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Q1. Write one condition under which an electric charge does not experience a force in a
magnetic field.

Q2. Write an expression for the force experienced by a charged particle moving in a uniform
magnetic field B.

Q3. An electron moving through a magnetic field does not experience any force. Under what
condition is this possible?

Q4. Whatis the direction of the force acting on a charged particle g, moving with a velocity %
in a uniform magnetic field B ?

Q5. What is magnetic Lorentz force?
Q6. Is the source of magnetic field analogue to the source of electric field?
Q7. What is the magnitude of force on a charge moving with a velocity v in a magnetic field B ?

Q8. Under what conditions will the force exerted by the magnetic field on a charged particle
be (a) Maximum and (b) minimum?

Q9. Inacertainarrangementa proton does not get deflected while passing through a magnetic
field region. Under what condition is this possible?

Q10. Why can neutrons be accelerated in a cyclotron?
Q11. In which condition, an electron moving through a magnetic field experiences maximum force?
Q12. What are the primary functions of electric field and the magnetic field in a cyclotron?

Q13. A 30 pC charge is placed in same ‘direction of uniform magnetic field of 4 tesla. How
much force does the charge experience?

Q14. A certain proton moving through a magnetic field region experiences maximum force.
When does this occur?

Q15. Why the frequency of a charge circulating inside the dees of a cyclotron does not depend
upon the speed of the charge?

Q16. Which one of the following will experience maximum force, when projected with the same
velocity ‘v’ perpendicular to the magnetic field ‘B’ : (a) a-particle, and (b) B-particle?

Q17. Write down the expression for the Lorentz force on a charge particle.

Q18. A particle carrying a charge of 5 uC is moving with a velocity v =(4f + :?nh”')ms‘1 in a
magnetic field B = (3k + 4/)Wbm™. Calculate the force acting on the particle.

Q19. An electron is not deflected, while moving through a certain region of space. Can we be
sure that there is no magnetic field in the region?
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Q20. In afield, the force experienced by a charge depends upon its velocity and becomes zero,
when it is at rest. What is the nature of the field?

Q21. State the principle of cyclotron.

Q22. What is the direction of the force acting on a charged particle g, moving with a velocity v
in a uniform magnetic field B ?

Q23. Does time spent by a proton inside the dee of the cyclotron depend upon (a) the radius of
the circular path (b) the velocity of the proton?

Q24. In afield, the force experienced by a charge depends only upon the magnitude of the field
and does not depend upon the velocity. Is field electric or magnetic in nature?

Q25. A test charge of 1.6 x 10~'° C moving with a velocity v = (2f + 3})m5‘1 in a magnetic field
B =(2i + 3j)Wbm™. Find the force acting on the test charge.

Q26. Two protons P and Q, moving the same speed enter magnetic fields B, and B, respectively
at right angles to the field directions. If B, is greater than B,, for which of the protons P
and Q, the circular path in the magnetic field will have a smaller radius?

Q27. A charged particle in a plasma trapped in a magnetic bottle leaks out after a millisecond.
What is the total work done by the magnetic field during the time, the particle is trapped?

Q28. As shown in figure. a charge g moving along the X-axis with a velocity y
v is subjected to a uniform magnetic field B acting along the
Z-axis as it crosses the origin O.

(a) Trace its trajectory. o X

v
L

(b) Does the charge gain kinetic energy, as it enters the magnetic
field? Justify your answer

Q29. An electron and a proton moving with the'same speed enter the same magnetic field
region at right angles to the direction of the field. For which of the two particles will the
radius of circular path be smaller.

Q30. 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 0.15T?

Q31. 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?

Q32. A straight wire of mass 200 g and length 1.5 m carries a current
of 2A. Itis suspended in mid-air by a uniform-horizontal magnetic
field B (see figure). What is the magnitude of the magnetic field?

Q33. An electron beam passes through a region of crossed electric and magnetic fields of
intensities E and B respectively. For what value of electron speed will the beam remain
undeflected?

Q34. Why does not a charged particle moving at right angle to the direction of magnetic field
undergo any change in kinetic energy?
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Q35. Two particles M and N masses mand 2m have charges q and 2q respectively. Both these
particles moving with velocities v, and v, respectively in the same direction enter the
same magnetic field B acting normally to their direction of motion. If the two forces F,
and F, acting on them are in the ratio of 2 : 1, find the ratio of their velocities.

Q36. A charge g =—4uC has an instantaneous velocity v = (2i —3j + k) x10°ms™" in a uniform
magnetic field B = (2i + 5 —3k) x1072T . What is the force on the charge?

Q37. State and explain Lorentz force.

Q38. Abeam of a-particles and of protons, of the same velocity v, enters a uniform magnetic field
at right angles to the field lines. The particles describe circular paths, find the ratio of their
radii of the circular path.

Q39. An electron is moving at 10°ms™" in a direction parallel to a current of 5 A, flowing through
an infinitely long straight wire, separated by a perpendicular distance of 10 cm in air.
Calculate the magnitude of the force experienced by the electron.

Q40. An electron after being accelerated through a potential difference of 100 eV enters a uniform
magnetic field of 0.004 T perpendicular to its direction of motion. Calculate the radius of
the path described by the electron. Given, m=9.1 x10"*' kg and e =1.6 x 10" '°C.

Q41. As shown in the figure below, the straight wire AB is fixed, while the loop is free to move

under the influence of the electric currents flowing in them s R
In which direction does the loop begin to move? . .
Give reason for your answer P L @
A > B
11

Q42. Astraight wire, of length /, carrying a current I, stays suspended horizontally in mid air in

a region where there is a uniform magnetic field B. The linear mass density of the wire is
A. Obtain the magnitude and direction of this magnetic field.

Q43. Acyclotron’s oscillator frequency is 10 MHz. What should be the operating magnetic field
for accelerating protons? If the radius of its ‘dees’ is 60 cm, what is the kinetic energy
(in MeV) of the proton beam produced by the accelerator. (€ =1.60x10"'°C, m = 1.67 x10" kg,
1 MeV =1.6 x 10~ J).

Q44. Acircular coil of 200 turns and radius 10 cm is placed in a.uniform magnetic field of 0.5T,
normal to the plane of the coil. If the current in the coil is 3.0 A, calculate the

(a) total torque on thécoil.

(b) total force on.the coil.

(c) average force on each electron in thecoil, due to the magnetic field.

Assugne ghe area of cross-section of the wire to be 10~ m? and the free electron density
is 10%/m".

Q45. Derive an'expression for the force acting on a straight current carrying conductor placed
in a uniform magnetic field.
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Q46.

Q47.

Q4s.

Q49.

Q50.

Q51.

An infinitely long straight conductor ‘XY’ is carrying a current of 5 A. An electron is
moving with a speed of 1 0°m/s parallel to the conductor in air from point A to B, as shown
in the figure below. The perpendicular distance between the electron and the conductor
‘XY’is 20 cm. Calculate the magnitude of the force experienced by the electron. Write the

direction of this force. electron
Ae —» *B

20 cm
X Y

Find the expression for magnetic dipole moment of a revolving electron. What is ‘Bohr
magneton’?

An electron moves around the nucleus in a hydrogen atom of radius 0.51 A with a velocity
of 2 x 10° m/s. Calculate the following
(a) The equivalent current due to orbital motion of electron.

(b) The magnetic field produced at the centre of the nucleus.
(c) The magnetic moment associated with the electron.

(a) Explain, giving reasons, the basic difference in converting a:galvanometer into
(i) voltmeter and (ii) an ammeter.

(b) Two long straight parallel conductors carrying steady currents./; and J, are separated
by a distance d. Explain briefly, with the help of a suitable diagram, how the magnetic
field due to one conductor acts on the other. Hence.deduce the expression for the
force acting between the two conductors. Mention the nature of this force,

(a) Write an expression for the force experienced by a charge g, moving with a velocity
v, in a magnetic field B.

Use expression to define the unit of magnetic field.

(b) Obtain an expression for the force experienced by a current carrying wire in a
magnetic field.

(a) Derive an expression for the force between two long

parallel current carrying conductors. B

(b) Use this expression to define Sl unit of current. A

(c) Along straight wire AB carries a current I, A proton p
P travels with a speed v, parallel to the wire, at a €~ @ > Proton
distance d from it in a direction opposite to the A T
current as shown in the figure. What is the force i v

experienced by the proton and whatis its direction?
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Q52. (a) Two straight long parallel conductors carry
currents I, and I, in the same direction.
Deduce the expression for the force per unit
length between them. Depict the pattern of
magnetic field lines around them.

(b) Arectangular current carrying loop EFGH is
kept in a uniform magnetic field as shown in
the figure.

(i) What is the direction of the magnetic
moment of the current loop?

(ii) What is the torque acting on the loop
maximum and zero?

[

\\\

i

77

=
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Nurturing Success...

PHYSICS - XIl | Magnetic Force ncert-Solution

S1.

S2.

S3.

S4.

S5.

S6.

S7.

Date: 20/10/2021
We know,
F=q(xB)=qvBsino

where 6 is angle between velocity (v) and B .

6 = 0° i.e., charge of velocity and magnetic field both are same, Hence no force exert on the
charge.

It is given by

F = q(VvxB)

Te magnitude of force is given by
F.,=qvBsin 6.

where 0 angle between v and B.

It is moving parallel/antiparallel to magnetic field.

The direction force of a charge particle will be perpendicular bothvelocity v and magnetic field B

~

Explanation: F = q(vV x B)

if vand B both are perpendicular then force
acting on charge particle.

The force experienced by a charged particle, when moving insideszmagnetic field is called
magnetic Lorentz force.

It is given by

F =q(VxB).

No. The source of magnetic field is not a magnetic eharge. In case of electric field, the source of
electric field is electric eharge.
The magnitude of force on the moving charge due to magnetic field is given by

F=q(VxB) =qvBsine.

If the charged particle moves at right angle to the direction of the field, then
0 = 90°
F=qvB.
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S8.

S9.

S10.

S11.

S12.

S13.

If the charged particle moves in parallel to the direction of the field, then
0=0°
F=0.

(@) The force is maximum when the velocity of charge particle and magnetic field both are
perpendicularie., v 1 B.

Weknow F =qvBsin 0

when 0 = 90° then F is maximum.

(b) The force is minimum when the angle between velocity moving charge particle and
magnetic field will parallel or antiparallel.

It is possible when proton move parallel or antiparallel the direction.of magnetic field

4 Explanation: 6 =0° or 180° N
F = qvBsin®
F =0 (inboth cases)

L Hence, the proton does not deflected. y

No, neutrons cannot be accelerated by ‘using a cyclotron. This-bécause, a cyclotron can
accelerate charged particles and is particularly suitable for protons and positive ions.

An electron moving through a magnetic field experiences' maximum force, when it moves 90°
to the direction of magnetic field:

The magnetic field makes the charged particle to cross the gap between the dees again and
again by making itto move along circular path, while the oscillating electric field, applied across
the dees, accelerates the charged particle again and again.

Given, g=3016=3.0x107°C
B ="44esla
6=0
F=qvBsin = qvBsin0

F=0

Hence, no force experience on charge particle.
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$14. From Lorenz force,
F = q(V xB)
Obviously, magnitude of F will be maximum, if the direction of v L B.

S15. The radius of the circular path inside the dee increases in direct proportion to the velocity of the
charge. As a result, the time period of the charge and hence its frequency remains independent
of the speed of the charge.

$16. We know,

F =qvBsin 0
o-particle more force experience.

S17. The force experienced by a charge, when moving inside the electric and magnetic fields is
called Lorentz force. It is given by

F = q(E+vVxB).
where q is electric charge, E is electric field, v is velocity of charge and B is. magnetic field.

$18. Given, g=5uC=5x10"°C; v =(4i +3k)ms™
and B = (3k + 4i)Wbm™
Now, F = q(VxB)

=5x107° [(4i +3k)x (3k + 4i)]
=5x107° (-12j +12j) =0.

$19. No. The electron may be moving parallel or antiparallel to the direction of magneétic field. In such
a case, the force

F = e(xB) =0.

$20. The field is magnetic in nature. ltissbecause, force due to electric field is not affected, whether
the charge is at rest or is in motion:

S21. |t states that the positive.ions-¢an acquire a large amount of energy with a comparatively smaller
alternating potential difference by making them toe cross the same electric field time and again
by making use of.a strong magnetic field.

s22. We know,
F =q(VxB)
the force acts in the direction of v x B i.e., perpendicular to both v and B from right hand rule.

$23. The time spent by a proton inside the dee of a cyclotron is independent of both the radius of
circular path and the velocity of the proton.

$24. The field is electric in nature.
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$25. Given, q=1.6x10"C; v =(2i +3j)ms"’

and B = (2i +3j)Wbm™

Now, F = q(VxB)
=1.6x 107" [(27 +3])x (2f +3))]
=1.6x10"°(6k -6Kk) =0

$26. From the expression:

mv
B=—,
er

where m, v and e are constant for both protons p and g

Now, Boe —.
r

Since B, > B,, r, < r,. Hence, the proton Q (moving inside the magnetic field"8,) will have a
circular path of smaller radius.

$27. As the force due to magnetic field on a moving charged particle always.acts perpendicular to its
direction of motion (velocity), no work is done by the magnetic field.

S$28. (a) As the charged particle crosses the origin O with velocity v (along negative X-axis), it
comes under the effect of magnetic field B (acting'along positive Z-axis). A force.equal to
F = q(vV x B) acts on the charged particle positive; Y-axis. As a result, the particle moves
along a circular path in XY-plane as shown inifigure.

y

(b) The force on.the charged particle due to magnetic field is always perpendicular to its path
and therefore, work done by magnetic field on the moving charge is zero. Hence, the
charged patticle will not gain kinetic.energy.

$29. As mass of electron is less than that of proton, radius of circular path of the electron will be
smaller.
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P
Explanation: From the expression,

2
mv
Bev=
T
mv
r= —_—
gB
where v, g and B are constant for electron and proton.
Now, re<m.
. /

$30. Current in the wire, =8 A
Magnitude of the uniform magnetic field, B=0.15T

Angle between the wire and magnetic field, 6 = 30°.

Magnetic force f= IBI/ sin

Magnetic force/length f= IBIsin6

Magnetic force per unit length on the wire is given as:
f=BI sin©
=0.15 x8 x 1 xsin 30°

=06Nm’
;

Hence, the magnetic force per unit length on the wire is 0.6 Nm™ .

$31. Length of the wire, /=3 cm =0.03 m
Current flowing in the wire, I= 10 A
Magnetic field, B=0.27 T

Angle between the current and magnetic field, 6 = 90°
Magnetic force exerted on the wire is given as:
F= BIlsin 0

=0.27 x10 x 0:08 sin 90°
=8.1x107%N

Hence, the magnetic force on the wireis 8.1 x 10~2N. The direction of the force can be obtained
from Fleming’s left hand rule.

§32. We find that there is an upward force F, of magnitude I/B,. For mid-air suspension, this must be
balanced by the force due to gravity:

mg = IIB sin 6 [6 =90°]
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mgqg=1B

mg _ 0.2x9.8
Ii 2x1.5

B= =065T

$33. Suppose, v be the electron speed, for which the beam remains undeflected, while crossing
through the crossed electric and magnetic fields. For the beam to remain undeflected, the force
on an electron due to the two fields should be equal and opposite

Magnetic force = Electric force

Therefore, Bev=eE

E
or V= —.
B

$34. The force on a charged particle moving in a uniform magnetic field always acts in a direction
perpendicular to the direction of motion of the charge. As work done by the magneticfield on the
charge is zero, the energy of he charged particle does not change.

$35. Given, F),: Fy=2:1

Mass of the two particles are m and 2m

Charge of the particles are g and 2¢q

Velocity of the both particles are v, and v,

Force acting on particles due to magnetic field is given by
F=qvB

Fuw=qv,B,; Fy= qv,B

$36. F = quxB
F =(=4x10®)[(2] — 3] + k) x 10%x[(2/ + 5] — 3k) x 10?]

=—(-16i — 32 - 64k)x 102N
F =—16(/ +2j +4k)x 107N .

S37. Lorentz force: Total force experienced by a charged particle moving in a region where both
electric and magnetic fields exist, is called Lorentz force.
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Let us consider a charged particle having charge g and moving with velocity v ina region
having electric field E and magnetic field B . The Lorentz force experienced by the particle is

given by
F=F +F
= q(;x §)+ qE
or F=qvBsin 6 + gE

where 6 is angle between v and §

S38. et m, and g, be the mass and the charge of an a-particle respectively. Let r, be the radius of the
circular path described by the a-particle, when it moves in a uniform magnetic field B with a
velocity v. Then,

Magnetic force = Centrifugal force

2

m,Vv
Bqg,v= !
ry
m,v )
or r,=—— N (
1 Ba, (1)

Similarly, m, and g, be the mass and charge of proton. Then, the radius of the.circular path
described by the proton, when moving with same velocity vin a magnetic field, B, is given by

m,v
r,= —=2 .. (i
>~ Ba, (i)
From Eq. (i) + (ii), we get
o my  Ba,

r, Baq, my

$39. Magnetic field produced due to the straight conductor,

g= Mo 21 _107"x2x5

=10°T
41 a  10x10°?
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Here, F=Bqvsin9=10"°x1.6x10"" x 10° sin 90°
=1.6 x107"°N.

$40. Now, energy of electron,

%va =100eV

Here, %mvz =100x1.6x10"°=16x10""J.

=593 x10°ms™

V=\]2x1_6x10-”_ 2x1.6x107"
m 9.1x10° %

mv
Now, =Bev
r
mv
or r= —
e

o 91% 10 %" % 5.93x10°

1.6x10 " x 0.004 = 8.4 mm.

or

S41. The currents in arm PQ and wire AB are in same direction and therefore hence wirewwill be
attract the arm PQ with a force, say F,. On the other hand,.the.arm RS of the loop will @xperience
a force of repulsion, say F,. Since the arm PQ is closer to the AB, F, > F,. Hence, the loop will

move towards the wire.

S42. Given: lz? = m=2xil

(> 3¢
/ —> ]
< ; >
According to question
IIB=mg
IIB=\lg
rg
or B=""*=
I

Magnetic field will act in a direction perpendicular to the direction of flow of current.
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$43. The oscillator frequency should be same as proton’s cyclotron frequency.
B=2mmv/q=6.3x1.67x10"% x 107/(1.6 x10" ") =0.66T

Final velocity of protons is
v=rx2mv=0.6mx6.3x10" =3.78 x 10" m/s.
E=%mv?=167x10"%"x14.3x10"/(2x1.6x10" ") =7 MeV.
S44. Given: N=200: r=10cm=0.1m: B=05T I=3.0A

(a) As § is parallel to the dipole moment (ﬂj‘.' ), l.e.,0=0.

