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Student's Learning {l'nmes {SLUSJ
After studying this chapter, students will be able to:

e  desecribe the pattern and direction of the magnetic field due to currents in straight
wires and in solenoids.

e  state the effect on the magaetic field of changing the magnitude and direction ol the
current. ;

e  describe how the magnetic effect of a current is used in relavs and loudspcakers
(including giving examples of their application).

° describe an experiment to show that a force acts on a current-carrying condugtor in
a magnetic field (including the effect of reversing:
(a) the current (b) the direction of the lield

. state and use the relative directions of force, magnetc field, am.l m.n:

e  describe the magnetic field paterns h;.m;::n,;.umh fri}paml t conductors and
relate these to the forces on the L—meﬂi.}drff ﬂﬂﬁ@ﬁg th€ Earth's field).

e  state that a current-can Lm% 4 a&eménrl“f_ld may experience a wrning effect
and that the turning e c.‘gri njﬁa; by increasing’
(a) then er Dt v the coil (h) " the current
(¢) the 5 “of the magnetic field

e describe the operation of an electric motor, including the action of a split-ring
commutator and brushes.

e  describe and explain the actien of relays in switching ¢ircuits.

e  state that it is theorized that the Earth's magnetic field is generated by the rotation
of the Earth and its molten iron core that contains charged particles in motion.

Long Questions prepnred in the light of new Examination Te:hmques

{Knuwiedge, Understanmng. Application, Analytical & Cun:e;:tual]

Q.1: What is electromag neﬁslﬁ? Briefiy-explain.

Ans. l"li:rcrmmagneuffmrﬁlﬁi-:t branch of physics that deals with the interactions between
electric and magnr:ht 'felds. It explains how electric charges produce electric fields. and
how moving charges, like an eleetric current, create magnetic fields, This connection
helps us to understand how modern devices work. Electromagnetism is an essential part
of everyday life, powering electric circuits, communication systems and generators. Even
light is an electromagnetic wave, showing how important this force is in science and
technology. Learning about electromagnetism gives us the knowledge to build uscful
machines and to understand the science behind today's technology.




[ 17.1 Magnetic Effects of Steady Current i@{ﬁjﬁa

0.2: What are the magnetic effect of staw"ﬁl\ﬁ\g@bxphfn right hard rule.
Ans. Definition: When current passes through: | conductor a magnetic field is produced
in the space. AR Stk

The magnetic effgits of a steady current can be demonstrated through experiments
involving a current-carrying conductor. :

Magnetic Field B Due to Current in a Straight Wire:

Hans Christian Orsted stated s o ol
that, a steady electric current in a
conductor generates a magnetic field
B around it.

Explanation:

This can be demonstrated by
passing a current-carrying wire through
a vertical cardboard sheet and|
connecting it to'a battery. When current - Fig\iZ,

Lines of

po \

W ;
etit fif a current
I__" IEI_

flows, magnetic field is produced _T\J? WA

around it whose direction can ﬁ?ﬂ@hﬁ‘dﬁfg right hand grip rule. Concentric
circles are formed by the. miy ietd around the conductor. This can be observed by
placing small cnmpaSWdf sprinkling iron filings on the cardboard. The compass needles
align themselves along the direction of the magnetic field, pointing tangentially to the
circular lines of force (Fig. 17.1-a).

Direction of Current:

If the direction of the current is reversed by switching the battery terminals, the
compass needles and iron filings also reverse their alignment, indicating that the
magnetic field direction depends on the current flow (Fig. 17.1-b). In the dot and cross
convention, a dot (.) represents current flowing out of the paper, while a cross (x)
indicates into the paper. The magnetic field is strongest near the conductor and weakens
with distance. This concept is essential in electrical engineering. particularly with
alternating currents. i AR !;j‘*hkg;lﬂ? S
Direction of the Magnetic Field of a BWQQWHM N o1

ok O kil S =

The direction of the magnetfe l\iE‘hil ﬁﬁlﬁbﬁ}‘td“'
a current-carrying straig tﬂﬂﬁ-‘ﬂ Lé ound using
the right-hand grip rulél'4s’shown in. Fig. 17.2
Right hand grip rule: oE Y | e :

"If you hold the wire in your right hand | give the direction e——— Current-carrying wire
with your thumb pointing in the direction of the | °/fe
current, then your fingers curl around the wire in .
the direction of the magnetic field." Fig. 17.2: Current-carrying conductor

Thumb shows the
direction of current




straight current-carrying wire. The magneti 1oops around the wire.
and its direction depends on l.b(: dlrgcqm uﬁdﬁ the current changes direction,
the direction of magnetic fi iefd ,a{‘s?\ hm&k

0.3: What is sulwam? \How can |i be made electromagnet?
Ans.

