248

1.

Concepts of Physics

QUESTIONS FOR SHORT ANSWER

An electric current flows in a wire from north to south.
What will be the direction of the magnetic field due to
this wire at a point east of the wire ? West of the wire ?
Vertically above the wire ? Vertically below the wire ?

point on this axis to the west of it. The magnetic field
due to the loop

7.

A straight wire carrying an electric current is place
along the axis of a uniformly charged ring. Will ther
be a magnetic force on the wire if the ring starts rotatin
about the wire ? If yes, in which direction ?

The magnetic field due to a long straight wire has been 8. Two wires carrying equai currents i each, are place
derived in terms of p,, i and d. Express this in terms of perpendicular to each other, just avoiding a contaet
€, C, I and d. If one wire is held fixed and the other is free to mow
. You are facing a circular wire cerrying an electric under magnetic forces, what kind of motion will result'
current. The current is clockwise as seen by you. Is the 9. Two proton beams going in the same direction repel eacl
field at the centre coming towards you or going away other whereas two wires carrying currents in the same
from you? direction attract each other. Explain.
- 10. In order to have a current in a long wire, it should be
. In Ampere’s law§ B-dl= p, i, the current outside the connected to a battery or some such device. Can we
curve is not included on the right hand side. Does it obtain the magnetic field due to a straight, long wire by
mean that the magnetic field B calculated by using using Ampere’s law without mentioning this other part
Ampere's law, gives the contribution of only the currents of the circuit ?
crossing the area bounded by the curve ? 11. Quite often, connecting wires carrying currents in
. The magnetic field inside a tightly wound, long solencid opposite directions are twisted together in using
is B =y, ni. It suggests that the field does not depend electrical appliances. Explain how it avoids unwanted
on the tetal length of the solenoid, and hence if we add magnetic fields. 3
more loops at the ends of a solenoid the field should not 12. Two current-carrying wires may attract each other. In
increase. Explain qualitatively why the extra-added absence of other forces, the wires will move towards each
loops do not have a considerable effect on the field inside other increasing the kinetic energy. Does it contradict
the solenoid. the fact that the magnetic force cannot do any work and
A long, straight wire carries a current. Is Ampere's law hence cannot increase the kinetic energy ?
valid for a loop that does not enclose the wire ? That
encloses the wire but is not circular ?
OBJECTIVE 1
. A vertical wire carries a current in upward direction. An (aj is towards east at A and towards west at B
electron beam sent horizontally towards the wire will be (b) is towards west at A and towards east at B
deflected (c) is towards east at both A and B y
(a) towards right (b) towards left (d) is towards west at both A and B.
(¢) upwards (d) downwards. 5. Consider the situation shown in figure (35-Ql). The
. A current-carrying, straight wire is kept along the axis straight wire is fixed but the loop can move under
of a circular loop carrying a current. The straight wire magnetic force. The loop will
(a) will exert an inward force on the circular loop (a) remain stationary
(b) will exert an outward force on the circular loop (b) move towards the wire ;
(c) will not exert any force on the circular loop (c) move away from the wire
(d) will exert a force on the circular loop parallel to (d) rotate about the wire.
itself.
A proton beam is going from north to south and an
electron beam is going from south to north. Neglecting EI
the earth’s magnetic field, the electron beam will be .
deflected ' fa
(a) towards the proton beam ;
(b) away from the proton beam Figarl s QL
(c) upwards (d) downwards. 6. A charged particle is moved along a magnetic field line.
A circular loop is kept in that vertical plane which The magnetic force on the particle is
contains the north-south direction. It carries a current (a) along its velocity (b) opposite to its velocity
that is towards north at the topmost point. Let A be a (c) perpendicular to its velocity (d) zero.
point on the axis of the circle to the east of it and B a 7. A moving charge produces

(a) electric field only
(¢) both of them

(b) magnetic field only
(d) none of them.




8.

10.

Magnetic Field due to a Current

A particle is projected in a plane perpendicular to a
uniform magnetic field. The area bounded by the path
described by the particle is proportional to

(a) the velocity (b) the momentum
(c) the kinetic energy (d) none of these.
Two particles X and Y having equal charge, after being
accelerated through the same potential difference enter
a region of uniform magnetic field and describe circular
paths of radii R, and R, respectively. The ratio of the
mass of X to that of Y is

(8) (R/R)'" ® R/R, (@© (R/R)® (d)RR,.
Two parallel wires carry currents of 20 A and 40 A in
opposite directions. Another wire carrying a current
antiparallel to 20 A is placed midway between the two
wires. The magnetic force on it will be

(a) towards 20 A (b) towards 40 A

(d) perpendicular to the plane of the currents.

(c) zero

11.

12
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Two parallel, long wires carry currents i, and i, with
i, > i,. When the currents are in the same direction, the
magnetic field at a point midway between the wires is
10 uT. If the direction of i, is reversed, the field becomes
30 uT. The ratio i,/i, is

(a) 4 ®) 3 () 2 () 1.
Consider a long, straight wire of cross-sectional area A
carrying a current i. Let there be n free electrons per
unit volume. An observer places himself on a trolley
moving in the direction opposite to the ctirrent with a

speed v = n—;; and separated from the wire by a distance
r. The magnetic field seen by the observer is very nearly

Hol Bl 21t
(a) ot (b) zero (c) = d) =

OBJECTIVE II

The magnetic field at the origin due to a current element

idl_.placed at a position ris

e (e

(o) e ;—’;éij @ - ﬂ:’;—f :
Consider three quantities x=E/B,y=?{1/ue, and
z= E;E - Here, ! is the length of a wire, C is a capacitance
and R is a resistance. All other symbols have standard
meanings.

(a) x, y have the same dimensions.
(b) y, z have the same dimensions.
(¢) 2, x have the same dimensions.
(d) None of the three pairs have the same dimensions.

. A long, straight wire carries a current along the Z-axis.

One can find two points in the X-Y plane such that
(a) the magnetic fields are equal

(b) the directions of the magnetic fields are the same
(¢) the magnitudes of the magnetic fields are equal

(d) the field at one point is opposite to that at the other
point.

A long, straight wire of radius R carries a current

(b) minimum at the axis of the wire
(¢) maximum at the surface of the wire
(d) minimum at the surface of the wire.