1= MBsin9
T=MBsin0°=0

(b) As the forces on different parts of the coil appear in pairs. Equal in magnitude and opposite
in direction. Net force on the coil is zero. jie., F=0

(c) Given; A=10°m? and n=10®m=>

F = Bev,

I I
Bg (m] [I =vyneA or v, =ﬁ]

BI _ 05x3
nA 10%° x10°°

=1.5%x107%*N.

$45. Let us consider a conductor placed in a uniferm-magnetic field B , whichhmakes an angle 6 with
the direction of the magnetic field. Let a.current I flows through the conductor. Let v, be the drift
velocity of electrons in the conductor in a direction opposite to the direction of current, as shown
in figure below.

NS
i

A\ J

Y

di

&

I

oYy VY

Let n be the number of electrons per unit volume, then the total number of electrons in small
current element d/ is

= nAdi
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total charge in elementd/= neAd!

Let F be the force experienced by each free electron due to the magnetic field B then,

F = e(v, xB)

The force experienced by small current element is given by

or

But,

dF = neAdi(v, x B)
dF = neAv,d/B sin 0

neAv,= I
dF = BIdI sin ©

Hence, total force experienced by whole current carrying conductor is given by

where,

In vector

Case (a):

(b):

F= [ dF = [ BIdisino
0 0
[ = total length of the conductor

f=BIf_§in_§l
F =1(/xB).

If @ = 90°, then F = BI/, which is maximum i.e., when.current-carrying conductor is
held perpendicular to the direction of magnetic field-then the force experienced by
the conductor is maximum.

If 8 =0°, then F=0which is minimum. Hence . if a conductor is placed parallel to the
direction of magnetic field then force experienced by the conductoris.zero.

$46. Magnetic field at a distance of 20 cm from current carrying conductor XY'is

Electron
A———>

4R

=2X1U?X5
20x1072

B=5x10"°T
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Force experienced by the electron is
F=evB (- 6=90°
=1.6x10"""x10°x5x 10"°N

=8x10"%°N.

According to Right hand screw rule direction of force will be upwards.

S47. As electric current associated with the revolving electron

ev
2nr

I:E
T

where, time period, T= ?

r = radius of orbit

v = velocity of electron

The magnetic moment due to the current,

M= TA=2Y « nr?
2%r
evr
= M= —
2

If electron revolves in anti-clockwise sense, the current will be in clockwise sense. Hence,
according to right hand rule, the direction of magnetic moment must willbe perpendicular to the
plane of orbit and directed inward to theplane.

evrm e_J
2m 2m

So, M=

where, vrm = = angular momentum orbital of electron-and in vector form,

I
M: - —
2m

(-)ve sign-indicates M and / are in mutually opposite directions. From Bohr’s postulates,

J=mvr=@, where n=1,2,3, ...
27
e nh
Y= 2m 2~ MM
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where,

is called Bohr magneton.

$48. Given:

eh

Mmin =

r=051A=051x10"m: v=2x10°m/s

Time period,

(a) Electric current

(b)

(c) Magnetic moment,

T:E
v
j=8__¢© eV
T [ﬂ) 2nr
v

1.6x107"° x2x10°

= — =9.99x10°A
2%3.14x0.51x 10"
B= M:Lo(ﬂ']
2r  2r \2rmr
-7
X109 995 1078

 2x0.51x10° 1

B=1.23T
M=IA
=9.99 % 10° % (n x P)

=0.99x10°x3.14x0.51 x0.51 x107%°
=8.16 x 107%° A-m?.

S49. (a) Agalvanometer of range I, and resistance G, can be converted into

(i)

(i)

a vlotmeterof range V, by connecting a‘high resistance R in series with it where value

is given'by.

an ammeter of range, /by connecting a very low resistance (Shunt) in parallel with
galvanometer whose value is given by
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(b) Lettwo straight wires of infinite length are carrying currents, /, and L, in the same direction
and separated, by distance d apart from each other.

The magnetic field due to wire 1 at any point on wire 2,

_ Mo 2/ :
== (i

' 4n d ®
The distance of B, is perpendicular to plane of paper
and directed inward.

Magnetic force on wire 2, in L length of it d AL LA

X | x

o

.|w x| x

x| x

, e d —>
F,=1,B, L sin 90° 'l "
: | A R B
=1, &.Q]LX'I dk 1
4 d
F o= Mo 20y [Towards wire]™ ... (ii)

2 4 d

By Fleming left hand rule.
Similarly, force on wire 1 due to wire 2 can be proved

- Mo 241
F,= —=—= ... (iii
' 4n d )
Thus, the nature of force is attractive.
When direction of flow of current gets in opposite direction, the nature of-force becomes
repulsive.
§50. (a) The required expression for the force.is
F=q(vxB)=qvBsin 0
Now, F=q(vxB)
= FE=qvBsin 0
where, 0 is the angle between vand B

= B= F_
qv sin©

ie., ifg=1C,v=1m/s, 6=290° then B = F. The magnetic field at any point is given by

B= F_
qvsin®
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(b)

s51. (a)

) 1N
(1C)(1m/s) sin 90°)

=1N/A-m=1T
Sl unit of magnetic field 1T.
Thus, the magnetic field induction at a point is said to be one tesla if a charge of one

coulomb while moving at right angle to a magnetic field, with a velocity of 1 m/s experiences
a force of 1N at that point.

Consider the segment of a conductor given in the figure below:

A (area)

< ) >

Let the number of electron per unit volume of the conductor is n, the drift speed of electron
inside the conductor is v, and the magnetic field is B. Then Lorentz magnetic force,
F,=—e (vyxB).

Force on all the mobile electrons of the conduetor

F=F,- nAl = — nAlée(v,x B)

or F= I/(IxB)=IlIBsino

This is the expression for the force experienced by current carrying wire.

Let two infinitely long straight.current carrying conductor carries currents /; and 7, in the
same direction. Magnetic field'B4 due to first wire on second i.e.,

_ My 21 L
B - T T TN, ale x | x
'Tan r Y . «| x
AL I, A
The magnetic field is perpendicular to theplane of paper and I il
directed inward i.e., (X) type. L | F, F,
- '_} x x
Now,-magnetic force on L length of.wire second is given by ol x|
« 5 —>
l‘!r x XB
F2=1231Lsin90°=12[“—°.ﬁ]L ‘- “|*
4T r
F, _uo 241 i
—= == (il
= L 4xm r ()
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By Fleming’s left hand rule, the direction of force F, is perpendicular to the second wire in
the plane of paper towards the first wire.

Similarly, magnetic force on 1% wire is given by

ook 20D (i)
L 4n 1

The force F, is directed towards the second wire.

Wo 241

it r

(b) As,

~|

L=L=1A or r=1m

~|m

=2x107"N/m

One ampere is that current, which when flowing through each of the two parallel conductors
of infinite length and placed in free space at a distance of one meter.from each other,
produces between them a force of 2 x 10~ newton per meter of their lengths.

(c) Here, magnetic field due to the current carrying conductor at a distance d from it

B = & . E
47 d
Force on proton n x Fx
— d
F = (e)(v)Bsin 90° x | x
F=evB v
F=eV [Hg 2—1] Perpendicular to plane of paper
I d and directed inward
Fe ﬁ. 2leV
4t d

The proton is directed perpendicular to straight conductor and away from it.

$52. (a) Let two infinitely long straight current carrying conductor carries currents 7, and £, in the
same direction.-Magnetic field B, due to first wire on second i.e.,
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B, = Mo 24 .. (i)

4T|: r el x| x
The magnetic field is perpendicular to the plane of g L
paper and directed inward i.e., (X) type. g7 %«
Now, magnetic force on L length of wire second is L F, ,c; )
given by >
F2=1281Lsin90°=12[&.2i}f_ AR .|B
4 r
= 2 2 bo 2hE (i
L 4n r

By Fleming's left hand rule, the direction of force F, is
perpendicular to the second wire in the plane of paper
towards the first wire.
Similarly, magnetic force on 1% wire is given by
5 = u_‘:‘% ...(iii)
L 4n r
The force F, is directed towards the second wire.

Current carrying conductors having same direction

of flow of current, so the force between them, will be Magnetic field lines due to
attractive. both conductors

(b) (i) Perpendicularto the plane of the paper and directed inward.

(i) «  When angle between area vector of coil and magnetic field is 90° then maximum
torque experienced by the coil

e When 6 = 0° or 180° then torque.will be minimum i.e., zero.
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PHYSICS - XIl | Magnetic Field NCERT

Date: 20/10/2021

Q1. 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.

Q2. A long straight wire carries a current of 35 A. What is the magnitude of the field B at a
point 20 cm from the wire?

Q3. Ahorizontal 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?

Q4. What will be the path of a charged particle moving along the direction of a uniform magnetic
field?

Q5. 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 and travels
undeflected along a straight path with constant speed. What can you say about the initial

velocity of the particle?
Q6. What kind of magnetic field is produced by an infinitely long current carrying conductor?

Q7. 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.

Q8. 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?

Q9. A moving charge experience a force when placed in a magnetic field. Why?

Q10. What is the magnitude of transverse acceleration produced in the motion of the electron,
when it passes through the electric field?

Q11. An electron enters in electric field at right angles to the direction of electric field. What is
the nature of the path followed?

Q12. A beam of a-particles projected along + X-axis experiences a force due to a magnetic
field along + Y-axis. What is the direction of the magnetic field?

Q13. State Fleming’s left hand rule.

Q14. A narrow beam of protons and deuterons, each having the same momentum, enters a
region of-uniform magnetic field directed perpendicular to their direction of momentum.
What would be the ratio of the radii of the circular paths described by them?

Q15. A stationary charge experiences no magnetic Lorentz force. Why?

016. Define one tesla.

Q17. What will be the path of a charged particle moving perpendicular to the direction of a
uniform magnetic field?
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Q18. What is the work done by magnetic field on a moving an a-particle and why?

Q19. Using Biot-Savart law, deduce an expression for the magnetic field at the centre of a
current carrying circular loop.

Q20. A circular coil of wire consisting of 100 turns, each of radius 8.0 cm carries a current of
0.40 A. What is the magnitude of the magnetic field B at the centre of the coil?

Q21. Consider the circuit as shown in figure below, where APB and AQB are semi-circles.
What will be the magnetic field at the centre C of the circular loop?

I

o

Q22. A straight wire carries a current of 3 A. Calculate the magnitude of the magnetic field at a
point 15 cm away from the wire. Draw a diagram to show the direction of the magnetic
field.

Q23. An electron of kinetic energy 25 keV moves perpendicular to the direction of a uniform
magnetic field of 0.4 mT. Calculate the time period of rotation of the electron.in the magnetic
field.

Q24. An a-particle and a proton moving with the same speed enter
the same magnetic field region at right angles to the direction
of the field. Show the trajectories followed by the two particles « «—»
in the region of the magnetic field. Find the ratio of theradii of

O M M M X
Moo M M M M
F. T I A A .1
®x X X X X X

the circular paths which the two particles may describe. B

Q25. Two identical circular wires P and Q, each of radius r and current I f
are kept in perpendicular plane, such that they have a common centre goes Ny
as shown in figure below. Find the magnitude-and direction of the net <-----__ﬂ;____v--) ’

magnetic field at the common centre of the.two coils. i

Q26. Using Biot-Savart law derive the expression for the magnetic field at a distance x along
the axis from the centre of a current carrying circular loop.

Q27. Figure shows a long straight wire of a circular cross-
section of radius a carrying steady current I. The current
I is uniformly distributed across this cross-section. I—>
Derive the expressions for the magnetic field in.the region
r<a.

Q28. Write the expression for the magnetic moment (m) due to a planar N
square loop-of side / carrying a steady current I in a vector form.
In the given figure, this loop is placed in a horizontal plane near a long
straight conductor carrying a steady current I, at a distance / as
shown. Give reasons to explain that the loop will experience a net
force but no torque. Write the expression for this force acting on
the loop.

- - —— — —
o
[®)
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Q29. (a) Inwhatrespect, is a toroid different from a solenoid? Draw and compare the pattern
of the magnetic field lines in the two cases.
(b) How is the magnetic field inside a given solenoid made strong?

Q30. A long straight wire of circular cross-section of radius a, carries a steady current I. The
current is uniformly distributed across the cross-section of the wire. Use Ampere’s circuital
law to show that the magnetic field, due to this wire, in the region inside the wire, increases
in direct proportion to the distance of the field point from the axis of the wire. Write the
value of this magnetic field on the surface of the wire.

Q31. (a) State Ampere’s circuital law.
(b) Use it to derive an expression for magnetic field inside, along the axis of an air cored
solenoid.

(c) Sketch the magnetic field lines for a finite solenoid. How are these field lines different
from the electric field lines from an electric dipole?

Q32. (a) State Ampere’s circuital law. Show through an example, how this law enables an
easy evaluation of this magnetic field when there is a symmetry in the system?
(b) What does a toroid consist of? Show that for an ideal toroid of closely wound turns,
the magnetic field is present only inside the toroid and find its expression.
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Nurturing Success...
PHYSICS - Xl | Magnetic Field NCERT-Solution

Date: 20/10/2021
S1. Currentin the wire, I=50A
A pointis 2.5 m away from the East of the wire.

Magnitude of the distance of the point from the wire, r=2.5m.

Magnitude of the magnetic field at that point is given by the relation,

Ho21
4nr

B=

Where,

1, = Permeability of free space
=47 x 107" TmA™’

_ 4nx10"" x2x 50
4nx 2.5

=4x10°°T

B

The pointis located normal to the wire length at a distance'of 2.5 m. The direction of the current
in the wire is vertically downward. Hence, according to the.Maxwell's right hand thumb.rule, the
direction of the magnetic field at the given point is vertically upward.

S2. Current in the wire, I =35A
Distance of a point from the wire, r=20 cm= 0.2 m

Magnitude of the magnetic field at this point is given as:
B= l_lg E
4 r
Where,

I, = Permeability of free space
=4nx 10" . TmA™’

_ 41%10"" x2x 35
41 x0.2

B

=35x10°°T

Hence, the magnitude of the magnetic field at a point 20 cm from the wire is 3.5 x107°T.
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$3. Currentin the power line, I =90 A W E

Point is located below the power line at distance, r=1.5m fom
Hence, magnetic field at that point is given by the relation, p
g= M2l
4rr

Where,
U, = Permeability of free space
=41 x 107" TmA™

_ 4nx107"x2x90
47 x1.5

1.2x10°°T

The current is flowing from East to West. The point is below the power line. Hence, according to
Maxwell’s right hand thumb rule, the direction of the magnetic field is towards-the South.

S4. \When the charged particle moves along the direction of a uniform magneticfield (i.e., 0 = 0°), it
experiences no force on charged particle and therefore it will move ‘along its original straight
line.

$5. The initial velocity of the particle is either parallel or anti-parallel to the magnetic field. Hence, it
travels along a straight path without suffering any deflection in-the field.

$6. Magnetic field lines are concentric circular loops in“a plane perpendicular-t6 the straight
conductor. The centers of the circular magnetic field lines lie on the conductor.

S7. An electron travelling from West to East entérs achamber having a uniform electrostatic field in
the North-South direction. This moving:electron can remain undeflected if the electric force
acting on it is equal and opposite of magnetic field. Magnetic force'is directed towards the
South. According to Fleming’s left'hand rule, magnetic field should be applied in a vertically
downward direction.

S8. Yes, the final speed of the charged particle will be equalto its initial speed. This is because
magnetic force can change the direction of velocity,/butnot its magnitude.

$9. A moving charge produces magnetic field. This magnetic field interacts with another magnetic
field of a magnet.and hence, it experiences«force.

S$10. |f an electron_charge e having mass m, passes transversely through an electric field £, then

) eE
acceleration, a= m

e

S11. The electron will move along a parabolic path.
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$12. From Lorenz force

F=q(VxB)

If the o-particle (a positively charged particle) moving along + X-axis experiences force along

+ Y-axis, then the magnetic field must be directed along — Z-axis.

$13. If the thumb and first two fingers of the left hand are held each at right angles to the each other,

with the first finger pointing in the direction of the field and the second finger in the direction
of the current, then the thumb predicts the direction of the thrust or force, as shown in figure.

—5
dF

oy

AT
S14.  Magnetic force = Centrifugal force
2
qvB = mv
r
mv .
r= P (.~ mvand Bare constant for both particles)
q
r
o 29 (where charge g, = q,,)
Iy qe
o= q:1
rD
$15. For a stationary charge, v=0.
F =Bq(0) sin 6= 0,

S16. The strength of magnetic field at a point is called one tesla, if a charge of one coulomb, when
moving with a velocity of. 1 ms™'along a direction perpendicular to the direction of the magnetic
field, experiences a farce of 1 N.

S17. When the charged particle moves perpendicular to the direction of a uniform magnetic field, it
experiences a force perpendicular to its direction of motion. As such, it moves along a circular
path.

$18. \Work done by magnetic field on a moving an «-particle is zero. It is because, force on the
o-particle due to magnetic field is always perpendicular to its path.

$19. Consider a circular loop of radius r carrying a current I. At all positions d/ L r so that 6 = 90°.
From Biot-Savart law magnetic field due to element dl is given by

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in

Page 3



Field due to entire loop

or

dB

Mo Idisin90° p, ' Idi
4n r?

B= de

= J‘z"ﬁ.f_‘;": “012 [2nr_o]=L'I
0 4n r° A4dnr 2r
o Mol
2r

Special case: If the number of turns in the coil is N, then

B =

NI

2r

§20. Number of turns on the circular coil, n = 100

Radius of each turn, r=8.0cm=0.08m

Current flowing in the coil, I=0.4 A

Magnitude of the magnetic field.at the centre of the coil is given.by the relation,

Where,

|B|:_

|B| =

g 2nnl

4T r
1, = Permeability of free space
=41 x107 ' TmA™'

4 %107 21x100x0.4
4r 0.08

=314 x1074T

Hence, the magnitude of the magnetic field is 3.14 x 107*T.
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$21. The magnitude of magnetic field due to current flowing through the semi-circular part APB or
AQBis

B=— —. (Applying ampere circuital law)

The direction of magnetic field due to the semi-circular part APB is perpendicular to the paper
and in downward direction, while that due to the semi-circular part AQB is in upward direction.
Thus, the two semi-circular parts APB and AQB produce equal and opposite magnetic fields at
the centre C. Therefore, the magnetic field at the centre C is zero.