Solenoid: "A solenoid is a coil of wire wounded
in the shape of a cylinder that generates a
magnetic field when current flows through it."
Production of Magnetic field: The combined
effect of all loops of the wire of solenoid makes
the field strong and uniform, like a bar magnet
with north and south poles. A solenoid acts as a
magnet and can attract or repel a bar magnet. This
temporary magnet, powered by electricity, is
called an electromagnet (Fig. 17.3) :hr:cuoP in $e ™
solenoid. ﬂ\r\, , H\U\. ”ﬁ“
Use of right-hand rule: ’}A v 0\ \U S

The right-hand ruxl ‘out the direction of the magnetic field produced by
the solenoid. Acgpi \m this rule, "if you
grip the solenoid with your right hand such
that the curled fingers point in the direction of
the conventional current, then the thumb will
point towards the north pole of the solenoid".
(Fig. 17.4)

Use: Electromagnets are useful in motors, Fig. 17.4: Right hand rule for a solenoid
relays. and magnetic locks because their magnetic strength can be controlled by adjusting
the current.

Q.4: Write properties of magnetic field lines.

This simple method helps us to qulckly f'nd thc % ;u}'b&t:an around any
t 1

”‘*.I.'L'-,

Ans. Properties of magnetic field lines: .

Magnetic field lines, just like clcctuc f'grql’ljﬂ J Eﬁ‘hagmary They do not
physically exist but are a waylmwaali;n‘ :'h \magnetic field. These lines have important
properties: i\

'||| e

1. Magnetic f' wud v:rﬂys start from the north pole and end at the south pole.

2. Magnctncﬁbﬁ ines always form closed loops.

3. At any point, the tangent to a magnetic field line shows the direction of the
magnetic field.

4. Magnetic field lines never cross (intersect) each other.

5. \Where magnetic field lines are closer together, the magnetic field is stronger;
where they are spread apart, the magnetic field is weaker.




fmportance: ! L ey
i Inderstanding these properties helps us 1o vjsuaij;g.haﬂ@x@jﬁfﬂﬂs behave
-and generaiors. These

around magilets, current-carrying wires. and, mﬁﬁi#\alm\n mMofors
ideas are very important in real-w'ﬂrlﬂ-gt{q%@gﬁs:i =
0.5: Explain aboui (0roes gy gasalivh current-carrying conductors.
Ans. Forces on parailel current-carrying conductors:
When two wires carry electric current in e 2
the same direction, they create magnetic
ficlds around themselves. As shown in Fig.
17.5(a), the magnetic fields between the two
wires interact in such a way that the opposite
poles are near each other, and the two wires
attract each other. This happens because the
magnetic fields support each other between (a) () Yh
the wires and pull them together. Fig, 17.5: Forces between paralle wires
However, if the current in the two wires gt}/\g& %fqﬁ?gi& dire etions, their magm:tic'
fields oppose each other, and Ih&,ﬂ’ii?_ﬁ,}ﬁt’iﬁ,,f P L_h’_ﬁéi:__ 0 bﬁ(lfi’ig.l'?.ﬁ-b}. This important
iic devices and technologies like electric

1 1 1%

behaviour is the basic idea b;hiﬁwﬁ_t}'g
motors and efectromagne INNES

Force on a Current-Carrying Gonductor in @ Magnetic Field

.6: Describe an experiment to show that when a straight current carrying
conductor is nlaced in magnetic field, it experience a force. Also state rule by

which this force can he determine.
Ans. It is known that an electric current generates a magnetic field, much like a
permanent magnet does. Since a magnetic field exertes a force on a permanent magnet, it
follows that a current-carrying conductor should also experience a force when placed in

a magnetic field.

=

o

o

L
i

Explanation:

The effect of a magnetic field on a wire carrying current can be illustrated using the
setup in Fig. 17.6. A battery creates an electric current in the wire positioned inside the
magnetic field of a permaneni magnet. This wire then generates its own magnetic field,
which interacts with the magnetic field of the magnet. As a result, a force acts on the




_— - ., e e A

wire. Based on the direction of the current, the wm;, i8] «e;fherpukﬁeﬁ to the right
(Fig.17.6-a) or pulled to the left (Flg 17.6-b). . anin E‘k]“)’:. Jo=
Increase the force: S cva :HH\ Q& ‘_._“."---*- A
The force is increased if: | x x‘ .1-‘

1. The elecmﬁdm[lﬁrllt (Jl} in the wire increases

2. The magnetic field (B) becomes stronger

3. Length (L) of the wire inside the magnetic field.

The magnitude of this force is given as:
' F = [LBsin®

Although Faraday described the nature of the force acting on a current-carrying
wire, he did not fully explain its direction whether it is to the left or right. The direction
of this force can be determined using Fleming's left-hand rule, which states.

