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NCERT Solutions for 12th Class Physics: Chapter
4-Moving Charges and Magnetism

NCERT 12th Physics Chapter 4, Class 12 Physics Chapter 4 solutions
Question 1.

A circular coil of wire consisting of 100 turns, each of radius 8.0 cm carries a current of
0.4 A. What is the magnitude of the magnetic field 6 at the centre of the coil?
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Solution:

The magnetic field at the centre of a circular coil having 100 turns.

‘ %04
- [ty or pa|HI070
2r ) | 2x8x107°

B=314=10"T.

» 100

Question 2.

A long straight wire carries a current of 35 A. What is the magnitude of the field 6 at a
point 20 cm from the wire?

Solution:

Magnetic field due to a long straight wire

21 - 2x35
B=ﬂ— or B=107 x—=222_
dm v 20%10°°
=35x107°T
Question 3.

A long straight wire in the horizontal plane carries a current of 50 A in north to south
direction. Give the magnitude and direction of B at a point 2.5 m east of the wire.

Solution:

Let us first decide the standard directions on the plane of paper.

Magnitude of magnetic field

- Hy 21 m_;XEX 50 =
=20 =40%10°7T
B 4m v 2.5

By right hand palm rule, the direction of
magnetic field can be seen as upward.
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Question 4.

A horizontal overhead power line carries a current of 90 A in east to west direction.
What is the magnitude and direction of the magnetic field due to the current 1.5 m below
the line?

Solution:

The standard directions on the plane of paper can be different according to
requirements.

N upward
) North
W E W E
(®) South
(») upward
¢ ® Downward Downward
90 A

m-____l_‘_.____m

|
|
i 1.5m
I
bp
The magnitude of magnetic field,
B= Mo 2l 1077 xw =120=x 107 T
dm r 1.5

Direction of magnetic field can be observed by right hand palm rule and it is southward.
Question 5.

What is the magnitude of magnetic force per unit length on a wire carrying a current of 8
A and making an angle of 30° with the direction of a uniform magnetic field of 0.15 T?

Solution:
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Let | be length of wire, carrying a current of 8 A at an angle 30° with the magnetic field.
Force on the wire, F = |B| sinB Force per unit length F/I = |B| sin6 F/l =8 x 0.15 x sin 30°
=0.6 Nm".

Question 6.

A 3.0 cm wire carrying a current of 10 A is placed inside a solenoid perpendicular to its
axis. The magnetic field inside the solenoid is given to be 0.27 T. What is the magnetic
force on the wire?

Solution:

The magnetic field inside the solenoid is along its axis. the current in the wire flows
perpendicular to the axis. F = |B| sin 90° or F = 10 x 0.27 x 3 x 102x 1 =0.081 N

Question 7.

Two long and parallel straight wires A and B carrying currents of 8.0 Aand 5.0 Aiin the
same direction are separated by a distance of 4.0 cm. Estimate the force on a 10 cm
section of wire A.

Solution:

Force of attraction per unit length on two parallel wires carrying current in same
direction.
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Fji= Fo2hly _ qg7  2X8X5
in v 4x107
=20x10° N m"!

Attractive force on 10 cm section of wire A
F=[20=105[10x107%]=2x10° N

Question 8.

A closely wound solenoid 80 cm long has 5 layers of windings of 400 turns each. The
diameter of the solenoid is 1.8 cm. If the current the carried is 8.0 A, estimate the
magnitude of 8 inside the solenoid near its centre.

Solution:

Total number of turns in 80 cm length of solenoid can be calculated

2000

 80x107
Magpnetic field near centre of long solenoid,

= 2500 turns/ m
N =5 =400 = 2000 turns.

= numbersof turn B = pynl
length B=4nx107x2500%x8 or B=8wx10°T
Question 9.

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

Solution:
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10 cm

:E
m-{'.l
A

Torque experienced by the coil carrying current in the given magnetic field.