$22. Given: currentin straight wire I = 3A;

Perpendicular distance a=15cm =0.15m

B 2I 1007x2x3

We know, B=0.22_"7 7%7° —4x10°T.
T a 0.15
A I=3A 1
15¢cm

The direction of magnetic field will be perpendicular to the plane of paper and in inward
direction, shown as above figure.

$23. Given: For an electron in magnetic field Kinetic'energy of electron,
E=25keV =25%16x10""°J

B=0.4mT=0.4x10°Tesla
(perpendicular to electron’s velacity)
T="

-3
We know, T= 2nm _ 2x 3.14_:;9.11x10 "
gB 16x10 " x0.4x%x10

=8.94x10"%sec

$24. A5 F = q(; % é) , we find the o-particle and a proton moving anticlockwise.

Radius of.circular path of a charged particle in the magnetic field is

Ratio of radii of circular paths for an a-particle and a proton is
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We know m, = 4mp
9. = 2QP
r, _4
— = — 0Or rg:rp=2:1
.2

Bp= —-—— (along vertically upwards)

= Po 2nf
4 r
Net magnetic field at the common centre of the two coils,

Bq (along horizontal towards left)

B= /354.33:\/5)(:?1.# (+ Bp=By)

As the fields produced by the two coils is.equal (in magnitude), the.net magnetic field will be
inclined equally to both the coils.

$26. Consider a circular current carrying conductor of radius r.
According to Biot Savart’s law, the magnetic field at Pdue to current element Id! is

dTB _ u_OIdfsu;SBO
4 S

Direction“of.dB is perpendicular to the plane containing S and di. We resolve dB into
rectangularcomponents. dB cos ¢ and dB sin ¢. dB cos ¢ gets cancelled by the corresponding
component of magnetic field at P produced by current element diametrically opposite to the
previous one. It is only dB sin ¢ that is added up for magnetic field of every current element on
the loop.
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dB sin
— dBsing

/o

dB cos ¢

Thus, total magnetic field is

Idlsin®
B= [dBsing= [Loo T2 (- sing)=———
4An(rs +x%) x? +r?
Isin®
_ polsin® ,[ l
4n(r? + x%)
_ Hol r
= C27nr
4 (r? + x?) (x? +r?)'?
I 2
B= —;0 r2 377 -
2(r< +x°)

$27. Consider a loop of radius rwhose centre lies at the axis of wire where, r < a as shown.in figure
inside the wire.

Applying Ampere’s circuital law,

$B.dI =y, I .. (i)
Ir? .
cJSBdfcos 0° = uo[ J [From Eq. (i)]
a
Ir?
B di='yy =5
a
B x 2nr= “Uj;r
a
o lr
= 27':&2 = Ber

$28. The magnetic moment of a current carrying loop
m=JA
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where, A = area of the loop (Square)
A=/*n
Here, f is unit vector normal to the area 2 — e direction of area vector.

The forces acting on the arms QR and SP of given (in question-figure) loop are equal, mutually
opposite and collinear. Hence they are balanced by one another.

Force on arm PQ, F, = BIi= HZOI1 Il= u;IJ obviously F, is of the attractive nature and
directed towards MN. " .

Again, force on arm RS,

HolyIl _ poly I
2m(2]) 4

F2= BEIJ{:

F, is perpendicular to wire RS and directed away from the conductor MN.
Net force on loop PQRS,

Fnet=F1+F2
~ TS % ST
= Fnet-F1_F2_ 021; - i;:
LI .
or F. = Hof1d [Attractive]
4

As F, and F, are collinear, hence does not producetorque on the loop PQRS.

$29. Solenoid is a hollow circular ring having large number of turn of insulated.copper wire, on it.
There we can assume that toroid is a-bent solenoid to close on it-self.

The magnetic fields due to solenoid.and toroid is given in figures below.

Field due to solenoid Field due to toroid

Magnetic field inside the solenoid is uniform, strong and along its axis also field lines are all
most parallel while inside the toroid field line makes closed path.

(c) The magnetic field in the solenoid can be increased by inserting a soft iron core inside it.
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$30. Consider a loop of radius rwhose centre lies at the axis of wire where, r < a as shown in figure
inside the wire.

Applying Ampere’s circuital law,

(J‘)B.d] =uy I
Ir? .
9580‘} cos 0° = = [From Eq. (i)]
Ir?
B @ dl = Hoa—z
2
B x 2nr= Hoif
a
UolIr
T ona? Boer
B= “012 r ‘ r>a
2na Loop (r< a), Loop (r > a)
= Boer

Now, the value of magnetic field on the surface of wire i.e.,

r=a

_ Mol ol
B= xg=-+0"
2na’ 2na

S31. (a) Ampere’s circuital law: The line integral.of magnetic field over a closed loop is equal to

I, times total current I threading the loop.je., ‘Q
— ] —
f e e c
- f A
(ﬁB'd] - "l'U I OO 00C0C00N00000000000000.30000000|
(b) Figures shows the longitudinal sectional view I/ N - ,
S I ——
of long current carrying-selenoid. The current >
comes out of the plane of paper at points k . > N /
marked. \\|.|a|.|o|-|o|a|.|.|-|-|n|o|a|-|o|a|o|.|-|.|-|.|-|.|o|-|.|-|-|.|||/

The B is the magnetic field at any pointinside the solenoid. Considering the rectangular
closed path abcd. Applying Ampere’s circuital law over loop abcd.

SBB.CH = ugx (Total current passes through loop abcd)

j:B.df + j: B.d;+j: B.df+j:|3.d; = 11, ((%] n']

where, % = number of turns per unit length ab = c¢d = /= length of rectangle.
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b c a N .
j Bdlcos 0° + j Bd100390°+0+j BdIcos 90° = u.o(—)f—f
a b d L

b NY .
BLdf-uo L
NY .
B= — |1
Ho L /
‘ap
= B = p, % i or B=uyni

where, n = number of turns per unit length. This is required expression for magnetic field
inside the long current carrying solenoid.

(c) Magnetic field lines due to a finite solenoid has been shown below:

All the magnetic field lines are necessarily closed loops whereas electric lines of force are
not.

$32. (@) Ampere’s circuital law: The line integral of magnetic field over a closed loop is equal to

I, times total current I threading the loop i.e.,
$B.dI =, L.

For the evaluation of magnetic field for a symmetrical system,we can consider the example
of a current carrying solenoid.

(b) A solenoid bent into the form of closed-loop is called.toroid. The magnetic field B has a
constant magnitude everywhere inside the toroid,

(i) Let magnetie field inside the toroid is B-along the
considered-loop 1 as shown in figure.
ApplyingAmpere’s circuital law

c_[> B.d! = p, (NL)
loop 1
Note: Since, toroid of N turns, threads the loop 1,

N times, each carrying current [ inside the loop.
Therefore, total current threading the loop 1 is NI.
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B ghoop di =y, NI

woNI

Bx2nr=u,NI or B=
=k 2nr

(i) Magnetic field inside the open space interior the toroid: Letthe loop 2 is shown in
figure experience magnetic field B.

No current threads the loop 2 which lie in the open space inside the toroid.

Ampere’s circuital law

cﬁloopzs.d; =u,(6) = B=0

(iliy Magnetic field in the open space exterior of toroid: Let us consider a coplanar
loop 3 in the open space of exterior of toroid. Here, each turn of totoid threads the loop
two times in opposite directions.

Therefore, net current threading the loop
=NI-NI=0

By Ampere’s circuital law,
§  B.dl =y (NI-NI) = B=0
loop 3

Thus, there is no magnetic field in the-open space interior and-exterior of toroid.
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PHYSICS - Xl | Biot-Sevart Law and its Application NCERT

Q1.

Q2.

Q3.

Q4.
Q5.
Q6.
Q7.

Qs.

Q9.

Q10.

Q11.

Q12.

Q13.

Q14.

Q15.

Date: 20/10/2021

Consider a tightly wound 100 turn coil of radius 10 cm, carrying a current of 1 A. What is
the magnitude of the magnetic field at the centre of the coil?

A conductor carrying current is placed somewhere. What is the magnitude and direction
of the field due to a small part of the conductor at a point near it?

If the magnetic field is parallel to the + ve y-axis and the charged particle is moving along
the +ve x-axis, which way would the Lorentz force be for (a) an electron (negative charge)
(b) a proton (positive charge), as shown in figure. z y

x| xWx x x x
XX % % X X X
XX % X X X X
MWK K XM X X

»
x
x
b4

|

Name the S| unit of magnetic permeability of free space.

What is the value of constant p /4n?

Write the dimensional formula of p,.

State the rule that is used to find the direction of field acting at a point near a current
carrying straight conductor.

In the figure is shown a circular loop carrying currentI. Show the direction:of the magnetic

field with the help of lines of force. s

- A

The force F experienced by a particle of charge g moving with velocity v in a magnetic
field B is given by F = q(v xB). Of these, name the pairs of vectors which are always at
right angles to each other.

Does a current carrying circular coil produce uniform magnetic field?

Looking at a circular coil, the current is found to be flowing in clockwise direction. Predict
the direction of magnetic field produced ata point on the axis of the coil on the same side
as the observer.

In which.circumstances, will a current carrying loop not rotate the magnetic field?

In hydrogen atom, if the electron is replaced by a particle which is 200 times heavier but
has the same charge, how would its radius change?

Write an expression for the magnetic field produced by an infinitely long straight wire
carrying a current I, at a short perpendicular distance a from itself.

How will the magnetic field intensity at the centre of a circular coil carrying current change,
if the current through the coil is doubled and the radius of the coil is 1/4?
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Q16. An electron and a proton, moving parallel to each other in the same direction with equal
momenta, enter into a uniform magnetic field which is at right angles to their velocities.
Trace their trajectories in the magnetic field.

Q17. Acharged particle enters into a uniform magnetic field and experiences an upward force
as indicated in the figure. What is the charge sign on the particle? as shown in figure.

Force
g “ i
l

Magnetic
field

Q18. 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°ms™" 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,=9.1x10"* kg)

Q19. An element Al = Axi placed at the origin and carries a current I = 2A, as shown.in figure
below:

Find out the magnetic field at a point P on Y-axis at a distance of1 m due to the element
Ax = 1cm. Give also the direction of the field produced.

Q20. An element A/ = Axi is placed at the origin and carries’a pAY
large current I =10 A (figure). What is the magnetic field 0 {Im
on the y-axis at a distance of 0.5m. Ax=1cm. '
== > X
—— AX —

Q21. The frequency of revolution of the electron in'its circular orbit. Does the answer depend
on the speed of the electron? Explain.

Q22. An electron moving at 10° ms™ in adirection parallel to the current of 5 A, flowing through
infinitely long straight wire, separated by perpendicular distance of 10 cm in air. Calculate
the magnitude of the force experienced by the electron.

Q23. An element A/ =Axi/ is placed at the origin and carries a large current I = 20 A. What is
the magnetic field on the y-axis at a distance of 0.5m? Ax=1cm.

K

Q24. A straight wire carrying a current of 12A is bent into a
semi-circular arc of radius 2.0 cm as shown. What is the
magnetic field B at O due to .
(i) straight segments, (ii) the semicircular arc? Q
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Q25. 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.

Q26. A straight wire of length L is bent into a semi-circular loop. Use Biot-Savart law to deduce
an expression for the magnetic field at its centre due to the current, I passing through it.

Q27. Figure shows a long straight wire of a circular cross- P .
section (radius a) carrying steady current I. The current \r N
I is uniformly distributed across this cross-section. 7 j
Calculate the magnetic field in the region r<aand r> a. 57

Q28. State Biot-Savart law.
A current I flows in a conductor placed perpendicular to the plane of the paper. Indicate
the direction of the magnetic field due to a small element d/ at a point P situated at a
distance r from the element as shown in the figure.

Q29. For a circular coil of radius R and N turns carrying current I, the magnitude of the magnetic
field at a point on its axis at a distance x from its centre is given by,

2
g= Mo IR°N :
2(x2+ R?)?
(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 smallas compared to R, and is given by,

B=0.72- @ , (approximately).

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

Q30. State Biot-Savart law, using it, deduce an expression for the magnetic field on the axis of
a circular currentloop. Draw the magnetic field line due to a circular current carrying loop.

Q31. (a) State Ampere’s circuital law, write an expression for the
magnetic field at the centre ofa circular coil of radius R, {1)&
number of turn N, carrying current I.

(b) Two small identical circular coils marked 1, 2 carry equal
currents and are placed with their geometric axes
perpendicular to each other as shown in the figure. Derive (2
expression for the resultant magnetic field at O.

o]

X 90?

- ——
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Q32. State Biot-Savart law. Use it to derive an expression for the magnetic field at the centre of
a circular loop of radius r carrying a steady current I.
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PHYSICS - Xl | Biot-Sevart Law and its Application NCERT-Solution

S1.

S2.

S3.

S4.

S5.

S6.

S7.

S8.

S9.

Date: 20/10/2021

Since the coil is tightly wound, we may take each circular element to have the same radius
R =10cm = 0.1 m. The number of turns N = 100. The magnitude of the magnetic field is,

B= NI 4nx 107" x10% x1
2R 2x10"

=27 x107%=6.28 x107*T.

It is state that

d—’B=1.L_OI.~'d1><r

i

=

~
w

where | is a conductor carrying current, OTZ is length of small part, ris a distance from small
length to that point.

The velocity v of particle is along the x-axis, while B, the magnetic field is along the y-axis,
so v x B is along the z-axis (screw rule or right-hand thumb). So,.(a)for electron it will be
along —z-axis. (b) for a positive charge (proton) the force is along +z-axis

The Sl unit of permeability is weber ampere™ metre™ (Wb-A™'mi ') or tesla ampere™ metre
(TA" ' m).

“’U —_ MX'IO =10—7 TA—1m

4n s
The dimensional formula of i is [ML T—2A%

Right hand thumb rule can be used tofind the direction of magnetic field at a point near a current
carrying conductor.

According to right hand thumb rule, when the current flows through the circular loop in the
direction as perpendicular te the plane of the loop and in outward direction. It has been represented
by a dot (.) as shown inifigure.

In Lornetz force equation
F =q(VxB)

(a) Magnetic field (B) and velocity (v) of particle are perpendicular each other
(b) Magnetic force F and magnetic field B are perpendicular each other.
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$10. No, magnetic field produced due to a current carrying circular coil is not uniform. Because, it
may be considered as uniform at the centre of the circular coil.

S11. The direction of magnetic field is perpendicular to the plane of the coil and directed upwards the
observer.

$12. |fthe current carrying loop is placed in a magnetic field, with its plane 90° to the field, then it will
not rotate.

$13. Mass of electron is Me
Mass of particles 200 Me

mv
We know, r=—
gB

g, Band v are constant

resm

Hence, we conclude that radius of the particle become 2000 time then that of electron.

S14. |tis given by

B: hlg
4t a

where 1, absolute permeability of free space, I carrying current in long straight wire and a
perpendicular distance from the wire.

$15. Given, at initially the current of the coil is I and radius of the coil is r

Magnetic field 8= "Ho!

2r
I'=2I
r'=rfl4
g = 2np, I
ri4
_8nug! _g npgf)
ro r
B’ =8B.

Hence magnetic field 8 times of initial magnetic field.

$16. \We know,
mv
-

_q—B

The electron and proton follow circular path equal radii and but electron revolving
clockwise and proton revolving anticlockwise
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S$17. We know,
F = q(vxB)

If the charged particle enters the magnetic field (B) as shown in the figure and experiences force
in upward direction, it must be + ve charged.

$18. Magnetic field strength, B=6.5G=6.5x10"*T
Speed of the electron, v=4.8 x 10°m/s
Charge on the electron, e = 1.6 x 107 '°C

Mass of the electron, me = 9.1 x 10 3"kg

Angle between the shot electron and magnetic field, 6 = 90°
Magnetic force exerted on the electron in the magnetic field is given as:
F=evBsin 6

This force provides centripetal force to the moving electron. Hence, the electron starts'moving in
a circular path of radius

Hence, centripetal force exerted on the electron,

In equilibrium, the centripetal force exerted on the electron.is equal to the magnetic foree i.e.,

F.=F
2
mv_ evB sin 0
r
_ my
Be sin 0

A 9.1x10 %" 4.8 x10%)
6.5x10 *x1.6x10 %% 'sin 90°

=4.2x107*m=42¢em
Hence, the radius of the circular orbit of the elecfren’is 4.2 cm.

$19. According to Biet-Savart’s law, the magnetic field at point P due to a small current element is
given by

dTB =|.l_ﬂ'Idt'><f'
4r 2

(According Biot-Savart’s law)

-
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e

Given: Length of small element d/ = Axi and perpendicular distance is r = J .
AR U IAXi x | o IAxk
g =20 222" 727 _Fo 727

47 r? 4n  r?

Therefore, magnetic field at point P is directed along positive direction of Y-axis.

The magnitude of the magnetic field is given by

_ ﬁ'f,ﬁx_10_?x2x0.01

=2x107°T.
4n r? 7 *

dB

$20. |aB| = Ldlsin6 [using Eq. (4.11)]

r2

dl=Ax=10"2m, I=10A, r=05m=y, UJ4E=10_?TTm

0=090° sinB=1
107" x10x 1072

5 107 - 4%x10°8T
>

|dB| =

The direction of the field is in the +z-direction. This is so since,
dixr=Axi xyj=yAx(i x j)=yAxk

S21. Magnetic field strength, B=6.5x107*T
Charge of the electron, e = 1.6 x 10 '°C
Mass of the electron, me = 9.1 x 10" %'kg
Velocity of the electron, v =4.8 x 10°m/s

Radius of the orbit, r=4.2cm =0.042m

Frequency of revolution of the electron =

Angular frequency of the electron = ® =2nv

Velocity of the electron is related to the angular frequency as:
VE o

In the circular orbit, the' magnetic force on the electron is balanced by the centripetal force.
Hence, we can write:

2

evB = mv
p
eB=" (ro)=" (r2nv)
r r
_ Be
2tm
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This expression for frequency is independent of the speed of the electron.
On substituting the known values in this expression, we get the frequency as:

,= 8:5x10#x1.6x10 "
2%x3.14%x9.1x107%

=1.82 x 10°Hz = 1.82 MHz.

Hence, the frequency of the electron is around 1.82 MHz and is independent of the speed of the
electron.

IS22. Gijven: Current in straight wire T=5A

Distance from wire to point r=10cm=0.1m

Magnetic field produce due to the straight conductor

-7
g=to 21 _ 107" x2x5 _ os7
4n r 0.1
B=10"°T.

