Chapter 4 - Moving Charges and Magnetism

Multiple Choice Questions

Single Correct Answer Type

Question 1. Two charged particles traverse identical helical paths in a completely oppo-site
sense in a uniform magnetic field B = Bok

(a) They have equal z-components of momenta

(b) They must have equal charges

(c) They necessarily represent a particle, anti-particle pair

(d) The charge to mass ratio satisfy
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Solution: (d)

Key concept: In this situation if the particle is thrown in x-y plane (as shown in figure) at some
angle 6 with velocity v, then we have to resolve the velocity of the particle in rectangular
components, such that one component is along the field (v cosB) and other one is perpendicular
to the field (v sinB). We find that the particle moves with constant velocity v cos6 along the field.
The distance covered by the particle along the magnetic field is called pitch.

The pitch of the helix, (i.e., linear distance y

travelled in one rotation) will be given by Helical

path
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For given pitch p correspond to charge
particle, we have
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Here in this case, charged particles traverse identical helical paths in a completely opposite
sense in a uniform magnetic field B, LHS for two particles should be same and of opposite sign.
Therefore,
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Question 2. Biot-Savart law indicates that the moving electrons (velocity v) produce a
magnetic field B such that

(a) B is perpendicular to v.

(b) B is parallel to v.

(c) it obeys inverse cube law.

(d) it is along the line joining the electron and point of observation.

Solution:



(a) According to the Biot-Savart law, the magnitude of B is: Bec|g|; B o< v,
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where l/47 is a proportionality constant, ‘#’ is the magnitude of position
vector from charge to that point at which we have to find the magnetic field
and ¢ is the angle between v and r .
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Where # is the direction of B which is in the direction of cross product of

v and 7 . Or we can say that B L to both v and 7.

where is a proportionality constant, V’ is the magnitude of position vector from charge to that point
at which we have to find the magnetic field and <f) is the angle between v and F .

Where h is the direction of B which is in the direction of cross product of v.and F . Or we can say
that B _L to both vand F.

Question 3. A current carrying circular loop of radius R is placed in the x-y plane with centre
at the origin. Half of the loop with x >0 is now bent so that it now lies in the y-z plane.
(a) The magnitude of magnetic moment now diminishes.

(b) The magnetic moment does not change.

(c) The magnitude ofB at (0,0, z), z>>R increases.

(d) The magnitude ofB at (0,0,z), z>>R is unchanged.

Solution: (a)

Key concept: Direction of magnetic moment (M= 14) of circular loop (in figure (a)) is
perpendicular to the loop by right hand thumb rule.

So to compare these magnetic moments, we have to analyse them vectorically.

Now let us first analyse the situation:
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Fig. a



The direction of magnetic moment of circular loop of radius R is placed in the x-y plane is along z-
direction and given by M = InR , (as shown in above figure-a). When half of the loop with x > O is
now bent so that it now lies in the y-z plane as shown in the figure below.
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The magnitudes of magnetic moment of each semicircular loop of radius R

. 2
lie in the x-y plane and the y-z plane is M,=M,= [ E;— and the direction of

magnetic moments are along z-direction and x-direction respectively.
Their resultant

2
M, =M+ M? =E%=%

So, M., < M or M diminishes.

Question 4. An electron is projected with uniform velocity along the axis of a current
carrying long solenoid. Which of the following is true?

(a) The electron will be accelerated along the axis

(b) The electron path will be circular about the axis

(c) The electron will experience a force at 45° to the axis and hence execute a helical path
(d) The electron will continue to move with uniform velocity along the axis of the solenoid
Solution: (d)

Key concept: A solenoid consists of a helical winding of wire on a cylinder, usually circular in
cross-section. There can be hundreds or thousands of closely spaced turns, each of which can
be regarded as a circular loop. There may be several layers of windings.

Magnetic field due to solenoid B = pgnl Direction of the field inside the solenoid is parallel to the
axis, obtained by right hand thumb rule as shown in figure.



‘Now, here an electron is moving in magnetic field of solenoid, so the
concept of magnetic foree comes into existence.

electron is projected along the axis of solenoid

A
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Now, here an electron is moving in magnetic field of solenoid, so the concept of magnetic force
comes into existence.