T=NIAB sinf
T=20x%12 = [100 * 107*] x 0.8 sin 30°
or T=096Nm.

Question 10.

Two moving coil meters, M; and M, have following particulars: R; = 10Q, N, =30, A, =
36x10°m?,B,;,=025TR,=14Q,N,=42,A,=1.8 x 103 m? B, = 0.50 T. (The spring
constants are identical for two meters). Determine ratio of (i) current sensitivity (ii)
voltage sensitivity of M2 and A4,.

Solution:

Current sensitivity of a moving coil galvanometer is defined as
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o NAB
CLS‘ _—— . —————_—
I k
and voltage sensitivity, V5. = %

(i) Ratio of current sensitivity
C-S, N,B,Ak
C:S; NBAk
_ 42x18x05x107 xk
30x0.25%x03.6x107 xk

=14

(ii) Ratio of voltage sensitivity

VS, CSyx Ry _7 10 _
V.S, C.S xR, 5 14

1

Question 11.

In a chamber, a uniform magnetic field of 6.5 G (1 G = 10*T) is maintained. An electron
is shot into the field with a speed of 4.8 x 10° m s™ normal to the field. Explain why the
path of the electron is a circle. Determine the radius of the circular orbit. (e= 1.6 x 10™°
C,m,=9.1 x 103" kg)

Solution:

The magnetic force f = quB act normal to the direction of motion, thus provide the
necessary centripetal force to follow the circular path.

]2
qu= T
F
L_omv_ 9.1x10°1 x48x10°
9B 16x107" x65%x107%

or r=42=107=42 mm

Question 12.

In question 11, obtain the frequency of revolution of the electron in its circular orbit.
Does the answer depend on the speed of the electron? Explain.
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Solution:

Time period can be calculated.

- 2y 2mm

i) Bg
So, frequency

. 4 - -1t
By or f- 6.5x10 " x1.6 x10

T 2mm ' 2 x9.1x107!
f=18.2 x 10° Hz = 18.2 MHz.

The frequency of revolution of electron is independent of speed of electron.
Question 13.

(a) A circular coil of 30 turns and radius 8.0 cm carrying a current of 6.0 A is suspended
vertically in a uniform horizontal magnetic field of magnitude 1.0 T. The field lines make
an angle of 60° with the normal of the coil. Calculate the magnitude of the counter
torque that must be applied to prevent the coil from turning.

(b) Would your answer change, if the circular coil in (a) were replaced by a planar coil of
some irregular shape that encloses the same area? [All other particulars are also
unaltered].

Solution:

(a) The given caoil is circular and is suspended such that field lines makes angle 60° with
normal of the coil.A similar torque is required to prevent the coil from turning.
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Torque on the coil, ©=NIBA sinf)
T=30x6x1xmx(8x1072)° x sin 60°
=313 Nm

A similar torque is required to prevent the coil from turning.

(b) As long as the area of the planar coil remains same, the torque on the coil is also
same, irrespective of the shape.

Question 14.

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

Solution:

The concentric coils are in the plane north to south. Let us decide the directions with
conveniences in the plane of paper.
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@® Up (™) East
W E OR S N
© Down © West
S Down
Magnetic field at centre due to coil Y.
gl
B, - { 2 J x 25
-7
By s M %25 ® Towards west
2x10x107°

B, =2826 = 10°T @ west

Magnetic field at centre due to coil X

g,
B, = HD——‘ 20 or
2r

| |

4nx107

B,= | A0 X161, o East
Zx(lﬁx'lﬂ'z)

=125 =10°T & East
At centre of coils
B =By -B,=1570 x 10T ® West

So, a magnetic field nearly 1.6 x 10 T will appear at centre of the circular coil directed
towards west.

Question 15.