Fleming's left-hand rule:
"Extend the thumb, forefinger, and middle finger of the left hand: Sl that they are at

right angles to one another. If the furef' nggr r nﬂhe- Jr(ag}m“hé field direction and
the middle finger shows the cu r@i ﬂjgu Ly urrtb will point in the direction
of the force acting on the cnn f\ x A

Diagrammatic rep emmg,'s left-hand rule: Thumb = Motion / Force

As illustra m l-:g 17.7, the force on the
conductor is perpendicular to both the <urrent and the

magnetic field, in accordance with Fleriing's left-hand
rule.

SI unit: . | middies hﬂ:ﬂrmhm
The SI unit of magnetic field (also zal'=d magnetic | = current direction e

= Magnetic field

flux density) is the tesla (T), Fig. 17.7: Direction of force ona
] ) current-carrying conductor placedin a
| tesla (T) is defined as: : magnetic field
Definition of Tesla: ~ AOTN
The magnetic field strength one tesla wh;n;h m& kaﬁr;mlmh on a | metre
length of wire carrying a current pf 1 e __ :hg;}fa} o-the ﬁ{agneﬂc field

ie;IT=INA"m. 2N\

Turning Eliect on. a Currpnt -Carrying Coil in Magnetic Field

Q.7: How current o.arwinu coil rotate in a magnetic field?

Or  State that current carrying coil placed in magnetic field experiences a torque.
Ans.

When a current carrying rectangular coil is placed in magnetic field then it rotates
about its axis.




Explanation:

Let us imagine a rectangular coil Z}h?g\'_'h
- b J g 1 ey %% o B R S -..
carrying a current and is p‘““'ﬁi. @ netic fietd,
as shown in Fig. 17.8, pill Js\positioned in such

o A H\L N e
a way that it is ]}t:l'p‘t‘-lll icular to the magnetic field of

a permanent magnet. Now, if we connect the ends of

the coil to a battery. electric current starts flowin
; . Fig. 17.8: A current-carrying coilina

through the coil. magnetic field
Direction of Force: '

When this happens. we can apply Fleming's Left Hand Rule to understand what
force acts on the different parts of the coil. According to the rule:

On the side PO of the coil. the force acts outward. On the side RS, the force acts
inward. This happens because the current flows in opposite directions on the two sides of
the coil. As a result. two forces are produced that are equal in magnitude but opposite in
direction. These opposite forces form a couple: A couple ppd;@rﬁ a-votdfional effect or
torque. which causes the coil to start rotating. 1\ wﬂ\qjﬁ\\ﬂ AL =
~Principal: A ANO \;ﬁ,ﬁ -

When a current-carrying C?‘B,EP&“ a magnetic field. it experiences a couple

of forces that makes tl\] ¢ i }a 45 shown in Fig.17.8.
q. 1 - | # " - - .
This is the u{:ﬁ@ﬂ} inciple of electric motors, which are used everywhere around
us from fans to cars. .

Dependence of Torgue: '
The turning effect o

e

T o e AN T
ct on the coil can be made stronger by
1. increasing the number of turns of the coil. More loops mean a stronger turning
effect of force.
2. increasing the current flowing through the coil. More current creates a stronger

torque.
3. increasing the strength of the magnetic field. A stronger magnet makes the coil 1o
rotate with more torque. These factors help to make electric motors more powerful
—_ =)

and efficient.
- BN cectichoor
ey f

0.8: Write a note an D.C motor. o oo\ Ede=
Ans. Definition: Al -

An electric motor is a Q’J‘&ﬁ\ﬁﬁx : 5|
electrical energy into dilical energy.
Types of Motors: WM

There are two types of electric motors, one
is Alternating Current (A.C) motor and the other
is Direct Current (D.C) motor.

A D.C motor operates using the interaction
between a current-carrying coil (armature) and a
magnetic field.

»




Gonstruction: G\ O
¢  Rectangular coil 5 Q .H; “H\ 'ﬂ-."\‘;| LS

e  Permanent magnet ot WD S
¢  Twocarbon brushses 1\ |\ i'ﬁk,f\t"*--"" i

®  Split ring comm \-ﬁi"?rﬂ'i'l--"'lﬁ'h"' %
Principal: W

When a coil is placed in a magnetic field. it experiences forces that cause it to
rotate (Fig. 17.9).