. A hollow tube is carrying an electric current along its

length distributed unifurmly over its surface. The
magnetic field

(a) increases linearly from the axis to the surface

(b) is constant inside the tube

(c) is zero at the axis

(d) is zero just outside the tube.

In a coaxial, straight cable, the central conductor and
the outer conductor carry equal currents in opposite
directions. The magnetic field is zero

(a) outside the cable

(b) inside the inner conductor

(¢) inside the outer conductor

(d) in between the two conductors.

A steady electric current is flowing through a cylindrical
conductor.

(a) The electric field at the axis of the conductor is zero.
(b) The magnetic field at the axis of the conductor is
zero.

(c) The electric field in the vicinity of the conductor is
zero.

distributed uniformly over its cross-section. The (d) The magnetic field in the vicinity of the conductor
magnitude of the magnetic field is is zero.
(a) maximum at the axis of the wire
EXERCISES
Ysing the formulag E, = q;x B and B - %, how that 2. A current of 10 A is established in a long wire along the

the SI units of the magnetic field B and the permeability
constant u. may be written as N/A-m and N/A ¥
respectively.

positive Z-axis. Find the magnetic field B at the point
(Im,0,0).
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=
( 3. )A copper wire of diameter 1'6 mm carries a current of
— 20 A. Flnd the maximum magmtude of the magnetic

field B due to this current. s »L._L

4. A transmission wire carries a current of 100 A. What
would be the magnetic field B at a point on the road if
the wire is 8 m above the road?

A long, straight wire carrying a current of 10 A is placed
horizontally in a uniform magnetic field B=1'0x 10" T
pointing vertically upward (figure 35-El). Find the
magnitude of the resultant magnetic field at the points
P and @, both situated at a distance of 2°0 cm from the
wire in the same horizontal plane.

ot

P.
..]
Q- 1O
Figure 35-E1

/A long, straight wire of radius r carries a current i and
is placed horizontally in a uniform magnetic field B
pointing vertically upward. The current is uniformly
distributed over its cross-section. (a) At what points will
the resultant magnetic field have maximum magnitude ?
What will be the maximum magnitude ? (b) What will
be the minimum magnitude of the resultant magnetic
field ?

7. A long, straight wire carrying a current of 30 A is placed
in an external, uniform magnetic field of 40x 10™*T
parallel to the current. Find the magnitude of the
resultant magnetic field at a point 2'0 cm away from the
wire.

B. A long, vertical wire carrying a current of 10 A in the
upward direction is placed in a region where a horizontal
magnetic field of magnitude 2°0x 10 °T exists from
south to north. Find the point where the resultant
magnetic field is zero.

. Figure (35-E2) shows two parallel wires separated by a
distance of 4'0 cm and carrying equal currents of 10 A
along opposite directions. Find the magnitude of the
magnetic field B at the points A, A, A, and A,.

=]

Ay = Az Ay
; gy
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—2cm ——2 cm—f

Figure 35-E2

10. Two parallel wires carry equal currents of 10 A along
the same direction and are separated by a distance of
2'0 cm. Find the magnetic field at a point which is
2:0 em away from each of these wires.

11. Two long. straight wires, each carrving ¢ current of 5 A,
are placed along the X- and Y-axes respectively. The
currents point along the positive directions of the axes.
Find the magnetic fields at the points (a) (1 m, 1 m),
®(-1Im1Im) @ (-1m-1m)and (d)(1m,-1m).

12. Four long, straight wires, each carrying a current of
50 A, are placed in a plane as shown in figure (35-E3).

The points of intersection form a square of side 50 cm,
(a) Find the magnetic field at the centre P of the square,
(b) Q,, Q,, @, and @, are points situated on the diagonalg
of the square and at a distance from P that is equal to
the length of the diagonal of the square. Find the
magnetic fields at these points.

Figure 35-E3
13. Figure (35-E4) shows a long wire bent at the middle to
form a right angle. Show that the magnitudes of the
magnetic fields at the points P, @, R and S are equal
and find this magnitude.

Figure 35-E4
14. Consider a straight piece of length x of a wire carrying

a current i. Let P be a point on the perpendicular

bisector of the piece, situated at a distance d from its

middle point. Show that for d >> x, the magnetic field

at P varies as 1/d % whereas for d << x, it varies as 1/d.
15. Consider a 10 c¢cm long piece of a wire which carries a.

current of 10 A. Find the magnitude of the magnetic

field due to the piece at a point which makes an
—_ equilateral triangle with the ends of the piece.

{ 163 A long, straight wire carries a current i. Let B, be the]

magnetic field at a point P at a distance d from the wire.
Consider a section of length ! of this wire such that the
point P lies on a perpendicular bisector of the section:l
Let B, be the magnetic field at this point due to this
section only. Find the value of d/! so that B, differs from_
B, by 1%. 25

17. Figure (35-E5) shows a square loop ABCD with edge-!"
length a. The resistance of the wire ABC is r and that
of ADC is 2r. Find the magnetic field B at the centre of
the loop assuming uniform wires.

DV

Figure 35-E5
18. Figure (35-E6) shows a square loop of edge a made of a

uniform wire. A current i enters the loop at the point A
and leaves it at the point C. Find the magnetic field at

'}
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the point P which is on the perpendicular bisector of AB

at a distance a/4 from it.
0] C 1

«P

N Ia,-"'l

i A B

Figure 35-E6
19. Consider the situation described in the previous
problem. Suppose the current i enters the loop at the
point A and leaves it at the point B. Find the magnetic

5 field at the centre of the loop.

20, The wire ABC shown in figure (35-E7) forms an
equilateral triangle. Find the magnetic field B at the
centre O of the triangle assuming the wire to be uniform.

A

B [

Figure 35-E7

21. A wire of length [ is bent in the form of an equilateral
triangle and carries an electric currrent i. (a) Find the
magnetic field B at the centre. (b) If the wire is bent in
the form of a square, what would be the value of B at
the centre ?

22. A long wire carrying a current { is bent to form a plane
angle a. Find the magnetic field B at a point on the
bisector of this angle situated at a distance x from the
vertex.

23. Find the magnetic field B at the centre of a rectangular
loop of length [ and width b, carrying a current i.

24. A regular polygon of n sides is formed by bending a wire
of total length 2znr which carries a current i. (a) Find
the magnetic field B at the centre of the polygon. (b) By
letting n — . deduce the expression for the magnetic
field at the centre of a circular current.

