ELECTROMAGNETISM

Major Concepts (18 PERIODS) ponceprual EIRAEENN
e Magnetic field of current — carrying conductor This chapter is built on

e Magnetic force on a current-carrying conductor Electromagnetism Physics

e Magnetic flux density b 4

e Ampere’s law and its application in solenoid

L

Force on a moving charged particle in a
magnetic field

e c¢/mofan clectron
Torque on a current carrying coil in a magnetic
ficld
e Electro-mechanical instruments
Studen tS‘ L*'iearnin" Guttumes‘ﬂf*ﬁﬁﬁﬁ?{#* "3""? 3 :

After studying this unit, the students will be able to:

explain that magnetic field is an example of field of force produced cither by
current-carrying conductors or by permanent magnets.

describe magnetic effect of current.
describe and sketeh field lines pattern due to a long straight wire.

explain that a force might act on a current-carrying conductor placed in a
magnetic field.

investigate the factors affecting the force on a current carrying conductor in a
magnetic ficld.

solve problems involving the use of F = BIL sin0.

define magnetic flux density and its units.

describe the concept of magnetic flux (¢ ) as scalar product of magnetic field
(B) and area (A) using the relation ¢, =B A=B-A.

state Ampere’s law.

apply Ampere’s law to find magnetic flux density around a wire and inside a

solenoid.

describe quantitatively the path followed by a charged particle shot into a
magnetic field in a direction perpendicular to the field.

explain that a force may act on a charged particle in a uniform magnetic field.
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l, e describe a method to measure the ¢/m of an electron by applying magnetic field

and electric field on a beam of electrons.
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of a specified range.
L]
INTRODUCTION
A naturally occurring
Lodestone was first mined at

magnesia, Anatolia in Turkey. It was
named as magnetite, Fe3Ou4. It has a
property to attract iron pieces. If a bar-
shaped of this permanent magnel is
suspended from its midpoint by a
piece of string so that it can swing
frecly, it will rotate until its one end
points to the earth’s geographic north
pole. This end is called north (N) pole
of bar magnet. The other end points to
the carth’s geographic south Pole
called south (S) pole. The same idea
is being used to construct a simple
compass. Like electric charges, the
like or similar poles repel, and the
unlike or opposite poles attract each
other with a force called magnetic
force. :

In 1820, Oersted discovered
the relationship between magnetism
and clectricity. He observed that a
compass needle was deflected by 2
current carrying wire. A few yeais
later, Michelson Faraday discovered
that an electric current can be
produced in a circuit by moving a
magnet near the circuit. These

pr_cdicf th}a turning effect on a current carrying coil in a magnetic field and use
this principle to understand the construction and working of a galvanometer.

explain how a given galvanometer can be converted into a voltmeter or ammeter

describe the use of avometer / multimeter (analogue and digital)
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DO YOU KNOW?

Like electric dipole, a magnetic dipole cunsisl.t of a
south pole and a north pole.
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The Earth's magnetic field is approximately that of a
dipole, like that of the fictitious bar magnetic. Where
the south magnetic pole is towards the geographic north
pole and the north magnetic pole is towards the

geographic south pole.




observations show that an electric
field creates a magnetic field. Such
interaction, or production of
magnetism due to electricity
implies to electromagnetism.
Magnetism and electromagnetism
are being used in several fields of
daily life, such as in electric motors, : oL Y| |

loud speaker, TV pi{:turﬂ tubes, | When you insert your credtt debit or ATM l:ard into the
microwaves oven, tapes, disk ﬁutnmated"i'e!le; h:lachinf: (iﬂtTM} A ms:\tgncn: s}np ona |
drives, computer printer, MRI ] card contains millions of tiny magnetic domains held

) _ : together by a resin binder. The machine reads the |
(magnetic resonance imaging) etc.

information encoded on the magnetic strip and it makes |
In this unit we will determine || your access to your account.

the magnetic field, magnetic flux SR
and magnetic force that acts on a mnving ey E——en -
charge as well as on a current carrying l POINT 7O PONDER !
| Does every magnetic material have a north |
wire which is placed in the applied 0 |
and south pole?
magnetic field. Similarly, we also explain | . :

the construction, principle and working of some electromagnetic instruments, such
as: galvanometer, voltmeter, ammeter and Avometer.

13.1 MAGNETIC FIELD

An iron ore called lodestone is a £ _ _—
naturally occurring magnetic rock found @) Am Em\..ﬁ"
near the ancient city of ‘Magnesia’ (in '
western Turkey). This is a reason that F o ey F
why this lodestone is named as a *-M‘@ Eﬂ"’
‘Magnet’. If a suspended bar-shaped
magnet is free to rotate its one end points
north, called north pole, and its other end
points towards south and is called south
leB. The like ]JEIIES rep{:l and unlike pﬂlﬁs Fig.13.1(a) Like poles repel each other (b) Unlike
attract each other with a force, as shown W1 BIFREL 13 CAGIR R,
in Fig:IB.l. Such force of attraction or DO YOU ENOW
rkilpuﬂsric; Ee;:;;?cl;giLte g{nl(:]:?:;:?ll?o;z Like electric field lines, magnetic field lines |

| also never cross each other but instead push l
produces a magnetic field around it, so apart of each other.
the field of one pole exerts a force on the *—————— -

nearby other pole and vice versa. Like electric field, magnetic field is represe.ntcd by

F F

e b e

N4




magnetic lines of force B which provides both magnitude and direction of the field.
The magnetic field vector B at any point is tangent to the field line as shown in

Fig.13.2.

1. The direction of the
magnelic ficld B at any
point on the field ling is s\

tangent to the line. \\
"'q..“_‘_-‘

2. The lines arc drawn ﬁ

closer together where A
the magnitude B of -
the magnetic ficld is ="

greater.

)

: T ? 3. Every magnetic ficl
'\E line lcaves the magnet

at its north pole and
"-.,._" enters the magnet at it
south pole.

Fig.13.2 Magnetic ficld vector ‘B’ is tangent to the ficld line.

H.C. Orested was the first
person who discovered the magnetic
effect of electric current in 1820.
According to him, a current carrying-
conductor can also produces magnetic
effect. He verified his notion by
performing a simple experiment. The
experimental setup consists of a wire
AB which is connected across the
source of e.m.f. and a compass needle
placed parallel to wire as shown
Fig.13.3(a). If the switch S is opened
and there is no current in the wire, the
needle remains parallel to the wire 1.e.,
the needle does not deflect. However,
when the switch is closed and the
current starts to flow in the wire, the
needle deflects as shown in
Fig.13.3(b). Thus, this deflection
shows that a current carrying wire
produces a magnetic field around it.
The strength of the magnetic field
depends upon the magnitude of current.
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(a) Switch South @)  Swicy  Souih

Fig.13.3(a) No deflection, when the wire carries no
current (b) There is defllection, when the wire carries
i current,

I, eurrent

direction
of current

direction
of ficld

right hand

Fig.13.4(a) Magnetic lines of force in form of
concentric circles due to a current carrying a wire,
which is detected by plotting compass.
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Magnetic field due to current carrying a long straight wire

Consider a current carrying long straight wire, according to Orested a magnetic
ficld is produced around it. The pattern of such magnetic field is in form of closed
concentric circles in a plane which is perpendicular to the wire. It can be detected by
using a small plotting compass placed near the wire as shown in Fig.13.4(a). The
experiments show that the strength of such field depends upon current, medium and
distance from the wire. Similarly, the direction of magnetic lines of force can be
determined by “right hand rule”.

