After studying thls chapter students will be able to:
e describe the pattern and direction of the magnetic field due to currents in straight
~wires and in solenoids.
e  state the effcct on the magnetic field of changing the magmtude and direction of the
current.
e  describe how the magnetic effect of a current is used in relavs and loudspcakus
(including giving examples of their application).
e  describe an experiment to show that a force acts on a current- carr\mb conductor
a magnetic field (including the effect of reversing:
(a) the current (b) the direction of the field
e _ state and use the relative directions of force, magnetic tield @cm
e  describe the magnetic field patterns between gt @@ onducmrs and
relate these to the forces on the v ¢
e  state that a current-car
- and that the turning ef%& sed by increasing:
(a) thenu the coil (b)  ‘the current
(¢) thes of the magnetic field
e  describe the operation of an electric motor, mdudmg the actlon of a spln rmg
. commutator and brushes.
e  describe and explain the action 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.

\u‘ ' ¢ Earth's field).
etic field may experience a turning effect

Long Questions prepured inthe ltght of new Examination Techmques
(Knowledge, Understanding, Apphcatlon, Analytical & Conceptual)

how moving charges, llke an electric current, create magnetac fields. This conncctmn
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 useful
machines and to understand the science behind today's technology.




Q.2: What are the magnellc ettect of ste e ; rlght hard rule
Ans. Definition: When current p: sriductor a magnetic field is produced

in the space. : 5 : ' | bk
The magnetic e a steady current can be demonstrated through expenments-
involving a current-carrying conductor. ‘ :

Magnetic Field B Due to Current in a Straight Wire: ,
Hans Christian Orsted stated Ny ™ i e TR
that, a steady electric current in a

4] magnetic
field compass
- conductor generates a magnetic field
B around it.

magnetic
fleld, campass

needle

Explanation: . o
This can be demonstrated by _“\__{. | :

passing a current-carrying wire through | 2 « v ) o i s

a vertical cardboard sheet and|  “se

connecting it to'a battery. When current o Fig

around it whose direction can | ined'using right hand grip rule. Concentr:c
circles are formed b d around the conductor. This can be observed by
placing small compasses o sprmkhng iron ﬁlmgs'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 termmals 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 ﬂowmg 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 essentnal in electrical engineering. partﬁﬁlarly with

alternating currents. : W@ @

Direction of the Magnetnc Field of a Curr
" The direction of the magnefie ‘

a current-carrying strW ‘\ I IS

the right-hand grip ru shown in. Fig. 17. 2

Right hand grip rule: Bahias e
"If you hold the wire in your rlght hand | give the direction

with your thumb pointing in the direction of the | °ffie'? Bl o}

current, then your fingers curl around the wire m : magnetic field -

the direction of the magnetic field." - Fig. 17.2: Current-carrying conductor

flows, magnetic field is produ %eﬁ 70

T | Thumb shows the
_ direction of current

Current-carrying wire




This simple method helps us to quickly find the m
straight current-carrying wire. The magnetjc 1‘

and its direction depends on the dir u\ l ‘ the
the direction of magnetic fie nges

Q.3: What is SOW- it be made electromagnet?
Ans. R S

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 S "
effect of all loops of the wire of solenoid makes —‘—\\h i S
the ficld strong and uniform, like a bar magnet 7 P,
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) direction in | - -
solenoid. : @ [ @ 3: Magnetic field due to solenoid

Use of right-hand rule:: O m ‘ SR :
The right-hand rule he P out the direction of the magnetic field produced by

-t ﬁ@mmn around any
dt Toops around the wire,
. If the current changes direction,

the solenoid. A ~to this rule, "if you i /
grip the solenoid “with your right hand such | SNgo ) X g
‘that the curled fingers point in the direction of | N <—{EEE H s

3t
gl .

the conventional current, then the thumb will

point towards the north pole of the solenoid". F wa el iy
(Fig. 17.4) ‘ ‘ f Current

Use: Electromagnets are useful in motors, Fig ;_'7; 4: Right hand rule for a solenoid

relays, and magnetic locks because their magnetic strength can be controlled by adjusting
the current. : Ll

Q.4: Write properties of magnetic field lines. ‘

- Ans. Properties of magnetic field lines: @? @@m

Magnetic field lines, just like electric @? aginary. They do not
physically exist but are a way, ¢ isuali ¢ field. These lines have important

\
properties: @
1. Magnetic fj ys start from the north pole and end at the south pole.
2. Magnctic lines always form closed loops.

