (cos 0° —cos 180°)=2m

Sol.

90°)=mB (1-0)=mB =1.5x0-22=0-33]

: B=2x1-5x0-22=0-66.l
(b) Torque T=mB sin 6
In (i) cos 8 =90° 1 =mB sin 90°=mB -1.5x0-22=0-33Nm
This torque tends to align the magnet along the direction of field.
In (ii) case 6 =180°.
t=mB sin 180° =0
d of 2000 turns and area of ¢
ed through its centre allo

e on the solenoid if a uniform magnetic field of
le of 30° with the axis of the solenoid?

| =4-0A

28. A closely wound solenoi ross-section 1-6 X 1074 m?>, carrying
acurrent of 4-0 A is suspend wing it to turn in a horizontal plane-
(@) What is the magnetic mo
(b) What are the force and torqu

7.5 x 10~ 2 Tis set up at an ang
Sol. Given N =2000, i =1s65%10~ 4 M’
noid,m=N1A=2000x4-0x1-6x10*4 ~1.28Am*

(@) Magnetic moment of sole
tic dipole) in uniform magnetic field 13

(b) Net force on current carrying solenoid (or magne

always zero.
Torque T= mB sin 6.

Here g=7.5x10"2 T,08=30°
c—1.28x7-5x 107 2 x sin 30°
128 x7-§x1072 x 0-5=4-8x 10~ 2 Nm
moment 0-48JT 1 Give the magn

the magnet at a distance of 10 cm
al lines (normal bisector) of the magnet.

29,
:rShort bar magnet has a magnetic immdmf -
mathe magnetic field produced by o s
‘o gnet on (i) the axis (ii) equatori
1ven m=0'48]T-I,r =10 cm =0-10m
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: : Ho 2m
(i) Magnetic field at axis, By =—— —-

41[ r
2x0-48 _0.96x10"* T
(0-10)°

=0-96 G along S-N direction

=(10"7) x

(if) Magnetic field at equatorial line
B, =0 _0.48x107* T

4r 3

=0-48 G along N-S direction

30./A magnetic dipole is under the influence of two magnetic fields. Thf zangle between the field
directions is 60° and one of the fields has a magnitude of 1-2 x 10~ “ T. If the dipole COmes
to stable equilibrium at an angle of 15° with this field, what is the magnitude of other field?
Sol. Key idea: For equilibrium, the net torque on magnetic field must be zero. Therefore, the torques

exerted by fields B, and B, on the dipole must be equal and opposite.

1 =1, B2
mB, sin 0; =mB; sin 0,
Bl sin Bl
= By =————
sin 8,
Given B;=1-2x10"2T,9, =15°, -
8, =(60°-15°) =45° @
[ T5 »B, = 1.2 1077
By =1.2x10"2 x S01° _, o 1072 0:2588 =4.4x10°3 T
sin 45° 0-7071

Earth’s Magnetism

31. A magnetic needle free to rotate in a vertical plane parallel to the magnetic meridian has its
north tip pointing down at 22° with the horizontal. The horizontal component of the earth’s
magnetic field at a place is known to be 0-35 G, Determine the magnitude of the earth’s
magnetic field at the place. (Given c0s22°=0.927, sin 22° = 0.375)

Sol. By definition, angle of dip 6 =22°

Gi\"en H=035 G
We have H=B, cos @ or B, = H __0:35
cos® cos22°
o 0-35
Be = —— :0.
T

Here angle of declination o =12°
Angle of dip 8 =60°

r——
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and Horizontal component, R |
H=0-16gauss =0-16 x 10" 4

o al earth’s magnetic field, th i
g, is the total _L.irt g » then the relation
It Pe BeandHlsH=B(,COSG l

bc:wecn
-4 -4 :
g 0-16x10 0-16 x10 W, s e |
- — = = , '_4 . b
B " cos© cos 60° 0.5 0-32x107° T

Thus, the magnitude of earth’s field is 0-32x 10~ % T=0.32

gauss and it lies in a vertical plane 12° west of geographical P
meridian making an angle of 60° (upwards) with the Sg Sm

hodzontal direction.

13. /A long straight horizontal cable carries a current of 2-5 A in the direction 10° south of west
to 10° north of east. The magnetic meridian of the place happens to be 10° west of the
geographical meridian. The earth’s magnetic field at the location is 0-33 G and the angle of
dip is zero. Locate the line of neutral points (Ignore the thickness of the cable).