Right hand rule .
The direction of magnetic lines of force due to a
current carrying long wire can be determined by “right
hand rule”. According to this rule, the wire is grasped in
the right hand such that if the thumb is pointing in the
direction of current, then the curved fingers of the hand
will give the direction of magnetic field as shown in Fig.

13.4(b).

13.2 FORCE ON A CURRENT CARRYING
CONDUCTOR IN UNIFORM MAGNETIC 1
We have studied that a current carrying conductor ~ Fig-13.4(b) Right hand rule
; § . shows the direction of
produces a magnetic field around it. Now if such o . o0 e
conductor is placed in an applied magnetic ficld, as
shown in Fig.13.5, then these two.magnetic fields i.e., the magnetic ficld due to a

current carrying conductor and the ':_/1 9
] g |

applied magnetic field interact with each
other, as a result, a force is exerted on the
conductor. The observations show that
the magnitude of-such magnetic force
depends upon the following four factors.
i. Current: The magnitude of force exerts
on the conductor is directly proportional
to the magnitude of current flowing
through the conductor.

|/ current |
. F= |LB'ISiH 0
“orF=ILBife=90

Fig.13.5 A current carrying conductor in an applicd
magnetic lield experiences a magnetic lorce.

Fm oc |
ii. Length of the conductor: The magnitude of magnetic force is also directly
proportional to the length of the conductor within the applied external magnetic field

Fm o (
&




jii. Strength of the field: The magnitude POINT 70 PONDER
of the magnetic force is directly | Why does a picture become distorted when a -

proportional to the magnitude of the | magnetic bar is brought near to the screen of
applied magnetic field B. !| TV, Computer Monitor or Oscilloscope?

; Fm o« B

iv. Directions: If the length of the conductor 1s
Egrpcndicular to the direction of the applied field
then a maximum force acts on the conductor.
However, if the length 1s parallel to the direction
of field, the conductor experiences no force. [t
means, the magnitude of force is also depends
upon the factor of sin®. That is, \?
Fim o sinB Two conductors are at right angle in

Combining all the above results we may write; form of a plane carry equal currents.
Fn oc 1/Bsinf At what point in the plane that their

F.. = kI¢Bsin® n:nagl_'.i:tic !'u:ldlis zcru':‘ O

where ‘k' is constant of proportionality. It is
dimensionless and if its value is 1 in SI units then N/
Fm= 1{Bsinf...... (13.1) 3

| A . w s |
. POINT T0 PONDER
|

ctors form i
In ve Current into Current coming

Fm = l(r x E) ...... (13.2) the page  out ofthe page

If the length of the conductor 1S
perpendicular to dircction of magnetic field ang
angle ‘0’ between them is 90° then ma

. : e gnetic force on
conductor is maximum. It is given by the

FI‘I‘I= I{?B ‘.Einguﬂ':l
F

- s )
10 (13.3)

Magnetic field is a vector quantit :

h y and g s

Tesla (T) i.e., the strength of the magnetic ﬁellt; isl ur:ut is

be one tesla if it exerts a force of one l'lewts said to

conductor of length one metre through which tl?r" on a
rent of

one ampere is passing through it, Moyt
expressed as; ematically, j i

IN
IT=
-__-_-_-' :+'l *
) 1A -1Im Fig.13.6(a) A magnetic
force due 10 a current
Carrying a' condductor in

tntform magnetic field.

&




The magnetic field B can also be measured in terms of Gauss (G) where,

I Tesla(T) = 10* Gauss(G)
In order to determine the direction of force, we have a current carrying
conductor perpendicularly in uniform magnetic field, if the current flow is out of the
page then it is represented by symbol dot (- ), as shown in Fig.13.6(a). Similarly, if
the flow of current is into the page then it is represented by symbol cross (X).
Due to the interaction these two ficlds reinforce each other on the left side of
the conductor and give a strong magnetic ficld while cancel each other on the right
side of the conductor and give a weak magnetic field. Thus, the direction of the force
on the conductor will be directed from stronger to weaker side at right angle to both
the length of conductor and magnetic field.
The direction of force on the ;
conductor can further be explained by Direcuon of
Fleming’s left hand rule. According to Force
this rule, stretched the thumb, t Magonetic field
forefinger and middle finger of the left 4 -
hand perpendicularly in such a way y
that the forefinger is along the e —
magnetic ficld, middle finger is along : . Direction of
the current flow then thumb indicates Current

the direction of force as shown in
Fig.lH.ﬁ(h). Fig. 13.6(h) Flaming lefl hand rule expliining the
directions of force. magnetic field and current.

Example 13.1
A straight conductor of length 20cm carrying a current of 10A in a uniform
magnetic field of strength 0.4T. What is the force on the wire when it is (a) at right
angles to the field and (b) at 45 to the field.
Solution: :
Length of the conductor = ( = 20cm = 0.2m
Current =1= [0A
Strength of the field =B = 04T

(a) - Force =F; =7
0, =90°

(b) Force=F,=7
0, =45°

By definition of force on a current carrying a conductor,

(a) Fi=1(Bsin6,
Fi=(10A)(0.2m)(0.4T) sin90°
Fi=0.8N




: (b) F2=1{Bsin0,

| F2=(10A)(0.2m)(0.4T) sin 45°
s | F2=(0.8)(0.707)

F2=0.57N

|
' 13.3 MAGNETIC FLUX AND MAGNETIC FLUX DENSITY

A magnetic field can be represented by o
imaginary lines of force called magnetic field A -
lines. Like electric flux, the magnetic flux is also 0
defined as, the number of magnetic field lines
passing through a certain area held B
perpendicular to the direction of field as shown
in Fig.13.7. Magnetic flux is represented by ¢, .

Quantitatively, it is equal to the scalar product of = BAcosd
magnetic ficld strength ‘B’ and vector area A .

1.e., Fig.13.7 The magnetic field lines

passing through area.