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

Magnetic field lines never cross (intersect) each other. |
- ‘Where magnetic field lines are closer together, the magnetic field is stronger;
where they are spread apart, the magnetic field is weaker.

o &




Lmportance: ,
nderstanding these properties helps us to visualize
401D

ideas are very important in real- 3;‘ e¢hholog
0.5: Explain about lorces ggaliaiivt current-carrying conductors.

kns. Forces on para rrent-carrying conducgors:

ms behave

generators. These

When two wires carry electric current in AR A
i disieton. ey : . |
the same dl{‘CQthx thev create fna'gnﬁtllc 8. d B, d. |
fields around themselves. As shown in Fig. 3 fr—
17.5(a), the magnetic fields between the two e, s, el B
wires interact in such a way that the opposite /@‘@ B, /’é@ B,
poles are near each other, and the two wires — ' e o
: : : . . ﬁ-o ﬁ - Fy- -,
attract each other. This happens because the 5
magnetic fields support each other between e i (b) *h
the wires and pull them together. Fig. 17.5: Forces betwee wires
However, if the current in the two wires flows i e/ dir ¥s, their magnetic

fields oppose each other, and thg (Fig.17.5-b). This important
behaviour is the basic idea behin@h glgttroms stic devices and technologies like electric

Force on a Current

0.6: Describe an experiment to show tha! when a straight current carrying
conductor is placed in magnetic field, it experience a force. Also state rule by
which this force can be 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

Explanation: ‘ ' i : \

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 permanent 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




-+

wire. Based on the direction of the current, the wir a@@\s@éﬁ to the rrght
(Fig.17.6-a) or pulled to the left (Frg l% W

Increase the force:
The force is increased if:

1. The ele ) in the wire mcreases

2. The magnetic field (B) becomes stronger

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

The mag’nitude of this force is given as:
- F=ILBsind ;

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

"Extend the thumb, forefinger, and mlddle finger of the Je at the\ are at
right angles to one another. If the forefi inger represents,tt ield direction and
the middle finger shows the current di @\ 1e-thun b erl point in the direction
of the force acting on the con

Diagrammatic repWo eming's left-hand rule: [ Thumb = Motion / Force
As illustrated in Fig. 17.7, the force on the|. ) ua '

conductor is perpendicular to both the current and the
magnetic field, in accordance with Fleriing's left-hand
rule.

S unit:

| Forefinger |
=_Mag_neticﬁeld

Fleming's left

: ; . | Middle finger L
The SI unit of magnetic field (also zal'ed magnetic | = cyrrent direction "2 rule
flux density) is the tesla (T). | Fig. 17.7: Direction of force on a
3 €T) is defiied as: current-carrying conductor placed in a
I tesla (T) is defined as: » ) __magnetic field

Definition of Tesla: N ’
& : @.:-.C’Q a | metre

INA-! m-!.

desiT=

ar: Hnw current carrying coil rotate in a magnetic field?

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

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




Explanation:
Let us imagine a rectangular coil P

~carrying a current and is placec m -

as shown in Fig. ”W positioned in such
‘a way that it is perpeadicular to the magnetic field of

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

the coil to a battery, electric current starts flowing | 2
' A8 ‘ T Fig. 17.8: A current-carrying coilina _

through the coil. : : magnetic field
Direction of Force: | » S | ek
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: LRI
On the side PQ 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 prodyuces @@@al effect or
torque. which causes the coil to start rotating. - O
Principal: . m @ R e a0

. When a current-carrying C%W +a magnetic field. it experiences a couple
‘of forces that makes th fl\rotatel-as shown in Fig.17.8. : Sy

This is the wo inciple of electric motors, which are used everywhere around
- us from fans to cars. ; ' ;

Dependence of Torque:

" The turning effect on

1. increasing the

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 to

rotate with more torque. These factors help to make electric motors more powerful

and efficient. : : ! : e

| EEZE Eiectric Motor o

Q.8: Write a note an D.C motor. SO ) o@ .
Ans. Definition: R mﬂ = Ul mature
" An electric motor is a d th S oy
electrical energy into M Lo , s -
Types of Motors: (e Magnet e

_ There are two types of electric motors, one | - §aer,
is Alternating Current (A.C) motor and the other
is Direct Current (D.C) motor. ' (

A D.C motor operates using the interaction S

between a current-carrying coil (armature) and a | K S g
magnetic field. E Fig. 17.9: working principle of D.C motor

Commutator/split rings ]




Gonstruction: : S @

e  Rectangular coil o @@W o
®  Permanent magnet - K@@ | |
®  Two carbon brushses ““@ _ ;
®  Splitring COIW o ‘
Principal: .,

When a coil is placed in a magnetic field, it expericnces 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. each conne tﬁw one end of
the coil. Carbon brushes maintain contact with the commutatei<a o@ rrent to flow.
As the coil rotates, the commutator also“&f@te -

nd When e coil
: nd Wik
position, each half of the commaﬁor ‘ X

oil reaches the vertical
Result:

- reversing the current direction.
As a result, dw&urrent changes the direction of the forces which allows
continuous rotation of the coil. The speed of the motor can be adjusted by controlling the

current flowing through it.