When an electron is projected with uniform velocity along the axis of a current carrying long
solenoid, then the magnetic force due to magnetic field acts on the electron will be F=-evB sin
180° = O (either velocity is parallel to magnetic field or anti-parallel or 0= 0°or 180° in both cases F
= 0). The electron will continue to move with uniform velocity or will go undeflected along the axis
of the solenoid.

Question 5. In a cyclotron, a charged particle

(a) undergoes acceleration all the time

(b) speeds up between the dees because of the magnetic field

(c) speeds up in a dee

(d) slows down within a dee and speeds up between dees

Solution: (a) Cyclotron is a device used to accelerate positively charged particles (like a-
particles, deutrons etc.)

It is based on the fact that the electric field accelerates a charged particle and the perpendicular
magnetic field keeps it revolving in circular orbits of constant frequency. Thus a small potential
difference would impart enormously large velocities if the particle is made to traverse the potential
difference a number of times.

High frequency
oscillator

Energetic
proton beam



Question 6. A circular current loop of magnetic moment Mis in an arbitrary orientation in an
external magnetic field B. The work done to rotate the loop by 30° about an axis
perpendicular to its plane is

(a) MB ) V3 % © ? (d) zero

Solution: (d)
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The rotation of the loop by 30° about an axis perpendicular to its plane make
no change in the angle made by axis of the loop with the direction of magnetic
field, therefore, the work done to rotate the loop is zero.

lmportant point: The work done to mtate tha luo;: 111 magnctrc ﬁﬁld
W= MB(cos 6, - cos 6,), where signs are as usual .

One or More Than One Correct Answer Type

Question 7. The gyro-magnetic ratio of an electron in an H-atom, according to Bohr model,
is .

(a) independent of which orbit it is in.

(b) negative

(c) positive

(d) increases with the quantum number n.



Solution: (3, b) .
Key cﬂncept* We define the magnetic nmmenf of the current Imp ag, .

murp, Lt = ..(i)

=

The clectron performs uniform circular motion around a stationary heavy
nucleus of charge +Ze. This constitutes a current /,
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and T is the time period of revolution. Let » be the orbital radius of the
electron, and v the orbital speed. Then,
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So,by substituting this in equation (i), we get u, = i

and by multiplying-dividing this equation with m,, we get
=g
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Question 8. Consider a wire carrying a steady current, | placed in a uniform magnetic field B
perpendicular to its length. Consider the charges inside the wire. It is known that magnetic
forces do not work. This implies that,

(a) motion of charges inside the conductor is unaffected by B, since they do not absorb
energy.

(b) some charges inside the wire move to the surface as a resulit of B.

(c) if the wire moves under the influence of B, no work is done by the force.

(d) if the wire moves under die influence of B, no work is done by the magnetic force on the
ions, assumed fixed within the wire.

Solution: (b, d)

Key concept: If a current carrying straight conductor (length 1) is placed in a uniform magnetic
field (B) such that it makes an angle 6 with the direction of field, then force experienced by it is
Fmax= Bil sin 8. Direction of this force is obtained by right hand palm rule.

Right-hand palm rule: Stretch the fingers and thumb of right hand at right angles to each other.
Then if the fingers point in the direction of field B and thumb in the direction of current z, then



normal to the palm will point in the direction of force
T Current
¥,¢.

Magnetic
field

Force

If conductor is placed perpendicular to magnetic field, then 6=90°, F_ = Bil
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-
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Question 9. Two identical current carrying coaxial loops, carry current | in an opposite
sense. A simple amperian loop passes through both of them once. Calling the loop as C,
(a) ®Bdl =mppl

(b) the value of ®B.dl = +2p(l is independent of sense of C

(c) there may be a point on C where, B and dl are perpendicular

(d) B vanishes everywhere on C

Solution: (b, ¢)

Key concept: Ampere’s law gives another method to calculate the magnetic field due to a given



current distribution.

Line integral of the magnetic field B around any closed curve is equal to
M, times the net current i threading through the area enclosed by the curve,
1.6, _ :

fﬁﬁ -dl =1.Uu Xi= (i +iz—iy)

Total current crossing the above area is (i, + i; — i,). Any current outside the
area is not included in net current. (Outward @ — +ve, Inward @ — —ve)

Applying the Ampere’s circuital law, we have

4}3 -dl =i ﬂ(! — 1) =0 (because current is in opposite sense.)

