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Chapter — 04 (Questions)
Moving Charges and Magnetism

» Questions

1. Asquare loop of side 20 cm carrying current of 1 A

is kept near an infinite long straight wire carrying
a current of 2 A in the same plane as shown in the
figure.
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Calculate the magnitude and direction of the net
force exerted on the loop due to the current
carrying conductor. [Al 2015C]

An ammeter of resistance 0.8 () can measure a
current upto 1.0 A. Find the value of shunt
resistance required to convert this ammeter to
measure a current upto 5.0 A. [202Q)

Two straight infinitely long wires-ate'fixed in’space
so that the current in tha.left wife is 2 Adnd
directed out of the plane of thepqgeand the
current in the right wire is 3 A and directed into
the plane of the page. In which-region(s) is/are
there a point on the x-axis, at which the magnetic
field is equal to zero due to these currents
carrying wires? Justify your answer,

Region | Region I

® @

i 2A :

Region 111

A proton, a deuteron and an alpha particle are
accelerated through the same potential difference

and then subjected to a uniform magnetic field B

, perpendicular to the direction of their motions.
[Al 2019]

Compare

Their kinetic energies, and

If the radius of the circular path described by

proton is 5 cm, determine the radii of the path

described by deuteron and alpha particle.

5.

6.

Two identical loops P and Q each of radius 5 cm
are lying in perpendicular planes such that they
have a common centre as shown in the figure.
Find the magnitude and direction of the net
magnetic field at the common centre of the two
coils, if they carry currents equalto3 Aand 4 A
respectively. [Al 2017]

Q

Derlve an expresston for magnetic force F acting
on.a straight tonductor of length L carrying
'f:urrem.l‘:h‘i'-an' external magnetic field B. Is it valid
when the conductor is in zig-zag form? Justify.

7° Two long, straight, parallel conductors carry

94

steady currents in opposite directions. Explain the
nature of the force of interaction between them.
Obtain an expression for the magnitude of the
force between the two conductors. Hence define
one ampere,

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

A charged particle g is moving in the presence of a
magnetic field B which is inclined to an angle 30°
with the direction of the motion of the particle.
Draw the trajectory followed by the particle in the
presence of the field and explain how the particle
describes this path.

10. Two very small identical circular loops, (1) and (2),

carrying equal currents | are placed vertically (with
respect to the plane of the paper) with their
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. [2017C, Foreign 2014]




11. Two infinitely long straight wires A; and A, carrying
currents | and 2| flowing in the same directions are
kept ‘d’ distance apart. Where should a third
straight wire A; carrying current 1.5 | be placed
between A, and A; so that it experiences no net
force due to A; and A,? Does the net force acting on
A; depend on the current flowing through it?

[Delhi 2019]

(a) Write an expression of magnetic moment
associated with a current (l) carrying circular coil of
radius r having N turns.

(b) Consider the above mentioned coil placed in YZ
plane with its centre at the origin. Derive expression
for the value of magnetic field due to it at point (x,
0, 0). [2020]

(a) Define current sensitivity of a galvanometer.
Write its expression.

(b) A galvanometer has resistance Giand sfows full
scale deflection for current ;.

(i) How can it be converted inté:dn ammeter'to’
measure current upto [, (l(\,f»?{"["»].l

(iii) What is the effective resistance.of this
ammeter? “ [2020)

. (a) Briefly explain how a galvanometer is converted
into an ammeter.
(b) A galvanometer coil has a resistance of 15 €2
and it shows full scale deflection for a current of 4
mA. Convert it into an ammeter of range 0 to 6A.

A circular loop of radius R carries a current |. Obtain
an expression for the magnetic field at a point on its
axis at a distance x from its centre.

OR

Write, using Biot — Savart law, the expression for

the magnetic field B due to an element d [

carrying current | at a distance r from it in a vector
form. Hence derive the expression for the magnetic
field due to a current carrying loop of radius R at a
point P distant x from its centre along the axis of
the loop. [Al 2015]

16. An electron moving horizontally with a velocity of
4 x 10*m/s enters a region of uniform magnetic
field of 105 T acting vertically upward as shown in
the figure. Draw its trajectory and find out the time
it takes to come out of the region of magnetic field.