17.5 Use of Magnetic Effects of Current

Q.9: Write about use of magnetic effects of current.
Ans. The magnetic effects of electric current are used in modern technology.
Principal: ‘ e

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: o@© il
@u current enable the

These applications demonstrate h
conversion of electrical energy energy or sound. making them essential
- in electrical and electronic i

Relay: A ¥ | L
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 OFF. -
A mechanical relay consists of several important parts:




L B il oo

T —
(a) Coil-and Core: @ @Q\NU

The relay has a coil made of wnm@ magnetlc core. When an
clectrical current passes throu a magnetic field. This magnetic field
is the key that makes the rel
(b) Armature: .

The armature is a small movable piece inside the relay. When the coil becomes
magnetised and demagnet:sed it pulls 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. n 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. Whe vcs due to
magnetism, the movmg contact also m ves) Joms or breaks the
circuit, allowing or stopping th me (like a- Iamp) Similarly, it
helps to open door lock, starti r and heavy machines. :
How a Relay Work

"A relay helps to turn ON and OFF a lamp easnly
When the switch is OFF: |
- No current ﬂofWa through the co:l The armatwre 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: 2

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). |

O

Input sld.e Output side

{a) A mechanical relay : (b} The switch of the relay is OFF  {c) The switch of the relay is ON
' Fig. 17.10: Replay :




Q.10: Write a note on loudspeaker.

Ans: Loudspeaker: . . O%@@@

A loudspeaker also use%%‘ cts of
current to convert an & als into sound. It
consists of a coiNfattached 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:

Speaker
cone

magnetic fieid. : - 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 to
the electrical signal. L.oudspeakers are used in audio systems, public address systems,

and televisions etc. . . m

Q.11: Write about Earth's magneticfiek ,_
f- . ; ma';netic Geographic
o $ k. nole | north pole
s the planet and R ¢ —

Ans. Earth's magnetig
invisible shield
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 flipsover time.
This magnetic field is essential because it
protects the Earth from dangerous solar winds ML | -
and cosmic radiations by pushing away ‘ 2
harmful charged particles and radiations. - Fig. 17.12: Earth's magnetic field
- Italso 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: | AT O

' The Earth acts like a giant_magn @V/®ow. o
Py . . PRI . % North s
Scientists believe this is bec% e its Q @ : masneu-cpo74

i
core is constantly spinning a& t of
these charged particle S oh uge magnetic
field. Earth's m tic field is thought to bed...
generated by the movement of liquid metal in its —

cdre. a process known as. the dynanio effect
(Fig  17.13). The core has two Parts; parts: a |
solid inner core and a liquid outer core made of |. Geographic

3 magnehc pole

south pole

molten iron and nickel. Fig. 17.13: Origin of Earth's magnetic field




R e - =L

Magnetohydronamics:

" As the Earth spins, heat from the inner ¢ore apgmng Tto ﬂow creating
electric currents. These currents producs % ch combine and grow
stronger due to the Earth's rotati n called magnetohydrodynamics, keeps
the magnetic- field actiWﬂ he magnetosphere, a protectlve barrier that shields
Earth from hatmful sol and space radiation. :

DO YOU KNOW ? \§

Force on cutrent-carfying conductor Electric Motor

W Magnetic field

« Convert electrical energy into

Direction of force - Fleming’s Left hand § mechanical energy

le
Field 0 « As current passes through the

Current coll in a magnetic fieid, force
: acting on the coilturns the coil.

Force F“_"d

Force

‘ Current” . ﬂ

——
The solar wmd and the Earm S magnet!c field

At the contre of the Euth iy

the solid lrinePBre

YW Anar iron nickel core is N

solid due to the extr @AEPY gh
pressure rather than a drop in "‘s.‘
temp§ aturc. T 18 inner core is in e
fact hottor tha ¥IE tor core ’/

Tidbits %
What is the spemal role of a split-ring commutator in D.C motor?