Alse, there may be a point on C where B and dl are perpendicular and hence,
$B-d1=0
¢

Question 10. A cubical region of space is filled with some uniform electric and magnetic
fields. An electron enters thq cube across one of its faces with velocity v and a positron
enters via opposite face with velocity -v. At this instant,

(a) the electric forces on both the particles cause identical accelerations.

(b) the magnetic forces on both the particles cause equal accelerations.

(c) both particles gain or loose energy at the same rate.

(d) the motion of the Centre of Mass (CM) is determined by B alone.

Solution: (b, ¢, d)

Key concept: This problem is based upon the single moving charge placed with some uniform
electric and magnetic fields in space. Then they experiences a force called Lorentz force is given
by the relation Fret =qE + g(v x B).

(i) The magnetic forces (Fy, =q(v x B)), on charge particle is either zero or Fm is perpendicular to v
(or component of v) which in turn revolves particles on circular path with uniform speed. In both
the cases particles have equal accelerations.

(i) Due to same electric force (F¢ = gE) which is in opposite direction (because of sign of charge)
both the particles gain or loss energy at the same rate.

(iii) There is no change of the Centre of Mass (CM) of the particles, therefore the motion of the
Centre of Mass (CM) is determined by B alone.

Question 11. A charged particle would continue to move with a constant velocity in a region
wherein,

(a) E = 0,B20 (b) Ex0,B=0

(c)Ex0,B=0(d)E=0,B=0

Solution: (a, b, d)

Key concept: This problem is based upon the single moving charge placed with some uniform



electric and magnetic fields in space. Then they experiences a force called Lorentz force is given
by the relation Fnet =qE + g(v x B).

Force experience by the charged particle due to electric field Fg = gE

Force experience by the charged particle due to magnetic field, F, = (v x B)

According to the problem, particle is moving with constant velocity means acceleration of particle
is zero and also it is not changing its direction of motion.

This will happen when net force on particle is zero.

(i) if E =0, and v || B, thenF = 0.

(iNif E=0, B=0andE, vand B are mutually perpendicular.

And (iii) when both E and B are absent.

Very Short Answer Type Questions

Qu?stion 12. Verify that the cyclotron frequency w = eB/m has the correct dimensions of
[t .
Solution: In cyclotron, charge particle describes the circular path where magnetic force acts as
centripetal force.
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Ev—=evB
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On simplifying the terms, we have

eB v
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And
then dimensional formula of angular frequency
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Question 13. Show that a force that does no Work must be a velocity dependent force.
Solution: To show that a force that does no work must be a velocity dependent force, then we
have to assume that work done by force is zero. As shown by the equation below:

dW =F-dl=0
Wecanwﬁte,ﬁ = vdt,butdt #0
= F-di=0
= F3=0

So we can say that force F must be velocity dependent, this implies that angle between F and v is
90°. If the direction of velocity changes, then direction of force will also change.

Question 14. The magnetic force depends on v which depends on the inertial frame of
reference. Does then the magnetic force differ from inertial frame to frame? Is it reasonable



that-the net acceleration has a different value indifferent frames of reference?

Solution: As F = g(v x B),velocity depends on frame of reference. Hence The magnetic force is
frame dependent. So, yes the magnetic force differ from inertial frame to frame.

The net acceleration which a rising from this is however, frame independent for inertial frames
(non-relativistic physics).

Question 15. Describe the motion of a charged particle in a cyclotron if the frequency of the
radio frequency (rf) field were doubled.

Solution: The frequency va of the applied voltage (radio frequency) is adjusted so that the
polarity of the dees is reversed in the same time that it takes the ions to complete one half of the
revolution. The requirement v, = Vv, is called the resonance condition.

When the frequency of the radio frequency (rf) field were doubled, then the resonance condition
are violated and the time period of the radio frequency (rf) field were halved. Therefore, the
duration in which particle completes half revolution inside the dees, radio frequency completes
the cycle.

So, particle will accelerate and decelerate alternatively. So, the radius of path in the dees will
remain same.