Sol. Given B, =033G,1=25A

Angle of dip, 6 =0 Mag neti':m..‘ N
~H=B,c0s0°=0-33G=0-33x10"* T,V =B, sin 0°=0 Meridian . &
Magnetic field due to current carrying cable .
B = nol * Cable
" 2mr W—/'Q—'*,t?‘1 g ', o
The cable is perpendicular to the magnetic meridian. For neutral
point, the magnetic field produced by the cable must be equal ;
and opposite to earth’s magnetic field i.e.,
B.=H = “—O-l— = .
¢ 2nr Sl g

_pol _ 4nx1077 x 2.5
"T2mH  2nx0-33x107*
~1.5%x10"2 m=1-5cm
That s, the line of neutral points is parallel to the cable at a distance -5 cm above the plane of paper.

34. A short bar magnet of magnetic moment 5.25x 10" 2 JT ! is placed with its axis

Perpendicular to earth’s field direction. At what distance from the centre of the magnet, the
resultant field is inclined at 45° with the earth’s field on (a) its normal bisector and (b) its
axis. Magnitudes of the earth’s field at the place is given to be 0-42 G. Ignore the length of
the magnet in comparison to the distance involved.

Sol, Given m=5.25x 10" 2 ]T’l. B, .—_0.4ZG=0-42><10"4 T

(@) Let B, be the magnetic field of magnet at its bisector.

un 450=2L = B, =8B,

€

At normal bisector 0y
o ;
B, =10

- 4n r13
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PO M 0.42x10°4 T
4n p}

2
(5:25x10 °) _y.42x10 4T
3

r|‘

3 1077 x(5:25x10° %) 525 -6

= 10_7 P

> T g.a2x107 0-42
" 3 41072 m=5x10"> m=5
—(EZ—S-J :a(l(]'2 m=(125)"" =10 m=35x cm
' 0-42
(b) Let B, be the magnetic field of magnet at its axis, then
450_,32 — B __.B B1 ------
s, e < g 15/
e .
But at axis (gjggl I L R .[t v S S N Y
r2
Ko 2m _o.42x1074
4n r23
-2
=5 1077 x 2)(5-25: i =0-42x10"4
ra
-2
2510
= r23=l'0*7x2x5 X y
0-42x 10
1/3
or rp =(2XS25J )(10—2 m
0-42

=52 (D" 2107 w8 x1:26%10~2
=6-3x10"2 m=6-3 cm

35. On a smooth inclined plane at 30° with the
horizontal, a thin current carrying metallic rod
is placed parallel to the horizontal ground. The
plane is located in a uniform magnetic field of
0-15T in the vertical direction. For what value
of current can the rod remain stationary? The ©
mass per unit length of the rod is 0-30 kg/ m.

Sol. The forces acting on the rod are
(1) Weight Mg, vertically downward

(if) Magnetic force BIL in horizontal direction
(iif) Normal reaction N

We resolve weight Mg and magnetic force F,, = BIL along and normal to plane.
The component of weight along the plane = Mg sin 0

The component of weight normal to plane = Mg cos 0
The component of magnetic force along the plane = BIL cos 0
The component of magnetic force normal to plane = BIL sin 0~

00"0
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‘or rod o remain stationar : : i
For r¢ main st ary, Ih.v.. normal reaction balances the normal ¢ -nts and the
cnlllpﬂllt'lll ol W'-"L'-'"- Ml.' sin 0is bal lal components and the

anced by compone : Wi .
J. & N =Mg cos 0+ BIL sin 0 IHnun‘?’”‘u“ ol magnetic force.
and Mg sin 0 = BIL, cos () ...””
Equation (ii) given
current / = M (M S tan 0

BL cos 0 L B

. M ”
Given < =0-30kg/m,g=9-8m/s?,B=0.15T. 0 =30°

]

0.8
[ =0-30x 5 x tan 30° =2 x 9-8x-1—
0-15 Nzl
_2x9-843 _2x9.8x1.732
3

=11-3A

previous Years’ Numericals
1. Find the magnetic field at the centre of square of side ‘a’ carrying current I A.

Sol. The current due to one side (say AD ) of square at the centre O is

ol . : 5 ¥ i
B, = (sin a + sin f3)
4n R
2 1LR-->0
H(} I i o . o # 45
B, =—"Y _ (sin 45°+ sin 45°)
4n( =

2 A < 8

2ug I 1 I ) _wol 2 _ Mo
= -+ = =
4na \ 2 v2 na 2 ma?
field due to all sides is in same direction perpendicular to plane of the paper downward.