Working: :

However, without any external help. the coil would stop rotating after 90°, as the
forces acting on its sides (such as PQ and RS) push it into a vertical position. making the
coil perpendicular to the magnetic field. At this point. the net force becomes zero. |
preventing further rotation. To keep the coil rotating. the current direction must be
reversed just as the coil reaches the vertical position. This is achicved using a split ring
commutator. which is a metal ring divided into two halves. cacl;n_cunn:gﬁﬁg one end of
the coil. Carbon brushes maintain contact with the cumm(ﬁaﬂqﬁ_ﬁﬁ edrrent to flow.
As the coil rotates, the commutator alm@;&fﬂﬁ@}é{ﬁ'ﬂ reaches the vertical

position, each half of the cnmn}umltgrwﬁ&@pfy; - feversing the current direction.
" ’ ST T B S
Result: wd \\ M}_}&-*

As a result, d%gﬂﬁ?ﬁﬁ current changes the direction of the forces which allows
continuous rotation e coil. The speed of the motor can be adjusted by controlling the
current flowing through it.

17.5 Use of Magnetic Effects of Current
0.9: Write about use of magnetic effects of current.

Ans. The magnetic effects of electric current are used in modern technology.
Principal:

The principle of creation of magnetic field due to current flow in a wire is utilized
in relays and loudspeakers which rely on the interaction between electric currents and
magnetic fields to perform their functions, )
Application: S e e W (@de

These applications demonstrate haw 451@35&#1}.!1& keffects of current enable the
conversion of electrical energy ijq'tqs;ﬁ néchanical enérgy or sound. making them essential
in electrical and electronic ﬁ}ﬁlﬁt@,ﬂﬂ
Relay: AN

5 N
Definition: A relay is an electrical device that uses magnetism to control another circuit.

It acts like a bridge between the input and output circuits, allowing a small current
to provide a larger current. As shown in figure 17.10 (a), a relay uses the magnetic effect
of a current to switch an output circuit ON or OFE.

A mechanical relay consists of several important parts:

-~
e = Ty LA
(12 OB
Ty, S, A

-




(a) Coil and Core: T2\

The relay has a coil made of wi umun-ﬁ nro\ﬁﬁaﬁ qamagnctlc core. When an
clectrical current passes through ﬂif Fqnlw cr_\cjhtes a magnetic field. This magnetic ficld
is the key that makes the rf:layj deklﬁ,

(b) Armature: N T\ NS
The armature is a small movable picce inside the relay. When the coil becomes

magnetised and demagnetised, it i}ulls the armature towards itself. This movement helps

to open or close the switch connected to the relay,

(c) Return Spring:

The return spring is connected to the armature. It brings the armature back to its
original position when the current stops. In simple words, u acts like a reset button that
resets the relay when electricity is cut off,

(d) Moving Contact:

The moving contact is attached to the armature. When u fiﬂn"bvcs due to
magnetism, the moving contact also m vcs;aT con! _t ﬁuéhé‘f joms or breaks the
circuit, allowing or stopping th w,nf Wtfgﬁlf&ewce (like a lamp). Similarly, it
helps to open door lock, start q gicsr Er and heavy machines.
How a Relay Works?, [\ e

"A relay helps to tum ON and OFF a lamp easily:
When the switch is OFF:
~ No current flows thmugh the coil. The armature stays in its normal position. As a
result. the lamp's circuit remains open. and the lamp does not glow, as shown in Fig,
17.10 (b).
When the switch is ON: |

Current starts flowing through the coil. The coil becomes magnetised and pulls the
armature towards it. This action closes the lamp's circuit and the lamp glows, as shown in
Fig. 17.10 (c). e i’\m

(a} A mechanical relay (b) The switch of the relay Is OFF  (c) The switch of the relay is ON

Fig. 17.10: Replay




-

0.10: Write a note on loudspeaker.

Ans: Loudspeaker: 0 gt - ;ﬁf\

A loudspeaker also use%{ﬂrmags\wgaﬁéﬁﬂlf
current to convert an e’wtﬂca 151g”ﬁ£|5 into sound. It
consists of a coil ﬂh‘a&ﬁcd to a diaphragm) which is
placed in a permanent magnetic field as shown in
Fig 17.11. When an alternating current (audio
signal) flows through the coil. it generates a varying
magnetic field that interacts with the permanent Fig. 17:11:

Lpedkaer
cang

magnetic field. ‘Magnetic effects in loudspeakers

This interaction generates a force on the coil. causing it to move back and forth. The
movement of the coil vibrates the diaphragm. producing sound waves that correspond 1o
the electrical signal. Loudspeakers are used in audio systems, public address systems,

and televisions etc. 3 xE m
- I_ | Vi

Earth's Mdﬂﬂeuu Field
Q.11: Write about Earth's

'“@ﬂ'ﬂ cfieid? .o —
Ans. Earth's magnen u]ﬁ \ak R‘tﬂ | o et magnesic &
invisible shield g éuﬁ(f the planet and | B e £ st

stretches into space (Fig. 17.12). It is similar to
the field of a bar magnet, with a north and
south pole. but unlike a regular magnet. it
constantly shifts and can even flip: over time.
lhis magnetic field is essential because it
protects the Earth from dangerous solar winds
and cosmic radiations by pushing away

harmful charged particles and radiations. Fig. 17.12: Eiﬂh‘s mgnfﬁfﬁﬂﬂ

It also helps with navigation. guiding both humans and animals like migratory birds

and sea turtles by allowing them to sense Earth's magnetic direction.