Question 16. Two long wires carrying current I, and |, are arranged as shown in figure. The
one carrying current |4 is along the x-axis. The other carrying current |, is along a line
parallel to the y-axis given by x = 0 and z = d. Find the force exerted at O, because of the
wire along the x-axis.
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Solution:

Key concept: In this problem first we have to find the direction of magnetic field due to one wire at
the point on other wire, then the magnetic force on that current carrying wire.

In Biot-Savart law, magnetic field B is parallel to ; dl x r and idl have its direction along the



direction of flow of current, or we can find the direction of B with the help of right hand thumb rule.
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Here, for the direction of magnetic field, at O,, due to wire carrying /, current
15

B || parallel idl x7 or kal,hut fxl.:z—_}'
So, the direction at O, is along y-direction.
The direction of magnetic force exerted at O, because of the wire along the
x-axis is
. F=IlIxB=jx(-/)=0

So, the magnetic field due to wire /; is along the y-axis. The second wire is
along the y-axis and hence, the force is zero. '

Short Answer Type Questions

Question 17. A current carrying loop consists of 3 identical quarter circles of radius R, lying
in the positive quadrants of the x-y, y-z and z-x planes with their centres at the origin, joined
together. Find the direction and magnitude of B at the origin.

Solution:

Key concept: From Biot-Savart law we find the relation of magnetic field



at centre of the current carrying mil'whi{:h subtends an angle 6, 3_= %ﬁﬂ =5

4r R f42R

plane:

Similarly, magnetic field at origin due to the quarter circle lying in the z-x
plane:

kS I -
B _(EQ) '
3504 2R’

Now, vector sum of magnetic field at origin due to each quarter is given by

an'(“" ](:+;+k)

Question 18. A charged particle of charge e and mass m is moving in an electric field E and
magnetic field B. Construct dimensionless quantities and quantities of dimension [T] .
Solution: If a charged particle is moving in electric and magnetic field, we cannot construct any
dimensionless quantity with these physical quantities.

For a charged particle moving perpendicular to the magnetic field, the magnetic Lorentz forces
provides necessary centripetal force for revolution.
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On simplifying the terms, we have
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Question 19. An electron enters with a velocity v = vyi into a cubical region (face parallel to
coordinate planes) in which there are uniform electric and magnetic fields. The orbit of the
electron is found to spiral down inside the cube in a plane parallel to the x-y plane. Suggest
a configuration to fields E and B that can lead to it.

Solution:

Key concept: Due to magnetic force charge particle revolves in uniform circular motion in x-y
plane and due to electric field charge particle increases the speed along x-directi on, which in
turn increases the radius of circular path and hence, particle traversed on spiral path.

Let us consider a magnetic field B = By present in the region and an electron enters with a velocity
into cubical region (faces parallel to coordinate planes). The force on electron, using magnetic
Lorentz force, is given by

F=—e Pﬂf X Buéj =evyByj

which revolves the electron in x-y plane.
The electric force F = eEgj accelerates e along z-axis which in turn increases the radius of circular
path and hence particle traversed on spiral path.

Question 20. Do magnetic forces obey Newton’s third law. Verify for two current elements
dl; = dl i located at the origin and dl, = dl j located at(0, R, 0). Both carry current I.

Solution:

Key concept: In this problem first we have to find the direction of magnetic field due to one wire at
the point on other wire, then the magnetic force on that current carrying wire.

According to Biot-Savart’s law, magnetic field B is parallel to idl x r and idl is the current carrying
element having its direction along the direction of flow of current.

Here, for the direction of magnetic field, at dI2, located at (0, R, 0) due to wire dix is given by B ||
idl x r or i xj (because point (0, R, 0) lies ony-axis), but i x j = k.

So, the direction of magnetic field at dI2 is along z-direction.

The direction of magnetic force exerted at dI2 due to the magnetic field of first wire is along the x-
axis.

F-i(l X B), i.e., F||(i x k) or along — j direction.

Therefore, force due to dI[ on dI2 is non-zero.

Now, for the direction of magnetic field, at dx, located at (0, 0, 0) due to wire d2 is given by B||idl x



rorjx—j(because origin lies on y-direction w.r.t. point (0, R, 0), but jx—j = 0.

So, the magnetic field at dx does not exist.

Force due to dl, on dly, is zero.