The magnetic ’
f the square 18

Therefore, total magnetic field at the centre 0
dpp ! 2W2pg !

nav?2 nd
: i rent of 10 A. Calculate the magnitude of
2. A semi-circular arc of radius 20 cm carries a cur iy g

magnetic field at the centre of the arc.
Sol. The magnetic field due to a semi-circular arc 0

no I 8lsin90°_po TAl
e 2

[ radius ‘v carrying current (1 ) at centre 1s given by

AB
4n r 2 4n

The net magnetic field due to whole length of arc [ will be

g=to L 5
4n ,
For semi-circular arc £ Al =nr /
o 1 B0
B=—=— (Rr) 4r

4n r
Given 1=10A, r =20cm=0-20m
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-4 4
B=4n><l() xl(}=4x3-14xl{) ﬂlﬂ'—‘—l-ﬁ'fxm_s'[‘
4x0-20 4 x 020

3. Two parallel coaxial circular coils of equal radius ‘R’ and equal num.ber of turns <> o
equal currents ‘I’ in the same direction and are separated by a d:stal.ice ‘2R, Fing E
magnitude and direction of the net magnetic field produced at the mid-point (f the fyy
joining their centres.

Sol. Magnetic field due to a circular coil of radius ‘R’ at a distance x from centre is
_ HUN’Rz
2(R? +x0)Y?

x=R —<+—x=R

Here x =R R B
i B uoNIR? _ uoNIR? _ koM i iR
U TR RV 2242R 4V2R B,
Total magnetic field at centre C due to both coils \/ &7\
BB, 4B, w2x Lot L 2R
42R  2V2R

Two small identical circular loops, marked (1) and (2), carrying equal currents, are placed
with the geometrical axes perpendicular to each other as shown in the figure. Find the
magnitude and direction of the net magnetic field produced at the point O.

[CBSE Delhi 2008, 2005, (F) 2013]
Sol. Magnetic field due to coil 1 at point O

noiR>
2(R* +x°)2
Magnetic field due to coil 2 at point O

ILIIJ*"‘F"2
PR* )’

— —
B = along OC|

-
B2 =

_,_’
along C,0

- -
Both By and B2 are mutually perpendicular, so the net magnetic
fieldat O is

2)
7 1
71
B=\B? + B? =2B, (as B, =B,)

-2 uoiRk?
2(R? +x2)3"2
As R <<x

02
g-YWoRY o Wayuink?)
2.x3  dnm I Giw
=_|:l£ 2\[5”(”‘4

4n x3

where A = nR? is area of loop.

B _ ;
tan 0 =—2%

BI K_; L’

i 2
= lan9=l ('-'BZ=B|) ;
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- . o -
- Bis directed at an angle 1 with the direction of magnetic field B1.

5, Two circular coils X and Y having radii R and R/ 2 respectively
are placed in horizontal plane with their centres coinciding with
each other. Coil X has current / flowing through it in the
clockwise sense. What must be the current in coil Y to make the
total magnetic field at the common centre of the two coils, zero?

With the same currents flowing in the two coils, if the coil Y is
now lifted vertically upwards through a distance R, what would
be the net magnetic field at the centre of coil ¥?

Sol. For current at common centre O to be the zero; the current in coil Y
must be anticlockwise.

e SIMILReference

2R 2(R/2

i.e., current in coil Y is -2— in anticlockwise direction.

B | =~

— I, =

Magnetic field at the centre of coil Y is
B Ko (I72) =u01

= upward)
1" 2®12) 2R g
Now centre of coil Y is at a distance x =R on the axis of coil X, so magnetic field due to X
IR? IR? IR?
at the centre of coil Y is B) = £g = I;O >33 =0 3
2R? +x2)¥2 2R? +RH)? 442R
Hol
= B, = (downward)
2" 4V2R

~.Net magnetic field, B=B, -B;
_kol _ Bof =“°IF : }

"2R a42R R [2 42
_pol (2421 =p01(l-828)___0.323p_01
R | 442 ) R \5657 R

This net field is in the direction of the field due to the coil Y, i.e., perpendicular to its plane and

directed vertically upwards.
b A rectangular loop of sides 25 cm and 10 cm carrying a current of 15 A is placed with its
longer side parallel to a long straight conductor 2-0 cm apart carrying a current of 25 A

S (fig). What is the net force on the loop? [CBSE (AI) 2005]
- Rectangular loop PQRS is placed near a long straight wire as shown.