Origin of Earth's Magnetic Field:

I'he Earth acts like a giant magne’i‘
Scientisis believe this is becauae its mhtreh \irbh
core is constantly spmmng anﬂxrﬁd mﬁntﬁeﬁi of
these charged pa ‘F@ﬁé&h huge magnetic
ficld. Farth's ma tic field is thought to be

encrated by the movement of liquid metal'in its |
core. a process known as the dynamo effect
thig 17.13). The corg has two Parts; parts: a ;
sohid inner core and a liquid outer core made of ot

LU (oL

molien iron and nickel. Fig. 17.13: Origin of Earth's magnetic field
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Magnetohydronamics: | _ G\ @\

e SN [7a A= ; ¢
As the Earth spins, heat from the inner gqreg;gqg‘é:;\'thqxhqmd;mml to flow, creating
electric currents. These currents quqiu_c;:-maﬁ;ggiﬁﬁﬁqﬂeids;’ which combine and grow
stronger due to the Earth's rotation, \This\ process, called magnetohydrodynamics, keeps

the magnetic- field active, anghl forms the magnetosphere, a protective barrier that shields
Earth from hatmful sola’Wind and space radiation.

DO YOU KNOW? \5

Farce on curreni-oarfying conduclor Electric Mator

A Magnotic Tietd

= Corvart electrical enargy into
Direction of force - Fleming’s Laft hand | mechanical anargy

Field o « As current passes through the

Current coll in @ magnetic fisid, force
acting on the coit turmi the call.

atuie . T an inner comi is m
Pl et BT T for ©

Tidbits 3

——————

What is the special role of a split-ring commutator in D.C motor?
Ans: The split ring commutator reverses the direction of the current in the armature coil every
half rotation. ensuring continuous unidirectional torque and rotation of the DC motor.

= Objective Type Questions

) litional MCQ's.

Multiple Choice (uestions prepored in the light of new
7/ (Knowledge, Understanding, Application, Analytical

p— e — ————

IR AR Magnetic Effects of a Steady current

I.  Which segment is true about magnetic poles?
(a) unlike poles (b) like poles attract
(¢) magnetic poles do not affect each other




10.

1L

12.

13.

(d} a single magnetic pole does not exist

%) COTE
]

The presence of magnetic ﬁelqanﬁaaﬂq&tmq iw, g
(2) magnetic compass;)| 'J.. :'ﬁ \ ‘1 i) . “{bY stationary +ve charge
(c) small mass : “"-- ARt (d) stationary —ve charge
The lines wi bp ' “’It 7}‘n:-rm of concentric circies if conductor is:

(a) solenoid - (b) straight (c) circular (d) none of these
The end of solenoid from which line of force emerge out is called: S
(a) North pole (b) South pole

(c) North and South pole (d) None

The magnetic field of solenoid resemble as:

(a) Iron wire (b) U-shaped (¢) Bar magnet (d) Point change

Force on a Current Carrying Conductor in a Magnetic Field
1 Tesla is equal to:

(a) IN2Am (b) INA-T m2 (¢) INAm {d) INA"'m
According to Faraday's rule force become strnngqrif_; \.l'f N
o Bmfinfielg >

(a) large portion of wire lies wn;h\fn
(b) long portion of m5$s uut ic fietd

(c) none of them \E‘% \u b g{d) electric current in wire decreases
Which sta

(a) Magnetic fieid lines always from closed ioops

(b) Magnetic ficld lines always from distanced loops

(¢) Magnetic field lines never come from a bar magnet

(d) all are true

Force on a current carrying conductor in a maguetic field is given by.

(a) F=ma (b) F = ILBcost (¢) F=ILBsing (dy F=ILB
Magnetic field represented by:
(a) I (b) B (c) L (d) M

Turning Effect on a Current-Carrying Coil in Magﬁetic Field
The tnrning effect of a coil made stronger hy:
(a) increasing loops % (b} Wﬁgfﬁt&s

(¢) neither increase or decrease S 1(Jumh€ L

.ll\:'lill"ll u

Eiectric M_&tur

(a) machamca] energy into chemical energy
(b) electrical energy into mechanical encrg)
(c) electrical energy into chemical energy (d) none

Which part of D.C motor reverses the direction of current through wil every

half-cycle?