A magnetic field of 100 G (1G = 10*T) is required which is uniform in a region of linear
dimension about 10 cm and area of cross-section about 10**m?2. The maximum
current carrylng capamty of a given coil of W|re is 15 A and the number of turns per unit

es- and ma netlsm/
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length that can be wound round a core is at most 1000 turns m”1. Suggest some
appropriate design particulars of a solenoid for the required purpose. Assume the core
is not ferromagnetic.

Solution:

The magnetic field required is 100 G in a length of 10 cm. So, the solenoid should have
a length larger than 10 cm. The maximum current capacity of wire is 15 A, so less than
15 A should flow in wire. Now using

N

B= _L,LDT[

or 10x10%= 4nxm"¥r

N
Tf =7,961.8

Now we can think of a possible combination

with [ = 10 A and total length of solenoid
[=50cm
N

Exm'z x10=7961.8 or N =398.09 turns

So, one combination for the desired 100 G magnetic field in a length 10 cm can be a
total length of solenoid of 50 cm and current in the solenoid of 10 A and total turns
nearly 400.

NCERT 12th Physics Chapter 4, Class 12 Physics Chapter 4 solutions
Question 16.

Fora circular coil of radius R and N turns carrying current |, the magnitude of the
magnetic field at a point on its axis at a distance x from its

2
centre is given by, B = L 32 °

2(x1+R2)
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(a) Show that this reduces to the familiar result for field at the centre of the coil

(b) Consider two parallel co-axial circular coils of equal radius R, and number of turns
N, carrying equal currents in the same direction, and separated by a distance R. Show
that the field on the axis around the mid-point between the coils is uniform over a
distance that is small as compared to R, and is given by,

NI
B=uJ29“
R

; approximately.

[Such an arrangement to produce a nearly uniform magnetic field over a small region is
known as Helmholtz coils.]

Solution:

On the axis of the circular coil of radius R and N turns carrying a current | at a distance
x from centre the magnetic field is

pn!’REN
32
2(_1'2 + Rz} !
(a) At centre of the coil x =0
s0, the magnetic field
B HIR*N NI
2R’ 2R

2=l

Which is the same result as is obtained by integration at centre of the coil.

(b) The side of the loop where current flows clockwise becomes south pole and where
the current appear anticlockwise becomes north pole. Direction of magnetic field is from
south pole to north pole.
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https://www.indcareer.com/schools/ncert-solutions-for-12th-class-physics-chapter-4-moving-charges-and-magnetism/
https://www.indcareer.com/schools/ncert-solutions-for-12th-class-physics-chapter-4-moving-charges-and-magnetism/

€IndCareer

Now, two parallel coils each of radius R with N turns. The magnetic field of both the coils
add.

\_{7
B, +E,

Net magnetic field,

2
Bru:t:B] +B".-= MDIR N 2
- 32
[(R /2" + ﬂ

5 - WIRN [ 8x2

net

2 55R?
8, NI NI

B, = =0.72

net SwER R

NCERT 12th Physics Chapter 4, Class 12 Physics Chapter 4 solutions
Question 17.

A toroid has a core (non-ferromagnetic) of inner radius 25 cm and outer radius 26 cm,
around which 3500 turns of a wire are wound. If the current in the wire is 11 A, what is
the magnetic field

€IindCareer
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(a) outside the toroid,

(b) inside the core of the toroid, and

(c) in the empty space surrounded by the toroid.
Solution:

r.= 26 i

Total turns in the toroid are given 3500.
(a) outside the toroid the magnetic field is zero.

(b) Inside the core of toroid, the magnetic field will be

B = pgnl

B = “‘]EE;I

Here » can be taken mean of inner and
outer radius i.e., 25.5 cm.
4nx107 3500x11

=3x102T
2m 255%x10°°

S0,

(c) Magnetic field in the empty space surrounded by the toroid is also zero.
Question 18.
Answer the following questions:

(a) A magnetic field that varies in magnitude from point to point but has a constant
direction (east to west) is set up in a chamber. A charged particle enters the chamber
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and travels undeflected along a straight path with constant speed. What can you say
about the initial velocity of the particle?