¢s= B-A
¢y= BAcosO ...... (13.4) Area = A
Magnetic flux is a scalar quantity and it

can be studied under the following two cases:
Case I: If arca is held perpendicular to the
dircction of field B then the direction of vector
arca A is parallel to the direction of B and
angle ‘0’ between them is zero as shown in
Fig.13.8. Thus Eq.13.4 becomes

¢y = BA cos0°

ds= BA ......(13.5)
This is the maximum flux. . ¢'= BA |
Case II: Similarly, if the area A is placed .f.!ii?a"biti.fife,!’;";n;"i:";ﬂf:““’” and
parallel to the direction of field B then the ) ' '
direction of vector area A is perpendicular to the direction of B and angle ‘0’
between them is 90° as shown in Fig.13.9, then Eq.13.4 becomes

¢ = BA cos90°

_ ¢p=0
This is the minimum flux.
The SI unit of magnetic flux is Weber (Wb), which can be derived by using

Eq.135. |
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¢y = BA +A
1 Wb= lTImz --t—--1---------'-

]N . .. .-

or 1 Wb = _.:|'[':|2

‘m LR B B B N B 3 0 N &N &N _N_JN_J -

1 Wb= IN-m-A""

Fig,13.9 Arca held parallel and angle 0 between
Magnetic flux density Ll
Magnetic flux density is defined as the magnetic flux per unit area held
perpendicular to the direction of ficld strength ‘B, It is measured in terms of ratio
between magnetic flux ¢, and unit area ‘A’ by using Eq.13.5

= -‘%’ ...... (13.6)

maignetic

The unit of magnetic flux density is
Wbm ™ and it is equal to tesla. i.c.,

Wbm_l = (M] m-z

A
N-m™
Wbm™? =
A
; N
Wbm™ = ——
= A-m Magnetic lines of force passing through a unit area,
Wbm™ =

This shows that magnetic field strength and magnetic flux density both have
same unit.

Example 13.2
A hemispherical surface of radius Scm is
placed in a magnetic ficld of strength 0.6T. If the
dircction of the surface is along the direction of the
field then calculate the flux through the
hemispherical surface.
Solution:
Radius of hemisphere = R = 5cm = 0.05m
Magnetic licld strength = B =0.6T
Angle between Rand A = 0 =0°
Magncowe lux = ¢, =7

Circular &, heml

&



l By definition of magnetic flux
s by = B-A = BAcos®
| b, =BA cos0
e ¢, =BA
But area of hemispherical surface =nR”
¢, = BrR’

13.4 AMPERE’S LAW

We have studied that a current
carrying conductor produces a magnetic
field around it in the form of a closed
circular loop of radius ‘r’ as shown in
Fig.13.10. The experiment shows that the
direction of the magnetic field is tangent
at each point of the circular loop and its

. strength 1s directly pmportional to the
current flowing through the wire and
inversely proportional to the distance
from the wire. Mathematically, these two
. results can be expressed as,

2T
proportionality. The parameter ‘p,’ i

called the permeability of free space and
its value is 47x107 TmA™ .
Equation 13.7 was derived for the

magnetic field in form of a close circular
loop around a steady current-carTying
conductor. However, when the magnetic
field is along an arbitrary closed path

Here Ho is the constant of

O
¥

| ¢, =(0.6T)(3.14)(0.05m)’
by =4.7 X 10° Wb

Circular path

Fip.13.10 A magnetic ficld in the form of circular
loop of constant radius 1 around steady curreng

carrying a conductor.

al

Fig.13.11 An arbitrary closed path around g
current carrying a conductor X
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called ‘amperean path’ around the current-carrying conductor as show in Fig.13.11,
then we cannot use Eq. 13.7 directly. For this Ampere has expressed a general relation i
between current and magnetic field along an arbitrary closed path.

Consider the arbitrary path around the current-carrying conductor which
consists of ‘n’ number of small segments, such that each segment has same length
equals to Al and is parallel to the magnetic field B, where

B:-Af = BAfcosO=BA! L =0
According to Ampere, the sum of all such product, (B-Af) over the
closed path is equal to }; times of the total current that passes through the

surface bounded by the closed path. This statement is called Ampere’s circuital law
and it can be expressed as,
(B-AL), +(B-AL), +++(B-AL) = p,

D (B-AL), = pl ... (13.8)

This is the mathematical form of Ampere’s circuital law.

13.4.1 Magnetic field due to a current carrying solenoid

A solenoid is a long coil of
conducting wire with many turns. When
current is passed through a solenoid then
a uniform magnetic field is produced in it
as shown in Fig.13.12. The solenoid acts
as a bar magnet when it carries current
i.c., it becomes a strong electromagnet.
The magnetic ficld lines are entering at its
one end and emerging from the other end.

Fip.13.12 A solenoid in a eylindrical form.

The lines emerging end of the solenoid

acts as a north pole and the line entering 9] © .
end acts as a south pole as shown in :
Fig.13.13. The magnetic field inside the @ @“ ®
solenoid i1s not only uniform but also ——

stmngtf:r..Whereas, the ﬁ{:lt‘i F}ulSEdG the Fig.13.13 Polaritiecs of uniform and strong
solenoid is weaker and nﬂg]tglblﬂ. magnetic field that produced inside the solenoid.
Consider a  current-carrying
. ] = DO YOUK 4
solenvid of length *f’. Here we assume that : OU. kg .
——— i this ol T The magnetic polarities of a solenoid .
angl'lLllL el outsic L.. lhe S0 C}'l()[ 15 Z'El:ﬂ. X 0 can be verified with a compass.
calculate the value ol magnetic ficld B inside
the solenoid usine Ampere’s law, we consider a rectangular closed path abed such

@
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that ab=/\, bc=h, cd=/3 and da=/4, as shown in Fig.13.14. The sum of the products of
magnetic field B and lengths of rectangular closed path is expressed as,

ZE&E = B-6y+B-l2+B-l3+B-/s

Zﬁﬁ'{; = B{,cos0° +B/, cos90° ‘ [ = ii’*‘-’ i
+(0)(¢,)cos180° +BE, cos 270° 1 -
Zﬁ.af = B{,+0+0+0 i3 }_ i - h
5 = 1

Y'B-Af = B¢, ......(13.9)
If the number of turns per unit Fig.13.14 To calculste magnetic  ficld B
length is ‘n’ then total number of turns of considering a closed rectangular path abed on a

solenoid.
solenoid of length ‘£’ is N = n/ and total pews "
number of turns in length {, is N/, . . hPﬁ;f-"":'T T{J;I»:’I?J\’Dﬁ'ﬁﬁ =
" I factor w1 € magnetic
Thus, total current in closed path abcda = nf | in};ii 3 sglenoid : ?;bmh‘;e
According to Ampere’s Law number of tumns and the current are
S B-Af =}, (total current enclosed) ‘ doubled?
> B-Al=pnel ... (13.10)
Comparing the left-hand sides of Eq.13.9 and Eq.13.10
Bf, = p,nf, 1
= B=pmnl ...... (13.11)

The direction of field B is along the axis of solenoid. The result of Eq. 13.11
shows that magnetic field B is independent of the position within the solenoid. It
means the field is uniform within a long solenoid. Eq. 13.11 is also valid to the
solenoid which has more than one layer of windings because B does not depend on
the radius of the solenoid. A much stronger magnetic field can be produced if
windings of solenoid are made on magnetic material that is use of an iron core.