(a) the armature  (b) the commutator (¢) the brushes  (d) the slip ring



t¥A W Use of Magnetic Effects of Curr
14. ‘Principal of loud speaker works at: T}, A O )
(a) convert chemical signal into“pé_lﬁ:@:ﬁiqal:‘-. PN
(b) convert electrical ;i_gm}r.i;@_ﬁﬂ i
(¢) convert electricai*tlbigﬁH into mechanical
(d) none of above
15. A relay is a device that uses:
(a) magnatism to control other circuit (b) electricity to control other circuit

(¢) (a)and (b) () none
17.6 Earth Magnetic Field
16. Earth magnetic field act like:
(a) invisible shield (b) force
(c) invisible attraction (d) none
17. The earth act like a giant magnet because of:
(a) invisible aftraction (b) grat.jfy ) ﬁ@f{@l‘ﬂ\f'-.
(¢) molten iron core . N)f@?ﬂﬁ LY/ S

TR A A R e A
[Answors SRR

L@ 2 @ 3 el s @ 6 @ 7 @

8. (@ 9 (o WA
15 (e) - 16 (@) = 17 (e)

/-7 Additional Short Questions

11. (a) 12. (b) 13. (b) 14. (b)

/ Short Answer Questions prepared in the light of new Examinafion Techniques /
/ (Knowledge, Understanding, Application, Analytical & Conceptual) 4

SFRN Magnetic Etfects of Steady Current

1. State the rule to find North and South poles of a current ca rrying solenoid.

Ans. Hold down the end of current carrying solenoid in front of you. If the direction of
the flow of current to this end is anti-clockwise, it will be themor @}@ﬁhbﬁﬁenﬂise
it will be south pole. ARy “1*&’“ : N o

2. State Fleming's left hand rulep(\ -~ V(\WOI=" "~

Ll B i ;
r\{%tﬁg conductor is given state that "extend
finger

Ans. The direction of force on a.¢ h‘ﬁ
the thumb, fnmﬁngﬁf_fﬁﬂﬁ rrm‘dtliié of the left hand mutually at right angles to

each other if forefinger point out the magnetic field the middle finger in the
direction of current and thumb will indicate direction of force™.

3. What is solenoid? What type of magnetic field it possess?

Ans. A solenoid is a closely wound cylindrical coil of insulated wire.
The magnetic field pattern of solenoid is just like the magnetic field resembling to
the bar magnet.




Ans. D.C motoris ad vqﬁ'&: \'-’hj:h‘\euhvcns electrical energy in to mechanical energy.

12.
Ans.

Force on a Current Carrving Condiictor in a Magmatic Field

. When current ﬁari'}.rmg Sdnductor makes an angle of 90° with the magnetic field i.e.

. The strength of magnetic field or intensity is defined as the number of magnetic

. The magnetic field strength that cause a force of IN on a 1 meter length of wire

When the force on gcurrenp taﬁmlnﬁ b_phﬂnﬂdr ina magnetic field maximum
and when its mmnmnh'{ DAL

when li‘pérpéndtcular to field, the force will be maximum if the conductor is placed
along or parallel to the magnetic field no force act on the conductor.
What is meant by intensity of magnetic field?

lines of passing through any surface.
Define 1 Tesla?

carrying a current if 1A prependicular to the magnetic field.
IT=INA" m™

. When a current-carrymg cmlﬁ ,rp ﬂ;dl"iﬂ“

forces that makt:s ls“fi the working principle of electric motors.
How the t —bﬂ tBe mil can be made stronger?
. The tuﬁ!lté\é ect nn the coil can be made stronger by.

. Split ring connect the coil to the battery through carbon bushes When coil rotate i _'

LF&R  Turning Effect on a Current-Carrying le in Magnetic Field

What is the working principle ﬂfﬁlfctr \gn ‘f 2. “ @O0
iﬂa etic f'eld it experience a couple o

increasing the number of turn of the coil.
increasing the current flowing through the coil.
increasing the strength of the magnetic field.

174 Electric Motor

What is armature?
In practical electric motor the coil called armature and it is made of many loops
mounted oi« a shaft or axle.

What is the function of split ring in D.C motor?

between the pole pieces of a magm:: split rm\g k]eu:;; \hﬁ{ﬂﬁtﬁm‘ in coil and hence
coil rotate in the field.