I=PQ=RS =25cm=0-25m
b=QR=PS=10cm=0-10m
r=2cm=0-02m,
) =12cm=0-12m

NV IV U My NS AT IS WAL e
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Sol.

r2=b+l'1=120m Y

The currents in PQ and XY are antiparallel, so PQ 1s repelled away from wire XY. This repulsive
force is
s .
=p.01112 I=4:rc><10 x 25x15x 0-25 _9.375x10"* N
21 2nx 0-02
The currents in XY and RS are in the same direction, so wire RS is attracted towards from wire Xy
This attractive force is
| 3
_po L1yl _4nx10 " x 25x15%0-25 _1.563x10~4 N

Fy = =
2" 2mr, 2mx 012

The currents in PS and QR are equal and opposite. By symmetry they exert equal and opposite
forces (F3 and F,) and hence net force on these sides is zero.
Net force on rectangular loop
F=F —F,=9375x10"% -1.563x10"* =7-812x10™* N (repulsive)
The net force is directed away from long wire XY

A rectangular loop of wire of size 4 cm x 10 cm carries a steady
current of 2A. A straight long wire carrying SA current is kept near
the loop as shown. If the loop and the wire are coplanar, find PI=5A 4em

(i) the torque acting on the loop and }

(i) the magnitude and direction of the force on the loop due to the
current carrying wire. [CBSE Delhi 2012]

(/) Torque 't = MBsin©® where 6=0°

Therefore, t=0 [ As M and B are parallel]
(i) Force acting on the loop 2A4

_khl f1 1
|F1 21 {rl rz)

=2x10“7x2x5x10“"( L ] ]
1072 5x1072

K

10cm (2A

.__>|1cm ¥ —
20x1078
=—2—(1—1)N —20x10 5 x 2 N=1.6x 105 N.
10~ 5 5

Direction: Towards the conductor or attractive
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4 —
g, Two long and parallel straight wires carrying currents of 2 A and 5 A in the opposite
directions are separated by a distance of 1 cm. Find the nature and magnitude of the
magnetic force between. them. [CBSE (F) 2011]

sol. 1 =2A.1; =5A.a=lem=1x10""m

Force between two parallel wires per unit length is given by

_Mo N
2 a
4 2x5
=2x107 x—22_ 20 x 105 N (Repulsive)
1x1072

9, A solenoid of length 1-0 m, radius 1 cm and total turns 1000 wound on it, carries a current
of 5 A. Calculate the magnitude of the axial magnetic field inside the solenoid. If an electron
were to move with a speed of 10* ms™! along the axis of this current carrying solenoid, what
would be the force experienced by this electron? [CBSE Delhi 2008C]

Sol. Magnetic field inside a solenoid,
B=pgnl
n =£ =M =1000 turns/m
l 1-0m
I=5A
B=(4nx10"7)x1000x 5=20x3-14x10~* J= 6-28x 10~ T, along the axis
Force experienced by electron
F,, =quB sin 0
Here g=—e,v =10* m/s,

- o
0 =angle between v and B =0
F,, =— evB sin 0° =0 (zero)
10. A magnetised néedle of magnetic moment 4.8 x 102 J T is placed at 30° with the direction
of uniform magnetic field of magnitude 3 x 1072 T. Calculate the torque acting on the needle.
[CBSE (F) 2012]
Sol. We have, t=MBsin0

where * 1 —» torque acting on magnetic needle
M — Magnetic moment
B — Magpnetic field strength

Then =48 x 102 x 3 x 1072 5in30°

=4_8x10‘2x3x10'2x12

t=72x 10* Nm

I1. A beam of protons passes undeflected with a horizontal velocity v, through a region of
electric and magnetic fields, mutually perpendicular to each other and normal to the
direction of the beam. If the magnitudes of the electric and magnetic fields are 50 kV/m e
100 mT respectively; calculate the

(i) velocity v of the beam. t is equal to
.. ' ) g current is equ
? ;og::h whial it ptsiles a Gt on thve seceen, e progn SeamM S o a2y 2008)
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Sol. (i) For a beam of charged particles to pass undeflected crossed electric and magnetic field the

condition is that electric and magnetic forces on the beam must be equal and opposite ; ,

E B = v =
= ¢v = —
¢ ¢ B

fE
; 9 g
Given, E =50kV/m =50 x 103 V/m P/”I\ T

B=100mT=100x10">T <
3 _ B F Target

V= 50510 —-5x 10° ms 1 B .