So, magnetic forces do not obey Newton’s third law. But they obey Newton’s third law if current
carrying element are placed parallel to each other.

Question 21.

A multirange voltmeter can be constructed R
by using a galvanometer circuit as shown in \E} MWTVYWATAN
figure. We want to construct a voltmeter that ;
can measure 2 V, 20 V and 200 V using a
galvanometer of resistance 10 Q and that
produces maximum deflection for current of
1 mA. Find R4, R; and R3 that have to be

used,
Solution: ) & o &
Key concept: The galvanometer can also be 2V 20V 200V

used as a voltmeter to measure the voltage

across a given section of the circuit. For this a

very high resistance wire is to be connected in series with galvanometer. The relationship is given
by Ig (G + R) =V where |4 is the range of galvanometer, G is the resistance of galvanometer and R
is the resistance of wire connected in series with galvanometer.

Ry RSB

—{(G)— AT AN

£

2V 20V 2{];;\-'
Applying expression in different situations
For i (G + R,) =2 for 2 V range
Fori (G + R + R,) = 20 for 20 V range
And For i(G + R, + Ry + Ry) = 200 for 200 V range
By solving, we get
R, =1990 Q, R, = 18 k€2 and R, = 180 kQ.

Question 22. A long straight wire carrying current of 25 A rests on a table as shown in
figure. Another wire PQ of length 1 m, mass 2.5 g carries the same current but in the
opposite direction. The wire PQ is free to slide up and down. To what height will PQ rise?
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Solution:

Key concept: The force applied on PQ by a long straight wire carrying current of 25 A which rests
on a table. And the forces which other are repulsive if two straight wires are placed parallel to
each other carrying current in opposite direction. Now if the wire PQ is in equilibrium then that
repulsive force onPQ must balance its weight.

-
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i e N F(magnetic force)
Magnetiq’held F.B.D. of
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The magnetic field produced by a long straight wire carrying current of 25 A
rests on a table on small wire.

p=tol
2nh
The magnetic force on small conductor 1s

F=Bllsin 6= BIl
Force applied on PQ balance the weight of small current carrying wire,

e Hol*l  4mx1077 x (25" x1 _
2amg 2w x2.5%107°%9.8
h=0.5]cm

51107 m



Long Answer Type Questions

Question 23.

gk
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A 100 turn rectangular coil ABCD (in X-Y plane) is
hung from one arm of a balance (shown in
figure). A mass 500 g is added to the other arm to
balance the weight of the coil. A current 4.9 A
passes through the coil and a constant magnetic
field of 0.2 T acting inward (in x-z plane) is
switched on such that only arm CD of length 1 cm
lies in the field. How much additional mass m
must be added to regain the balance?

Solution:

Key concept: Here we use the concept of magnetic
force on straight current carrying conductor placed
in the region of external uniform magnetic field. The
magnetic force exerted on CD due to external
magnetic field must balance its weight.

And spring balance to be in equilibrium net torque should also be equal to zero.

At t = 0, the external magnetic ficld is off. Let us consider the separatmn of
each hung from mid-point be /.

Mgf Weoir 1

05gl=W_;1

W.i=05x98N :
By taking moment of force about mid-point, we get the weight of coil.

And let “m’ be the mass which 1s added to regain the balance.
When the magnetic field is switched on.

Mgl + mgl = W, | + (ILB sin 90°)/

Mgl = (ILB) il
-2
_— BIL _0.2x49x1x10 —10_3kg-—lg
g 9.8

Therefore, 1 g of additional mass must be added to regain the balance.

Question 24. A rectangular conducting loop consists of two wires on two opposite sides of
length | joined together by rods of length d. The wires each are of the same material but
with cross-sections differing by a factor of 2. The thicker wire has a resistance R and the
rods are of low resistance, which in turn are connected to a constant voltage source V,. The
loop is placed in a uniform magnetic field B at 45° to its plane. Find T, the torque exerted by
the magnetic field on the loop about an axis through the centres of rods.

Solution: After analyzing the direction of current in both wires, magnetic forces and torques need



to be calculated for finding the net torque.

e i o

b Side view
Front view

According to the problem, the thicker wire has a resistance R, then the
other wire has a resistance 2R as the wires are of the same material so their
resistivity remains same.