What is D.C motor? ﬂnwh’&h ﬂ.h&}p‘ﬂ} l‘f work?

work on Rﬂﬁﬁ‘& 1When current passes through coil placed in magnetic 1
expenehées a force due to which coil rotates in the field.
Write name of parts of D.C motor.

e Rectangular coil

e Permanent magnet

e  Two carbon brushses

e  Split ring commutator
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13. What is the function of relay? 0\ _Q -ﬁﬁ‘-i“‘u.'”a-\"f'w xn‘J/ E

Ans. The relay is an electrical switch| is-used 1o cont sl Targe current with the help of
small current it open and closes idet the control of another electrical circuit.
Explanation: T@ﬁeﬁ}ﬁ‘{lﬁf it supplies current to the electromagnet. The
electromagnet is magnetized and attracts one end of iron armature. The armature
then closes the contact (2™ switch) and allow current to flow second circuit. When
[$ switch open again the current to electromagnet stop. Now electromagnet loses
its magnetism and 2™ switch opens. Thus flow of current stop in 2" circuit.

14. Can magnetic poles seprated?

Ans. Magnetic poles never separated. Even when magnet is broken, every piece has two
poles north and south.

15. On which principal loud speaker work and write about its uses?

Ans. Loud speaker uses the magnetic effects of current to convert electrical signal in to
sound. \ e

Uses: It is use in audio system, public adress system and teleys siorf] R E O
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17.6 Earth's Magnetic Field
: SR

16. What is magneto-hydrodynpamies?. |\ -

Ans. The earth spin, t:gq\‘fpd%ﬁn ot core causes the liquid metal to flow, creating
electric current, his current creating magnetic field which combine and grow
stronger due to Earth's rotation. This process is knowns as magneto-hydrodynamics.

17. Earth act like giant magnet justify it.

Ans. Because its molten iron core is constantly spining and movement of these charged

particles create huge magnetic field.
Earth magnetic field thought to be generated by the movement of liquid metal in its

¥ Tick («) the correct answer. i o }}.H-.f__--xl| .l‘ (€9
17.1 Which statement is true about the mngnﬁﬁplpo!ehw )
(a) Unlike poles repel e\ VR Tﬂ' (b)) Eike poles attract

(c) Magnetic poles _%-gg;{&!ffe&'ti%ééh other
(d) A single maghltic pole does not exist
17.2 A D.C motor converts:
(a) mechanical energy into electrical energy
(b) mechanical energy into chemical energy
(c) electrical energy into mechanical energy
(d) electrical energy into chemical energy
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17.3 ’I‘he part of a D.C motor that reverses the dircetion :uj :gifg\h’r\lshruugh the mi!
every half-cycle: m . H rf\h \\‘\ ﬂ ﬂ
(a) the armature Er.:jr‘L e brushes (d) the split rings
17:4 The two main Ia ’g ‘Ell'th s core that contribute to the generation of
the magnﬁl‘f re:
(a) crust mantle (b) inner core and outer core
(¢) lithosphere and asthenosphere (d) troposphere and stratosphere
17.5 What does a steady electric current in a conductor generate around it?
(a) Electric field (b) Light (¢) Magnetic field (d) Sound waves

17.6 What happens to the magnetic field direction when the direction of the
current is reversed?
(a) The magnetic field remains unchanged
(b) The magnetic field also reverses direction
(¢) The magnetic field becomes stronger (d) The magnetic field disappears
| -

N )\
17.1 (d) 17.2 (c) 17.3 (b) 174 (b)) _ r&’?ﬁ{({d)?;}ﬁ%’ é:\%
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| B. Short Answer Questions \E&&\i@j\‘“

17.1 What is the d;rﬁquﬁ of the magnetic field around a straight current carrying
wire?

Ans. The magncuc field around a straight current-carrying wire forms concentric circles.
The direction of the magnetic field is determined by the right-hand rule:
"If we point our right thumb in the direction of the current, your fingers curl in the
direction of the magnetic field."

17.2 What happens to the magnetic field if the magnitude of the current in a wire is
increased? .

Ans. When magnitude of current increased in a wire is increased the magnetic field
around the wiic become stronger.
This is because 12 = |
More current — stronger magnetic field

Less current — weak magnetic field r = u K A rff S
17.3 How can you idennfy the nnﬂh qs df an unmarked magnetized
steel bar? |“'. "|. II. 1 _F/_

Ans. Suspend the steglfq?nﬁ \tﬁ y, allowing it to rotate freely. The end that points.
towards ll;}'F.[ _[’Eaﬁhé geographic north is the north pole of the magnet, and the end
that pmnts towards the earth's geographic south is the south pole of the magnet.

17.4 What rule determines the direction of force on a current-carrying conductor
placed in a magnetic field? Explain briefly.