1
o
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Two long straight parallel conductors carry steady
current I, and I, separated by a distance d. if the
currents are flowing in the same direction, show
how the magnetic fields set up if one produces an
attractive force on the other. Obtain the expression
for this force. Hence define one ampere.

. (a) Write the expression for the force F, actingon a
charged particle of charge ‘g’, moving with a
velocity ¥ in the presence of both electric field E
and magnetic field B. Obtain the condition under
which.the particle moves undeflected through the
fieldss

Ab) A rectangbidr loop of size [ x b carrying a steady
cureenfLis placed in a uniform magnetic field B.
F{OVE that the torque 7 acting on the loop is given

,7 = i X B where i is the magnetic moment of
the loop.

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

20. State Bio-Savart's law, Write in vector form.

21. Fig., shows a current loop having two circular
segments and joined by two radial lines. Find the

magnetic field at the centre O.
1
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22. Two identical coils P and Q each of radius R are
lying in perpendicular places such that they have a
common centre. Find the magnitude and direction




of the magnetic fields at the common centre of the
two coils, if they carry currents equal to / and V3I.

23. What is Lorentz Force? Write the proper expression
forit.

24. The figure shows three infinitely long straight
parallel current carrying conductors. Find the
Magnitude and direction of the net magnetic field
at point A lying on conductor 1,
Magnetic force on conductor 2.
I L

A
r
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25. An electron of mass m. revolves around a nucleus
of charge +Z.. Show that it behaves like a tiny
magnetic dipole. Hence, prove that the magnetic
moment associated with it is expressed as ji =

e 7 T . .
-y L, where L is the orbital angular momentum
(4

of the electron. Give the significance of negative
sign.

. Draw a labelled diagram of a moving coil

galvanometer. Describe briefly its principle &
working. How will you convert galvanometer into (i)
ammeter (ii) Voltmeter.

Explain Current & Voltage sensitivity of
galvanometer

A rectangular coil having each turn of length 5 cm
and breadth 2 cm is suspended freely in a radial
magnetic field of induction 2.5 x 107 Wb m?,
torsional constant of the suspension fibre is 1.5 x
10* Nm rad™. The coil deflects through an angle of
0.2 radian when a current of 2 pA is passed through
it. Find the number of turns of the coil.

. An ammeter of resistance 0.800) can measure

currents upto 1.0 A. (i) What must be the shunt
resistance to enable’'the ammeter to measure

curfeht upto{S.0'A7? (i) What is the combined

tesistance'of the ammeter and the shunt?
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Chapter — 04 (Solutions)
Moving Charges and Magnetism

» Solutions

1. Ans. Force between two parallel current carrying

wires,
2A

P
-

A

L

D

Ll
F — A”llll 2

2zr
Force on arm AB,

_ My x2x1x20x10 :
B 27x10x102

- ﬂ N (Attractive, towards the wire)
T

Force on arm CD,
Uy % 2x1x 20x10°2
27x30x10*

B % N (Repulsive, awaf from thebird)®
T

Fcnz

Force on arms BC and DA are éqpal and opposite.

So, they cancel out each other.
Net force on the loopis F = Fyp — Fep

_Ha[o _gl _ o _ 4x4mwx10~7
n 3 3n 3n

= 5.33 x 10~ 7N (Attractive, towards the wire)

2. Ans. Let the resistance isR. So, V= IR
1x08=5x—22.p=-02n

R+0.8
3. Ans. For a straight current carrying wire magnetic
field is B = £
2nr

| ]

i

I

'
25 o
b
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From the figure, we see magnetic field can be zero in

region | or Ill. But for region I, r, > ryand for region Ill,

ry > 1. As [, > 1y, so we can conclude that magnetic
field will vanish in region | only.