25. Each of the batteries shown in figure (35-E8) has an emf
equal to 5 V. Show that the magnetic field B at the point
P is zero for any set of values of the resistances.

I, ¢ S T
I I

|
I
Figure 35-E8

26. A straight, long wire carries a current of 20 A. Another
wire carrying equal current is placed parallel to it. If
the force acting on a length of 10 em of the second wire

is 220 x 10 ~° N, what is the separation between them ?

27: Three coplanar parallel wires, each carrying a current

. of 10 A along the same direction, are placed with a
separation 5°0 cm between the consecutive ones. Find

29,

30.

31,

32.

33.

34.

35.

the magnitude of the magnetic force per unit length
acting on the wires.

Two parallel wires separated by a distance of 10 em
carry currents of 10 A and 40 A along the same direction.
Where should a third current be placed so that it
experiences no magnetic force ?

Figure (35-E9) shows a part of an electric circuit. The
wires AB, CD and EF are long and have identical
resistances. The separation between the neighbouring
wires is 1'0 ecm. The wires AE and BF have negligible
resistance and the ammeter reads 30 A. Calculate the
magnetic ferce per unit length of AB and CD.

Figure 35-E9

A long, straight wire is fixed horizontally and carries a
current of 500 A. A second wire having linear mass
density 1'0 x 10 ~* kg/m is placed parallel to and directly
above this wire at a separation of 5°0 mm. What current
should this second wire carry such that the magnetic
repulsion can balance its weight ?

A square loop PQRS carrying a current of 6°0 A is placed
near a long wire carrying 10 A as shown in figure
(35-E10). (a) Show that the magnetic force acting on the
part PQ is equal and opposite to that on the part RS.
(b) Find the magnetic force on the square loop.

E—2cm -— 2

P Q !
{ lem . B o
Figure 35-E10

A circular loop of one turn carries a-current of 500 A.
If the magnetic field B at the centre is 0:200 mT, find
the radius of the loop.

A current-carrying circular coil of 100 turns and radius
5:0 cm produces a magnetic field of 6:0x 107" T at its
centre. Find the value of the current.

An electron makes 3 x 10 ° revolutions per second in a
circle of radius 0’5 angstrom. Find the magnetic field B
at the centre of the circle.

A conducting circular loop of radius a is connected to
two long, straight wires. The straight wires carry a
current [ as shown in figure (35-E11). Find the magnetic
field B at the centre of the loop.

-4

Figure 35-E11
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36.

37.

39.

7S

40.

41.

42,

43.

44.

45.

46.
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Two circular coils of radii 50 cm and 10 cm carry equal
currents of 20 A. The coils have 50 and 100 turns
respectively and are placed in such a way that their
planes as well as the centres coincide. Find the
magnitude of the magnetic field B at the common centre
of the coils if the currents in the coils are (a) in the same
sense (b) in the opposite sense.

If the outer coil of the previous problem is rotated
through 90° about a diameter, what would be the
magnitude of the magnetic field B at the centre ?

. A circular loop of radius 20 cm carries a current of 10 A.

An electron crosses the plane of the loop with a speed
of 2:0 x 10 ® m/s. The direction of motion makes an angle
of 30° with the axis of the circle and passes through its
centre. Find the magnitude of the magnetic force on the
electron at the instant it crosses the plane.

A circular loop of radius R carries a current I. Another
circular loop of radius r (<< R) carries a current i and is
placed at the centre of the larger loop. The planes of the
two circles are at right angle to each othec. Find the
torque acting on the smaller loop.

A circular loop of radius r carrying a current i is held
at the centre of another circular loop of radius R(>> r)
carrying a current I. The plane of the smaller loop makes
an angle of 30° with that of the larger loop. If the smaller
loop is held fixed in this position by applying a single
force at a point on its periphery, what would be the
minimum magnitude of this force ?

Find the magnetic field B due to a semicircular wire of
radius 10'0 cm carrying a current of 50 A at its centre
of curvature.

A piece of wire carrying a current of 6:00 A is bent in
the form of a circular arc of radius 100 cm, and it
subtends an angle of 120° at the centre. Find the
magnetic field B due to this piece of wire at the centre.
A circular loop of radius r carries a current i. How should
a long, straight wire carrying a current 4i be placed in
the plane of the circle so that the magnetic field at the
centre becomes zero ?

A circular coil of 200 turns has a radius of 10 cm and
carries a current of 2:0 A. (a) Find the magnitude of the

magnetic field B at the centre of the coil. (b) At what
distance from the centre along the axis of the coil will
the field B drop to half its value at the centre?
(/4 - 15874 ...)

A circular loop of radius 40 cm is placed in a horizontal
plane and carries an electric current of 50 A in the
clockwise direction as seen from above. Find the
magnetic field (a) at a point 3'0 cm above the centre of
the loop (b) at a point 30 cm below the centre of the
loop.

A charge of 3'14 x 10 “°C is distributed uniformly over
a circular ring of radius 20°0 ¢m. The ring rotates about
its axis with an angular velocity of 60'0 rad/s. Find the
ratio of the electric field to the magnetic field at a point
on the axis at a distance of 500 cm from the centre.

. A thin but long, hollow, cylindrical tube of radius r

carries a current { along its length. Find the magnitude

49.

50.

52.

53.

54.

55.

of the magnetic field at a distance /2 from the surface
(a) inside the tube (b) outside the tube.

A long, cylindrical tube of inner and outer radii @ and
b carries a current i distributed uniformly over itg
cross-section. Find the magnitude of the magnetic field
at a point (a) just inside the tube (b) just outside the
tube.

A long, cylindrical wire of radius b carries a current i
distributed uniformly over its cross-section. Find the
magnitude of the magnetic field at a point inside the
wire at a distance a from the axis.

A solid wire of radius 10 cm carries a current of 50 A
distributed uniformly over its cross-section. Find the
magnetic field B at a point at a distance (a) 2 em
(b) 10 cm and (¢) 20 cm away from the axis. Sketch a
graph of B versus x for 0 < x <20 cm.

. Sometimes we show an idealised magnetic field which

is uniform in a given region and falls to zero abruptly.
One such field is represented in figure (35-E12). Using
Ampere's law over the path PQRS, show that such a
field is not possible.