Example 13.3
A 10cm long solenoid has 400 turns of wire and carries a current of 2A.
Calculate the magnetic field inside the solenoid.
Solution:
Length of the solenoid = { = 10cm = 0.1m
Total number of tumns of solenoid =N =400
Current through the solenoid =1=2A
Magnetic field inside the solenoid =B = ?

@




Mumber of Ums in length Per unit length=n = H
£

n= %n~:1 = (K} turms /m

.T'he magnetic fiek] inside the solenoid i giv-cn by

-

B=p;nl

B=4ex10 " 24000=2 .
B=001T
B=102T

13.5 FORCE ON A MOVING CHARGED PARTICLE IN A

MAGNETIC FIELD

As we know the rate of Now of ¢ harges
through a conductor is known as current. We
have already studied |hat when currenl-carrying
conductor is placed in a uniform magnctic
field, it CXPErences o magnetic foroe. Iﬁdea:l.
the magnetic force acts on 1he maving
charges becanse a beam of charged particles
which arc moving with uniform velocily
cquals to a steady current in the
direction of their molion. The magnetic force
on the charge is due to internction between the
applied magnetic [celd and the induced
magnetic field around the moving charges.

Consider a charge particle g is moving
with velocity v in a uniform magnetic ficld B, il experiences a magnetic force, The
magnitude of this force depends upon the following factors;
i. Charge: The magnitude of magnetic force is directly propertional to the magnitude

of charge.

Fu o g
ii. Magnetic Field: The {orce is directly proportional (o the sirength of the magnetic

feld.
Fraoc B
iii. Velociby: The magnetic lorce also directly proportional to the velocity of the

charge particle.




Fm oCc v
iv. Direction: It is found experimentally that when a charge particle is moving
perpendicular to the direction of magnetic field, a maximum force exerts on it.
However, when its motion is along the direction of the field, it experiences no force.
This shows that the magnitude of the magnetic force is directly proportional to sin®

Fm oc sin0
Combining all the above results, we get a relation,

Fm oc qBvsin6 - POINT TO PONDER
Fm = kqBvsin0 A force exerts on a moving charged
where ‘k’ is a constant of proportionality. In SI | Particle ina magnetic field, but in what

g : 4y e : direction 1t moves that the force does
units its value is one and is dimensionless, not exert on it?

Fm= qvBsinf —

In vector form .

Fi =q(vxB) ...... (13.12)
This result is applied for both types of
charges i.c. positive and negative charges.
The direction of the magnetic force can be
determined by using right hand rule as; place

or draw the vectors v and B with their tail

together. Imagine rotating v towards B
through the smaller angle between them by
curl of fingers of right hand in the direction
of rotation. The erected thumb points in the
direction of force on moving charge as .5, § Right hand rule showing & direction
shown in Fig.13.15. In this case we have  of force.
considered a positively charged particle

(proton). i.e., when the proton enters into a : : i : % KX % ¥ i ?; :
magnetic field, it experiences a force in the _ % ﬁl sofdofs

upward direction as given by the vector
P & Y Fig.13.16(a) The proton is deflected upward

vxB. Hence, the proton is deflected in the  under the action of magnetic force.

upward direction as shown in Fig.13.16(a). —_—
If the moving particle is negatively charged X KK X X XN N
such as an electron then the direction of force KON X K XXX XS X X X
will be opposite to that of positive charge. g, 13.16(b) The electron is deflccted
When the electron enters into a magnetic  downward under the action of magnetic force.
field, a magnetic force acts on it in the

&




downward direction. As a result, the electron is deflected in the downward direction,
as shown in Fig.13.16(b).

Example 13.4
An ion (q = +2¢) enters into a magnetic field of strength 1.2T with a velocity
2.5 x 10° m 5! perpendicular to the field. Determine the force that acts on the ion.
Solution:
Charge on an ion =q = +2e
q=2.(1.6 x 10"9)C
q=32x101C
Magnetic field strength =B = 1.2T
Velocity of ions =v=25% 10°m g’
Angle between ficld and velocity = 6 =90°
The force on a the given ion is given by

F = qvBsin0
F=(3.2 % 1019C)(2.5 x 105m s7)(1.2T) sin90°
F=9.6x10""N

13.6 DETERMINATION OF ¢/m OF AN ELECTRON
Consider an electron which is
moving with a constant velocity v and

enters in a uniform magnetic field B such ~ «
that the direction of its molion is

perpendicular to direction of the field B.
It is to be noted that the direction of the "
magnetic field is into the page as shown
in Fig.13.17. Thus, the force acting on the
moving electron through B is given by: "

o = -c(ixﬁ) ...... (13.13)

This magne!ic force 15 Fig.13.17 When the velocity of an electron is
. = = . perpendicular to the magnetic field then the
pcrpcndlcular tc.' h[]l':ll v and B. .S(}, "‘_ magnetic foree acting on it equals to the centripetal
changes the direction of velocity of  force.
electron, but the magnitude of the velocity
remains same. Thus, under the action of this constant force the electron will move

along a circular path as shown in Fig.13.17. The magnitude of magnetic force on
electron is given by

N N 'l "R " N N N

Fu = evBsin 0 = evB .0=90°

£
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According to right hand rule, the magnetic force is always directed towards the
centre of the circle. Therefore, it provides the necessary centripetal force to the
electron of mass m to move it along a circular path of radius r. Thus, we have;

Fm = F: :
. ' 2
my
evB=——
r
e
m Br 7

If the values of v, B and r are known then
we could determine the e/m i.e., charge to
mass ratio. In this regard, the radius ‘r’ can
be measured by making circular path of
electron visible. It is taken place by using
gas (hydrogen or helium) filled tube at a low
pressure placed in the magnetic field. The
molecules of the gas are excited by the
elastic collision of electrons with them. Now
during deexcitation, the molecules emit
light and hence the circular path of electron
becomes visible as shown in Fig.13.18. In
: this way, the radius of the ring can be
determined easily.
Similarly, the velocity of electrons can be determines when they are
accelerated before entering into the magnetic field by applying potential difference

Fig.13.18 A visible circular path of electrons.

“Vo'. These accelerated electrons gain kinetic energy [% mvz} which equals to eV, .

That is,

L= eV,
2

. ’eVﬂ
m

Substituting the value of e in eq. 13.14.

e _ 1 eV,
. m BrY m
e’ 1 2eV,

m° B m

&
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The velocity of electron can also be determined by velocity selector method.

‘The arrangement of such method consists of the applied electric and magnetic fields
at right angle between the two plates as shown in Fig.13.19.