$23. Gjven: Length of element di=Ax=10"%m

Current in element I=20A

Perpendicular distance r=0.5m

Angle between them 0 =90°

According to Biot-Savart law

dB = p_ofdlilnﬁ
4n r
7 -2
Putting the values, dB= L XZOX1_);10
25%x10
dB=8x10"°T
As Jix? = Axfxyf = yAx§

The direction of the field is in the Z-direction.

$24. Magnetic field due to straight part

_ [ Mo Idixr :
B=|£0 7177
j4rt re dl Q 0 r

For point O, d! and r for each element of the straight segments AB and DE are parallel
Therefore, dix r = 0. Hence, magnetic field due to straight segments is zero.

Magnetic field at the centre due to circular point

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in Page 5



_ Magnetic field at the centre of circular coil _ 1 [uLI] _ Mol 1 Here. coilis half]

2 =§_2r 4r

Wol  (4mx1077)x12

— B= =6nx107°T.
ar 4x2x1072
$25. Magnetic field strength, B=0.15T
Charge on the electron, e=16x10""°C
Mass of the electron, m=9.1x10"3"kg
Potential difference, V=2.0kV=2x10°V

(a) Thus, kinetic energy of the electron = eV

= T =ev
2

= p= 28V v (i)

m

2eV
= V=L [—

m

Where, v = velocity of the electron

Magnetic force on the electron provides the required centripetal force of the electron. Hence,
the electron traces a circular path of radius r.

Magnetic force on the electron is given by the relation,

Bev= "
p
Centripetal force

2

Bev=""

p
2

r= 1V ... (ii)
r

From Eqgns. (i) and (ii), we get
1

re 2[291/}5
Be| m

1
9.1%40"! ) 2x1.6x10 "%x2x10°% )2
0.16x1.6x 107" 9.1x10°"

100.55 x10°m=1.01 x10"°m =1mm
Hence, the electron has a circular trajectory of radius 1.0 mm normal to the magnetic field.

(b) When the field makes an angle 6 of 30° with initial velocity, the initial velocity will be,
v, =Vvsin 0
From Eqn. (ii), we can write the expression for new radius as:
;o= mvy, _ mvsinb
' Be Be
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1
9.1x10°* 2x16x10"%x2x10%2
—5 % =T x sin 30
0.15x1.6x10 9.1%x10

0.5x10°m =0.5mm

Hence, the electron has a helical trajectory of radius 0.5 mm along the magnetic field
direction.

$26. \When a straight wire is bent into semicircular loop, then there are two parts which produce the
magnetic field at the centre; one is circular part and other is straight part.

dl
'd'
‘l
‘t
®-
r O r

Y
Y

Length L is bent into semicircular loop.
Length of wire = Circumference of semi circular wire

= L=mnr

r=

L ()
I

Considering a small element dl on current loop. The magnetic field dB due to small current
element Id/at centre C. Using Biot-Savart law, we have

Mo Idisin90?

dB=4 > [ addiLlr .. ©6=90°
T r
Ay w2

Net magnetic field at C due to semicircular loop,

= wo Idi
B= Fo 241
semicircle 47T 2
_ Mo [T
B=—.— 1
4n r? -[t-'.emicircledr
_ by I
B=-—>.—(L
4r r2( )
But r= L
L8
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1
X

|
X

B= """

This is required expression.

S§27. (a) Consider the case r > a. The Amperian loop, labelled 2, is a circle concentric with the
cross-section. For this loop,

L=2xnr

I_ = Current enclosed by the loop = 1

The result is the familiar expression for a long straight wire

B@2rn=p,I
_ Mol .
B= oy .. (i)

Bc»:1 (r>a)
r

(b) Consider the case r< a. The Amperian loop is a circle labelled 1.
For this loop, taking the radius of the circle to.be r,
L=2nr

Now the current enclosed I, is not I, butis less than this value. Sincethe current distribution
is uniform, the current enclosed is,

by
|
—
TN
‘a
=3
L& ]
S
Il
"--1
S
1]

Using Ampere’s law,

Ir?

B(2rr) = Mo —7
_ [ moT .
B = (ﬁ]r .. (i)

Ber (r<a)

The above figure shows a plot of the magnitude of B with distance r from the centre of the
wire. The direction of the field is tangential to the respective circular loop (1 or 2) and given
by the right-hand rule described earlier in this section.

This example possesses the required symmetry so that Ampere’s law can be applied readily.
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$28. Biot-Savart law.
This law states that the magnetic field (dB) at P, due to
small current element Id [ of current carrying conductor is

(a) directly proportional to the Id/ (current) element of
the conductor.

adB e IdI
(b) directly proportional sin 6

dB =< sin 0

where, 0 is the angle between d/and r.

(c) inversely proportional to the square of the distance of point P from the current element.

1

dB e —
2

Combining all the inequalities

_ Id/sin©

dB
2

B = u_o_Id}sine

d
4n  r?
where, i—o = 10" T-m/A for free space. z
T

The direction of magnetic field can be obtained using right I

hand thumb rule. 0B

In vector form, di T .Y

P

g o TdI%E

an X

The direction of magnetic field will be perpendicular to Y-axis along upward in the plane of
paper.

§29. Radius of circular coil= R
Number of turns on'the coil= N

Currentin thecoil =1

(a) Magnetic field at a point on its.axis at distance x is given by the relation,

g= Mo IR?N
3
2(x%+ R?)?
Where, U, = Permeability of free space
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If the magnetic field at the centre of the coil is considered, then x = 0.

_ BoIR?N _pIN
2R? 2R

This is the familiar result for magnetic field at the centre of the coil.

B

Radii of two parallel co-axial circular coils = R

Number of turns on each coil= N
Current in both coils =1
Distance between both the coils = R

Let us consider point Q at distance d from the centre.

Then, one coil is at a distance of §+ d from point Q.
Magnetic field at point Q is given as:

noNIR?
3
2 2
2|i[§ + d] + Rzl

Also, the other coil is at a distance of g— d from point Q.

B, =

Magnetic field due to this coil is given as:

_ noNIR?
B, = 0 3
" 3
R 2 |2
2| —-d| +R
Total magnetic field,
B =B, +.B;

3

3
2 2 _5 2 -2
LR IR ) s ra ][ BLg) +r2
2 2 2

3 3
2 2 "2 2 "2
= HolR [SR +d2—Rd] +{%+d2+ﬁd]

2 4

3

3
_wolIR?* (BR?) 2 4d*> 4d)?2 4d> 4d
= X 1+—-—=-==| +|1+-—+-—=
2 4 5R? 5R

N e
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Ford << R, neglecting the factor , we get

3
2 2\"3
= H.O;R X[5§ J X

|

3
1—ﬂ - 1+£
5R 5R
3

o IR?*N [4]5 6d 6d
- % 11— f 14+ —
2R3 5R 5R

5

3
B= [i]z HoIN =0.72(—“01N]
5/ R R

Hence, it is proved that the field on the axis around the mid-point between the coils is
uniform.

$30. According Biot-Savart law:
(a) Directly proportional to the current i.e.,

dB o< I.

(b) Directly proportional to the length of the elementary portion i.e.,
dB == dl.

(c) Directly proportional to sine of the angle 6 between the direction of the flow of current and
the line joining the elementary portion to the observation. point i.e.,

dB =< sin 0.

For magnetic field at the centre of circular loop. Let us consider a circular loop of radius a
with centre C. Let the plane of the coil be perpendicular to the plane of the paper and current I
be flowing in the direction shown. Suppose P is.any point on the axis at direction rfrom the centre.

Now consider a current element d/on-top (L) where,

,9. .“: ............. Q
current comes out of paper normally,whereas at gt B/
bottom (M) centres into the plane paper normally. wig/ |

LP 1 d! P » = dB sin &

dB sin;tb

Also MP L di AN
dB cos ®
B\
LP=MP=<r?+a? Voo Q

The magnetic field at P due to current element di. According to Biot-savart law,

_ Lo IdIsin 90°

dB )
4n  (r* +a%)

Where, a = radius of circular loop, and r = distance of point P from centre along the axis.
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The direction of dB is perpendicular to LP and along PQ. Similarly, the same magnitude of
magnetic field is obtained due to current element dl at the bottom and direction is along PQ’,
where PQ" L MP. Now, resolving dB due to current element at L and M.dB cos ¢ components
balance each other and net magnetic field is given by

_ 1 Mo - Idl a : a
B=@¢dBsing = p— : “ 8in¢p=———=1In APCM
(f) N Cﬁ4”(f2+32 Jr? +a ? r’ +a°

= Mo Ia
== ———"—-0dl
41 (r2 _l_az)a!z (ﬁ

_ Mo Ia _ meld
p=Ho___ 18 _(ppp=_ Hoi@
47 (r2 +az)3z‘2( ) 2(r2+a2)3'!2
2
For n turns, B= Honla

2 (r2 + a2 )3.(2
Direction is along the axis and away from the loop.

S31. (a) Ampere’s circuital law: The line integral of magnetic field overa-closed loop is equal to
U, times total current | threading the loop i.e.,

pB.di =p,T Au
Magnetic field at the centre of circular current carrying g
loop of radius R is given by ;
Line of
B = HLI force + -
2R

(b) As both the coils are identicaland carrying equal current;also the point of consideration O
is at equal distance from-the.centre of coils. So the magnetic field produced at O due to
both the coils will be equal in magnitude but theywill-be perpendicular to each other as
shown in figure.

| B
B, and B, arecequalin magnetic field perpendicular A

to each other. 7 ut
2 X o 45°
By= B, = IR O B,

2(x? + R2)3/2 1

B= B2+ B2 =\B? +B2 =28, g

Mo IR?

B= : 1
V2(x? + R?)Y2 @
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$32. According Biot-Savart law: (a) Directly proportional to the currenti.e., dB o< I.
(b) Directly proportional to the length of the elementary portion i.e., dB < dL.

(c) Directly proportional to sine of the angle 6 between the direction of the flow of current and
the line joining the elementary portion to the observation point i.e., dB «< sin 6.

For magnetic field at the centre of circular loop: Let us consider a circular loop of radius a
with centre C. Let the plane of the coil be perpendicular to the plane of the paper and current I
be flowing in the direction shown. Suppose P is any point on the axis at direction rfrom the centre.

Now consider a current element d/on top (L) where,

current comes out of paper normally whereas at Al
bottom (M) centres into the plane paper normally. D
LP 1 d!/ =L dB sin @
B sinid
Also MP L d/ o
oB
Yoo %

LP=MP= \r?+ a?

The magnetic field at P due to current element d/ . According to Biot-savart law,

B = p_otfdfzsmgo
4t (r° +a“)

Where, a = radius of circular loop.

r = distance of point P from centre alongithe axis.
The direction of dB is perpendicular to LP and-along PQ. Similarly, the same -magnitude of
magnetic field is obtained due to current element dl at the bottom and direction is along PQ’,

where PQ’ L MP. Now, resolving dB due to current element at L and M.dB cos ¢ components
balance each other and net magnetic field-is given by

B=cj>dssin¢=gﬁ“°( Iai ] a [ sing=——2—_ In APCM
r

4m | 2 2
ar\r°+a° ) /r? +/8? 24 a?

IR CRRp Y. SR C
ar (r? +az)3f2 2(r2 + a2 )312
2
Forntums, B= Honla
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Direction is along the axis and away from the loop.
Magnetic field at centre i.e., r=0
B = pgnlf2a
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PHYSICS - Xl | Ampere Law its Application NCERT

Date: 20/10/2021
Q1. What is an ampere in terms of the force between current carrying conductors.

Q2. Whatis the nature of force, when the two parallel conductors carry currents in the (a) same
direction; (b) opposite direction?

Q3. Two long wires carrying current I, and I, are arranged as shown in the figure. The other
carrying current I, 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 write along the x-axis, as shown in figure.

A
0,

3
\+ Qp
j®)

Q4. State Ampere’s circuital law.
Q5. What happen when we increase the number of turns in a current carrying circular coil?

Q6. What is the torque on a planar current loop in magnetic field'change, when its shape is
changed without changing its geometrical area?

Q7. Calculate the torque on a closed current loop placed in the magnetic field B .Whatis the
main function of soft iron core used in a moving coil'galvanometer?

Q8. Two long and parallel straight wires A and B carrying currents of 8.0 Aand5.0 A in the
same direction are separated by a distance of 4.0 cm. Estimate the force on a 10 cm
section of wire A.

Q9. Astraight 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 A is 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 ms™2.

Q10. Two concentric circular coils X and Y of radii16 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.
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Q11. Astraight wire carrying a current of 12 Ais bent into a semicircular are of radius 2.0cm as
shown in figure below.
(a) What is the direction and magnitude of magnetic field at the centre of the are?

O\

@)
(b) Would your answer change, if the wire were bent into a semicircular arc of the same
radius but in the opposite way as shown in figure below?
o]

\_)-/.
Q12. 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
70cm long and 1.5 cm apart? Is the force attractive or repulsive?

Q13. A wire of uniform cross-section is bent into a circular loop of radius R. Consider two
points A and B on the loop, such that £ AOB =0 as shown in figure below. If now a battery
is connected between A and B, show that the magnetic field at the centre of the loop will
be zero irrespective of angle 0.

Q14. Why do two straight parallel metallic wires carrying current in the opposite directions
repel each other.

Q15. Two parallel straight wires X and Y separated by a distance 5 cm in air
carry current of 10 A and 5 A respectively/in.opposite direction as
shown in figure below. Calculate the magnitude and direction of the
force on a 20cm length of the wire Y.

current I and 2I respectively are lying in parallel plane, such that they

have common axis as shown, in‘figure below, find the net megnetic field

X Y
10A
Scm
5A
Q16. Two identical circular wire P and Q each of radius r and carrying A 2
OO

at the common centre of the two coil. ! “

Q17. (i) A coil of 70 turns and radius 22 cm has a_current of 10 ampere flowing through
it. Find the magnetic field at the centre of the coil.

(ii) A semi circular arc of radius 20 cmcarries a current of 10 A. Calculate the
magnitude of the magnetic field at'the centre of the coil.

Q18. Auniformmagnetic field of 1.5 T exists in a cylindrical region of radius10.0 cm, its direction
parallel to'the axis along east to west. A wire carrying current of 7.0 A in 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 6.0cm?
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Q19. State Ampere’s circuital law. Write the expression for the magnetic field at the centre of a
circular coil of radius R carrying a current I. Draw the magnetic field lines due to this coil.

Q20. State and prove Ampere’s circuital law.

Q21. A long straight wire of a circular cross-section of radius ‘@’ carries a steady current ‘I’.
The current is uniformly distributed across the cross-section. Apply Ampere’s circuital
law to calculate the magnetic field at a point ‘F in the region for (i) r < aand (ii) r> a.

Q22. Arectangular loop of wire of size 4cmx10cm carries a steady  Ar-sa 4cm
current of 2 A. A straight long wire carrying 5 A current is kept L
near the loop as shown. If the loop and the wire are coplanar, 2A4 Yy 2A
find. 10cm
(a) the torque acting on the loop and
(b) the magnitude and direction of the force on the loop due to

the current carrying wire. 1cm

Q23. Depict the magnetic field lines due to two straight, long parallel conductors carrying currents
I, and I, in the same direction. Hence, deduce an expression for the force acting per unit
length on one conductor due to the other. Is this force attractive or repulsive?

Q24.(a) Explain, giving reasons, the basic difference in converting a galvanometer into
(/) a voltmeter and (ii) an ammeter.

(b) Two long straight parallel conductors carrying steady current I, and I, in same
direction and separated by a distance ‘d’. Explain briefly, with the help of a suitable
diagram, how the magnetic field due to one force acting between the two conductors.
Mention the nature of this force.

Q25. What is ampere circutial law. A long straight wire of a circular cross-section of radius a
carries a steady current I. The current is uniformly distributed across the/cross-section.
Apply Ampere’s circuital law to calculate the magnetic field at a point in the region for (a)
r<aand (b) r> a.

Q26. Depict the magnetic field lines due to two straight, long, parallel'conductors carrying
currents I, and I, in the same direction. Hence, deduce an expression for the force acting
per unit length on one conductor due to the other. A
Is this force attractive or repulsive?
Figure shows a rectangular current-carrying loop
placed 2 cm away from a long, straight,
current-carrying conductor. What is the direction
and magnitude of-the net force acting on the loop?

25 cm

25cm

-
<10 cm—»
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Nurturing Success...

PHYSICS - XIl | Ampere Law its Application NCERT-Solution

S1.

S2.

S3.

S4.

S5.

S6.

S7.

S8.

Date: 20/10/2021

One ampere is that current, which when flowing through each of the two parallel conductors of
infinite length and placed in free space at a distance of one metre from each other, produces
between them a force of 2 x 10" newton per metre of their length.

(@) Force is attractive. (b) Force is repulsive.

At O,, the magnetic field due to I, is along the y-axis. The second wire is along the y-axis and
hence the force is zero

It states that the magnetic circulation (C) around are closed loop is |, (absolute permeability of
free space) times the net electric current (I) enclosed by the loop.

B.dl=u,I

0 ~enclosed
closed loop

The magnetic field produced by a coil of nturns is n times the magnetie.field produced by a coil
of single turn.

B=pu,nl.

The torque on a planar current loop in a magnetic field'does not change, when its.shape is
changed without changing the area of the loop.

When a closed current loop is suspended in magnetic field, torque on the coilis given by
|T|=|M x B|=nIABsin®

where the letters have their usual meanings.
The use of the soft iron core strengthens the magnetic fluxlinked with the coil.

Current flowing in wire A, I, =8.0A
Current flowing in wire'B; I;=5.0 A
Distance between the two wires, r=4.0 cm =.0.04'm

Length of a section of wire A, /=10 cm=0.1"m

Force exerted on length / due to the-magnetic field is given as:
F= Ho2la gl
4nr
Where,

I, = Permeability of free space
=47x10 " TmA™"
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_ 4nx10" x2x8x5x0.1
4% 0.04

=2x10"°N

F

The magnitude of force is 2 x 10 °N. This is an attractive force normal to A towards B because
the direction of the currents in the wires is the same.
$9. Length of the rod, /=045m
Mass suspended by the wires, m = 60g =60 x 10" °kg
Acceleration due to gravity, g = 9.8 m/s?
Current in the rod flowing through the wire, I=5A

Magnetic field (B) is equal and opposite to the weight of the wire i.e.,
BIl = mg

mg _ 60x10°x9.8
I 5x0.45

B= =026T

A horizontal magnetic field of 0.26 T normal to the length of the conductor should be set up in
order to get zero tension in the wire. The magnetic field should be such that Fleming’s left hand
rule gives an upward magnetic force.