Now, the force and hence, torque on first wire is given by

Fi=i, B sin 90° =22 1B,
2R

- d Fe VoldB
b v2 2R
Similarly, the force hence torque on other wire is given by

! V,
. F,=1i,[Bsin90°=—"/B,
2R

- d P VoldB
22 4R
So, nettorque, T=17,— T,

.__| V4B
42 R

where A 1s the area of rectangular coil.

Question 25. An electron and a positron are released from (0, 0, 0) and (0, 0, 1.5R)
respectively, in a uniform magnetic field B = Byi, each with an equal momentum of
magnitude p = eBR. Under what conditions on the direction of momentum will the orbits be
non-intersecting circles?

Solution: The magnetic field B is along the x-axis, hence for a circular orbit the momenta of the
two particles are in the y-z plane. Let p4 and p» be the momentum of the electron (e ) and
positron (e*), respectively. Both traverse a circle of radius R of opposite sense. Let p, make an
angle 6 with they-axis pomust make the same angle withy axis.

The centres of the respective circles must be perpendicular to the momenta and at a distance R.
Let the centre of the electron be at Ce and of the positron at C,.

The coordinates of Cg is Ce = (0, -R sin 6, R cos 0)



The coordinates of Cy is C,, = [0, -R sin 6, (1.5R -~ R cos 6)]

v T
1.5R e
-R\nﬁ'
. ¢ o
[0, R sin 6, (1.5R — R cos 6)] "(0, R sin 6, R cos 6)
) ek 9 > ¥
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P

;
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The circular orbits of electron and positron shall not overlap if the distance
between the two centers are greater than 2R. |
Let d be the distance between C, and C,,. Then,

2
d? =[Rsin 6 —(-R sin_f&‘}]2 +[R cos 8 — [%R — R cos BJ]
3\
= (2R sin 8)2 + (2}? cos 0 — ER)

. =4R%sin’@ +4R*cos’ 6 — 6R* cos 0 + %RE

=4R*+ %RE — 6R’cos O

As, d has to be greater than 2R, & > 4R’

= 4R2+%R2—6R22059}4R2

i

3
or, g}fjcusﬂ or, cosf@<—
4 8

Question 26. A uniform conducting wire of length 12a and resistance R is wound up as a
current carrying coil in the shape of (i) an equilateral triangle of side a, (ii) a square of sides
a, and (iii) a regular hexagon of sides a. The coil is connected to a voltage source V,. Find
the magnetic moment of the coils in each case.

Solution:

Key concept: In this problem different shapes form figures of different area and the number of
loops in each case is different and hence, there magnetic moments varies.

Magnetic moment is m = nlA.

Since, the same wire is used in three cases with same potentials, therefore, same current flows in



three cases.
(1) For an equilateral trianglt of sidée a,
12a

As the total wire of length = 12a, so, the no. of loops n = — =4
Magnetic moment of the coils m = ni4 Sa
As area of triangle is 4 = —-}al
=41 {ﬁaE]
4 n=4
m= fazﬁ
(11) For a square of sides a,
A=d’
No. of loops n = L =3
4a
n=73

Magnetic moment of the coils m = nl4d = 31’(;1?'} - 3Ia_2
(ii1) For a regular hexagon of sides a,

No. of loops n = E—Z '

6a
63

Area, A=——a
4

Magnetic moment of the coils m = nf4
n=2
= =21 ( 6\/_ )

2 e L
= m=33d*l, misina geomeltric series.

Question 27. Consider a circular current-carrying loop of radius R in the x-y plane with
centre at origin. Consider the line integral

Swy=|[" B-di

taken along z-axis.
(a) Show that 3(L) monotonically increases with L. |
(b) Use an appropriate amperian loop to show that 3(eo) = ./ ,where / is the
current in the wire.
(c) Verify directly the above result, .
(d) Suppose we replace the circular coil by a square coil of sides R carrying the
same current /.
What can you say about 3(L) and 3(ee)?

Solution: (a) Magnetic field due to a circular current-carrying loop lying in the xy- plane acts
along z-axis as shown in figure.



(L) =

)

(c)

(d)

L +1I +1
jB’EE - _[Bdicns{_]°= J’ Bdl = 2BL

3(L) is rﬁonotonicaliy increﬁ;sing function of L.