(b) A charged particle enters an environment of a strong and non-uniform magnetic field
varying from point to point both in magnitude and direction, and comes out of it following
a complicated trajectory. Would its final speed equal the initial speed if it suffered no
collisions with the environment?

(c) An electron travelling west to east enters a chamber having a uniform electrostatic
field in north to south direction. Specify the direction in which a uniform magnetic field
should be set up to prevent the electron from deflecting from its straight line path.

Solution:

(a) If a charged particle move parallel or anti parallel to the magnetic field, no magnetic
force will act on it and it move undeflected. So, in the given condition either the charged
particle enters east to west or west to east.

(b) A magnetic force can only change the direction of charged particle but never
changes magnitude of speed as force act normal to direction of speed. So, charged
particle may follow a complicated trajectory, but its speed remains the same.

(c)

N
Downward
@ into plane of Paper
W E
(») upward
up of plane of Paper
5

If, we want the electron to move undeflected in the presence of electric and magnetic
fields, then the electric force should be balanced by magnetic force.

h Jiwww.in reer. i i r-4-moving-char
ges-and-magnetism/
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X x X X
i

So, the magnetic field should act in downward direction.
Question 19.

An electron emitted by a heated cathode and accelerated through a potential difference
of 2.0 kV, enters a region with uniform magnetic field of 0.15 T. Determine the trajectory
of the electron if the field (a) is transverse to its initial velocity, (b) makes an angle of 30°
with the initial velocity.

Solution:

A electron which is accelerated by a potential difference of 2.0 kV will have a kinetic
energy gained 2000 eV.

E=1/2mu*=2000= 1.6 x 10717

I
| 16 )
oo [AXLOXI0T 107 m s

V' 9xi07™

(a) When the electron enters in the uniform r magnetic field which is normal to the
velocity of electron the electron follows a circular path r of radius.

(b) When the magnetic field makes an angle 30° with the initial velocity, the trajectory of
the electron becomes helical. radius of the helical path is
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mosind

Bg 1
r=9975x 107" = —
2

=

r=49 875 % 107" m = 0.5 mm
v =1c0s0 =2.66 % 107 cos 30

c 23 %107 m & _ 2mx9x107 x266x107 3
Pitch of the helical path is 0.15x1.6x107" 2
=5425= 107
Pitch=Tx v cos B = Znm x vecos . 2425107 m
Bg s0, pitch = 5.42 mm.

NCERT 12th Physics Chapter 4, Class 12 Physics Chapter 4 solutions
Question 20.

A magnetic field set up using Helmholtz coils (described in question 16 above) is
uniform in a small region and has a magnitude of 0.75 T. In the same region, a uniform
electrostatic field is maintained in a direction normal to the common axis of the coils. A
narrow beam of (single species) charged particles all accelerated through 15 kV enters
this region in a direction perpendicular to both the axis of the coils and the electrostatic
field. If the beam remains undeflected when the electrostatic field is 9.0 x 10°V m™’,
make a simple guess as to what the beam contains. Why is the answer not unique?

Solution:

Narrow beam of charged particles remains undeflected and is perpendicular to both
electric field and magnetic fields which are mutually perpendicular. So, the electric force
is balanced by magnetic force. gE = quB Speed of charged particles

9%107°

v=E/B= =12%107° m s
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Because the beam is accelerated through 15 kV, if charge is q, then kinetic energy
gained by charged particles

1. 2
S T frd
5 o t?'lp’

m 2V 2x15x10°
—= = 5 =20.8x 10" kg C!

g o [12><m“5]

Here, we can only obtain charge to mass ratio and same ratio can be in Deuterium ions,
He™, Li***, so the beam can contain any of these charged particles.

Question 21.

A straight horizontal conducting rod of length 0.45 m and mass 60 g is suspended by
two vertical wires at its ends. A current of 5.0 Ais set up in the rod through the wires.