If the direction of the current is revered, then the force due to magnetic field and the weight of the
wire acts in a vertically downward direction.

Total tension in the wire = BIl + mg
=0.26 x5x0.45 + (80 x107°) x 9.8

=1.176N.
$10. Radius of coil X, r,=16cm=0:16m
Radius of coil Y, r,=10em=0.1m

Number of turns of on coil X, ny=20

Number of turns of on coil Y, wn,= 25

Current in coil X, I, =16A
Current in coil Y, I,=18A
Magnetic field due.to coil X at their centre is.given by the relation,

B, = oMy

2r,
Where, 1, = Permeability of free space
=4nx 107" TmA™’
g = 4nx107x20x16
“ 2x0.16

=41 x 10~* T (Towards East)
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Magnetic field due to coil Y at their centre is given by the relation,

82 = u02"12 12
2

_ 4nx107 x25x18
2x0.10

=91 x 10~* T (Towards West)

Hence, net magnetic field can be obtained as:
B=B,-B,
=9nx 10 *—4nx107*

=5 x1074T
=1.57 107°T (Towards West)

S11. (a) From the above Figure (a): The magnetic field at the centre of a current carfying circular
coil is given by

,2nl (By Biot-savart's law)
a

m
]
-Dslt
3 |©

For magnetic field at the centre O of the semicircular conductor, the above equation will
modify to

B=1X}'|"_O.2_T|;I:H_O.TB_I
2 4n a 47 a

Given: I=12A; a=2.0cm=2.0x 107m

% =1.885 x10°*T.
2.0x10

The direction of the fieldwillbe normal to the plane of the paper in downward direction.

B=10"

(b) From the above Figuré (b): The field will be of the same magnitude i.e., 1.885 x107*T,
but its directioniwill be normal to the plane of paper in upwards direction.

S12. Current in both wites, I=300A
Distance between the wires, r=15em=0.015m

Length of the two wires, [=70em=0.7m
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Force per unit length between the two wires is given by the relation,

Fotol®
2nr
Where, u, = Permeability of free space

=41 %10 " TmA™’

_ 4nx1077 x(300)°
27 x0.015

F =1.2 N/m

Since the direction of the current in the wires is opposite, a repulsive force exists between them.

S13. | et ADB=1, ACB=I,
Raps =Ry  Racs= Ry

then, & = "l

Further E,=E, . (i)
= LR =1LR,

= LL=Ll ... (i)

S14. The current through one metallic wire produces magnetic field and the other parallel current
carrying metallic wire experiences force due to this magnetic field. The application of Biot-Savart’s
law tells that when currents flow through the two conductors in opposite directions, the two wires
repel each other.

S15. Given: I, =10A, I,=5A; r=5cm=0.05m

Force on a unit length of the wire Y due to the wire X,
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Ko 2I112

F=—*-.
b r
Setting the values
-7
F _ 10 X2X10X5=2><10_4Nm_1
L 0.05

Force on 20cm i.e., 0.2 m length of the wire Y,

LE=F><0.2=2><10‘4><0.2=4x10'5N.

S16. The direction of current in both the loop is clockwise as seen O, which is equidistant from 7 both
the loops find the magnitude and net magnetic field at point O.

Bp= 2—0 2l (Along vertically upwards)
T r

Magnetic field due to circular wire Q

Bg= 2—04—RI (Along horizontal forwards left)
T r
Net magnetic field is
B=p,+B, = Mo 21l Ho 41

4 r 4. T

B: “_0.%‘{:&.2

M r 2 r

Direction of net magnetic field at the common_center of the two coil will be.towards left.
S$17. (i) Here, n=70, I=10amp, r=22cm=0.22m

Magnetic field at the centre of the coil

Hg. 2mnI 1077 x 2n x 70% 10

at  r 0.22
=2x10°Wb/m?  or. » tesla.

(i) Magnetic field at the centre of a semi-conductor coil

ol 441 x107"10

g= 1. Mol 4
2 2r. 2 2x0.20

=1.57x107°T.

$18. Magnetic field strength, B=15T
Radius of the cylindrical region, r=10cm=0.1m

Current in the wire passing through the cylindrical region, =7 A
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(a) If the wire intersects the axis, then the length of the wire is the diameter of the cylindrical

region.
Thus, [=2r=0.2m
Angle between magnetic field and current,

0 = 90°

Magnetic force acting on the wire is given by the relation,
F= BIl sin 6
=1.5x7x0.2xsin90°=2.1N
Hence, a force of 2.1 N acts on the wire in a vertically downward direction.

(b) New length of the wire after turning it to the Northeast-Northwest direction can be given as:
/

!
T sino

Angle between magnetic field and current, 0 = 45°

Force on the wire,
F=BIi, sin 6
=BIll=15x7x02=21N

Hence, a force of 2.1 N acts vertically downward on the wire~This is independent of angle
0 because / sin 6 is fixed.

(c) The wire is lowered from the axis by distance, d = 6.0.cm
Let /, be the new length of the wire.

s 2
(%} =4(d+n

= 4(10.+ B) =4 (16)

,=8%2=16cm=0.16m
Magnetic force exerted on the wire,
F,= BIl,

=1.6x7x0.16 =168N
Hence, a force.of 1.68 N acts in a vertically downward direction on the wire.

$19. Ampere’s circultal law: The magnetic circulation around a closed loop is 1, times the net
electric current'enclosed by the loop.

—

B.dl = I-IO Ienclosed current

closed loop

Magnetic field at the centre of a circular coil of radius R carrying a current I'is

ol

2R
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If the circular coil has N turns, then the field at the centre would be

$20. Ampere’s circuital law states that the line integral of the magnetic field around a closed path in
vacuum is equal to u, times the total current threading the closed path i.e.

(;Fg-OT} = j.lof
We know that the magnetic field due to a straight conductor at a point of distance r from it is
given by
B= “LI
2nr

The direction of the magnetic field is along a tangent to a .eircle of radius r centered on the
conductor as shown in the figure. At all points on the circumference of circle the magneticfield is
constant in magnitude. The magnetic field is parallel to element di.

Now, §B-di = {Bdicos0° = Bai

= Bcfd!=B.2nr
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or §B-di = Bol 50h) Since, B =l
2nr 2nr

<§ B.di = oI, which is Ampere’s circuital law.
$21. (3a) Magnetic field at a point inside the current carrying wire, i.e., r< a

To calculate magnetic field at a point ‘A’ inside the wire we consider a circular loop of radius
‘r in such a way that point ‘A’ lies on it.

-

dB.dl =yl

or, =2
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Current enclosed by the loop of radius ‘I is
r=rJ1

Using Ampere’s circuital law,

B(2nr) =p,I
or, B= ﬁ.
27nr

$22. (a) Torque acting on the loop is
7= MBsin 6

As angle between magnetic field vector and dipole moment vector is zero.
7= MB sin (0)
7=0Nm

(b) Given: 1=10x102m; I, =2A; I,=5A; r,=0.01m; r,=0.05m

Magnitude of force is

Fe 2pof1fzf|:l_i}

4n ror
- 7 17 ] 1
F=[2x10"x2x5x107] = — -
10 5x10

=20x10_3{1——1~}x Y

51.10

5

=——2°X1§ X4 — 16 x10°N.

Net force is attractive because the arm of the loop carrying.current in the same direction as the
direction of current in the wire is nearer.

$23. |n the figure are shown two, long parallel condueter A and B carrying currents I, and I, in the
same direction. Each conductor experiences:a force because it is placed in the magnetic field of
the other conductor. If a is the distance between the two conductors, then the magnetic field B,
due to the-eurrent I, in B on the conductor A is given by
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> 1,
S/
F a
A N
7

B, = ﬁé perpendicular to A. .. ()
47 a

If /is the length of the conductor, A carrying current I, then force acting on the conductor A is
given by

F = I(/xB) = IIBsin 0
F=1,1B, sin 90° (~+16=90°
F=1,1B, ... (ii)

Putting the value of B, from (i) in (ii), we get

F=I1 &&
47 a

F:&._I“Izj_
2n a

Force per unit length actingon A is

E = ﬁ.ﬁ[\]m_"_
[ 2n a

The direction of this force is the direction'of / x B which is towards the conductor B i.e.,the force
is of attraction.

S24. (a) (i) While converting a galvanometer into voltmeter we join high resistance is series.
Resistance of voltmeter is kept high so thatit draws minimum amount of current at the
time of measurement of potential difference between any two points in a electric current.

(i) To converting a galvanometer into.ammeter we join low resistance in parallel.

Ammeter is joined in series. So, the resistance of ammeter should be minimum i.e.,
resistance if ammeter.

(b) There is magnetic field around the 1 current carrying wire.

B, = Holy
2nd
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Here, B, is the magnitude of the field at a distance ‘d’ from the wire.

According to right hand palm rule the magnetic field B, is directed into the plane of the
sheet.

As the second wire is also carrying current and is kept in the magnetic field B, it experience
a force (F2z1).

Fa1 = 1,(1) B,

O -
O---

Force experienced per unit length of second wire is
F
f1 = %11251 111‘ $12
2 -
F21
f = Molil, O O
2nd ’ :

According to Fleming’s L.H.R., the force is directed towards the 1 wire.

Similarly, 1% wire is in the magnetic field of 2" wire and experiences a force towards the
2" wire.

_ Holil; i

f,,= 1< .. (ii

21 2nd (i)

From the above discussion we conclude that wires will attract each other.

S$25. Ampere’s circuital law states that the line integral of the magnetic field around a closedpath in
vacuum is equal to i, times the total current threading the closed path i.e.

cfgcﬁ = uol

In these types of questions, first of all we haveto calculate the currentper unit area of cross
section, so that we can calculate the current in'each loop, then only we c¢an find the magnetic
fields.

The current is distributed uniformly across the
cross-section of radius a.

. . I
Current passes per unit.cross-section = —3
na

Current passes through the cross-section of
radius ris

2
Ir= [%xnrﬂ:i

na a’

2
r=1 ()
a2

(a) Consider a loop of radius rwhose centre lies
at the axis of wire where, r < a as shown in
figure inside the wire.
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Applying Ampere’s circuital law,

cﬁB.df =u, I’
2 .
(JSBC” cos 0° = HO[ILz] [From Eq. (i)]
a
Ir?
B a 07
2
B x2nr= uol;r
a
Ir
B= 2;32 = Boer

(b) Applying Ampere’s circuital law,
$B.dI =y, I

cﬁB.dfcos C =gl

Bdi=pyl
B x2nr=p,1
B=L21Ln:i = Boc%_
$26. (a) I L

@,

(b) Consider two infinitely long straight parallel wires camrying current I, and I, in the same

direction. Let they be separated by a distance r.
I,

Magnetic field at the location of second wire due:to e —> D
current in first wire is rl Eotg
21 2

Hol, ---Q (== O---

1=, (directed inwards)

According to Fleming’s L.H.R.,.second wire will experience a force towards the first wire.
Forceexperienced per unit length of the second wire will be

f,=1,B, and f,=tolilz

4rnr
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(c) Force onthearm BC
F, = Mo 251,
4n

where, I,=25A; 0=107TA'm; I,=15A;

X ]BC

41
r,=2x107m; and I;z=25x107?m

g2 107 x2x25x15x25x10°
‘ 2.0x1072

Force on arm DA
_ Mo 2x LI

F.= 20 =77172
27 4r12x10-2 DA

where, r,=10+2=12cm=12x 10°m
107" x2x25x15%x25x 1072
F,= g
12x10°

Net force on the loop
F=F,—-F,=7.812x 107N

25¢cm

-l

25A

2cm
—

D

B C
<« 10cm—»

(towards left)

=9.375x 10*N

=1.563x 10N

(towards left,./.€., away from the wire)

(towards right)
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PHYSICS - Xl | The Solenoid and Toroid NCERT

Date: 20/10/2021

Q1. A solenoid of length 0.5 m has a radius of 1 cm and is made up of 500 turns. It carries a
current of 5 A. What is the magnitude of the magnetic field inside the solenoid?

Q2. Acurrent-carrying circular loop lies on a smooth horizontal plane. Can a uniform magnetic
field be set up in such a manner that the loop turns around itself (i.e., turns about the
vertical axis).

Q3. Acurrent-carrying circular loop is located in a uniform external magnetic field. If the loop
is free to turn, what is its orientation of stable equilibrium? Show that in this orientation,
the flux of the total field (external field + field produced by the loop) is maximum.

Q4. Aloop of irregular shape carrying current is located in an external magnetic field. If the
wire is flexible, why does it change to a circular shape?

Q5. How much is the flux density B at the centre of a long solenoid?

Q6. Why the magnetic field lines can be entirely confined within the core of a toroid, but not
within a straight solenoid.

Q7. Whatis a solenoid? Give the magnitude of magnetic field developed at a point well inside
a solenoid carrying current.

Q8. What is a toroid?

Q9. Magnetic field lines can be entirely confined within the core of a toroid, but.not within a
straight solenoid, Why?

Q10. What kind of magnetic field is produced due to straight solenoid?

Q11. A closely wound solenoid 80 cm long-has 5 layers of windings.0f.400 turns each. The
diameter of the solenoid is 1.8 cm. If the current carried is 8.0 A, estimate the magnitude
of B inside the solenoid near its centre.

Q12. Two moving coil meters, M, and M, have the following particulars:
R,=10Q; "N,=30, A, =36x102m? B,=0.25T
R,=140; N,=42, A,=1.8x40"°m? B,=0.50T
(The spring constants are identical for the two meters).
Determine the ratio of (a) current sensitivity and (b) voltage sensitivity of M, and M,.

Q13. Asolenoid 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 the solenoid (near its centre) normal to its axis;
both the wire and the axis of the solenoid are in the horizontal plane. The wire is connected
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 ms™2

Q14. Using Ampere’s circuit law, obtain an expression for the magnetic field along the axis of
a current carrying solenoid of length / and having N number of turns.
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Q15. Suppose a helical spring is suspended from the roof of a room and very small weight is
attached to its lower end. What will happen to the spring when a current is passed through
it? Give reason to support your answer

Q16. An air-core solenoid having N turns and length / is carrying a current I ampere: (a) Sketch
the pattern of magnetic lines of force in the solenoid. (b) If an iron core is inserted in it,
how is its field modified? (c) Write down the expression for the magnetic field at the
centre of the solenoid along its axis.

Q17. Why the magnetic field at a point near the centre but outside a current carrying solenoid
is zero.

Q18. The horizontal component of the Earth’s magnetic field at a certain place is 3.0 x 10™°T
and the direction of the field is from the geographic South to the geographic North. A
very long straight conductor is carrying a steady current of 1A. What is the force per unit
length on it when it is placed on a horizontal table and the direction of the current is
(a) East to West; (b) South to North?

Q19. 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 currentin the wire is 11 A, what is the
magnetic field (a) outside the toroid, (b) inside the core of the toroid, and (c) in the empty
space surrounded by the toroid.

Q20. Using Ampere’s circuital law, deduce an expression for the magnetic field due to a
toroidal solenoid.

Q21. Obtain, with the help of necessary diagram, the expression for the magnetic field in the
interior of a toroid carrying current.

Q22. A wire of length L is bent round in the form of a coil'having N turns of same radius. If a
steady current I flows through it in clockwise direction, find the magnitude and direction
of the magnetic field produced at its centre.

Q23. What is solenoid? A solenoid, of length 1.0 m, has a radius of 1 cm and has a total of 1000
turns wound onit. It carries a current of 5A. Calculate the magnitude.of the axial magnetic
field inside the solenoid. If an electron was to move with a speed'of 10* m/s along the axis
of this current carrying solenoid; what would be the force experienced by this electron?

Q24. Deduce the expression for the torque experienced by arectangular loop carrying a steady
current I and placed in a"uniform magnetic field B. Indicate the direction of the torque
acting on the loop.

Q25. Acircular coil of 200 turns and radius 10 cm is.placed in a uniform magnetic field of 0.5 T,
normal to the plane of the coil. If the current in the coil is 3.0 A, calculate the
(a) total torgue on the coil
(b) total force on the coil
(c) average force on each electron in the coil, due to the magnetic field. Assume the
area of cross-section of the wire to be 10~°m? and the free electron density is 10%°/m?.

Q26. What does a toroid consist of? Show that for an ideal toroid of closely wound turns, the
magnetic fiedls (a) inside the toroid is constant, and (b) in the open space inside and
exterior to the toroid is zero.
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PHYSICS - XIl | The Solenoid and Toroid NCERT-Solution
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S2.

S3.

S4.

S5.

S6.

S7.

S8.

Date: 20/10/2021

The number of turns per unit length is,

n= 500 _ 1000 turns/m
0.5

The length /= 0.5 m and radius r=0.01m. Thus, //a=50i.e., [ >> a.

Hence, we can use the long solenoid formula,
B=uyni
=41 x 107" x10° x5
=6.28x107°T.

No, because that would require A to be in the vertical direction. But © = IA x B, and since Aof the
horizontal loop is in the vertical direction, A would be in the plane of the loop.forany B.

Orientation of stable equilibrium is one where the area vector A of the loop is in the direction of
external magnetic field. In this orientation, the magnetic field produced by the loop is in the same
direction as external field, both normal to the plane of the loop, thus giving rise to maximum flux
of the total field.

It assumes circular shape with its plane normal to the fieldto maximize flux, since fora given
perimeter, a circle encloses greater area than any othenshape.

The magnetic field due to a long straight solenoid at a point well inside it, is given-by

B=u,nl

Here, u, is the permeability of free space,n isthe number of turns perunitlength of the solenoid
and I is the current flowing through it.

The magnetic field lines always form closed loops. As the turns of the wires in a toroidal
solenoid are wound over its core in-circular form, the fielddines are confined within the core of
the toroid.

In a straight solenoid; the magnetic field lines can.net form closed loops within the solenoid.

A solenoid as a.circular coil of a large number.of turns, such that the turns of the solenoid run
parallel to its length.

The magnetic field at a point well inside the solenoid,

B=p,nlI

where, n is number of turns per unit length of the solenoid, y, absolute permeability of free
space and I carrying current in solenoid.

An anchor ring, around which a large number is turns of a metallic wire are wound, is called a
toroid.
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S9. Atthe edges of the solenoid, the field lines get diverged due to other fields and/or non-availability
of dipole loops, while in toroids the dipoles orient continuously.

$10. The magnetic field produced by a straight solenoid is similar to that produced by a bar magnet.