When an electron of mass ‘m’ e
charge ‘e’ enters perpendicularly with
velocity ‘v’ in the region occupied by % 4
mutually perpendicular electric and
magnetic fields, it experiences both % ¥ %
electric force (+¢E) and magnetic force Fe
(-evB). Negative sign shows that the
magnetic force has same magnirude as F!:g.IJt.l'J When an electron unh.fr‘.n; in IIu:’ n:gif}n

- X 4 occupied by electric and magnetic hields at right
that of electric force but in opposite angle, It experiences electric and magnelic forces
direction. Hence, under the action of these  which are same in magnitude but in opposite
two equal forces, the electron is in the  irection.
state of equilibrium. i.c.,

.._.‘ an

¥

F.+F,=0
eE—evB =0
vB=E
E
o
B
Substituting the value of v in Eq.13.14. We get
S R
n By U0

Example 13.5
A proton of mass 1.67 x 10" kg and charge 1.6 x 10'?C is moving in a circle

of radius 0.4m in a magnetic field of strength 1.2T. Find (i) speed and (ii) kinetic
energy of proton.

Solution:
Mass of proton =m = 1.67 x 10-¥’kg
Charge on a proton =e = 1.6 x 10"'%
Radius of the circular path of proton =r = 0.4m
Magnetic field strength =B = 1.2T
(i) Speed of proton=v =?

(11) K.E. of proton =?



Tom

-

1. To find the speed of proton in uniform magnetic field along a circular path, we
use the following equation
eBr

NiEE———

m

_ (L6x10™° C)(1.2T)(0.4m)
1.67x10%"kg

v=46x%x10"ms"!

| S
ii K.E.=—my
2

KE = %(1.6? %102 kg)(4.6x10” ms™")?

17.7x107"

el eV=1.1x10%V
O X

KE.=17.7x107"] =

K.E. =11MeV

13.7 TORQUE ON A CURRENT CARRYING COIL IN A
MAGNETIC FIELD

Consider ~a  current-carrying '
rectangular coil ‘abed’ of length L and —?y_‘_’.
Y

width x which is placed in a uniform | L
magnetic field such that the direction of e TR

field is parallel to the direction of the plane N Lo @ 5
of the rectangular coil as shown in @

Fig.13.20. Also, the coil is capable to b

rotate about its axis. We have studied in

the previous section that when a current =~ =———-=
rryin uctor is placed in a magnetic ~ Fi&-!3-20 Torque on a curent camrying a

?'a Id sfc‘;lﬂtr;tit the lenl;'th of the cunt?:ctnr ) e e

is perpendicular to the direction of field

then it experiences a magnetic force, F= I(I_,x ﬁ) =ILBsinB® ni. Where i is a unit

-'—'hh_—a ———— —\-nﬁ

vector perpendicular to the plane containing L and B and it indicates the direction
of force. In case of rectangular coil, no forces act on its side ‘ab’ and ‘cd’ because
these two lengths are parallel to the field and angle between B and these two sides is

&




zero. Therefore, F2 = Fy = I(E x E) = (). On the other hand, the magnetic forces act on

the sides bc and ad because these two sides are perpendicular to the field. Thus, the

magnitude of these forces is given by
Fi=F:=ILB

Where the force F) is directed out

of the planc (page), while the force F2 is
directed into the planc. These two forces
are same in magnitude but in opposite
dircctions, Therefore, they produce the
rotation in the coil about an axis which is

X .
known as torque, as 2 is the moment arm

of each force, the magnitude of the net
torque is given by

X X
=F—+F,—
=Ry T

ILBX +1LBX
2 2

. 8=90°

Fl
e

Fig.13.21(a) A magnetic field parallel to the plane
of the loop, where Frand Fz act perpendicularly on
moment arm x/2 and produce maximum torgue.

where xL is the vector area of the rectangular coil and its magnitude is A,

T =
1 = xLIB
Therefore,
1=I1AB ...(13.16)
This is the maximum torquc

produced by a  current-carrying
rectangular coil. Equation 13.16 hold
only when the field is parallel to the plane
of the coil as shown in Fig. 13.21(a). Now
if there is some angle ‘0’ between the
ficld and area ‘A’ of the coil as shown in
Fig.13.21(b) then the torque will be due to
the vertical component of moment arm
%Sill as shown in Fig.13.21(b). In this

case, the magnitude of the resultant torque
s given as

|

il

Fig.13.21(b) There is some angle  between ficld

B and area A of the loop and torque is due to the
forces Fy and F: and vertical components of

moment arm (x/2 sin@)




T= F,-}isinﬁﬁ-F—,isinB
2 %

T =IAB sinB
If the rectangular coil has ‘N’ number of turns. Then
T =INAB sinf ...... (13.17)

This result shows that the rotation (torque) due to current carrying coil in
magnetic field depends upon the magnitude of current, number of tumns of the coil,
magnetic field strength, area 'A' of the coil and the angle '0' between the field B and
plane area 'A’' of the coil.

Example 13.6
The plane of a rectangular coil makes an angle
of 60° with the direction of a uniform magnetic field
of strength 0.9T. The coil has 50 turns and the
magnitude of its plane area is 0.12m?. If it carries a B sin®
current of 10A then calculate the torque acting on the A
; —>B
coil.
Solution:
Current through the coil =1 = 10A
Strength of field =B =0.9T .
Number of turns of coil =N =50 l |
Angle between area and field = 6 = 90° — 60°
=30°
Area of the plane of the coil =0.12m?
Torque=1t =7
The torque on a current carrying a coil is given by
T =INAB sin©
T =(10A)(50)(0.12m?)(0.9T)sin 30"
T =27Nm

13.8 GALVANOMETER

A galvanometer is a sensitive electrical instrument used to detect or measure a
small electric current. The most commonly used type of galvanometer is the moving-
coil galvanometer. The working principle of galvanometer is based upon the fact that
when a current-carrying coil is placed in a uniform magnetic field, it is acted upon by
forces on its both end sides which produces a deflecting torque given as:

7= INABsin®




where 1 is the current in the
Fectangular coil, N is the number of turms
of the coil, ‘A’ area of coil, ‘B’ i_s the
uniform applied magnetic field, B'IS the
angle between the field and direction O
Plane of the coil.

Construction

A moving coil
consists of a rectangular coil ‘abed’ which
contains ‘N’ number of turns of insulated
copper wire wounded on a non-magnetic
light frame. The coil is suspended with
the help of a phosphor bronze wire X
between the curved N and S poles of a
powerful U-shaped permanent magnet,
such that it is free to rotate as shown in
Fig.13.22(a). Inside the coil, a soft iron
cylinder is fixed between the curved faces
of the poles. Its function is to make the
field radial, uniform and stronger. The
suspension phosphor-bronze wire x 1is
also serves as one current lead of the coil.
The other terminal of the coil is connected

galvanometer

Spring

Current
carrying coil Soft iron core
()
Fig.13.22 A schematic diagram ol a moving coil

galvanomeler.

to a spring ‘y’ of phosphor-bonze having a few turns. It is used as the second current
lead. A small planc mirror is also attached to the top suspension wire. It helps to

measure the deflection of the coil by lamp and scale arrangement.