Ans. The direction of force on a current carrying conductor placed in a magnetic field is
determined by Fleming's left hand rule. '
"Extend the thumb, forefinger, and middle finger of the left hand so that they are at




right angles to one another. If the forefinger represents the c@@ﬁf@mmctinn
and the middle finger shows the current dlgﬁctnplh @@n@ oint in the
direction of the force acting on the co ta\ \ i* 1

17.5 What role does the cnmmutiht:i'\ Cmntnr“

Ans. It reverses the dlra:tl armaturc of coil after every half rotation.
This reversal cns the dlmctmn of force on the coil remains the same. So.
the coil continuous to rotate continuously.

Without commutator the coil would rotate only half a turn and then stop. In short,
commutator helps in continuous rotation of D.C motor by maintaining
unidirectional torque.

17.6 What is the source of the Earth's magnetic field according to the theory?

Ans. According to theory, the source of Earth's magnetic field is Geodynamo.

The Earth's magnetic field originates from electric current produced by the motion

of molten iron in the Earth's outer core. This movement creates electric current,
which in turn generate the magnetic field through a process called the geodynamo.

| C. Constructed Response Questions

=)\
17.1 Why does a magnetic fieid form around ax ﬁw% {'rent flows

through it, but not when the t:urr«:ntr this reveal about the
nature of electricity and ma W SJ =

Ans. When current ﬂnw ¢ wdlg nductor moving electric charges produce a
magnetic field ar \éondiictor. When current is OFF., charges arc not moving. so
no magnetic field is produced. _

This demonstrates that magnetism is a consequence of moving electric charges,
revealing the interconnected nature electricity and magnetism.

17.2 In a D.C motor, why does the coil stop turning after 90° if the direction of the
current is not reversed? What mechanical feature solves this issue?.

Ans. It the current is not reversed. the force acting on the coil reverse after 90° causing
the coil stop rotating. The problem solved by split ring commutator. Which reverses
the direction of current every half rotation, allowing continuous rotation of coil.

17.3 How does placing a wire at different angles to a magnetic field affect the
magnetic force it experiences, and why is this important in designing motors?

Ans. The magnetic. force on a current-carrying wire in a magget%ﬁdﬁ*ﬁwﬁj%h by the

formula; F = BIL sin6, \ O\‘ CA
Where B is the magnetic field, h\ z’@‘a @cm L is the length of the wire,
and 0 is the angle between th agncnc field.

When the wire is ﬁg gncuc field (8 = 0°),

sinB° = 0, and the ﬁm{m force is zero.

When the wire is perpendicular to the magnetic field (8 = 90°), -

sin90° = | and the magnetic force is maximum(F = BIL).

At other angles, the force is proportional to sinf. so, it varies between zero and
maximum value.

This is crucial in motor design to maximize torque and ensure continuous rotation.




1'?1 How is a magnetic field created around a current-carrymg wire, and what
factors affect its strength? T»:i 5\‘ @0 IR

Ans. See Answer Q.2 & 4 JF U\\,\l /

17.2 Explain the concept gf yé\ wd-grip rule and how it helps determine the
direction of thr: f\m‘g amund a current-carrying conductor.

Ans. See Ans wﬁfﬁ},ﬁ |

17.3 Describe an experiment that demonstrates the magnetic field produced by a
current-carrying conductor using a compass or iron filings.

Ans. Case-l: | .
Experiment to demonstrate the magnetic field using a compass:

a.  Setup a straight wire connected to a power supply to create a current

b. Place a compass near the wire when there is no current. The compass needle will
align with the Earth's magnetic field.

¢.  Turn on the power supply to create a current in the wire. 28

d. Observe the compass needle deﬂectmg frurn 1 ﬂﬁ@féﬁl‘i'l‘he deflection
indicates the presence of a magneti {f{écunﬂm carrying wire.

€. Vary the current and ob§ g cﬂf:ctmn angle.

Case-Il ] \\
Emﬁmeﬁﬁmemanstmm the magnetic field using a iron filings:

a.  Pass a straight wire vertically through a horizontal piece of cardboard.

b.  Sprinkle iron filings evenly on the cardboard around the wire.

¢. Passacurrent throﬁgh the wire.

d.” Observe the iron filings aligning themselves in concentric circles around the wire,
visualizing the magnetic field lines,

e.  Tap the cardboard gently to help the filings align more clearly.

Conclusion:

A compass deflects near a current-carrying wire, shuwmg a magnenc field. Iron

filings align in concentric circles around the wire, wsuallzmg:tl\c f{atd ‘Ijnés

17.4

Ans,

Discuss the theory behind th t and the role of th
iscus eory behin e%rh\\m@“ nd the role of the
Earth's molten core in gqene,gnqﬂg’l \ U

See Answer Q.11. \”ﬂ OIS G
‘-Ir"-[h
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