4. Ans. When a proton, a deuteron and an alpha
particle are accelerated through potential
difference V, then their energies are

E,=eV,Eq=¢eV,E; = 2¢V

(VKE,:KE4:KE, = 1:1: 2
p
ay . MU _ vVZMKE
(i) r = qB ~  qB
\.Tﬁ’\,r"l’v"‘_mp Y |7
e " e ' 2e _I'ﬁ'l
Asr, =5cm . 1g = 5v2em, 1, = 5cm

T Tdi T

5. Afs. Magneticfield-induction due to vertical loop
atthe centre O'is,

_ kaly _ 4pg
By = 2R 107!

(" R=5cm)

Magnetic field induction due to horizontal loop at the
centre O is,

B, = Holz _ 4o

2R 1071
-.- By and B; are perpendicular to each other,

therefore the resultant magnetic field induction at the
centre O is,

4y \2 g \2
Bue = VBT 8 = [(22) + (22 -
Ho — Sug
'F\)'i +16 = Ot
=50x4r x 1077 = 62.8x 107°T = 62.8uT
Direction of resultant magnetic field,
B, _ 3ugx10~!
By apgx10-1

tan @ =

tan @ = ;orﬂ e 379
Resultant magnetic field B making an angle 37° with B,.

6. Ans. Magnetic force on a current carrying
conductor:




Net mobile charge carrier in a conductor, ¢ = nAle

Average drift velocity of electron = v,

Magnetic force on charge

Fm = (nAl)e(V, x B) =[(nev,, ) Al x B = I xB)

This law is also valid for zig-zag shape of conductor.

For anarbitrary shape of wire F = ¥"I(d], xB)
_ k
This force acts through the centre of the rod of length (I).

7. Ans. When two parallel infinite straight wires
carrying currents /; and [, are placed at distance d
from each other, then current I, produces
magnetic field, which at any point on the second
current carrying wire is

b

B, = 24& directed inwards perpendicular to plane of
n

wires.
So, this current (I;) carrying wire then experiences 2
force due to this magnetic field which on its Imh s
given by

Fyy =1,(1 xB,)

Fpy = Fyp = IolB, sin 90° = lﬂ:g..;—%

Halyl
or Fp =Fyy= —2‘?;[1&2-1

The vector product (I xB,) has a direction away from the

wire carrying current ;. Hence, both the wires repel each
other.
So, force per unit length that each wire exerts on the otheris

F= Mol
2nd

If lj=ly=1Aandd=1mand/=1m
thenF = 2—-—2):10 Nm!

Thus, electric current through each of two parallel long
wires placed at distance of 1 m from each other is said to
be 1ampere, if they exert aforceof 2x 107 Nm ' oneach

other.
8. Ans. Mass of wire, m = 200 g = 0.2 kg, length of
wire, [ =1.5m, current in the wire, { = 2A
In the equilibrium position, the net force on the wire
will be zero.

Thus, "B = Blt

m 0.2x9.8
=R =_.Q_= B =

- S B = 0.657

9‘

Ans. A charged particle moving in a uniform
magnetic field has two motions.

A linear motion in the direction of B (along z-axis)
as shown in figure (a) and a circular motion ina

plane perpendicular to B (in xy-plane). Hence, the
resultant path of the charged particle will be a helix,

—
with its axis along the direction of B, as shown in
figure (b).

. Ans. The magnetic field at an axial point due to

circular loop is given-hy

B =

Wheke, | = current through the loop

M= radius of the loop

r= distance of O from the centre of the loop.
Since |, a and r = x are the same for both the loops,
the magnitude of B will be the same and is given by