Figure 35-E12

Two large metal sheets carry surface currents as shown
in figure (35-E13). The current through a strip of width"
dl is Kd!l where K is a constant. Find the magnetic field
at the points P, @ and R.

oP
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R
Figure 35-E13

Consider the situation of the previous problem. A
particle having charge ¢ and mass m is projected from
the point @ in a direction going into the plane of the
diagram. It is found to describe a circle of radius-r
between the two plates. Find the speed of the charged
particle.

The magnetic field B inside a long solenoid, carrying a
current of 500 A, is 3'14 x 10 *T. Find the number of
turns per unit length of the solenoid.

A long solenoid is fabricated by closely winding a wire
of radius 0'5 mm over a cylindrical nonmagnetic frame
so that the successive turns nearly touch each other.
What would be the magnetic field B at the centre of the
solenoid if it carries a current of 5 A ?

. A copper wire having resistance 0°0] ohm in each metre

is used to wind a 400-turn solenoid of radius 1'0 ¢cm and
length 20 em. Find the emf of a battery which when
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58.
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connected across the solenoid will cause a magnetic field
of 1'0 x 10 "> T near the centre of the solenoid.

A tightly-wound solenoid of radius a and length [ has n
turns per unit length. It carries an electric current_i.
Consider a length dx of the solenoid at a distance x from
one end. This contains ndx turns and may be
approximated as a circular current i n dx. (a) Write the
magnetic field at the centre of the solenoid due to this
circular current. Integrate this expression under proper
limits to find the magnetic field at the centre of the
solenoid. (b) Verify that if [>>a, the field tends to
B=u,ni and if a>>1, the field tends to B =&2£1—1-
Interpret these results.

A tightly-wound, long solenoid carries a current of 2:00 A.
An electron is found to execute a uniform circular motion
inside the solenoid with a frequency of 1:00 x 10 ° rev/s.
Find the number of turns per metre in the solenoid.

A tightly-wound, long solenoid has n turns per unit
length, a radius r and carries a current i. A particle
having charge ¢ and mass m is projected from a point

60.

61.
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on the axis in a directicn perpendicular to the axis. What
can be the maximum speed for which the particle does
not strike the solenoid ?

A tightly-wound, long solenoid is kept with its axis
parallel to a large metal sheet carrying a surface
current. The surface current through a width dl of the
sheet is Kdl and the number of turns per unit length of
the solenoid is n. The magnetic field near the centre of
the solenoid is found to be zero. (a) Find the current in
the solenoid. (b) If the solenoid is rotated to make its
axis perpendicular to the metal sheet, what would be
the magnitude of the magnetic field near its centre ?
A capacitor of capacitance 100 pF is connected to a
battery of 20 volts for a long time and then disconnected
from it. It is now connected across a long solenoid having
4000 turns per metre. It is found that the potential
difference across the capacitor drops to 90% of its
maximum value in 2'0 seconds. Estimate the average
magnetic field produced at the centre of the solenoid
during this period.

ANSWERS
QLI CHEAY ) 10. 1'7x 10 ‘T in a direction parallel to the plane of the -
. (0 2. (c) 3. (a) 4. (d) 5. (b) 6. (d) wires and perpendicular to the wires
. (©) 8. () 9. (¢) 10. (b) 11. (9 12. (a) 11. (a) zero (b) 2 uT along the Z-axis
(c) zero and (d) 2 pT along the negative Z-axis
OBJECTIVE 11 12. (a) zero (b) Q,: 1'1 x 10T, ® , Q,: zero,
i -4
(@), @ 2. (a), (b), (© 3. (b), @ (@ Q:11x107"T, », and Q, : zero
- (b), (0 5. (b), () 6. (a) 13 Hgl
. (b), () " dnd
15. 115 uT
EXERCISES 16. 3’;)7 \
Hol
. 2 uT along the positive Y-axis 17. 3,“; <
50 mT - 2pif1 1
- 25T " ra [«’5 3&?]’
. 20 uT, zero 19. zero
. (a) looking along the current, at the leftmost points on 20. zero
the wire’s surface, B + o 21. (a) 2Ty, (b) §‘/_2”_°_l
i 2nl nl
o v sl Hol .. . Ho i_ Ho b a
(b) zero if r< e » B ony B 2o p 29. 2;’“ COtZ
. 5%x107'T Quid 12+ b
. 1'0 mm west to the wire 23. =lb
s -4 - -4
(@ 067x10"T ) 27=x10"" T u(,.inQSinEtanE
©20x10°“T (d)10x10"T 24. (a) L n

2
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26. 40 cm
27. zero on the middle wire and 60 x 10 "' N towards the
middle wire on each of the rest two :
28. 2 em from the 10 A current and 8 cm from the other
29. 3 x 10 "° N/m, downward
30. 049 A in opposite directiom
31. (b) 1'6 x 10 ' N towards right
32. 1'57 cm
33. 48 mA
34.6x10°"T
35. zero
36. (a) 8n x 10 " T (b) zero
37. 1'8 mT
38.16nx 10 "N
o milr?
2R
po milr
4R
41.1'6x10°T
42.126x10°°T
43. at a distance of 47/x from the centre in such a way that

the direction of the current in it is opposite to that in the
nearest part of the circular wire

44. (a) 251 mT  (b) 7°66 cm

zero

39.

40.

45.
46.

47.

48.

49.

50.
52.

53.

54.

55.
56.

57.

58.
59.
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61.
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40 x 10 "° T, downwards in both the cases
188 x 10 " m/s #

(8) zero (b) 2=
3xr

Ho t
(a) zero (b) orh
Hoia
onb "
(a) 2°0 uT (b) 10 uT (c) 50 pT
0, p, K towards right in the figure, 0
uo Kqr
m
5000 turns/m
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1V
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l
1420 turns/m

Ho grnii
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CHAPTER - 35
MAGNETIC FIELD DUE TO CURRENT

F:qﬁxéor,Bziziz N = N
qu ITv Asec./sec. A-m

5= Bol or gz 278 __mxN__ N

2nr I A-mxA A?
i=10A, d=1m .