(a) What magnetic field should be set up normal to the conductor in order that the
tension in the wires is zero?

(b) What will be the total tension in the wires if the direction of current is reversed
keeping the magnetic field same as before?

[Ignore the mass of the wires.] g = 9.8 m s

Solution:

Tension in the strings and magnetic force |B| balance the weight of wire. 2 T + |B] = mg
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(a) For tension in the wire to be zero.

IBI = mg
BZEJUK_N‘%QE:MH
Il 5x (.45

(b) Ifthedirection of currentis now reversed,
keeping the current and magnetic field
same, then
2T =IBl + mg
2T=2mg=2=60x10"=98
Total tension = 1.176 N.

Question 22.

The wires which connect the battery of an automobile to its starting motor carry a
current of 300 A (for a short time). What is the force per unit length between the wires if
they are 70 cm long and 1.5 cm apart? Is the force attractive or repulsive?

Solution:

Two wires connecting battery of an automobile to the starting motor carry 300 A current
in opposite direction. So, the force is repulsive between them. Force per unit length

prr=to2hly g7 2X300%300
dn 1 1.5x1072
=12Nm’!
Question 23.

A uniform magnetic field of 1.5 T exists in a cylindrical region of radius 10.0 cm, its
direction parallel to the axis along east to west. A wire carrying current of 7.0 Ain the
north to south direction passes through this region. What is the magnitude and direction
of the force on the wire if,

(a) the wire intersects the axis,
(b) the wire is turned from N-S to northeast- northwest direction.

(c) the wire in the N-S direction is lowered from the axis by a distance of 6.0 cm?
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Solution:
-

L

™ ™ :

. -

[ ]

() East . .

L ]

Down up .‘
® West 41=T.0A

5

The magnetic field is in the direction east to west and in the cylindrical region of radius
10 cm.

(a) A current carrying wire, intersects the axis. Force on wire, F=|B| =1B (2r)=7 x 1.5
x2x1x102F =2.1 N Downwards

(b) By turning the wire by an angle 45° in NE and NW direction the force remain the
same,/= 2.1 N Downwards

(c) Now the wire is lowered from the axis by a distance of 6.0 cm.
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Length of wire inside cylindrical region is 16 cm now. So, the forceis F = |[B| =7 x 1.5 x
16 x 102 = 1.68 N, vertically downwards

NCERT 12th Physics Chapter 4, Class 12 Physics Chapter 4 solutions
Question 24.

A uniform magnetic field of 3000 G is established along the positive z-direction. A
rectangular loop of sides 10 cm and 5 cm carries a current of 12 A. What is the torque
on the loop in the different cases shown in figure? What is the force on each case?
Which case corresponds to stable equilibrium?
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Solution:

(a) Let us detail each case separately,

es- and -ma netlsm
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Dlpole moment is aln:mg +x dlrectmn

>
Y OM =10x5x10#x12i 0,061
B =3000 x 10 k )
. Torquef=ﬁxﬁ=?1.ﬁrlﬂ'2frﬂlm

So, torque is 1.8 x 10 N-m along -y direction net force on the coil is zero coil not in
equilibrium.

(b) Dipole moment is along +x direction

So, torque is 1.8 x 10-2 N m along -y direction. Net force on the coil is zero, coil is not in
equilibrium

(c) Dipole moment is along -y direction

Z

ts

|
M——ﬂ{]ﬁ;;B [‘13k
Torque T=MxBE-= -1.8x10" ‘r Nm

So, the torque is 1.8 x 102 N m along
—x direction.

es- and -ma netlsm/
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Net force on the coil is zero, coil is not in equilibrium.
(d)
Dipole moment is at an angle 150° with the +x direction.

Torque 1= MB sinf

, . T 5
r-1.5>¢1{}‘*51n§=1.8!1[]“?\:m

At an angle 240° with the +x direction net force on the coil is zero, coil is not in
equilibrium.