_np ot 2rla’
ol (@+x)"*
The direction of magnetic field due to loop (1) will
be away from O and that due to loop (2) will be
towards O as shown. The direction of the net

magnetic field will be as shown in the figure.
Bree 4B

4 i
B1
,bf_u._. B No

The magnitude of the net magnetic field is given by

Bu=\E+EB




Ho“?z
2(&2 +x2)3{2

ik 22xla Putting r = (R% + x?)1/%, we get B =

et = T :
4 43‘7(3 +X ) ' _ pgNiR*

For N turns, B = 2R +x)2

11. Ans. Force on As due to A,
. Ans. (a) Current sensitivity is defined as the

deflection of coil per unit current flowing in it, i.e.,
I - 6 NAB
1k

(b) A galvanometer can be converted into an
ammeter of given range by connecting a suitable
e T (d-x) low resistance S called shunt in parallel to the given

e S galvanometer, whose value is given by

_4mrx 1077 x I x 1.5 I
h= 2rx S= 4 G
Force on A; due to A; b _!g
_4mx 1077 x 21 x 1.51
s 2m(d — x) Where lg is the current for full scale deflection of

When there is no net force on As f; = f:’- galvanometer, l{,iS the current to be measured by
4r x 1077 x I x 1.5! 4mx1077 x 2l x 1.5! the galvanometer and G is the resistance of
2mx - 2n(d — x) galva,:{orneter.

N i
d—x=2x=x=§ PN | A

d . ]
Hence, from A, at -;there is no net force on As. e

Also from the above result we can say that net
force is independent of current flowing on Asz

12. Ans. (a) The magnetic moment aséocidted with.a In order to increase the range of an ammeter n
current () carrying circular, doil 6f radius rfiaving N times, the \falue of Shf""t resistance to be
turns, is given by, M = NlA= Niar?, connected in parallel is S = G/(n = 1).

(b) Magnetic field at a distance :;"fiﬁrgm' the centre of
the ring due to element ‘ . Ans, (a) A galvanometer can be converted into an

o dl ammeter of given range by connecting a suitable
dl low resistance S called shunt in parallel to the given
galvanometer, whose value is given by

1
P dBsind §= (:Uf:g)c

Where lg is the current for full scale deflection of

idl sin9o®
2

dl,dB = £ _
- galvanometer, L;,IS the current to be measured by

Since, angle between d l andris 90°. The the galvanometer and G is the resistance of
component dB cos Bwill get cancelled due to galvanometer.
symmetry e e L

B =[dBsind = [ (%21 (sing) | - A

A rd

Here, r and {/are constants and sin@ = E
r

I
&

i
i
I
am r3 L p— s

41 re \r
= ﬁl'_ﬂj' A= HoiR (2nR) = HoiR? In order to increase the range of an ammeter n
4mwrs 4mrd 2r? times, the value of shunt resistance to be
connected in parallel is S = G/(n—1).




(b) For I = 6A

I _ Ax1073
i=ty) "~ 6-0.004

x 15 x 107302 = 0.010

———x 151

Ans. A current carrying wire produces a magnetic
field around it. Biot — Savart law states that

magnitude of intensity of small magnetic field d B

due to current | carrying element d I at any point
P at distance r from it is given by

. ld I sing [ sm{?

dB ouU

Where (/is the angle between ;: and d? and
=47x10"TmA "is called permittivity of free

space.
In vector form,

So, the direction of d B is perpefidicutar to the

» »

plane containing " and d [ .

S.1. unit of magnetic field strength is tesla denoted
by ‘T* and cgs unit is gauss denoted by ‘G’, where 1
T=10G

Magnetic field on the axis of a circular coil

Small magnetic field due to a current element of
circular coil of radius r at point P at distance
x from its centre is

4o A 1sin90° _ 11
47 &  4Ar@+xd)

Component dBcosg due to current element at

dB =

point P is cancelled by equal and opposite
component dBcos¢ of another diametrically
opposite current element, whereas the since
components dBsingadd up to give net magnetic
field along the axis. So, net magnetic field at point P
due to entire Ioop is

Idi .
4x (a2 +x2) (% +x2)V2

B= fdasmq; j

Bt j' dl or Bu—0r___on

2]3!2 4!1:[024‘.'12}:”2

4Jt(a +X

wulr’
2(32+ xZ)l"z
(a) Towards the coil if current in it is in clockwise
direction

(b) Away from the coil if current in it is in
anticlackwise direction.

or B= directed along the axis,

16.°50In.