) ~ Z axis

p= fol 10 X410 _ g, 100 T =27 , |

2mr 2mx1 } X axis
Along +ve Y direction. Tm
d=1.6mm
So, r=0.8 mm = 0.0008 m
i=20A

-7 I
_ Mol _ 47x107" x 20 —5x10°T=5mT r

2nr 2xmx8x1074
i=100A, d=8m 100 A
B= H'_OI

2nr 6

-7 m

- Anx10" x100 =25uT

2xmx8
Lo = 4m x 107 T-m/A
r=2cm=0.02m, I1=1A, B=1x10"°T

Pe
We know: Magnetic field due to a long straight wire carrying current = ;—OI 2Tcm
nr
_ 7 ' i
Batp= 210 X1 _ 4 10 T upward 1 5
21 x0.02 2em

netB=2x1x10" T=20uT Qe |

BatQ=1x 10~ T downwards
Hence net B = 0

(a) The maximum magnetic field is B +;—°I which are along the left keeping the sense along the
nr

direction of traveling current.

(b)The minimum B — 2ol

r I Hol 4
I 2nr !
lfr= X Bnet=0
2nB L
r< H—OI Bnet=0
2nB
r> “—OI B net = B—“—OI
nB 2nr
Mo = 4 % 1077 T-m/A, 1=30A, B =4.0 x 10~ T Parallel to current. B 40 % 1047
B due to wore at a pt. 2 cm S
-7 — — — — —
= Mol _4nx107" x30 =3x107T -
2nr 21 x0.02
netfield = (3107 f + (4x104F =5x 107 T 30A
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Magnetic Field due to Current

10.

1.

i=10A. (K)
B =2x 107 T South to North (J)

To cancel the magnetic field the point should be choosen so that the net magnetic field is along -J
direction.

.. The point is along -1 direction or along west of the wire.

= Mol
2nr
o x 18 = Amx107x10
2nxr
-7
=>r= ;X:8_3 =10°m=1mm.
X

Let the tow wires be positioned at O & P
R=0A, = \/(0.02)2 +(0.02)2 = Y8x10% =2.828 x 102 m

~ -7

(@) B duetoQ, atA; = dnx107 x10 1 x 107 T (Lr towards up the line) e
21 x0.02
- -7
B duetoP,at A, = 210" x10 554 40 T (Lr towards down the line) T
21t x0.06 o 2cm

net B =1x10"-0.33x10"*=067x10"T - ‘o

- 2x107 x10 & fa Ao
(b) B dueto O atA, = Qo001 =2x10*T Lr down the line

- -7

B duetoP atA, = % =067x10"T Lr down the line

net B atA, =2x107+0.67x10*=267x10" T
(c) B at Asdueto O =1 x 107 T Lr towards down the line

B at AzduetoP =1 x 10T Lr towards down the line

Net B atA;=2x107*T

~ -7
(d) B atA,dueto O = M =07x107*T towards SE

2.828 x10~

B at A;dueto P =0.7 x 10T towards SW

Net B = y(0.7x10 F +(0.7x10f =0989 x10=1x 104 T
Cos 6 =1, 0 =60° & ZAOB =60°

,7 O

B:u_()I=71O ><2><10=']0_4-|_ 2¢ cm

So net is [(107)? + (107™)? + 2(107®) Cos 60°]"?
=101 +1+2x%]"%=10" x 3 T=1732x 10" T AR B
(a) B for X = B forY
Both are oppositely directed hence net B=0
(b) B due to X = B due to X both directed along Z—axis (~1,1) o (1.1)
2><107;><2><5 =2X10_6T=2uT ‘
(c) B dueto X = B due to Y both directed opposite to each other. (~1,-1) ® o (1,-1)
Hence Net B =0
(d) Bdueto X =B duetoY =1 x 107 T both directed along (-) ve Z—axis
Hence Net B =2x1.0x10°=2 T

Net B =
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Magnetic Field due to Current

12. (a) For each of the wire 4 3
Magnitude of magnetic field Qi Q2
i D A
= Pl (Singso Sinase) = oS 2 A
nr 4nx(5/2) 2 592 T
For AB ® for BC ® For CD ® and for DA ®. 1 P 5om
The two ® and 2® fields cancel each other. Thus B, =0 5@/2
; B
(b) At point Q4 Qs ,/Q Qs
. -7 o
due to (1) B = Mol =4T‘X5X2X102 =4x10°®
2nx2.5x10" 2nx5x10"
- -7
due to (2) B = Ho! S = 4“5X2X102 = (4/3)x 10° ®
2nx(15/2)x 10" 21x15x10"
: -7
due to (3) B = Ho! - = 4”X5X2X102 = (4/3)x10° ®
2nx(5+5/2)x10 21x15x10"
: -7
due to (4) B = Mol = 4”X5X2X102 =4x10°0®
2nx2.5x10” 2nx5x10”
32

Bret = [4 + 4 + (4/3) + (4/3)] x 107° =

At point Q,

due to (1) Kol

21 x(2.5)x1072

due to (2) Hol

2nx(15/2)x1072

due to (3) Kol

21 x(2.5)x1072

due to (4) Hol

2nx(15/2)x1072

Bnet =0
At point Q;

47x107" x5

due to (1)

2nx(15/2)x1072

47x107" x5

due to (2)

2nx(5/2)x107?

47x107" x5

due to (3)

2nx(5/2)x1072

47x107" x5

due to (4)

Bret = [4 + 4 + (4/3) + (4/3)] x 107° =

For Qq4
due to (1) 4/3 x 10™°
dueto (2)4 x 107°
due to (3) 4/3 x 10™°
dueto (4)4 x 10™°
=0

net -

2nx(15/2)x1072

®
®
®
®

3 10°=106x10°=11x107*T

=4/3x107° ®

x 107 ®
=4x107° ®
=4/3x107° ®

32

=5 10°=106x10°=11x10"T
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Magnetic Field due to Current

13.

14.

15.

Since all the points lie along a circle with radius = ‘d’
Hence ‘R’ & ‘Q’ both at a distance ‘d’ from the wire.

So, magnetic field B due to are same in magnitude.
As the wires can be treated as semi infinite straight current carrying

conductors. Hence magnetic field B =

AtP
B;dueto1is0
B, due to 2 is —¢_
4nd
AtQ
Tl
4nd
B,dueto2is0
AtR
B;dueto1is0

B;dueto1is

B,dueto2is Tl
4nd
AtS

Tl
4nd
B,dueto2is0

B;dueto1is

B= "2 23ino
4rd

_ Tl 2x X _ LoiX

" 4nd 2 2
2><\/d2 + X 4nd\/d2 + X
4 4

(@) When d >> x

Neglecting x w.r.t.d
B = HolX  _ MoiX

wcd\/di2 pnd?
i 1
(b) When x >> d, neglecting d w.r.t. x
B = HolX 2y

4ndx/2 4nd
B 1

d

I=10A, a=10cm=0.1m

Ne)

r=0P=—x0.1m
2

B = Mol (Sing, + Sing,)
4nr

_ 107 x10x1 _ 2x10°°

1.732
gxo.’]