100x103 |~

(i) The beam strikes the target with a constant velocity, so force exerted on the target is zery,
However, if proton beam comes to rest, it exerts a force on the target, equal to rate of change
of linear momentum of the beam i.e.,

At At qli g

t ne
where n 12$Im otonRikin gfe target per second.
12 To incree oo S LIV bkt SR VP ENEDby 50%, s restuc

increased so that the new resistance becomes twice its initial resistance. By what factor does
its voltage sensitivity change?

Sol. Current sensitivity, S¢ =f[)-=.N2_B
— 6 6 S¢
Voltage sensitivity, Sy =— =—=—
= VOVEVTIR TR

When current sensitivity is increased by 50%, the resistance is made twice.

New current sensitivity S¢-' =S¢ + %%SC =1-58¢

New resistance R’ = 2R

Sc' _1-58¢
Rl’

Clearly, Sy ' <Sy,i.e., voltage sensitivity decreases

New Voltage sensitivity, Sy’ =

‘—'0'75 SV

% decrease in voltage sensitivity = Sy — Sv’ x 100% = Sy —0-758y

Sy Sy .

13. A magnetic needle free to rotate in a vertical plane parallel to the magnetic meridian bas it
north tip down at 60° with the horizontal. The horizontal component of the earth’s

field at the place is known at to be 0.4 G. Determine the magnitude of the earth’s
field at the place. [CBSE Delhi 2011

Sol. Angle of dip, 6 = 60°
H=04G=04x10*T
If B, is earth’s magnetic field, then

x 100% = 25%

H = B, cosb.
H 04x107*T 04x1074T
= B.= = =— = ~4 T _
€ COSG 008600 05 0-8 X 10 T-—o,s G

2
14. The horizontal component of earth’s magnetic field at a given place is 0-4 x 107 4 wp/ P

and angle of dip is 30°. Calculate the value of (i) Vertical component (if) Total imcu.siﬁ

earth's magnetic field. ~ [CBSE Delhi

ey
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sl OV H=0-4x10"" Wb/m*, § =3¢
Vv s
-y =E = vertical component V = { (ap, 0

=0-4x10™% x tan 30°

_0-4x10°¢ ) 3
= =0-23 x 10
\5 X Wh/m

(if) Total intensity of earth's magnetic field

_4\2
B, =\}H2 +vi= (0-4x10™4)2 +[0-4x10 4

=0-46 x 10~ 4 Wb/ m?
JE ] / m

15. A bar magnet of magnetic moment 1.5 JT ™! Jies aligned with the direction of a uniform

magnetic field f!f 0-22 T. Cfalculate the amount of work done to turn the magnet so as to
align its magnetic moment (i) normal to field direction and (ii) opposite to field direction.

[CBSE (Al) 2003/
Sol. (i) Given M =1-5J/T,B=0-22T

Work W =MB (cos 8; —cos 0,)

Here 0, =0°,0, =90°

W =MB (cos 0 —cos 90°) = MB

(i) Here 8, =0°,0=n
W =MB (cos 0 —cos m) =2MB
=2x1-5%x0:-22=0-66]

16. A galvanometer has a resistance 30 Q and gives a full scale deflection for a current of 2 mA.
How much resistance and in what way must be connected to convert it into:

() an ammeter of range 0-3 A (éf) a voltmeter of range 0-2V  [CBSE (Al) 2007]
Sol. Here, G :30(2,13 =2 mA =2x 103 A
@) I=03A

GI, _ 30x 2x10”3

.. Shunt required, S = = =0-2Q
I_Ig 03—2><10
(if) HereV =0-2V
4 0-2 _
Series resistance, R=| — -G |= —-—-_—3—30J—709
[g 2x10

17. A galvanometer coil of 50  resistance shows full scale deflection for a corrent of S mA. How
will you convert this galvanometer into a voltmeter of range 0 to 15 V?  [CBSE (F) 2011]
Sol. G=500

I, =5mA=5x10"> A

TL;;T:;OM can be converted into a voltmeter when a high resistance R is connected in series with it
Value of R is given by:
R=" -G =.__15—_—3- ~50 =3000-50=29509.
I 5x10
R =2.95 kQ.
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