S11. Length of the solenoid, /=80 cm=0.8 m
There are five layers of windings of 400 turns each on the solenoid.
Total number of turns on the solenoid, N = 5 x 400 = 2000
Diameter of the solenoid, D=1.8 cm=0.018m
Current carried by the solenoid, I=8.0A

Magnitude of the magnetic field inside the solenoid near its centre is given by the relation,
B=unI
Where, U, = Permeability of free space
=4nx 107" TmA™’

_ 4mx10"7 x 2000 x 8
0.8
=8nx10°=2512x107%T

Hence, the magnitude of the magnetic field inside the solenoid near its'eentre is 2.512 x 1072 T.

B

$12. For moving coil meter M, :

Resistance, R,=10Q
Number of turns, N, =30

Area of cross-section, A, =36x10"°m?
Magnetic field strength, B,=0.25T

Spring constant K,=K

For moving coil meter M, :

Resistance, R,=14Q
Number of turns, N, = 42

Area of cross-section, A,=18x10"°m?
Magnetic field strength, B,=0.50T

Spring constant, K,=K

(a) Currentsensitivity of M, is given as;

= NiBiA
=™
1
And, current sensitivity of M, is given as:
_ N3ByA,
I82 - K
2
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I, _ NpByAK,

Ratio
I, KoNiBiA

42x0.5x1.8x10°xK _. ,
Kx30x025x36x10°

Hence, the ratio of current sensitivity of M, to M, is 1.4.

(b) Voltage sensitivity for M, is given as:

_ N3ByA,
And, voltage sensitivity for M, is given as:
%=M?&
1

Vez _ NaBoAKiR

Ratio
Vs1 KaRaNiBiAq

_ _42x05x1.8x10°x10xK _,

Kx14x30x0.25x3.6x10°

Hence, the ratio of voltage sensitivity of M, to M, is 1.

$13. Length of the solenoid, L=60cm=0.6m
Radius of the solenoid, r=40cm=0.04m
It is given that there are 3 layers of windings of 300 turns each.
Total number of turns, n =3 x300 =900
Length of the wire, [=2cm=0.02'm
Mass of the wire, m=259g=25x10’kg

Current flowing through the wire, I =6A

Acceleration due to gravity, g=9.8 m/s?

Magnetic field produced insidethe:solenoid,

B= “'Onf
L
Where, U, = Permeability of free space
=410 ' TmA™'

I'="Current flowing through the windings of the solenoid

Magnetic force is given by the relation,

oI

F=BIl= Il
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Also, the force on the wire is equal to the weight of the wire.

onIl

mg = LoL
I= mgL
ponlI

-3
_ 25 x_‘I?O x9.8x0.6 = 108 A
47x10 "x900x0.02x6

Hence, the current flowing through the solenoid is 108 A.

$14. Ampere’s circuital law: It state that the line integral of magnetic field around any closed loop is
equal to g, (in vacuum) times the total current threading the closed loop.

(jé.cﬁ‘zuof

S R

0poo0oe0"

Consider ‘7 length of a solenoid having n number of turns perunit.of its length.

We imagine an amperian loop PQRS. Now

§B.di = [B.di+ [ B.di«[ Bidi+ | B.di

[0 B.dI =B

[[B.di = [ BdI=0 (-~ 6=90°

jjé. 1120 (. Outside the solenoid B = 0)
Therefore, dB.01 =81 ()

According to Ampere’s circuital law.

dB.dl =y, I =yinti (w I'=nil) ... (ii)
From Egs. (i) and (ii), we get

Bl =ponlil
B=pynI
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N N
B= — 1T Soh=—
Ko ] [ / ]
Where, N is total number of turns in the solenoid.

$15. When a current is passed through the spring, it will flow in the adjacent turns of the spring in the
same direction. So there will be attraction between adjacent turns. The spring will contract and
the weight will be lifted up.

$16. (a) For the pattern of magnetic field, shown as figure below:

(b) The magnetic field lines come closer to each other.

(c) The magnetic field as the centre of the solenoid.

B=”O¥I

where N is the no of turns |, is the magnetic permeability.Lis the length of solenoid, ['is the
current flowing in solenoid.

S17. Suppose a vertical plane through the centre ofithe solenoid and perpendicularto is length. The

plane divides the solenoid into two equal parts."At a point outside the solenoid on this plane,
corresponding turns of the two halves of the solenoid produce equal‘and opposite magnetic
fields. Therefore, the magnetic field at. such a point is zero.

S18. F=II'xB
F=1IB sin 0
The force per unit lengthuis
f=F/l=1Bsin 6

(a) When the current is flowing from east to'west,
0 = 902
Hence, f=1IB
=1x3x10°°=3x10"°Nm™’
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This is larger than the value 2 x 10~ Nm™ " quoted in the definition of the ampere. Hence it
is important to eliminate the effect of the Earth’s magnetic field and other stray fields while
standardising the ampere.

The direction of the force is downwards. This direction may be obtained by the directional
property of cross product of vectors.

(b) When the current is flowing from South to North,

0=0°
f=0
Hence there is no force on the conductor.
$19. Inner radius of the toroid, r,=25cm=0.25m
Quter radius of the toroid, r,=26cm=0.26m
Number of turns on the coil, N = 3500
Current in the cail, I=11A

(a) Magnetic field outside a toroid is zero.

(b) Magnetic field inside the core of a toroid is given by the relation,

B= no NI

Where, U, = Permeability of free space
=4nx 10" TmA™
! = length of toroid

=2n| 0102
2

= 1(0:25+ 0.26)= 0.51 1

p. 41x10 7 x 3500 x 11
0.517

B

~3.0x107%T

(c) Magnetic field in.the empty space surrounded by the toroid is zero.

$20. Consider a toroidal solenoid having n turns<per unit length. Let O be the centre and r be the
radius of the circular ring. As shown in the'figure.
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Suppose current I is passed through the solenoid. The magnetic field produced will be same at
all points on the circumference of the toroidal solenoid and at any point the field will act along
tangent to the ring.

By Ampere’s circuital law

c_{g dl = 1, times the total current threaded by the ring of radius r.

Since B and dl are along same direction
§B-di = { Bdi =B di=B(2nr)

Total current threaded by the ring of radius r
= I x no. of times current threads the ring

= ] x total number of turns in the solenoid

=1(2nmn) ... (i)
Form Egs. (i) and (ii), we get

B.2nr=y,L2nrn
or B=pyni

Hence the magnetic field due to toroidal solenoid depends upon the number of turns per unit
length and not on the radius of the ring, over which'the solenoid is wound.

S21. Toroid is an endless solenoid to calculate the*magnetic field in the interior of toroid. Ampere’s
circuital law can be obtained.

Toroid is a hollow circular ring on which a large number of insulated turns of a metallic wire are
closely wound. The direction of the magnetic field at point P is given by tangent to the magnetic
field line at that point.

Let B is the magnetic field in the open space interior to the toroid.

Considering a loop coplanar with toroid of radius x such that x < R (radius of toroid) as shown in
the figure.
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Applying Ampere’s circuital law over loop, we have

cﬁ B.d! =y, x Current passes through the loop

But no current passes through the loop.
$B.dI =1yx0=0
— B=0
This is the magnetic field exist in the interior of toroid.

$22. When a straight wire is bent in the form of a circular coil of N.furns, then the length of the wire is
equal to circumference of the coil multiplied by the numberofturns.

Let the radius of coil be r.
As the wire is bent round in the form of a coil having N turns.

N x Circumference of the coil = Length of the wire

@rxN=L

r=4% .. ()
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Magnetic field at the centre due to n turn of a coil is given by

5= Ho(ND)
2r
B= L"f) [From Eq. (i)]
2
(ZIEN]
B noN2I
L

The direction of magnetic field is perpendicular to the plane of loop and entarining into it.

$23. Asolenoid is a tightly wound helical loop from an insulated wire, such that its length is very large
as compared to its diameter.

We have to calculate the axial magnetic field inside the solenoid. In a solenoid;'the magnetic
field is along its axis, so itis called axial magnetic field. So, to find the axialmagnetic field inside
the solenoid, its regular formula will be used.

Given: L=1m; r=1cm=0.01m; N=1000; I=5A

Magnetic field P inside the solenoid

N 1000
B=p,nl= MO(I)I=H0( 1 ]X5

=41 x 107 x1000%5

B=2nx10"T,

The direction of B is along the axis of solenoid.

Now, g==e

v=10*m/s

and the angle between B and vis 0° (.- electron moves along the direction of the magnetic field)

Magnetic Lorentz force

Fs=qvBsin0°
=qvBx0=0
Fg=0

= No magnetic force experienced by the electron.
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S24. | et a current carrying rectangular loop PQRS carrying a steady current I placed in uniform
magnetic field B keeping axis of the coil perpendicular to field as shown in figure. Let at any
instant the area vector A makes an angle 0 with the direction of magnetic field B.

Let, length and breadth of coil are /and b respectively. ;P A
- P 1A/
Now, magnetic force on PS arm of the coil is given by ) 5 Q
, . IA
F, = IBIsin 90 N Fy —
(*+ PS || axis of coil, .. 6=90°) / _é.z, B /’j: B
F,=IBI .. (i) g R
By Fleming’s left hand rule, the direction of force is ! y!I
perpendicular to SP and B is along upward direction. - SQ\\
Similarly, force of QR arm of the coil ‘.’\“\HR
1 - F::
F, = IBIsin 90° (1)) (a)

F, and F, are equal in magnitude, opposite in
direction, parallel to each other acting on the loop forms
a couple which try to rotate the coil.

Now, force on RS part of the coil
F, = IBb sin (90° + 6)
= IBb cos 6
and force on PQ part of the coil
F, = IBb sin (90 — 6)

= IBb cos 6
But Fleming’s left hand rule F; and F, are-equal in magnitude and opposite in direction along the
same line of action. Therefore, they balance each other. (Cancel'out)
Now, torque due to F, and F, is.ieven by

T = Force perpendicular distance between line of action of F, and F,
©=F xbsing

But F,=F,=F=1BI
T = (IB]) x (b sin 0)

©=IB (ib) sin ©

t=1IBAsin®
where, A = [b = area of coil for N turns of coil

7= NIAB sin 0.
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$25.
Given: N=200; r=10cm=0.1; B=05T

Note: Magnetic field is normal to the plane of coil. Therefore, area vector of coil (which is
normal to plane of coil) is along the direction of magnetic field.

0=0. Also /=3A
@) As, 7= NIAB = 200 x 3 x [1(0.1)*] x 0.5 (. A=nr?

= 7= 9.42 N-m

(b) The net magnetic force on circular loop is zero.

(c) -+ Average force on electron
F=(-e)(v, Bsin 90°
But I'=-neAy,
or v, = !
¢ _neA

F= (—e)[ﬁ]B

IB_ 3x05
nA 10%° x107°

15
F= 1024
= F=15x10"%*N.

$26. Atoroid consists of an anchor ringwith some average radius (R)can which there number of turn
(N) of insulator metallic wine is:wound.

(a) When an amount of steady current passed through the toroid, the magnetic field at each
and every point on'itsieentral axis is same and directed along the tangent on the ring.

Thus,

<ﬁ B.dl = <j> Bd1=Bcj5 dl = B2xR

Now, from Ampere’s Circuital law,

B dl =, NI
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= B x2nR = p, NI

g= Mo NI
2nR

= U, nl
where, n = number of turn per unit length of solenoid i.e., %
TC

(b) At the condition, when we apply Amperes law to find magnetic field in the open space
inside or outside the toroid, then for any closed loop having radius r

B dl = B(2nn)=p,I=,(0)=0

current enclosed by loop is zero.

Hence, magnetic field B is zero.

Add.: 855, Nitikhand-I, Indirapuram, Gzb. | Ph.: 7292077839, 7292047839 | www.smartachievers.in | info@smartachievers.in Page 12



- SMART ACHIEVERS

VERS Nurturing Success...

Nurturing Success...

PHYSICS - Xl | Torque on Current Loop and Magnetic Dipole Moment NCERT

Q1.

Q2.

Q3.

Q4.
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Q9.

Q10.

Q11.

Date: 20/10/2021

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? Whatis the force on each case? Which case corresponds to stable
equilibrium?

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?

A uniform magnetic field of 3000 G is established along the positive z
z-direction. A rectangular loop of sides 10 cm and 5 cm carries a current BT

of 12 A. What is the torque on the loop in the different cases shown'in y
figure? What is the force on each case? Which case corresponds to stable 4o
equilibrium? X

What is the torque on a planar current loop in magnetic field change, when its shape is
changed without changing its geometrical area?

Two wires of equal lengths are bent in the form of two loops. One of the loops is square
shaped whereas the other loop is circular. These are suspended in a uniform magnetic
field and the same current is passed through them. Which loop will experience greater
torque? Give reasons.

A uniform magnetic field of 3000 G .is established along the positive z
z-direction. A rectangular loop of sides 10 cm and 5 cm carries a.current BT

of 12 A. What is the torque on the loop in the different cases shown in y
figure? What is the force on each case? Which case corresponds to stable

equilibrium? X

A current carrying loop is free to turn in a uniform magnetic field B. Under what conditions,
will the torque acting onvit be (a) minimum and«(b). maximum?

Show that a force that does no work must be a-velocity dependent force.

Calculate the torque on a closed current loop placed in the magnetic field B .What s the
main function of soft iron core used in'a moving coil galvanometer?

How doesthe magnetic moment of'an electron in a circular orbit of radius ‘r and moving
with a speed ‘v’ change, when the frequency of revolution is doubled?

A Current carrying loop free to turn is placed in a uniform magnetic field B. What will be
its orientation relative to B in the equilibrium state?
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Q12. (a) Acircular 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 (i) were replaced by a planar coil of
some irregular shape that encloses the same area? (All other particulars are also
unaltered.)

Q13. A magnetic field set up using Helmholtz coils (described in Exercise 4.16) is uniformin 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 x10"°Vm™', make a simple guess

as to what the beam contains. Why is the answer not unique?

Q14. A circular coil of ‘N’ turns and diameter ‘d’ carries a current ‘I’. It is unwound and wound
to make another coil of diameter ‘2d°, current ‘I’ remaining the same. Calculate the ratio
of the magnetic moments of the new coil and the original coil.

Q15. A uniform magnetic field of 3,000 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 two cases shown in the figure below.

Z

Q16. Acircular coil of 100 turns, radius 10 cm carries a current of 5 A. It is suspended vertically
in a uniform horizontal magnetic field of 0.5 T, the field lines making an angle of 60° with
the plane of the coil. Calculate the magnitude of the torque that must be applied on it to
prevent if from rotating.

Q17. Acircular coil of 100 turns, radius 15 cm carries a currentof 2.5 A. Itis suspended vertically
in a uniform horizontal magnetic field of 0.5T, the field lines making an angle of 30° with
the plane of the coil. Calculate the magnitude of the torque that must be applied on it to
prevent it from turning.

Q18. A small coil carrying a current.is placed in a uniform magnetic field. How does the coil
tend to orient itself relative to the magnetic field?

Q19. 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
maghnitude of torgue experienced by thecoil?

Q20. A 100 turn'closely wound circular coil-of radius 10 cm carries a current of 3.2 A. (a) What
is the field-at the centre of the coil? (b) What is the magnetic moment of this coil? The coil
is placed in a vertical plane and is free to rotate about a horizontal axis which coincides
with its diameter. A uniform magnetic field of 2T in the horizontal direction exists such
that initially the axis of the coil is in the direction of the field. The coil rotates through an
angle of 90° under the influence of the magnetic field. (c) What are the magnitudes of the
torques on the coil in the initial and final position? (d) What is the angular speed acquired
by the coil when it has rotated by 90°? The moment of inertia of the coil is 0.1 kg m?.
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Q21. Write the expression for the magnetic moment (m ) due to a planar 1
square loop of side ‘I’ carrying a steady current I in a vector form. In

the given figure this loop is placed in a horizontal plane near a long !

straight conductor carrying a steady current I, at a distance / as =
shown. Give reasons to explain that the loop will experience a net | ¢ A
force but no torque. Write the expression for this force acting on the :
loop. h

Q22. (a) Show thata planer loop carrying a current I, having N closely wound turns and area
of cross-section A, possesses a magnetic moment m = NIA.
(b) When this loop is placed in a magnetic field B, find out the expression for the torque
acting on it.
(c) A galvanometer coil of 50 Q resistance shows full scale deflection for a current of
5 mA. How will you convert this galvanometer into a voltmeter of range 0 to 15V?

Q23. (a) Write the expression for the force, F, acting on a charged particle of charge g, moving
with a velocity v in the presence of both electric field E and magnetic field, B: Obtain
the condition under which the particle moves undeflected through the fields.

(b) A rectangular loop of size / x b carrying a steady current I is placed in a uniform
magnetic field B. Prove that the torque t acting on the loop is givenby 1t =m x B
where, m is the magnetic moment of the loop.
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Nurturing Success...

PHYSICS - Xl | Torque on Current Loop and Magnetic Dipole Moment NCERT-Solution

Date: 20/10/2021

S1. Torque 1= IAxB

From the given figure, it can be observed that Ais normal to the x-z plane and B is directed along
the z-axis.

T=-12x(50 x 1074 ] x 0.3k
=—1.8x1072/ Nm
The torque is 1.8 x 102N m along the negative x direction and the force is zero.

S§2. Magnetic field strength, B=3000G=3000x10"*T=0.3T
Length of the rectangular loop, /=10cm

Width of the rectangular loop, b=5cm

Area of the loop,
A=1xb=10x5=50cm’=50x 107 m?
Current in the loop, I=12A

Now, taking the anti-clockwise direction of the current as positive and vise-versa:

Torque, i =JAxB

From the given figure, itcan be observed that Ais'hormal to the y-z plane and B is‘directed along
the z-axis.

The torque is 1.8 x 10”2 Nm along thé negative y-direction. The ‘force on the loop is zero
because the angle between A and B.is zero.

This case is similar to case (a). Hence, the answer is the same as (a).
$3. Torque 7= IAxB
= (50 x 10" # x 12) k'x 0.3k

=0

Hence, the targue is zero. The force is also zero.

S4. The torque on a planar current loop.in a magnetic field does not change, when its shape is
changed without changing the area of the loop.

$5. We know,
i = I(AxB)

Both have same length but different area of circle is greater than the area of square i.e., torque
of circle is more than the square.
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$6. Whereas, in case (f), the direction of TA and B is opposite. The angle between them is 180°. If
disturbed, it does not come back to its original position. Hence, its equilibrium is unstable.