T[oi

47d

=1.154 x 10° T=11.54 uT

A\

«— x—>
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Magnetic Field due to Current

16. B, = 1O, B> ——(2 Sing) = oL 2xt . Holl
2nd 4nd 4nd /2 %
2,|d? +, 4 d? +
i R
— 1 }«l0| How _ H'OI — | —
B, - B, B, = ol _ -

T 100 *7 2nd 2 200nd
4nd,|d? +

L Ho'
ol gz nd 2 200
4nd,|d

=3.92

2 [9%4)2_ 156816
= 1/2

ot _9 - -
Z 200 200 ) ~ 40000
afa? + 2 o+
4

=P=392d*+ %42

2
(1 292) =392d" = 002F=302d" = 5 = 22 = T = 28 =007

17. Asresistances varyasr & 2r

Hence Current along ABC = é & along ADC = ;
i
Now,
B due to ADC = 2 Hoix2x2x+2 _ 22y,
473a 3na
B due to ABC = 2 ”OiXZX\E - 2\/§u0i \ | c i
4n3a 6na p| ™. E
- - ' AN 3al4
w é = 2\/§uOI - 2\/§u0| = '\/EH()' ® \\\ | la
3na 6ra 3na a | N
A -7 IONY
18. Ao = i+i = \/ﬁ _ a5 L al4
- "o 16 4 16 4 A ap a2 B

_ | 3a 2 ra) _ \/9a2 a? _ \/13a2 _ a/13
Do=f|—| +|=| = 4/—+— =4/—— =
4 2 16 4 16 4

Magnetic field due to AB

_ Ho
Bag = — Sin (90 — i) + Sin (90 —
AB 4TEX ( /4)( in ( i) in ( a))
Mox2pn o 0><2| o @/2) _ 2u,i
4ra a(W5/4) /5
Magnetic field due to DC
B 2Sin (90°-B
be = 4n 2(3a/4) ( )
- u0|><4><200S Hol (a/2) - 2

4nx3a b= nx3a (J13a/4) ma3/13

The magnetic field due to AD & BC are equal and appropriate hence cancle each other.

Hence, net magnetic field is 2ol 2ol ZHOI{ L 1 }
J5 313

n\/g na3r na
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Magnetic Field due to Current

19.

20.

21.

22.

B duetBC &
B due to AD at Pt ‘P’ are equal ore Opposite

Hence net B = 0
Similarly, dueto AB& CD atP =0

-. The net B at the Centre of the square loop = zero.

ForAB Bisalong® B= :—OI(SinGOC’ + Sin60°)

mr
ForAC B ® B = 2 (Sin60° + Sin60°)
4mr
ForBD B ® B = X (sin60°)
4nr
ForDC B ® B = o (sin60°)
4nr
.. NetB=0

(a) AABC is Equilateral
AB=BC=CA=1{3

Current =i
AO: ﬁa = ﬁxg = —[
2 2x3 243
d1 = ¢2 = 60°
/
So,MO = — asAM:MO=2:1
63

I§ due to BC at <.
(Slnd)1 +8Sing,) = ><|><6\/_><\/_ p0|><9

net B = Mol 3 - —27%'
2nl 2nl
Loix8 8v2u,i
b) B due to AD = X0 0
(b) 4rxt J_ 4m/
Net B = 82u4i 4= 8V2ul
40 194
Sin (a/2) = ~
X

= r=x3Sin (a/2)
Magnetic field B due to AR

Hol [5in(180 — (90 - (0 /2))) + 1]
4mr
1ol[Sin(90 — (au/ 2)) +1]
4nx Sin(a/ 2)
_ koi(Cos(a/2) +1)
~ 4nxSin(a/2)
_ uoi?Cos4(a/4) _ p_oiCot(aM)
47 x 2Sin(o/ 4)Cos(a/4)  4nx
The magnetic field due to both the wire.

2890 cot(ar4) = 2o Cot(a/4)
47X 21X

B D

2i

<

45%45°
8

a/2
a2 X
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Magnetic Field due to Current

24.

25.

26.

27.

BAB
Wol 2><28|n9 LoiSin®
b nb
_ Hoil - R P R (¢12) - 4
=0 =-BDC ~. Sin ( +b) = =
by £ + b2 V21440274 2 42
BBC
Molx2 5 oging = HoSINO" gng- 072 b
4nl mt V21440714 V2 4b?
— Hoib - R
= 0= =BAD
i 0? +b?
NetB = _ 2ol . 2ugb _ 2u0i(£* +b%) _ 2ugiv¢* +b?
V2 b2 w2 +b2 b2 +b2 /b
26 = E = 0= E, = E
n n n
Tan 6 = i: X = 4
2x 2Tan6
L_m
2 n
B = Kol (Sin6 + Sind) = Hoi2Tano x 2Sin6
47(x) 4l
- Woi2Tan(r/n)2Sin(m/n)n _ poinTan(z/n)Sin(rx/n)
4n2mnr 2n?r
_ MeinTan(n/n)Sin(n/n)

For n sides, Byt =

2n%r

D C

Net current in circuit = 0 f

| =]
Hence the magnetic field at point P =0
[Owing to wheat stone bridge principle]
Force acting on 10 cm of wire is 2 x10™° N I l [
dF _ polyip
dl 2nd
2x107° _ 1o x20x20
101072 2nd .
-7 -2
—d= 47 x10 ><20><20><510><10 =400 x 10° =04 m = 40 cm
2nx2x10~
i=10 A
Magnetic force due to two parallel Current Carrying wires.
F = Holil
2nr

So, For1=Fby2+F by3 @
- “0X1OX1O+ po x10x10 5T

21x5x1072  27x10x 1072 ‘I’“ @
_ 4nx107 x10x10  47x107 x10x10 ©

21x5x1072 21x10x1072
-3 -3 -3

= 2107 107 _ 3107 _ 6410 N towards middle wire

5 5 5
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Magnetic Field due to Current

28.

290.

30.

31.

32.