-

r\xs

—r—]r’ X X
L X X X

Trajectory of electron

Let the time taken by the electron to come out of
the region of magnetic field be t.

Velocity of the electron, v = 4 x 10*m/s
Magnetic field, B = 107°T

Mass of the electron, m = 9 x 107 3'kg

We know

t= Ewhere r= ';—:

am _ 3.14x9x1073

Bq 10-5x1.6x10-17?
=t=1766x10""s = 1.77us

Now, t =

Thus, the time taken by the electron to come out of
the region of magnetic field is 1.77 us.

17. Soln. Magnetic field produced on the wire
(carrying current |;) due to |; will be




g
|
(] w

Force acting at | length is
F=1,/B

w11 .
27d !

if l=1md=1mI, =1, =Iand F=2x10"N
=% I=1A

So one ampere is defined as the current, which
when maintained in two parallel infinite length
conductors, held at a separation of one metre will

produce a force of 2 x 10”7 N per metre on each
conductor.

F:

Soln. (a) Force acting on a charge ‘q” moving
with velocity vin the presence of both electric field

f-::and magnetic field !;is given by,

F=qf£+q(v‘x8)
Consider a region in which magnetic field, electrie,
field and velocity of charge particle are
perpendicular to each other.
To move charge particle undeflected)the fiet forte’
acting on the particle must be zérou.e., thedgﬁtﬂf
force must be equal and opposite to the magnetic
force.

qf: = —q(v Xfé)
E= —(r_,; X E)
E B X v
,;Hv sinf = Bv(+ 6 = 90")

B

The direction of electric and magnetic forces are in
opposite direction. Their magnitudes are in such a
way that they cancel out each other to give net
force zero and so the charge particle does not
deflect.

(b) When an electric current flows in closed loop of
wire, placed in a uniform magnetic field, the
magnetic forces produce a torque which tends to
rotate the loop so that area of the loop is

perpendicular to the direction of the magnetic field.

Consider a rectangular coil PQRS placed in an
external magnetic field as shown in fig.

T bsing 3=BY

F,fh{ﬂnﬂ

be__t T'be the éurrént flowing through the coil. Each
part,qﬁxhe ‘coil experiences a Lorentz force. Forces

of #ach part is F,,Fg, Fj and F,, as shown. The Fa

and F, are equal in magnitude but act in opposite

directions along the same straight line. Hence, they
cancel out each other.

The force F1 = !(PQ X B)
F, =1/B(~ 8 =90%

( F, acts in direction perpendicular to the plane of
paper)

Similarly, F; =I(RS %X B)
F;=1/B

These twao forces constitute a couple and so rotates
the coil in the anticlockwise direction.
The torgue

T =force x arm of couple

T=Fbcos?®

t=1/Bbcos@
T=I[ABcos@ (~Ixb=A4)
If the coil has N turns then

T = NIAB cos @

The area vector A makes an angle & with B so
6+ a=90°
cosf = cos(90 —a) =sina




= NIAB sina
T = mB sin a

ort =mx B
Where m = NIA is called the magnetic dipole
moment of the loop.

Soln. We have:

N;.2nR = N,.2n(R/ 2)

~ N, = 2N,
Magnetic moment of a coil, M = NAI
For the coil of radius ‘R’,

M, = N;IA; = N,InR?

For the coil of radius R/2,

M, = N,I1A, = 2N,InR*/4 = N,InR?*[2

= MM, =1:2

Soln. According to Biot-Savart law, the magnitude

of the field dBis

Directly proportional to the current | through the
conductor,

dB =l

Directly proportional to the length dl of the current
element,

dB = dl

Directly proportional to siné,

dB = sing

Inversely proportional to the square of the distafice
r of the point P from the current element,

l
a‘Boc

Combining all these four factors weﬁt‘

idl sin#
dB o« —;
r

Or dB = K.——

The proportionality canstant K depends on the
medium between the observation point P and the
current element and the system of units chosen.
For free space and in Sl units,

K:Liﬂo?i"m 'lorWbm'A )

mmne

Here Li,is a constant called permeability of free

space. So the Biot - Savart law in S| units may be

expressed as
g Idl sin @

Gl am” r?