Working

When a current is passed through the coil, two forces of the same magnitude

but in opposite direction act on the two sides of the coil called a couple. This couple

produces a deﬂécting torque T; which is given by;

T3 = INABsin0

Since the coil is placed in a radial magnetic field, where angle “0° between the
field and the direction of the plane of the coil is 90°. Therefore, the coil experiences a

maximum torque. i.e.,




i =INAB...... (13.18)

Due to this maximum deflection torque, the coil rotates, and this rotation of
coil produces a twist in the phosphor-bronze wire which causes the restoring torque,
This restoring torque is directly proportional to the angle ‘0' through which the wire
is twisted. i.e.,

Trcc[}

T, =cbh......(13.19)
where ‘c’ is a constant of proportionality called torsion constant of the

suspension wire. Its unit is Nm per degree. The coil rotates until the restoring torque
becomes equal to the deflection torque. i.e., when the coil is at the state of equilibrium,

1.e.;
g =T
INAB =cb
c
=——=0 ... 13.20
NAB ( )
c
As all the terms of NAB are constant so,
[ oc @

This shows that the deflection of the coil is directly proportional to the current
passing through it. Also, this result leads to the development of a linear scale of a
galvanometer. Usually, there are two methods of observing the angle of deflection of
the coil, which are explained as under:

In a sensitive galvanometer, if a small current passes through a coil, it produces
a large deflection. Such deflection is observed by means of a small plane mirror

translucent

parmanant
magnat

lane and lixed core

Graticule eoll

Fig.13.23 Observing of deflection by lamp and scale arrangement.
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attached to the suspension wire along with a lamp and scale arrangement as shown in
Fig.13.23. A beam of light from the lamp is focused on the mirror of the
galvanometer, It is reflected from mirror and produces a spot on a scale placed at a
distance of one metre from the galvanometer. Now when the coil rotates, the mirror
also rotates with the coil and the spot of light moves along the scale. The displacement
of the spot of light on the scale is proportional to the angle of deflection.

The second type of galvanometer is a pivoted coil galvanometer which is being
used in the laboratories of school, colleges and other educational institutions. Such
type of galvanometer is a less sensitive, where the coil is pivoted between two jeweled
bearings. The restoring torque is provided by two hair springs which also work as
current leads. A light aluminum pointer is attached to the coil which moves over the
calibrated scale as shown in Fig.13.24. This moment of the pointer provides the
measurement of the angle of deflection of the coll.

=== | pper contral sprig

Permanenl pagnei’ e e—— e == Muving el

n e m s == M pnetlc core

Lower contrnl spring - -

Fig 13,24 A schematie dingram ol a pivoted type galvanometer.

13.8.1 Ammeter

An ammeter is an electrical device
used to measure the electric current
passing through a circuit. A galvanometer
IS a sensitive instrument and its pointer
shows full scale deflection for a very
small current even for current of milli
ampere. Thus, in practice, an ordinary . | 4 R,
galvanometer cannot be used for large - AN _»

R,

~

current and its measurement. TO gy 1325 An equivalent circuit for ammeter,
overcome this pmblem, we convert a  where ashunt resistance is connected parallel with

galvanometer into an ammeter by @ galvanometer.
connecting a suitable low resistance in
parallel with it as shown in Fig.13.25. Such low resistance diverts (by passes) the

U

s




extra current and hence it is named as shunt resistance Rs. This shunted galvanometer
. is called an ammeter.
To find the required value of shunt resistance Rs for a given range of ammeter,
we allow flow of current I across the circuit of ammeter. A fraction of this current of
f' value I, passes through a galvanometer of resistance Rg, while the remaining large
1

amount of current of value (I-1,) passes through the shunt resistance. As shunt
Vil g

resistance is parallel to the galvanometer so there is same potential difference across

both shunt resistance and galvanometer thus, we have;
Vs = Vg
(I-T,)R, =IsRy

Rs= £ R‘n ...... {132])

The above cqua[iun can be used to calculate the required shunt resistance for
given galvanometer in order to convert it for any range of ammeter.

Since ammeter is being used to measure the current, so it should always be
connected in series and the current flow through the component of a circuit can be

' calculated by using the following relation:

| R,
| [=Jy 54| (13.22)

5

3.8.2 Voltmeter

A voltmeter is an electrical device ; Ry R
| used to measure the potential difference —=G '
between two points in an electric circuit.
As we have discussed that a galvanometer
can measure a current only in milliampere 5 @ ,
due its very low resistance. It means that Fig.13.26 :-\rr cti.l.li‘v.'u[i.'lllLL.‘il'::llii for v:j_tltmctf:r:

: = . where a high resistance is connected in series

the potential difference can also be applied i1 4 galvanometer
across the galvanometer in millivolts. But
in practice, our requirement is to measure the high potential difference. To overcome
this problem, we convert a galvanometer into voltmeter by connecting a suitable high
resistance Ry in series with it as shown in Fig.13.26.

Now when a potential difference “V’ is applied across the voltmeter then only
. a fraction of volts V drops across the galvanometer and the remaining high voltage

(V- V,) drops across the high resistance Ry. Since the deflection of galvanometer is

proportional to the current I, flowing through it and I, is proportional to the potential

T W |




difference. Therefore, the scale is calibrated to indicate the voltage across the
voltmeter. _
Suppose we want to measure the applied potential difference in volts by using
a galvanometer of resistance Rg having full scale deflection current Iy, we connect a
high resistance Ryx in series with the galvanometer. It may be noted that the same
amount of current is passed through both high resistance and galvanometer but the
value of the potential difference across each is different. Thus, their resultant potential
: “Y? is given as;

difference g V=Vt Vs

V =R +1Rx

V=Is(Re +Ry)

E: Rg—!- R.\'.
lE
v
e S (13.23)

l E

B
The high resistance Ry D_b!ﬂiffcd b_y Eq. 13.23 has_ln be connected in series witth
meter (O provide the potential fllffﬂ_l‘ﬁnct of desired range. Since voltmeter is
Eﬂ!vanﬂ - foi measurcment of potential difference between two points of the given
b'ml:ﬁtu?l <hould always be connected in parallel.
circull,

13.7

cxample " | . o
e alvanometer gIves full-scale reading of 25mA when potential difference

_":‘5 ﬁ:rmiﬂﬂlﬁ is 75mV. How it can be used (i) as an ammeter of range 100A and
?E;(:IS:E: voltmeter of range 0¥
il
Golution: fFull scale deflection current =Ig =25mA = 25 x [03A
i A across the terminal =Vg = 75mV = 75 x 103V
tial difference across t .
]l’utﬂﬂ ; Shunt resistance =Ry = ?
(1) [ =100A
]f_ High resistance =Ry = ?
(ii) V=750V
it V,  75x10°
; : alvanometer =R, =—% = : =
RESISIanCC Gfg. £ [g 25 . ]U—] 3Q
o op IRy 25x10°x3
0 Shunt resistance =Rs =77 I, 100-0.025