Ho10i _  poid0
27X 27(10 — x)
10 _ 40 1 4 10A

=
X 10-x x 10-x

=>10-x=4x=5x=10=>x=2cm

The third wire should be placed 2 cm from the 10 A wire and 8 cm from 40 A wire.

|
'
: .
A
]
|
'
[
'
'
|
|

Fag = Fcp + Fer 10 B
_ 1o x10x10 4t x10x10 A >
2nx1x1072  27x2x1072 @®—C 10 DI1cm
=2x10°+10°=3x%x10" downward. . 10
Foo = Fag * Fer > F
As Fap & Fer are equal and oppositely directed hence F =0
% = mg (For a portion of wire of length 1m)
T
. F
= Mox80x% _ 4,40+ x g8
2nx5x10~
7 .
47 x10 ><5>;|2 —98x 10~ mg
2nx5x10" ——
=2xi,x10°=9.3x10°x 10"
= “9_;3x10—1 = 0.49 A
I, =6A
I,=10A
FPQ S R
‘F’ on dx = Holip dx = Hoitlp dx _ pg x30 dx |
2nx 2n X T X k
= _ MOXSO dx _ _7 2 Y l2 ® P
Fog= 0| = = 4x1 | A
PQ X L X 30 x4 x 107" x [logx]4 y
=120 x 10™ [log 3 — log 1] | dx
- LI
Similarly force of Frg = 120 x 107" [log 3 — log 1] P @
1cm «— X—>

S0, Fpq = Frs
Fos = Mo Xifly —— poxifp
2nx1x1072  21x2x1072
_ 2x6x10x107" 2x107" x6x6
1072 2x1072
Mo Xifly — pg Xiqip
2nx3x107%  2nx2x1072

-7 -7

= 471 x10 ><6><210_4Tt><10 ><6>2<6=4x 104 +36x10°=76x 104 N
2nx3x10~ 2nx2x10~

Net force towards down

=(84+76)x10"=16x 10N

= 8.4 x 10~ N (Towards right)

Fra =

B=02mT, i=5A, n=1, r=2
— nuoi
2r
: -7
~p= WXl Ix4nx10 XS 5 4 5% 10%m = 15.7x 10° m = 15.7 x 10~ cm = 1.57 cm
2B 2x0.2x1073
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Magnetic Field due to Current

33.

34.

35.

36.

37.

38.

2r
n=100, r=5cm=0.05m
B=6x10"°T
-5
= 28 _ 2x0.05x6x107 _ 3, 4q1 20,0477 ~ 48 mA
Nk 100 x 41 x 1077 6.28
3 x 10° revolutions in 1 sec.

1 revolutions in

3x10° see

_q_16x10"

L)
3x10°

B Mol _ 41x107.16x10793x10° 2mx1.6x3
2r 2x0.5x107'° 0.5
| =i/2 in each semicircle

A

x10"=6.028x 107 =6x107° T

B

ABC=B = 1, li/2) downwards o

2 2a oAl \C i
ADC=B = 1XM upwards ilz\\/

2 2a D
Net B =0
rn=5cm r, =10 cm
ng = 50 Ny = 100

- 50><4n><10_7><2+100><4n><10_7><2

2x5x1072 2x10x1072
=4nx 10" + 47 x 10 =8r x 107"
(b)B: M_M =0

2r 2r,
Outer Circle
n=100, r=100m=0.1m
i=2A
R : -7
B = Niol _ 10047 =10 7 x2 =4rxx10™* horizontally towards West.
2a 2x0.1
Inner Circle
r=5cm=0.05m, n=50, i=2A
~ ; -7
B = Mol _ 410 x2x80 _ 4 4o downwards
2r 2x0.05
Net B =(4rx 10 f + (4zx 10 F = y322 x10® =177 x 10 =18 x 10 = 1.8 x 10°= 1.8 mT
r=20 cm, i=10A, V =2 x 10° m/s, 6 = 30°

F = e(VxB) =eVBSin o
=1.6x 1070 x 2 x 10° x Z—O' Sin 30°
r

_ 1.6x107"9 x2x10° x47x 10~ x10

22205102 =16nx 107° N
X X X

35.9



Magnetic Field due to Current

39.

40.

41.

42. B=

43.

44.

45.

= _ Mol
B Large loop = —
g p R
‘" due to larger loop on the smaller loop

=i(AxB)=iABSin90°=ixm2x“_OI

2r
The force acting on the smaller loop
F =ilB Sin 6
_ i2mrp 11— pgilmr
~ 2Rx2 R
i =5 Ampere, r=10cm=0.1m

As the semicircular wire forms half of a circular wire,

= 1pgi _ 1 4nx107 x5
So,B=—"0 = 227 7%
22r 2 2x0A1 10em
=157x10°T=16x10°T=16x10"°T
- Bl O _ 21 pol
2R2r  3x2n 2R
-7
= 4nx10t1026 =47 x 107
6x10

=4x314x10°=1256%x10°=1.26%x10"°T
B due to loop Kol
2r

Let the straight current carrying wire be kept at a distance R from centre. Given I = 4i
B due to wire = ol _ MO—X4I
2n7R 2n7R
Now, the B due to both will balance each other
H.—0| = H0—4| = R= ﬂ
2r 2nR T

Hence the straight wire should be kept at a distance 4x/r from centre in such a way that the direction of current
in it is opposite to that in the nearest part of circular wire. As a result the direction will B will be oppose.

SN IS

Hence

n=200, i=2A, r=10cm =10 x 107n
: 7
(@)B = Npgi _ 200x4nx10 2><2 =92 x 47 x 1074
2r 2x10x10~
=2x4x314x10%=2512%x10"T=2512mT
.2 : a2
(b)B= 2u0|az 3/2 Tho - QHOIaz 372
2(a“ +d°) 4a 2@ +d°)
1 _ a? 2, 2\32 53 2, 2 _ . 3\23
:E—W = (a” +d")"" 2a —a +d° =(2a”)
- a2 + d2 = (21/3a)2 :>a2 + d2 =22/3a2 - (10—1)2 + d2 = 22/3 (10—1)2
2

102 + ¢? = 228 102 = (102" -1)=d*> = (10 @"”-1)=d
=10%(1.5874 - 1) =d® = d’=10"x 0.5874

=d=+102x0.5874 =10"'x 0.766 m = 7.66 x 1072 = 7.66 cm.