Ans: The split ring commutator reverses the direction of the currént in the armature coil every
half rotation, ensuring contmuous umdlrect:onal torque and rotation of the DC motor.

o m
"k e

3 Objectme Type Questions

R R R e

// . Additional N‘\."‘ S //

SRR AR

e e st 1 e S _www-{.

‘Multiple Choice Questicns prepared in the hght of new Exummuhon Techniques
{(Knowledge, Understandmg, Appllcatcon, Analytlcal & Conc_e_gtua»l)

T A A [ S - S == A - (R - O

[ 171 Magnetic Eflects of a Steady current

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




R

(c) none of them :: \ 474 :
Which stat ‘
(a) Magnetic field lmes always from closed ioops

S e -
(d) a smgle magnetic pole does not exist ; @O@@)\NU

The presence of magnetlc fiel C&@ :
(a) magnetic compasso Stationary +ve charge

(c) small mass stationary —ve charge
The lines We form of concentnc urcieﬁ 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:

(a) North pole : (b) South pole

(c) North and South pole (d) None

The magnetic field of solenoid resemble as:

(a) Iron wire ° (by U-shaped = (¢) Bar magnet (d) Point change

Force ona Current Carrymg Conductorin a Magnetic Fleld

1 Tesla is equal to:
(a) IN‘2 Am (b) INA™' m~ (c) lNAm NA“ 2

(b) long portion of WIES ies
(d) electnc current in wire decreases

- (b) Magnetic field lines always from distanced loops

10.

11.

12.

13.

D. C motol
. (a) mechanical energy into chemzcal cncrgx

(c) Magnetic field lines never come from a bar magnet '
(d) all are true

* Force on a current’ earrymg conductor in a magnetic field is given by.

(a) F=ma (b) F=ILBcos®  (c) F=ILBsind (d). F=I1EB
Magnetic field represented by: ‘
(a) 1 J B ) L (d) M

_ Turning Effect on a Current- Carrymg Coil in Magnetic FrleJd
The turning effect of a coil made stronger hw

(@) increasing loops
(c) neither increase or decrease

(b) electrical energy into mechamcal encrgy
(c) electrical energy into chemlcal energy {(d) none

~ Which part of D.C motor reverses ‘the direction of current through wil every
half-cyclé?

(a) ‘the.e}rnn_atu"re (b) "'the commutator (¢) the brushes (d) the slip ring



EEER use of Magnetlc Effects of Current

14. Principal of loud speaker works at: o d 1)
(a) convert chemical signal into \\)&%
‘(b) convert electr:caW
(¢) convert electrica al into mechanical
(d) none of above o
15. Arelayisa device that uses: :
(a) magnatism to control other circuit ~ (b) electricity to control other circuit
(¢) (a)and (b) (d) none
| Earth Magnetic Fleld

16. Earth magnetic field act like:
(a) invisible shield e (b) force
(c) invisible attraction ‘ (d) none
17. The earth act like a giant magnet because of:

(a) invisible attraction : (b) graVlty w@ @ m

~ (¢) molten iron core , H nopé Y\Y\

| “@ e '
L & 8 W AR T (a)
8. @ & (¢ 11. (a) 12 (b) 13. (b) 14. (b)
15. (c) 16. (a) 1. '(c) i |

Short Answer Quesﬂons prepured in the ||ght of new Examination Technlques /
(Knowledge, Understanding, Application, Analytical & Conceptual)

o A T R L —:—w:

Magnetlc Effects of Steadv Current

1. State the rule to find North and South poles of a current carrying 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- clockwnsc it will b rﬂ rwise
it will be south pole.. | W"

2. State Fleming's left hand ruleo Q&

Ans. The direction of force on g conductor is given state that "cxtend
the thumb, foreﬁngéwmjd’le finger of the left hand mutually at right anglcs 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 solenmd is just like the magnetic field resemblmg to
the bar magnet.




10.

Ans.

. between the pole pieces of a magnet split rm @@@@ in coil and henc _
wor §

11.

Ans.

12.

Ans.

~ When the force on

. When curr

'What is meant by intensity of magnetic field?
. The strength of magnetic field or intensity is deﬁned as the number of magnetlc,

. The magnetic field strength that cause a force of IN on a 1 meter length of wire
: carrymg a current if 1A, prependicular to the magnetic field. 3

What is armature" :
. In practical electric motor the co:l called armature and it is made of many loops

'What is the fanction of split rmg in D C motnr"

Force on a Current Car‘rving Conductor in a Magmatic Field

curre% 5 colductor in a magnetic field maximum

nductor makes an angle of 90° with the magnetic field i.e..
when it dlcular 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.

and when its mini

lines of passing through any surface
Define 1 Tesla?