We can write the above equation as
ol dirsin@

dB = 4 rd

As the direction of dB is perpendicular to the

» ——s
planeof dl and T ,sofrom the above equation,
we get the vector form of the Biot - Savart law as

21. Soln. Since the point O lies on lines SP and

QR, so the magnetic field at O due to these straight
portions is zero.

The magnetic field at O due to the circular segment
PQis

Mo 1
g, =H_"
17 ana?

Here, | =lengthof arcPQ= a a

s By = ”" dlrected normally upward

Simllarly, the magnetic field at O due to the circular

segment SR is

it
B, = ﬂ . durer.ted normally downward.

The resultant fieldat Qs

_ Mpla(b—a)

Or
4mab

. Soln.. BP = "ﬁ}, vertically upwards,
BQ = h‘” ”, aleig horizontal
"Resulténtffﬁeid at the centre is

211/2
B = ’B,, +B3 = I #nl Hu\'N) I

— Kol 1/2 _ (B!

B 23(1:93) . (R)
_8r__ 1 — 200

tanf = 7 - g =30
Soln. Lorentz force. The total force experienced by a
charged particle moving in a region where both
electric and magnetic fields are present, is called
Lorentz force.

A charge q in an electric field E experiences the
electric force,

F.=qE

This force acts in the direction of field E and is
independent of the velocity of the charge.
The magnetic force experienced by the charge q

moving with velocity V in the magnetic field Bis
given by

m = q(v X B)

This force acts perpendicular to the plane of V and

B and depends on the velocity V of the charge.




The total force, or the Lorentz force, experienced by
the charge g due to both electric and magnetic field
is given by

Or

24. Soln, (i) Magnitude of magnetic field at A

Direction of magnetic field at A
(i) Magnitude of magnetic force on conductor 2
Direction of magnitude force on conductor 2

: My 23D p, (61,

(i B,= i Z;r-(?] into the plane of the
paper/ (®)

B, = i[@] — ﬁ(ﬂ)outof the plane of the
4z\ 3r 4x\ 3r
paper/ (*)

B, = B, - B,into the paper

e} E)'t th ®
[3?' nto the paper/(®)

4r
i F, -t 26D

away from wire 1 (/towards 3)

21 471_
M, 213D
r

F’ﬂ =

away from 3 (towards 1)

25. Soln. (i) Behaviour of revolving/elettr
magnetic dipole.

(ii) Proof of the relation;_f = — 2:;] L
(iii) Significance of negative sign

Electron, in circular motion around the nucleus
constitutes a current loop which behaves like a
magnetic dipole.

Current associated with the revolving electron.

And

Magnetic moment of the loop, u = 1A

p=IA= inrz
_evr _ emgpur
Tz 2m,
Orbital angular momentum of the electron,
L=mgvr
p=—1L

2m,

-ve sign signifies that the angular momentum of the
revolving electron is opposite in direction to the
magnetic moment associated with it.

26. Soln.

Fig. 4.54 (a) Top view (b) Front view of a
pivoted-type qalvancmeter.
I = current flowing through the coil PQRS
a,b = sides of the rectangular coil PQRS
A = ab = area of the coil
N = number of turns in the coil.
CN

Fig. .95 (a) Rectangular loop PORS in a uniform
magnetic field, (b) Top view of the loop.