(e

) 2
311

Dipole moment is along +z direction.
t= MxB=18x102kxk =0
Potential energy U=~ M.B

U= -18x102(k.k) =-1.8 x 102]

Negative energy shows equilibrium is stable,

(f) Dipole moment is along — z direction
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L

X

T - MxB = 18x1072 (<kxk)=0
PE, U=-MB=+18x102]

Positive energy shows equilibrium is unstable.
NCERT 12th Physics Chapter 4, Class 12 Physics Chapter 4 solutions
Question 25.

A circular coil of 20 turns and radius 10 cm is place in a uniform magnetic field of 0.10 T
normal to the plane of the coil. If the current in the coil is 5.0 A, what is the

(a) total torque on the cail,
(b) total force on the coil,
(c) average force on each electron in the coil due to the magnetic field?

(The coil is made of copper wire of cross-sectional area 10° m?, the free electron
density in copper is given to be about 10 m-3.)

Solution:

The magnetic field is normal to the plane of the coil, so condition of minimum torque.
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(a) Torque on the coil T=NIBAsinBhere6=0°T1=0

(b) Force on every element of the coil is cancelled by force on corresponding element.
Net force on the unit is zero.

(c) To calculate force on each electron, let us find drift velocity.

I'=Anev,

5=107x10¥x 1.6 x 107 0,

or 1;,=3125x10"ms"!

Now force, F=¢ey, B

F=1.6x10"x3125%10"x0.1
=5x107 N

Question 26.

A solenoid 60 cm long and of radius 4.0 cm has 3 layers of windings of 300 turns each.
A 2.0 cm long wire of mass 2.5 g lies inside solenoid (near its centre) normal to its axis;
both the wire and axis of the solenoid are in the horizontal plane. The wire is connected
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through two leads parallel to the axis of the solenoid to an external battery which
supplies a current of 6.0 A in the wire. What value of current [with appropriate sense of

circulation] in the windings of the solenoid can support the weight of the wire? g = 9.8 m
2

s™.
Solution:

Magnetic in the solenoid B = pg,

A current carrying wire is suspended inside solenoid and a current 7 = 6.0 A is flowing in
it. To balance the weight of the wire by the magnetic force

IBl = mg
6% [1884 =10 2x102=25%x10" =98
[=108.4 A.

Question 27.

A galvanometer coil has a resistance of 12 Q and the metre shows full scale deflection
for a current of 3 mA. How will you convert metre into a voltmeter of range 0 to 18 V?

Solution:

By using the formula

Vv
R'L:= __G

I

We can calculate required resistance to be connected in series.

R'LJ - IE = 5,98‘8‘ Q

T 3x107

Question 28.
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A galvanometer coil has a resistance of 15 Q and the meter shows full scale deflection
for a current of 4 mA. How will you convert metre into an ammeter of range 0 to 6 A?

Solution:

For converting galvanometer into ammeter of required range, required shunt can be
calculated

_ L6 ax107x15
-1, 6-0.004

S =0.01 2 =10 mL.

NCERT 12th Physics Chapter 4, Class 12 Physics Chapter 4 solutions
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Chapterwise NCERT Solutions for
Class 12 Physics :

e Chapter 1: Electric Charges and Fields

e Chapter-2: Electrostatic Potential and Capacitance

e Chapter 3: Current Electricity

e Chapter 4: Moving Charges and Magnetism

e Chapter 5: Magnetism and Matter

e Chapter 6: Electromagnetic Induction

e Chapter 7: Alternating Current

e Chapter 8: Electromagnetic Waves

e Chapter 9: Ray Optics And Optical Instruments

e Chapter 10: Wave Optics
e Chapter 11: Dual Nature Of Radiation And Matter

e Chapter 12: Atoms

e Chapter 13: Nuclei

e Chapter 14: Semiconductor Electronics Materials Devices And

Simple Circuit

e Chapter 15: Communication Systems
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