Now consider an Amperean ' z
loop around the circular I
coil of such a large radius ng F.

that L — . Since this loop
encloses a current /, Now

using Ampere’s law
g. pe Circular coil

+£:r . | _—\\
S(oe) = B dl = ol 2

S A
The magnetic field at the axis »
(z-axis) of circular coil is oL
. .
: _ iR
given by B, = A2+ )"
Now integrating
+eo tee -9
_ [ MR
[ B.dz=

_MZ(ZE+R3)M
Let z=R tan 0 so that dz = R sec’* 040

and (z2+ RY)Y?=(R*tan’ 8 + R*)*?

=R3sec’ (asl+lanzﬂzsec29)

o f2
Thus _[ B.dz =42 Hf[ F(E sec 60)
B ‘ -.—J'E.l'lz Rdi sec 9
] +i/2
e J cos 8d8 = p,l
2 —mi2
As we know (Bz)square < (Bz)l:ircular coil

For the same current, and side of the square equal to radius of the coil
S{m}squam < S(m)uircularmil
By using the same argument as. we done in case (b), it can be shown that

S[m}squm =3 (m}cimu!ar coil



Question 28. A multirange current meter can be constructed by using a galvanometer circuit
as shown in figure. We want a current meter that can measure 10 mA, 100 mA and 1 mA
using a galvanometer of resistance 10 Q and that produces maximum deflection for current
of 1 mA. Find S ,S, and S; that have to be used.

AY
A
(G T— WA
s, | s
6 o S 6

10 mA 100 mA | mA

Solution:

Key concept: A galvanometer can be converted into ammeter by connecting a very low
resistance wire (shunt S) connected in parallel with galvanometer. The relationship is given by 4G
= (I-1g) S, wherelg is the range of galvanometer, G is the resistance of galvanometer.

e

-
r

=1y 3

¥

I—H-——!)—@

- L i e e b e -t iy T

e o o e

Ammeter

For measuring /; = 10 mA : [;.G = (I, — I;)(S, + S, + S3)
For measuring I, = 100 mA : [(G + §)) = (I, — I;)(S, — 53)
Formeasuring I; = 1 A: [(G + 8, + 8,) = (I; - 1)(S3)
gives $1=1Q,5=049Q

and 5;=0.01 Q

Question 29.

Five long wires A, B, C, D and E, each carrying current | are
arranged to form edges of a pentagonal prism as shown in
figure. Each carries current out of the plane of paper.

(a) What will be magnetic induction at a point on the axis 0?
Axis is at a distance R from each wire.

(b) What will be the field if current in one of the wires (say A)
is switched off?

(c) What if current in one of the wire (say A) is reversed?
Solution: (a)

Key concept: The wires shown in this problem carrying current
outwards to the plane. And we know that direction of magnetic
field is perpendicular to both current and position vector r. So, the
vector sum of magnetic field produced by each wire at O is equal to 0.




Suppose the five wires A, B, C, D and E be perpendicular to the plane of paper at locations as
shown in figure.

Thus, magnetic field induction due to five wires will be represented by various sides of closed
pentagon in one order, lying in the plane of paper. So, its value is zero.

(b) Since, the vector sum of megnetle field produced by each wire at O is
. equal to 0.
Therefore, magnetic induction produced by one current carrying wire is
equal magnitude of resultant of four wires and opposite in direction.

‘BA + Bremaining =0
Hol 2 & _ ; Pinf 2
EERI +Bremaining"ﬂ=:'3n:mining QER

Therefore the field if current in one of the wires (say 4) is switched off

L ! perpendicular to AO towards left.
2n R

1S

4 This is the direction of
magnetic field due to wire
placed at 4

This is the direction of
resultant magnetic field
due to wires placed at
B,C,Dand F

(c) If current in wire 4 is reversed, then
Total magnetie field induction at O
= Magnetic field induction due to wire A + Magnetic field induction
due to wires B, C, Dand E

zﬁ_?‘i (acting perpendseular to A0 towards left) +— o 22 2
47R R R

(acting perpendicular 40 towards left) = Hol acting perpendicular A0
towards left. ER
The direction of magnetic

A field due to wire placed
(x at A is reversed

This 1s the direction of
resultant magnetic field due
to wires placed at B, C, D
and