At O P the B must be directed downwards
We Know B at the axial line at O & P

ia2 3cm=0.03m
Ho a=4cm=0.04m l

- 2(a2 +d2)3/2

-7
_ 4107 x5x0.0016 o3 em=0.03m |
2((0.0025) 3cm
=40x10°=4x10°T downwards in both the cases l
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Magnetic Field due to Current

46.

47.

48.

49.

50.

q=3.14x10°C, r=20cm=0.2m,
w = 60 rad/sec., i=ﬂ=w=1.5x10‘5
t 2% 0.2
xQ
Electricfield _ 4ngo(x2 +512)3/2 _ xQ y 2(x2 +a’
Magnetic field 1oia® 4ngo(x2 +a2)3/2 woia’
2(a2 +x2)3/2
_ 9x10%%0.05x3.14x10°x2
 4nx107 x15x107° x (0.2)?
_ 9x5x2x10° _ 3
4x13x4x107"? 8
(a) For inside the tube B=0

As, B inside the conducting tube = o
(b) For B outside the tube

S bl _ Roix2 _ pgi

2nd 2n3r 2nr

(a) At a point just inside the tube the current enclosed in the closed surface = 0.

Thus B = 2% =9
A

(b) Taking a cylindrical surface just out side the tube, from ampere’s law.
Hol

27b

i is uniformly distributed throughout.

Mo i =B x 2nb =>B=

2
So, i’ for the part of radius a = — x na’= I:—2 =1

nb
Now according to Ampere’s circuital law
oBxdl=Bx2xgxa=pyl
_ ia® 1 _ peia
=BT e T T o
(@)r=10cm=10x 107 m
X=2x107m, i=5A
i in the region of radius 2 cm
S «n(2x10722 =02A
n(10x1072)
B x 1 (2 x 107%)* = pip(0-2)
_ 4nx107x0.2 _ 0.2x107'
tx4x107* 107
(b) 10 cm radius
Bxn(10x 1022 =pgx 5
_ 4nx107" x5
nx1072
(c)x=20cm
Bx 1 x (20 x 1072)° = o x 5
Lo x5 4nx107" x5

=B= s = 7 =5x107
nx(20x107°) nx400x10~

—B =2x10"*

=B =20x107°
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Magnetic Field due to Current

51. We know, J.BX dl = pei. Theoritically B=0atA | a
If, a current is passed through the loop PQRS, then |_—| I
B =—H'_ will exist in its vicinity. B LI 4

2(¢ +b) R A S

Now, As the B at A is zero. So there'll be no interaction
However practically this is not true. As a current carrying loop, irrespective of its near about position is
always affected by an existing magnetic field. p

52. (a)AtpointP,i=0,ThusB=0 [ FoMONONONOWONONON|
(b) AtpointR,i=0,B=0 0
(c) At point 6, e a ]
Applying ampere’s rule to the above rectangle

|
B x 21 = poKo jdl [@ o1 «
o

K Bb ,Ba Q0 & 0
DBX2I=p0kI:>B=%

|
B x 21 = oK, J.dl
[e]

Kk
=B x2l =kl = B= 2= o 5

Since the B due to the 2 stripes are along the same
direction, thus. BC ® ® ® ® ®

_ Kok | pok _
Bret= — +—— = ok R ® ® ® -
net 2 2 Ho C 5 . | R

53. Charge =q, mass = m
We know radius described by a charged particle in a magnetic field B
mov
r = —
gB
Bit B = oK [according to Ampere’s circuital law, where K is a constant]
p= MU fasek
ok m
54. i=25A, B=314x107°T, n="?
B= uoni
=314%x10°=4x7x107" nx5
_ 1077 1 4_
n=———=_-x10" =0.5x 10" = 5000 turns/m
20x10 2
55. r=0.5mm, i=5A, B = poni (for a solenoid)
Width of each turn =1 mm =102 m
1
1072
S0,B=4nx10"x10°x5=2xx 10T

56. $ =0.01Qin1m, r=1.0cm Total turns = 400, {=20cm,

No. of turns 'n’ = =10°

B=1x 1072 T, n= ﬂz turns/m
20x10~

E _ E
Ry /Ix (2nr x400)  0.01x2x 1x0.01x 400

E
RO
B= p,oni
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Magnetic Field due to Current

400 E
20x1072 400 x2rx0.01x1072
_ 1072 x20x10% x 400 x 27 x 10720.01

47x107" x 400

=10%=4x x 107 x

=E =1V

a’indx

57. Current at ‘0’ due to the circular loop = dB = Ho

4n 27372
a“+|—--x
2
B
... for the whole solenoid B = J.OdB
_r 1oanidx
- J.o 27372
47{2}2 + [é - Xj ] ni dx
U/R)-x
i ot 2 i ol 2 2
=uon|J~ a“® dx =uon|J~ dx -1+ /5_%
47 b o \2 3/2 4mado o2 8/2 2a
a31+(/i—J 1+(/€—
2a 2a
58. i=2a,f=10%revisec, n=7?, me=9.1 x 10" kg,
qe=1.6><10"1gc, B=u0ni:n=£,
Ko
8 -31
f= gB szfZTcme:n:E.:onm? - 10 1>;9.‘1><‘10 _ = 1421 turns/m
2mm, de Kol JeMol 1.6x1077° x2x107" x2A
59. No. of turns per unit length = n, radius of circle =r/2, current in the solenoid =i, m
Charge of Particle = q, mass of particle = m - B = poni
2 . .
Again ™Y° = qvB = v = 98T - GHonir _ poniar
m 2m 2m
60. No. of turns per unit length = ¢{
(a) As the net magnetic field = zero
Bplate = Bsolenoid
Boiate X 20 = Hokdl = pokt
= ok = _ .
Bplate = % (1) Bsolenoia = Honi -..(2) Be Ba
Equating both i = HTok
(b) By x £ = pkt = B, = ok BC = pok
B= {B,2+B.% = 2ok’ = v2puek oni
[® ® ]
2 ok = poni i= % A c
61. C =100 pf, Q=CV=2x10"C, t=2sec,
V=20V, V=18V, Q' =CVv=18x107°C,
_ ’ -4
ni=2 tQ = 2“20 =10* A n = 4000 turns/m.

s B=poni=4nx 107 x 4000 x 10 =16 x 10" T

LI )
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