Since the field is radial, the plane of the coil always

remains parallel to the field B. The magnetic forces
on sides PQ and SR are equal, opposite and
collinear, so their resultant is zero. According to
Fleming's left rule, the side PS experiences a normal
inward force equal to NIbB while the side QR
experiences an equal normal outward force. The




two forces on sides PS and QR are equal and
opposite. They form a couple and exert a torque
given by

r = Force x Perpendicular distance

= NIbBx asin90" = NIB(ab) = NIBA

Here & =90°, because the normal to the plane of

coil remains perpendicular to the field Bin all
positions.
The torque 7 deflects the coil through an angle « .
A restoring torque is set up in the coil due to
elasticity of the springs such that
E raiing 0 OF T = Ka
Where k is the torsion constant of the springsi.e.,
torque required to produce unit angular twist. In
equilibrium position.
Restoring torque = Deflecting torque

ke = NIBA
Or o= @J

k

Or ao I
Thus the deflection produced in the galvanometer
coil is proportional to the current flowing through
it. Consequently, the instrument can be provided
with a scale with equal divisions along a circular
scale to indicate equal steps in current. Such a scale
is called linear scale.

Also,

I=~—h§—-Aﬂ=Ga

The factor G = K/ NBA is constantfor a
galvanometer and is called'@gaivanometerconstant
or current reduction factor of the galvanometer.
Fig. of merit of a galvanometer, it is'defend as the
current which produces a deflection of one scale
division in the galvanometer and is given by

I=-1) (-1

Let G = resistance of the galvanometer
I, =the current with which galvanometer

gives full scale deflection
0— I =the required current range of the ammeter

S = shunt resistance
I -1, = current through the shunt.

As galvanometer and shunt are connected in
parallel, so
P.D. across the galvanometer = P.D. across the
shunt
I gG =(I- lg)S
I

or S=—£_xG

I- Ig
So by connecting a shunt of resistance S across the
given galvanometer, we get an ammeter of desired
range. Moreover,

S

I, =——xI
¥ G+S
The deflection in the galvanometer is proportional
to I, and hence to I.50 the scale can be graduated

to read the value of current | directly,
Hence an ammeter is a shunted or low resistance
galvanometer. Its effective resistance is

, A galvanometer can be converted into a voltmeter

__\hiir’connecting a high resistance in series with it. The
value of this resistance is so adjusted that only
current Is which produces full scale deflection in

the galvanometer, passes through the
galvanometer.

Let

G = resistance of the galvanometer

.’,f = the current with which galvanometer gives full

scale deflection

0-V =required range of the voltmeter, and

R = the high series resistance which restricts the
current to safe limit I,.

Total resistance in the circuit=R + G
By Ohm's law,
e Potential difference _ Vv
¥ Totalresistance R+G
So by connecting a high resistance R in series with
the galvanometer, we get a voltmeter of desired
range. Moreover, the deflection in the
galvanometer is proportional to current Ig and

hence to V. The scale can be graduated to read the
value of potential difference directly.

Hence a voltmeter is a high resistance
galvanometer. Its effective resistance is

R, =R+G>>G.




27. Soln. Current sensitivity. It is defined as the

deflection produced in the galvanometer when a
unit current flows through it.

» o« NBA
Current sensitivity, I, = T =—

k
Voltage sensitivity. It is defined as the deflection
produced in the galvanometer when a unit potential
difference is applied across its ends.
a a NBA

Voltage sensitivity, V, = v = R _ R

Clearly, Voltage sensitivity =
Cuarrent sensitivity
R

28. Soln. A=5cmx2cm=10%x10"*m? =

1073 m?

B=25x10"2Wbm~?% k = 1.5 x 10"® Nmrad™*

8 =0.2rad,] =2uA =2 x107%4
k

As | —km.ﬂ

~N= TR

_ 1.5x107%x0.2

T 2x1076x2,5x10"2x 1073

= 60.

. Soln. The given ammeter can be regarded as the

galvanometer.

= Iy = 1.0A,R; = 0.8002
(i) Total current in the circuit, I = 5.04

The required shunt resistance,
I 1.0
2

X Ry = ——— x 0,80 = 0.2012.

50-1.0

RS_

-1,

(i) The combined resistance R , of the ammeter

and the shunt is given by

U Do TS T T
Ra Ry Rs 08 02 08 4
Or R, =4/25=0.160.