S7. (a) Torque is minimum when angle between area vector of the loop and magnetic field vector
is zero i.e., both are parallel because we know that

Tt =IABsin ¢
(b) Torque is maximum when the angle between area vector and magnetic field will be 90°
ie., ALB.
S8. dW=F.d=0
= F.vdt=0
= F.v=0

F must be velocity dependent which implies that angle between F and v is 90. If v.changes
(direction) then directions) F should also change so that above condition is satisfied.

$9. When a closed current loop is suspended in magnetic field, torque on the coilis'given by

|T|=|M xB|=nIAB sin 6

where the letters have their usual meanings.

The use of the soft iron core strengthens the magnetic flux linked with the coil.

$10. Magnetic moment also doubled, when frequency revolution.is doubled

Explanation:
We know, M=1IA
= (qf) (A)
where A and q are constant for electron
me< f

Hence magnetic moment also.doubled, when frequeney revolution is doubled.

S11. |n equilibrium state, the current carrying loop will orient itself, such that B is perpendicular to the
plane of the coil. lt.is.because of the fact that in this orientation, the torque on the current loop
becomes zero.

S$12. Number.of turns on the circular coil, n'= 30
Radius of the coil, r=8.0cm=0.08 m
Area of the coil = nr? = 11(0.08)? = 0.0201 m?
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Current flowing in the coil, = 6.0A
Magnetic field strength, B=1T
Angle between the field lines and normal with the coil surface,
0 =60°
(a) The coil experiences a torque in the magnetic field. Hence, it turns. The counter torque
applied to prevent the coil from turning is given by the relation,
t=nlIBAsin6 ()
=30 x6x1x0.0201 x sin 60°
=3.133Nm

(b) Itcanbe inferred from relation (i) that the magnitude of the applied torque is not dependent
on the shape of the coil. It depends on the area of the coil. Hence, the answer would not
change if the circular coil in the above case is replaced by a planar coil of some irregular
shape that encloses the same area.

S$13. Magnetic field, B=0.75T
Accelerating voltage, V=15kV =15x10°V
Electrostatic field, E=9x10°Vm™’
Mass of the electron =m
Charge of the electron =e
Velocity of the electron =v
Kinetic energy of the electron =eV
1 2
= —mv© =eV
2
2
e v .
m 2V -0

Since the particle remains undeflected by electric and magnetic fields, we can infer that the
electric field is balancing the magnetic field.

eE=evB
E .
v — ... (ii
5 (i)

Putting Eqgn. (ii) in Eqn. (i), we get
E 2
e 18 _E
m 2V 2vB?

542
= Q0107 . 48107 Clkg

2 x 15000 x (0.75)?
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This value of specific charge e/m is equal to the value of deuteron or deuterium ions. This is not
a unique answer. Other possible answers are He™", Li™", etc.

$14. Given: Circular coil has N turns diameter, of the coil is d and current is I

Now, Magnetic moment M = NIA

2
Let Magnetic moment M, = NIx d? .. (i)

Let Magnetic moment of new coil M,

Given: N=N/2, d=2d&I=1
M, = %Indz ... (i)

Form Eq. (ii) = (i), we get

or — =

S15. Given: B=3,000; G=3,000 X 10*=0.3T: A=10x5=60cm?=50x10"*m? L=A2A
IA=50x10*%x12=0.06 Am?

(a) Given: IA=-0.06]Am?and B=03KkT
We know, ©=(IA)xB=-0.06]x038R==18x1027 Nm

1.8 x 10"2Nm acts along.the negative Z-axis.
(b) Given: 1A=006k Am? arid B<0.3KT
Weknow, © = (I A)x B=0:06k x0.3k=0 or ©=0(kxk=0).
$16. Given:

N=100 r=10em=0.1Tm I=5A
B=05T 6=60°

Now, torque acting on the current carrying coil due to magnetic field.
7= NIABsin 0

=100x5x%x0.01x x 0.5 x sin 60°
7=6.80 Nm.
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$17. Given: N=100, r=15cm=0.15m
I=25A, B=05T

0=30° 1ie, ¢=60° 1=7
1= NIBAsin ¢

7=100x2.5x 0.5 x 1t x ( 0.15) x sin 60°
7= 76520 Nm.

$18. A torque acting on a coil a given by

7= NIBA cos 6
where 0 is the angle between the plane of the coil and direction of magnetic field. When 6 = 90°,

7 = 0. The coll tries to orient itself in this position. Thus, in equilibrium the coil will acquire a
position such that its plane makes an angle of 90° with the direction of the magnetic field.

$19. Given: a=10cm=0.1: N=20,I=12A; B=0.80T, 6=30° A=0.01m% 157

VAy

B
%‘

A
7= NBAIsin 0
=20x0.80%0:01 x 12 x sin 30°
T=0.96 Nm.
$20. (a) FromEq. (4.16)
B = LLONI
2R

Here, N=100; L= 3.2A, and R=0.1 m, Hence,
_ 4 x10 " x10?x3.2
2x10"

4%x10°%x10
2x107"

B

(using t x 3.2 = 10)

2x107°T
The direction is given by the right-hand thumb rule.
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(b) The magnetic moment is given by Eq. (4.30),
m = NIA= NInr’=100x3.2x3.14x 107 >= 10 Am?
The direction is once again given by the right hand thumb rule.

(c) T=mxB [from Eq. (4.29)]
=mBsin 0
Initially, ® = 0. Thus, initial torque t, = 0. Finally, = /2 (or 90°). Thus, final torque
T,=mB=10x2=20Nm.

(d) From Newton’s second law,
@ =mBsin 0
dt

where 4 is the moment of inertia of the coil. From chain rule,

do _ do d6 do

=—0
d  do dt do

Using this, Jodw = mB sin 6d6
Integrating from @ =0 to 6 = /2,

(0] nf2

§ [odo = mB [sin6do
0 0
032 /2
§—L =-mBcos6| " =mB
2 0
2mB\"”* (2x10)"
0,=| —| =[—2=—| =20s".
’ [ g ] ( 107 ]
$21. (a) Expression for the magnetic moment(m)
m=IA (- n=1)

where, I'is the current through a square loop of side“/’ and A is area vector for the loop.
(b) Current in the loop is clockwise.

—» — —
Torque: © = mxB

Magnetic moment vector and magnetic field due to straight wire both are perpendicular to the
plane of paper and directed inwards, /.¢.,"both are same direction 6 = 0°.
T = mB sin(6)

So, =0 (-~ 0=0°

Mo lTy

Force: Force on upper horizontal side F, = (It's attractive)
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11,

Force on upper horizontal side F, = “i— (It's repulsive)
F

As 151 = - ;
Net force is F=F -F >
F= Polli (It's attractive)
47

Net force on the sides oriented normally to the current carrying wire is zero.

$22. (3)

(b)

Torque on rectangular loop
T= NIAB sin 0 e ()

where, symbols are as usual.

Also, torque experienced by magnetic dipole of moment m are placed in uniform magnetic field.
T=mBsin 6 .. (i)

Comparing Egs. (i) and (ii), we get

The magnetic dipole moment

m = NIA
Also, mis a along A

m = NIA

Let us consider a rectangular loop ABCD, placedin a uniform magnetic field, having length
Iand breadth b. The axis of coil is perpendicular to the direction of magnetic field as shown
in the figure.

ul!

Let 6 be the angle between the.plane of the coil and

_ A D _
the direction of the magnetic field and I be the current AR -
through the coil. : "

=g —> — ” = C
Forceon BC,  F, = I(BCxB) = BIb sin 0 1 ,
FI

Y
o]y

Force on AD, <Fy = I(ADxB) = BIb sin 0’

So, F, and.F, are equal in magnitude but opposite in direction, hence they cancel out
each other.

FordeonAB, F, = I(ABx B)\= BIisin 90° = BII

Similarly, F,=BII

Force F; and f;; are equal in magnitude but opposite in direction with different line of
action, so they constitute couple. Thus torque acting on the coil is given by

T = Either force x L distance between the line of action of force
1= BIAcos 9
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If the coil consists of N turns, then

= NBIAcos 6
(¢ G=50Q, I,=5x10°A, V=15V
- R
V=I,(G+R) 5
I
- :i_G=175_50 I
I, 5%10°3 Voltemeter
R = 29500

Aresistance R= 2950 is to be connected in series with galvanometer to convert it into a
desired voltmeter.
$23. (a) Force on the charged particle due to electric and magnetic field,

F=qE + q(vxB)

For undeflected motion,
F=0
gE+q(vxB)=0

S E+(vxB)=0
E=-(vxB)

= |E|=|-vxB|
E =vBsin 9, where 6 =90°
v=E/B

(b) Magnetic force on AB and CD parts-of wire
F,=F,=1BI' as ©=90°
The magnetic force on BC:and DA part of wire are equal innrmagnitude, opposite in direction
along the same line. Therefore, they balance each.other.

Let at any instant area vector of coil made an angle 6 with the direction of magnetic field.

F, and F, forms couple which try to rotate the coil.

From figure,
Torque (1) = Force arm of'the couple

= (IBl) x MD B ©
= IBIx b sin © = IB (ib) sin 0
=IBAsin0 Njrf ! >
where, A= |b = area of coil
t=IABsin 0 A b
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But m=1IA 7y > B

. A #A
= — »
T=mBsin 0 r\\@
In vector form ;1 “}N\ > B
Ml RN D
T=mxB. 17
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PHYSICS - Xl | Moving coil galvanometer ncert

Date: 20/3/2022
Q1. What are the primary functions of electric field and the magnetic field in a cyclotron?
Q2. Write two factors by which voltage sensitivity of a galvanometer can be increased.

Q3. Does time spent by a proton inside the dee of the cyclotron depend upon (a) the radius of
the circular path (b) the velocity of the proton?

Q4. What is the principle of a d.c. motor?
Q5. State the principle of cyclotron.

Q6. Inafield, the force experienced by a charge depends upon its velocity and becomeés zero,
when it is at rest. What is the nature of the field?

Q7. An ammeter and a milliammeter are converted from the same galvanometer. Out of the
two, which current measuring instrument has higher resistance?

Q8. State two properties of the material of the wire used for suspension of the coil in a moving
coil galvanometer.

Q9. In afield, the force experienced by a charge depends only upon.the magnitude of the field
and does not depend upon the velocity. Is field electric or magnetic in nature?

Q10. What is the nature of magnetic field in a moving coil galvanometer?
Q11. What is the advantage of using radial magnetic field in a moving coil galvanometer?
Q12. State the principle of moving coil galvanometer.

Q13. Why the frequency of a charge circulating inside the Dees of a cyclotron does not depend
upon the speed of the charge?

014. Give two differences between a voltmeter and an ammeter.

Q15. Can neutrons be accelerated in.a cyclotron? Explain.

Q16. Define current sensitivity of a galvanometer.

Q17. How the sensitivity of a moving coil galvanometer can be increased?
Q18. How does (a) an ammeter (b) a voltmeter differ from a galvanometer?

Q19. Why should the spring/suspension wire.in a moving coil galvanometer have a low torsional
constant?

020. What is the resistance of an ideal voltmeter and an ammeter?
Q21. Write two properties of a material used as a suspension wire in a moving coil galvanometer.

Q22. Define current sensitivity of a moving coil galvanometer and state its Sl unit.

Q23. Give two factors by which the current sensitivity of a moving coil galvanometer can be
increased.
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Q24. Why should an ammeter have a low resistance?
Q25. Define voltage sensitivity of a galvanometer.

026. What is shunt? State its Sl units.

Q27. Is the resistance of a voltmeter greater than or less than that of the galvanometer of
which it is formed?

Q28. A magnetic field of 100G (1 G = 10~*T) is required which is uniform in a region of linear
dimension about 10 cm and area of cross-section about 10~ * m% The maximum
current-carrying capacity of a given coil of wire is 15 A and the number of turns per unit
length that can be wound round a core is at most 1000 turns m™'. Suggest some appropriate
design particulars of a solenoid for the required purpose. Assume the core is not
ferromagnetic.

Q29. A galvanometer coil has a resistance of 15 Q and the metre shows full scale deflection for
a current of 4 mA. How will you convert the metre into an ammeter of range 0 to 6 A?

Q30. Agalvanometer coil has a resistance of 12 Q and the metre shows full scale deflection for
a current of 3 mA. How will you convert the metre into a voltmeter of range 0 to18 V?

Q31. Which one of the two, an ammeter or a milliammeter has a higher resistance and why?
Q32. What is the importance of radial magnetic field in a moving coil galvanometer?

Q33. You are given a low resistance R,, a high resistance R, and a. moving coil galvanometer.
Suggest how you would use these to have an instrument that will be able to measure
(a) currents, (b) potential differences.

Q34. In the circuit (see figure) the current is to be measured. What is the
value of the current if the ammeter shown (a) is a galvanometer with
a resistance R; = 60.00 Q; (b) is a galvanometer described in (a) but
converted to an ammeter by a shunt resistance r;=0.02Q; (c) is an —] |
ideal ammeter with zero resistance? 3.00V

3.00Q

Q35. How can a moving coil galvanometer be converted into a voltmeter?

Q36. Amoving coil galvanometer of resistance G, gives full scale deflection, when a current I,
flows through its coil. It can be converted into an ammeter of range 0 to I (I > I ), when a
shunt of resistance S is connected across its coil. If this'galvanometer is converted into
an ammeter of range 0 to 2 I, find the expression for the shunt in terms of S and G.

Q37. In a galvanometer, there is a deflection of 10 divisions per a shunt of 2.5 Q is connected
to the galvanometer and there are 50 divisions in all on he scale of the galvanometer,
calculate the maximum current which the galvanometer can read.

Q38. What is voltage sensitivity? How the voltage sensitivity of a galvanometer can be
increased?

Q39. How do you convert a galvanometer into an ammeter? Why is an ammeter always connected
in series?

Q40. Draw a circuit, showing how an ammeter and a voltmeter can be connected to a resistor
to measure then current and voltage at a given instant.

Q41. Out of an ammeter and a voltmeter, which of the two has higher resistance and why?
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Q42. Acircular coil of 20 turns and radius 10 cm is placed in a uniform magnetic field of 0.10T
normal to the plane of the coil. If the current in the coil is 5.0 A, what is

(a) total torque on the coil,
(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?, and the free electron
density in copper is given to be about 10 m™3,)

Q43. With due help of a labelled diagram, state the underlying principle of a cyclotron. Explain
clearly how it works to accelerate the charged particles?
Show that cyclotron frequency is independent of energy of the particle. Is there an upper
limit on the energy accquired by the particle? Given reason.

Q44. A galvanometer with a coil of resistance 120 £2 shows a full scale deflection for a current
of 2.5 mA. Calculate the value of the resistance required to convert it into (a) an ammeter
of range 0 to 7.5 A and (b) a voltmeter of range 0 to 10 V. Draw the diagrams to show how
you will connect this resistance to the galvanometer in each case.

Q45. Explain the principle and working of a cyclotron with the help of schematic diagram.
Write the expression for cyclotron frequency.

Q46. Draw a schematic sketch of the cyclotron. State its working principle. Show that the cyclotron
frequency is independent of the velocity of the charged particles:

Q47. Explain how will you convert a galvanometer into an ammeter of given range.

Q48. Describe the principle and construction of a moving coil galvanometer. Prove that the
current flowing in the coil is directly proportional to its deflection. What is the importance
of the radial field?

Q49. (a) Draw a schematic sketch of a cyclotron. Explain clearly the role of crossed electric
and magnetic field in accelerating the charge. Hence derive the expression for the
kinetic energy acquired by the particles.

(b) An o-particle and a proton are released from the centre of the cyclotron and made to

accelerate.
() Canboth be accelerated at the same cyclotron frequency? Give reason to justify
your answer.

(ii) When they are accelerated in turn, which of the two will have higher velocity at
the exit slit of the does?

Q50. (a) With the help of a diagram, explain the principle and working of a moving coil
galvanometer.
(b) Whatis.the importance of a radial magnetic field and how is it produced?
(c) Whyis it that while using a moving oil galvanometer as a voltmeter a high resistance
in series is required whereas in an ammeter a shunt is used?

Q51. Draw a schematic sketch of a cyclotron. State its working principle. Describe briefly how
itis used to accelerate charged particles. Show that the period of a revolution of an ion is
independent of its speed or radius of the orbit. Write two important uses of a cyclotron.
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PHYSICS - XIl | Moving coil galvanometer ncert-Solution

Date: 20/3/2022

S1. The magnetic field makes the charged particle to cross the gap between the dees again and
again by making it to move along circular path, while the oscillating electric field, applied across
the dees, accelerates the charged particle again and again.

S2. Sensitivity of the galvanometer is:

V= %) 1
° k /R
(a) Torsional constant should be less; (b) Resistance should be less.

$3. The time spent by a proton inside the dee of a cyclotron is independent of both the radius of
circular path and the velocity of the proton.

S4. |tis based on the principle that a current carrying coil placed inside a magnetic field experiences
a torque.

S5. |t states that the positive ions can acquire a large amount of energy.with a comparatively smaller
alternating potential difference by making them to cross the same electric field time and again
by making use of a strong magnetic field.

$6. The field is magnetic in nature. It is because, force due to electric field is not affected, whether
the charge is at rest or is in motion.

S7. Milliammeter will be having higher resistance because higher value of resistance small scale
range of current.

S8. (a) Its tensile strength should be high; so that it does not break under the weight of the coil.
(b) Its restoring torque per unit twist should be low.

S9. The field is electric in nature.

S10. |t is radial in nature,

S11. (a) Torque is uniform for all positions of the¢oil.

(b) Maximum torque is experienced.
(c) Plane.of the coil is parallel to the direction of magnetic field.

$12. |t is based on the principle that when a current carrying conductor is placed in magnetic field, it
experiences a torque.

$13. The radius of the circular path inside the Dee increases in direct proportion to the velocity of the
charge. As a result, the time period of the charge and hence its frequency remains independent
of the speed of the charge.
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S14. Voltmeter Ammeter

(a) Avoltmeteris a high resistance (@) An ammeter is low resistance
instrument. instrument.

(b) Itis used to measure potential (b) Itis used to measure current
difference in an electrical circuit. in an electrical circuit.

$15. No, neutrons cannot be accelerated by using a cyclotron. This because, a cyclotron can
accelerate charged particles and is particularly suitable for protons and positive ions.

$16. Sensitivity of a galvanometer may be defined as if it gives a large deflection, even when a small
current is passed through it or a small voltage is applied across it coil.

$17. The current sensitivity may be increased by

(@) When we increasing n, Band A,
(b) When we decreasing k.

S18. (a) An ammeter is a galvanometer, in which a very small suitable resistance.is connected in
parallel to its coil.