& L




7 -3
Ry
: 99.975
R«=10.000750)
(11) High resistance =R, = ¥ _ "
A ]E g
Remo 0,
25x%1073 -
Ry= 30000-,3

13.9 AVOMETER (MULTIMETER)

An Avometer is a multipurpose electrical
device for measuring alternating/direct current,r
voltages and resistance. The name Avometer
comes from AVO and meter which means
ampere meter, voltmeter and ohmmeter,

An Avometer may be of analogue or
digital type. The analog type has the pointer and
scale system as shown in Fig.13.27, However,
digital multimeter has a numerical display
screen as shown in Fig.13.28, where the digital
values in terms of amperes, volts and ohms are
displayed automatically with decimal point on
it. Such meter also eliminates the human error.

An Avometer is basically a sensitive
moving coil galvanometer which is arranged
‘with a necessary network of resistances, a
battery and switching system as shown in
Fig.13.29. It has four terminals. When one
terminal of X and the other of terminal of Y is
selected, then the required quantily can be
measured. Now all the three parts of Avometer
circuit are explained as;

I The current measurement part
As we know, when a low shunt resistance _
is connected in parallel to a galvanometer then Fig.13.28 A digital Avometer




such arrangement converts a galvanometer into
ammeter. The range of such meter can be extended x .
when series combination of low resistance Ri, Rz and '
R are connected in parallel with a galvanometer as
shown in Fig.13.30. Such arrangement provides the
measurement of current in the range from milli
amperes to amperes. Alternating current (A.C.) can ? circuit
also be measured by Avometer when a diode is
connected with it. Here the diode is used as a rectifier,

current measuring

circuit

Voltage measuring

i.e. a diode converts A.C. into D.C. X Resistance measuring
3 Circuil
IT  The voltage measurement part
We have already explained that when a high ye _/a\
resistance is connected in series with a galvanometer, Fie 1329 A \:.{m*.li. ol i

then such arrangement converts a galvanometer into . ometer.
voltmeter. The range of this instrument

can further be increased, when a number it

of high resistances R;, Rz, and Rj, are %,

connected in series with a galvanometer as

shown in Fig.13.31. This network gives R, R, R

the measurement of potential difference in PO g P A

different range such as 10V, 50V and i

250V ete. afary’ == ’
Avometer can also be used to | . : 'f

measure the AC "’““"“.3-'3 when a diode !5 Fig, 13.30 A circuit dingram [or current meisuring
connected with it. Where A.C. voltage is  aran Avometer.

first converted into DC '

voltage by the diode then the

RJ
- [

measurement of voltage is H‘# ‘p"""'-
taken place.

g - ‘J’ '
Il The resistance 2 ) G)

) Rnnge Selector
measurement part Switch

A circuit  for an
ohmmeter in a Avometer - ©
CDI].SISIS 0f3 ga]vanmneten a Fig.13.31 A circuit diagram  lor voltage measuring ol an
variable resistance Ry and a  avometer. '
source of e.m.f. E connected
in series as shown in Fig.13.32. The resistance ‘R’ to be measured is connected
between terminals x and vy,

At



First, the variable resistance Ry is "X

J.  adjusted so that when the terminals x and @ : Md x
y are short circuited, that is, when R = 0,

the galvanometer deflects full scale. Then

the circuit is opened, i.e., nothing is

connected between the terminals x and y,

so resistance is infinity and current is

zero. Thus, the deflection of the meter is }‘9 |

also zero. Finally, when a resistance ‘Ra’ Fig.13.32 A circuit diagram for resistance

(n = l, 2, . - ) is connected between the  measuring of an avometer.

terminals x and y, the galvanometer .

deflects to some intermediate point. This point is calibrated as a resistance. The range

of ohmmeter can further be extended by introducing different resistances of different

values such Ry, R, R and so on. ) _ ECR—
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e Magnetic Field: The region around the magnetic or the current 'carrying
conductor in which a magnetic effect or force can be experienced is called

magnetic field.

e Magnetic Force on Current Carrying Conductor: When a current carrying

conductor of length * {* is placed perpendicularly in uniform magnetic field B, it
is acted upon by a magnetic force given as;
F = 1({xB)

e Magnetic Flux: The number of magnetic lines of force passing through certain
element of an area is called magnetic flux. It is equal to the dot product of field
strength ‘B’ and vector arca A.

by = B-A

* Magnetic Flux Density: The magnetic flux per unit area held perpendicular to
field lines is called magnetic flux density.

e Tesla: Tesla is the unit of magnetic field strength or magnetic flux density. The

strength of the magnetic field is said to be IT, if it exerts a force of IN on a
conductor when flow of current through it is 1 A, also

IT = 10°G
* Ampere’s Law: The sum of the dot product of B and A(, 1i.e., (ﬁ-a@) over the
closed loop around the current-carrying conductor is equal to p, times of the total
current surrounded by the closed loop. i.e.,

YB-Al=p,l

N\




Solenoid A solenoid is a long coil of conducting wire wounded in many turns
which produces a uniform magnetic field inside it when current is passed through

it. The magnetic field due to current-carrying solenoid is given by
B = p,nl
Force on a charge particle moving through magnetic field: When a charged
particle is moving with velocity ‘v’ in a magnetic ficld experiences a force. The
force on a charged particle is perpendicular to both the direction of the field and
direction of the motion of charged particle. The magnetic force is given as;
F=q(vxB)
Torque on a current carrying coil: When a current carrying rectangular coil is

placed in a uniform magnetic field, the coil experiences a torque given by;

T =INAB sin®
Galvanometer: It is an electrical device used to detect a small electric current.
Ammeter: It is a device used to measure the large current passing through a
circuit,
Voltmeter: It is an electrical instrument used to measure the potential difference
between two point in an electric circuit. :
Avometer: It is a multimeter used to measure current, voltage and resistance in

A ﬂh'ﬂfgﬂd particle is moving along X-axis in a magnetic field along the
Y-axis. The direction of magnetic force acting on it is .

@ _—

—-_an clectric circuit. z e e AR
' Multiple choice questions. o
L. A maximum force that acts on a current carrying conductor placed in a
magnetic field, when angle between the field and length of the conductor is
g (a) 0° (b) 45° (c)90° (d) 180°
' Tesla in terms of base units is equal to
3 (a) kg m'A!'  (b) kg mA (c) kg s'A"! (d) kg s*A"
=5 One Gauss is equal to
4 (@) IT (b) 10°T (c) 10T (d) 10°T
‘ The unit of magnetic flux is
5 (a) Tesla (b) Weber (c) Gauss (d) Henry
" The magnetic flux is maximum when angle between magnetic field and vector
area is
o, @0 (b) 30° (c) 60° (d) 90°
Magnetic flux density is defined in terms of
7. (a) Tesla (b) wb m™? (c) NA"'m"! (d) All of them




10.

- #
1.

12,

13.

14.

6.

i7.

18.

19.

(a) along x-axis ‘(b) along y-axis (c) along z-axis  (d) in xy-plane
Ampere’s Law gives us the relationship between

(a) Force and velocity of charge (b) Force and magnitude field
(c) Current and force (d) Current and magnetic field
The value of permeability of free space is ‘
(a) 107T.m.A"" (b) 2mx107" T.mA™

(c) 4nx107 T.m.A™ (d) 4nx10"TmA™

The magnetic field due to a current-carrying solenoid which has “n’ number of
turns per unit length is

(a) B=p,ynl (b) B=p,n’I (c)B=ﬁ;_I- (d)BIE!?EHI

f
The magnetic field inside the solenoid is independent of one of the following
quantities
(a) Permeability (b) Position vector
(c) Number of turns (d) Flow of current

What is the magnetic force on a stationery charged particle in a uniform
magnetic field?

(a) Zero (b) F=q(vxB) (c) F=qvB (d) F=ILBsin6
An electron is moving horizontally towards east. If it enters in magnetic field
directed upward then the electron will be deflected in the direction of

(a) East (b) West (c¢) North (d) South

When the direction of motion of a charged particle is perpendicular to the
direction of magnetic field, then the particle follows the path of a

(a) Straight line (b) helix (c) ellipse (d) circle

The torque due to a current carrying rectangular coil placed in a uniform
magnetic field is

(a) t=1BAsin® (b) t=IANsin® (c) t=IBNsin® (d) t= NAIBsin6
The working principle of a galvanometer is based upon

(a) Momentum (b) Torque (c) Force (d) Impulse

The current passing through the coil of a galvanometer is directly proportional
to the ; '

(a) Resistance  (b) Conductance  (c) Reactance (d) Angle of deflection
A shunted galvanometer is called

(a) Voltmeter  (b) Ammeter (c) Ohmmeter  (d) Potentiometer

A galvanometer can be converted into voltmeter by connecting it with

(a) Low resistance in parallel (b) Low resistance in series

(c) High resistance in parallel (d) High resistance in series

A,
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ii.

Which one of the following quantity is not measured by Avometer
(b un‘en (c) Resistance (d) Potential difference:

a Ly

How can you determine the direction of the magnetic field due to a current
carrying a conductor?

What is tesla and what is the relation between Tesla and Gauss? .
Distinguish between Tesla and Weber.

How can you differentiate the flow of current into the page and out of the page?
Under what condition the magnetic flux is minimum and maximum?
Differentiate between magnetic flux and magnetic flux density.

What do you know about the magnetic force on a stationary charged particle
in a uniform magnetic field?

Why Ampere’s law is true only for a steady current?

What do you know about the amperean path?

What are the values of the magnetic field inside and outside of a current-
carrying solenoid?

State the Fleming’s left-hand rule to determine the direction of force that acis
on a charged particle moving perpendicular to the magnetic field.

Explain the path of deflection of an electron and a proton when they enters
perpendicularly in a uniform magnelic field.

How does an electron come under the centripetal force when its motion s
perpendicular to a uniform magnetic ficld?

i ¢ . ‘
How can you determine — by velocity selector method?
m

How can we increase (he magnitude of torque due to a current carrying
rectangular coil placed in a uniform magnetic field?

How does radial magnetic field produce in a moving coil galvanometer?
Why low resistance in an ammeter is called shunt resistance? Why it is
connected parallel to a galvanometer?

How can you convert a moving galvanometer into a voltmeter?

Explain the method of measurement of resistance by using chmmeter,
Distinguish between analogue and digital Avometer.

= COMPREHENSIVE QUESTIONS
What is magnetic field? Explain the magnetic field produced around a current
carrying conductor,

- Define magnetic force and derive a relation for a magnetic force that is exerted

on a current-carrying a conductor placed in uniform applied magnetic field.

<120,



0 What do you know about Flemming left hand rule? How can you determine
the direction of magnetic force by using flaming left-hand rule?

Define magnetic flux, magnetic flux density and their SI units.

State and explain Ampere’s circuital law and calculate magnetic field due to a

current carrying solenoid using Ampere’s law.

- €
il
i

6. How can you determine the force that acts on a moving charged particle
(proton and electron) in a uniform magnetic field?
% Explain the torque on a current carrying rectangular coil placed in a uniform

magnetic.field.
Define and explain galvanometer, its construction and working principle.

How can you develop an ammeter and a voltmeter by using a galvanometer?
Define and explain an Avometer, its functions and its various parts.

TR EENEIVIERICGAT PROBTEMSA s S
~ A current of 10A carrying conductor of length 20cm is placed in uniform
magnetic field 2T. If the length is at 60° to the field, then calculate the
magnitude of the force acting on the conductor. (3.5N)
A maximum magnetic force of 0.3N exerts on a I 5cm long conductor carrying
a current of 10A in a uniform magnetic field. Find the magnitude of the
magnetic field. (0.2T)
3. Calculate the value of magnetic flux density and magnetic flux within an air
core solenoid of radius 2cm and 4000 turns per unit length carrying a current
of 5A. (2.51 x 10°2T, 3.15 x 10~ wb)
4. A solenoid 10cm long has 500 turns. Find the magnetic field inside the
solenoid if it carries a current of 10A. (6.28 x 10°2T)
What will be the speed of an electron if it moves at right angle to the magnetic
field of 0.2T and it experiences a magnetic force of 2 x 107*N.
' (6.25 x 10""ms™)
6. A proton enters a magnetic field of flux density 1.5wbm™ with a velocity of
2 x 10"ms! at an angle of 45° with the field. Compute the force on the proton.
(3.4 x 10712N)
A velocity selector has a magnetic field of 0.3T. If a perpendicular electric
field of 10°Vm’! is applied, what will be the speed of the particle when it passes
I through the selector? (3.3 x 10*ms™)
A rectangular coil of sides 10cm and 6cm having 2000 turns and carrying a
current of SA is placed in a uniform magnetic field of 0.5T. Calculate the
maximum torque that experiences by the coil. (30Nm)
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9.

10.

Find the value of shunt resistance required to canv‘en a galva_nometer intg
ammeter of range 5A. Where the galvanomelcr has internal resistance 500

and it gives full deflection with a r::urrcnt of I[erﬂ\:i ot g (0.1Q)
A galvanometer has an internal resistance 40€2 and detlec scale ftﬂl”‘lm,q
current, Calculate the high resistance that should be :::onncclcd in series with
galvanometer, in order to convert the galvanometer into voltmeter of range

100volt. (249600))
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