(b) A voltmeter is a galvanometer, in which a very high suitable resistance is connected in
series to its coil. However, the values of n and A cannot be‘increased beyond a limit.

$19. As such, the galvanometer gives a large deflection for a given-value of current i.e; ithecomes
highly sensitive.

$20. The resistance of an ideal voltmeter is infinite and that of an ammeter is zero.

$21. (a) Low value of ‘k’. (torsional constant)

(b) High conductivity.

$22. |t may be defined as the deflection produced in the galvanometer.on passing unit current through
its coil.

nB
k

&

Current sensitivity,

—| R

The Sl unit of current sensitivity is radian ampere".

$23. Current sensitivity = niA

where the letters have their usual meanings. Since n and A cannot be increased beyond a limit,
the current sensitivity may be increased by (a) increasing B and (b) decreasing k.

$24. For measuring current in a circuit, an ammeter is connected in series. So that the current in the
circuit remains practically unchanged on connecting the ammeter, the resistance of the
ammeter should be low.
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$25. |t may be defined as the deflection produced in the galvanometer when a unit voltage is applied
across the coil.

_ BA
Voltage sensitivity, g n__
74 kR

$26. A small resistance connected in parallel to the coil of the galvanometer is called shunt. Its S| unit
is ohm.

$27. The resistance of a voltmeter is always greater than that of the galvanometer, of which it is

formed.

$28. Magnetic field strength, B=100G=100x107*T
Number of turns per unit length, n = 1000 turns m~"
Current flowing in the coil, I=15A
Permeability of free space, H,=4nx 107" TmA™’

Magnetic field is given by the relation,

B=u,nI

B

Ho

nl

~4
= 10010~ _ 705774

4t x1077
=~ 8000 A/m
If the length of the coil is taken as 50 cm, radius-4 cm, number of turns 400, and current 10 A,
then these values are not unique for the‘given purpose. There is always a possibility of some
adjustments with limits.
$29. Resistance of the galvanometercoil, G = 15Q

Current for which the galvanometer shows full scale deflection,

I,=4mA=4x107A
Range of the ammeteris 0, which needs to be converted to 6 A.
Current, I=6A

Ashunt resistor of resistance S is to be connected in parallel with the galvanometer to convert it
into an ammeter. The value of S is-given as:

5= I,G _5x10°x15
I-1, 6-4x107°

_ 6x10? 0.06
6-0.004 5.996
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= 0.01 Q=10mQ

Hence, a 10 m{2 shunt resistor is to be connected in parallel with the galvanometer.

$30. Resistance of the galvanometer coil, G=12Q
Current for which there is full scale deflection,

I,=3mA=3x10"°A
Range of the voltmeter is 0, which needs to be converted to 18 V.
V=18V

Let a resistor of resistance R be connected in series with the galvanometer to convert it into a
voltmeter. This resistance is given as:

R= v._ G
I,
18
= ——-12 =6000-12=5988 Q.
3x107°
Hence, a resistor of resistance 5988 Q) is is to be connected in series with the galvanometer.
. I xG
S31 From the relation: S= Ig XI ,

g

it follows that the value of S needed to convert a galvanometerinto a milliammeter is larger than
that required to convert it into an ammeter.
Since the resistance of current measuring instrument;

GS
R =
G+S

it follows that milliameter will possess higher resistance.

$32. The coil of the galvanometerexperiences torque due to the action of magnetic field produced by
the field magnet. In case the.field magnet has flat poles, the torque on the coil decreases, as it
rotates from its equilibrium position (when plane of the coil is parallel to the magnetic field). It is
because, in the new position, the plane of the coilis not parallel to the magnetic field. Moreover,
as such, the deflection in the coil is not directly proportional to the current passed through the coil.

When the. magnetic field is made radial by using a field magnet with concave poles, the plane of
the coil always remains parallel to the direction of the magnetic field. As a result, the magnitude
of the torque on the coil remains the same throughout the rotation of the coil. As such, the
current passing through the coil is directly proportional to the deflection i.e., the galvanometer
scale becomes linear.

$33. (a) To measure currents, the low resistance R, should be connected in paralled to the
galvanometer.
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(b) To measure potential differences, the high resistance R, should be connected in series to
the galvanometer.

S$34. (a) Total resistance in the circuit is,

Rg+3=630Q
Hence, I=3/63=0.048A.

(b) Resistance of the galvanometer converted to an ammeter is,

Ryr, _ 60Qx0.020
Rs+r. (60+0.02)Q

=0.02Q

Total resistance in the circuit is,
0.020+30=3.020Q
Hence, I=3/3.02=0.99A.

(c) Forthe ideal ammeter with zero resistance,
I=3/3=1.00A.

$35. A moving coil galvanometer can be converted into a voltmeter by connecting a suitable high
resistance R in series with its coil. The value of R is given by

Voltmeter

=¥
©

< Vi
V=I,( G+R)
or 1= G+R
I,
or R=1—G,
I

where, I, G and V'have their usual meanings.

$36. When the galvanometer is converted into'an ammeter of range 0 to I:

For this purpose, the required value of shunt is given by

Ammeter

VAN

R,

r—ry) U—1I)

| =4 8
g A I,

L

n
]
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S=-2
I-1,
IxS .
or I,= G1S . (i)

When the galvanometer is converted into an ammeter of range O to 21
Suppose S’ be the required shunt, then

) ng(3 )
Ty - ()

g

From the equations (i) and (ii), we get

_ _GS
26 +S’

$37. Given, I, =%x50=5mA=5x10‘3A,G=GOQandS=2.5Q

I1G IG
Now, S=_2 or I=-"2—+]
I-1 s e
-3
putting values I= W+ 5x10° =125%10° A
=0.125A.

$38. Deflection of the galvanometer per unit voltage-e., — .

Voltage sensitivity (VS = %J of a moving,coil galvnometer can be increased by increasing:

(a) the number of turns N of the cail, and

(b) area A of the coil.

$39. |f we connect a shunt resistance (low resistance)'S in parallel with a galvanometer we can
convert it into an ammeter.

{a—1 -y §

As ammeter is used to measure current so the actual amount of current to be measured should
pass through it. This is possible only when ammeter having very less resistance is used in
parallel.
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$40. |n order to measure current through the resistor R and to measure the voltage across it, an
ammeter (A) and a voltmeter (V) are connected as shown in figure below.

n
A=
NANA
R

S41. |n an ammeter, a small resistance S is connected in parallel to the coil of the galvanometer.

Therefore, resistance of the ammeter,

GS
RV'G+S

Since is very very small as compared to G,

R,=S (very small)
On the other hand, in a voltmeter, a suitable high resistance R in series with its coil.

Therefore, resistance of the voltmeter,
R,=G+R=R (very large)

Therefore, a voltmeter has higher resistance than an.ammeter.

S42. Number of turns on the circular coil, n = 20

Radius of the coil, r=10em=0.1m
Magnetic field strength, B =0410T
Current in the coll, I'=s50A

(@) The total torque on the coilis zero because the field is uniform.
(b) The total force on the coil is zero because the field is:uniform.
(c) Cross-sectional area'of copper coil, A= 10" °m?

Number of free electrons per cubic meter in copper,

N=10%/m’
Chatge on the electron, e=16x10"""C
Magnetic force, F = Bev,
Where, v, = Drift velocity of electrons
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I

NeA
Fo Bel
NeA
010 X 50 _25
= ——— =5x10""N
102 x10°°
Hence, the average force on each electron is 5 x 10" N.
$43. The diagram cyclotron is shown below:
HE Cyclotron
Oscillator JH'—_ %
U/ \ Y
S B
| o -
Nttt ~
1 2
I
N

Principle of cyclotron: The cyclotron works on the principle.that a positively charged ion can
be accelerated to high kinetic energy by making it pass again and again smaller value'of same
oscillating electrical field by making use of strong perpendicularmagnetic field. Also, thefrequency
of charge particle must be equal to the frequency of oscillating electrical field.

Working: Let initially positively charged in accelerated towards D, and enter.into it.

Now, the charge particle experience magnefic Lorentz force due to.strong normal magnetic
field. It perform circular motion. The time taken by the charge particle to complete half revolution
is equal to half of time period of AC oscillator between two dees. The charge d particle again
accelerated towards D, as D, acquires positive and d negative polarity. Thus, the charge particle
is brought again and again in_the small region of oscillating electrical field by strong normal
magnetic field. The charge particle repeatedly passes through oscillating electrical field. It
traversed on spiral path and finally having radius ofits'circular path becomes equal to the radius
of dees and finally comes out through window W.and strikes to the target.

Maximum K.E: of charge particle

q2B> r02
2m

where, Iy = radius of dees

Radius of dees is limited, there K.E. . also have limited value.
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S44. Given: R,=120Q
I,=25x10°A

I=75A.

By joining a shunt (a low resistance in parallel) with it, we can convert in into an ammeter.

______________ Ammeter
i AN
E R
1) (I—1)y
3 R K
p o LR
g
I-1,
-3
R, = 2510 x12_8 - 4%10-%0.
75-25%x10
Net resistance of ammeter
R.R
R=—29 =4x10"2Q.
R, +R,

It reads slightly less than actual current, because netresistance of the circuit slightly increases.
From the relation V = IR, we find that current decreases.

$45. Principle of cyclotron: The cyclotron works-on the principle that a positively charged ion can
be accelerated to high kinetic energy by making it pass again and.again smaller value of same
oscillating electrical field by making useof strong perpendicular magnetic field. Also, the frequency
of charge particle must be equal.to'the frequency of oscillating electrical field.

The diagram cyclotron is shown-below:

HF L Cyclotron
Oscillator ~

\

S B
& »
Nght thE~
T T

N
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Essential details of construction of cyclotron: Cyclotron consists of
(i) Two semicircular, hollow metallic ‘D’ shaped half cylinders known as dees.

(i) High frequency oscillating electric field is produced by AC oscillator.

(iii) Strong normal magnetic field is produced in dees using field magnetic.
(iv) Whole system is enclosed in high vacuum chamber.

Working: Let initially positively charged in accelerated towards D, and enter into it.

Now, the charge particle experience magnetic Lorentz force due to strong normal magnetic
field. It perform circular motion. The time taken by the charge particle to complete half revolution
is equal to half of time period of AC oscillator between two dees. The charge d particle again
accelerated towards D, as D, acquires positive and d negative polarity. Thus, the charge particle
is brought again and again in the small region of oscillating electrical field by strong normal
magnetic field. The charge particle repeatedly passes through oscillating electrical.field. It
traversed on spiral path and finally having radius of its circular path becomes equal to the radius
of dees and finally comes out through window W and strikes to the target.

We know, time period of charge particle

T: 2ir: _2nm
% gB
gB
Now, Frequency (f) =
q y (f) >

$46. Principle: Itis based on the principle that the +ve ions can be accelerated to ahigh energy with
a comparatively smaller potential difference by making them cross an electric field again and
again by making use of a strong magnetic field: The electric field accelerates the charged ions
and magnetic field makes it move in circular.paths.

A schematic sketch of the cyclotron.is'given below:

Magneticfield out Deflection
of the paper plate

7 Exit Port
*\ || L‘L
" Charged
< Al particle
| — ~—
D, - D,
e -
T T
Oscillator
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It consists of two D-shaped hollow metal discs D, and D, having a very small gap between them.
A high frequency alternating potential difference is applied across the ‘Dees’. The dees are
evacuated and the whole apparatus is placed between the poles of an electromagnet. The
magnetic field is perpendicular to the dees.

Working: The heavy +ve ions to be accelerated are introduced in the space between the dees.
The electric field between the dees accelerates the ions. The ions enters the dee and comes out
of it with the same speed. Just when it comes out of a dee, the polarity of the dees is reversed
and the ions are further accelerated. This goes on, till the ions acquire sufficient speed and are
taken out with the help of the deflection plate. The time for which the ions remain inside the dee
is constant and does not depend upon its speed and radius of the path. Let r, be radius of any
circular orbit and v, the speed in that orbit, then time ¢ for which the ions remain in the dee is

L

t= ()
Vi
Also, force due to the magnetic field is given by
F=BQv,
magnetic force = centripetal force
2
B Q vy = %
h
i oBQ o A m
r, m v, BQ
r, . :
Value of - putin Eq. (i), we get
v, BQ

If Tis the time period of the ion, then

T= o¢=2Mn
BQ

which is independent of velocity of the particleand radius of dee.

S47. To convert a galvanometerinto an ammeter, a small'resistance R, known as shunt, is connected
in parallel with it. The value of the shunt is so chosen that only a small part of the total current,
which produces full'scale deflection in the galvanometer, passes through the galvanometer and
the major portion of current pass through the shunt (as shown in the figure). Let I be the total
current which-produce full scale deflectionand I, the small portion of the current passing through
the galvanometer of resistance R,.
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5 AR i
: R, E
G — ) (I — L)
A > > @) > > B
I . UF\’Q P T

Potential difference across the galvanometer = I, R,,.

Potential difference across the shunt = (I - I ) R,.

Since both are connected in parallel, therefore, the two potential difference are equal

(I-I)R,=I,R,

or R,= 2—°

Thus, by connecting a shunt of resistance R,, a galvanometer is converted into an ammeter of
range O to I ampere.

S48. Principle: A current carrying coil placed in a magnetic field experiences a torque.

Let N, /and b be the number of turns, length and breadth of coil respectively. When a current I
is passed through the coil, the arms PS and OR experiencea force equal to NBI in epposite
directions. The two forces are equal and opposite and form a couple as their line of action are
different. The couple exerts a torque on the coil.

Moving Coil Galvanometer

Scale

Pointeris. Permanent magnet

Soft-iron
core

\
Uniform radial magnetic field

Torque, 1 = Either force x L distance between the line of action of two forces

7= NIBI bcos?9

7= NABI cos 0 (since A=1xb)
Maximum torque, 7= NABI (when 6 =0°)
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As the coil rotates the suspension wire gets twisted and a restoring torque is developed on it.
The restoring torque continue to increase and a stage is reached when restoring torque becomes
equal to deflecting torque.

Let the coil is rotated by an angle o and k is the restoring torque per unit angle.

Restoring torque = ko.

In equilibrium,

$49. (a)

(b)

Deflecting torque = Restoring torque

NIBA = ko
or I= (L] o
NBA
or I=<q, Where = a constant of a galvanometer.

Thus, current flowing in the coil is directly proportional to its deflection.

The combination of crossed electric and magnetic fields is used to increase the energy of
the charged particle. Cyclotron uses the fact that the frequency-of revolution of the charged
particle in a magnetic field is independent of its energy. Inside the dees the particle is
shielded from the electric field and magnetic field acts on.the particle and makes it to go
round in a circular path inside a dee. Every time the particle moves from one dee.to the
other it comes under the influence of electric field which-ensures to increase the.energy of
the particle as the sign of the electric field changed alternately. The increased energy
increases the radius of the circular path so the accelerated particle movesiin a spiral path.

Since radius of trajectory Magnetic field 60t Deflection
= vim of the paper f plate
qB V 7 Exit port
rqB 4~
,= raB e ¥
. _m ) ad Charged
Hence, the kinetic energy.of ions < C) particle
) 1mv2—1mr2q282—1r2q282 e
2 2 m 2 .m D, - D,
(i) Letthe mass of proton=m, charge of proton = g, e 4
mass ‘of ¢-particle = 4m; Charge of ¢-particle = 2q.
Cyclotron Frequency, V= Bq = Vo< 9
2rtm m
q
For proton Frequency, v o —
p q Y P m
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For o-particle: Frequency,v, o j—; or v, o %

Thus, particles will not accelerate with same cyclotron frequency. The frequency of
proton is twivce than the frequency of o-particle.

(i) Velocity, =B _ .9
m m

. ; q

For proton: Velocity, vV, o —

p y [

. : 2q q
For a-particle: Velocity, v, < — or v, e« —

o 2m

Thus particles will not exit the does with same velocity. The velocity of proton is twice
than the velocity of o-particle.

S50. Scale

Pointer— Permanent magnet

Uniform radial magnetic field

(a) Principle: A current carrying loop placed is a uniformmagnetic field experience a.torque.

Working: A coil free to rotate in a uniform magnetic field about a fixed axis experience a
torque when current is passed through it

T = NIAB

A spring S, provides a counter torque K¢ that balances the magnetic torque. For a steady
angular deflection ¢. In equilibrium

ko = NIBA
where, k is torsional constant of the spring. The-deflection ¢ is taken a scale by a pointer
attached to the spring:
NAB
=|—|1I
=)

(b) With a radial magnetic field sin.® = 1 in the expression for the torque. Hence we can
calibrate a scale.

(c) A high resistance is joined in series with a galvanometer so that when the arrangement
(voltmeter) is used in parallel with the selected section of the circuit it should draw least
amount of current.
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In case voltmeter draws appreciable amount of current, it will disturb the original value of
potential difference by a good amount.

To convert a galvanometer into ammeter a shunt is used in parallel with it. Do that when the
arrangement is joined in series the value of current in the circuit does not get changed by a

considerable amount.

S51. A schematic sketch of a cyclotron is as shown in the figure

Magnetic field out Deflection
of the paper / plate
ﬁ\ 7 7 Exit port
[ &7
[ v
o Charged
( o ) particle
-] T M
D, - b,
e >
T T
Oscillator

Principle: Itis based on the principle that the charged particles or.ions can be accelerated to
high energy with a comparatively smaller alternating potential difference by making them cross
the electric field again and again by making use of a suitable strong magnetic field. Every time
the charged particles or ions cross the electric field, they.again energy.

Working: Let a particle of mass m and carrying a.charge g move inside an evacuated chamber
in a uniform magnetic field B that is perpendicular to the plane of their paths: The dees D, and D,
produces an electric field which changes precisely twice in each revolution so that the particles
get a push each time they cross the gap./Asa result their speed and:hence its kinetic energy
goes on increasing. The direction of.the electric field changes just when the particle comes out
of the dee and thus the charged-particle is continuously accelerated and moves in circles of
increasing radius and is finallytaken out from the exit port. .The maximum energy acquired by
the ions is limited by the radius of the dees.

Time period of revolutian: Let r, to the radius of any orbit. Then the time for which the charged
particle or ions remains.in the dee

t=Th ()
V1
mv?
Also, Bqv,= —
r
vi - Bqg
r, m
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Putting this value of ~ in (1)

r,
f:ﬂ
Bq
Time period T= 2= 21
e perio =2t= 7 "

Clearly, T is independent of the velocity of the ion and radius of the orbit.

Uses:
(a) Itis used foraccelerating heavy charged particles required for starting nuclear reactions or
disintegrations.

(b) Iltis also used in hospitals to produce radioactive material.
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