IT=INA!'m™!

Turmng Ettect on a Current Carrymg Coil in Mau retic Field
What is the workmg prmcnple of

1c ﬁeld 1t experlence a couple of

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

174 B | _Electri Motor

mounted oi: a shaft or axle.
Split ring connect the coil to the battery through carbon bushes, When conl rotate 1

coil rotate in the ﬁeld

What is D.C moto
D.C motor is a dev verts electrlcal energy in to mechanical energy. I
work en current passes through coil placed in magnetic i

experiences 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




13.

Ans.

14.

15.

Ans.

Uses: It is use in audio system, p

16.

17.

IR Use of Magnetic Effects of Current

What is the function of relay? Q “y
The relay is an electrical switch %

)} a-targe current with the help of
small current it open and control of another electrical circuit.
Explanation: T orcuit supplies current to the electromagnet. ine

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
15t switch open again the current to electromagnet stop. Now electromagnet loses
its magnetism and 21 switch opens. Thus flow of current stop in 274 circuit.

. Can magnetic poles seprated?
Ans.

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

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

Loud speaker uses the magnetic effects of current to convert electrical signal in to
sound. , B
ublic adress system

(Yl Earth's Magnetic Field

What is magneto-hydrodynamié g ' _
Ans. The earth spin, W er core causes the liquid metal to flow, creating

electric current. This current creating magnetic field which combine and grow
stronger due to Earth's rotation. This process is knowns as magneto-hydrodynamics.
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. : ‘ S §
Earth magnetic field thought to be generated by the movement of liquid metal in its
core. | .

Exercise Questions (S

[ A.

w
17.1

17.2

Multiple Choice Question

Tick () the correct answer. | W@o@@ﬁ@
Which statement is true aboui the mm@@ |

(a) Unlike poles repel .O poles attract
(c) Magnetic pow other ;

(d) A single mag ole does not exist

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




""

e i
T The part of a D.C motor that reverses the dl a (@W\\hmugh the coil

every half-cycle: :
(a) the armature t e brushes (d) the split rings ]
17.4 The two rth's core that contrlbute to the generatlon of

main la
the magM

(a) crust and mantle (b) inner coreand 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 (c) Magnet:c field (d) Sound waves

17.6 What happens to the magnetic field direction when the direction of the
current is reversed? o 1
(a) The magnetic fi eld remains unchanged
(b) The magnetic field also reverses direction
(c) The magnetlc field becomes stronger (d) The magnet:c field disappears

1716 172 () 173(b) 174 (). m@@ﬁa@?@
o

magnetlc field around a straight current carrying

| B. Short Answer Ouestmm
17.1 What is the direetjpn \of the
wire?. :
Ans. The magnetic ﬁeld around a straight current-carrying wire forms concentric c1rcles i
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 magmtude of the current in a wire is
_increased? '
Ans. When magnitude of current increased in a wire is increased the magnetic ﬁeld
around the wi:= become stronger.
This is because 2 « I
More current — stronger magnetic ﬁeld

Less current — weak magnetlc field @ @@m
17.3 How can you ldentlfy the nT& l@@@l an unmarked magnetlzed

steel bar?
Ans. Suspend the ste allowing it to rotate freely The end that pomts 3
- towards S geographlc north is the north pole of the magnet, and the end
‘that points 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 ina magnetxc 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




17.5

Ans.

17.6

Ans.

right angles to one another. If the forefinger represents the ma irection
and the middle finger shows the current dugsch ‘ # @u pomt in the

direction of the force acting on the co ' , (
What role does the commuta @ ptor?
It reverses the dm:ctl e armaturc of coil after every half rotation.

This reversal ens t the direction 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 ma'ntammg
unidirectional torque.

What is the source of the Earth's magnetic field according to the theorv
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. ,

17.1

Ans.

172

Constructed Response Questions

nature of electricity and ma
When current flow t| h uctor moving electric chargeq produce a
magnetic field ar nductor. When current is OFF, charges are not moving. so

Why does a magnet:c field form around a.c rrent flows
. through it, but not when the curren%@ this reveal about the'

no magnetic field is produced.

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

17.3

Ans.

- Where B is the magpetic ﬁel

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

How does placing a wire at different angles to a magnetic field affect the
magnetic force it experiences, and why is this important in desngnmi iotors"

The magnetic. force on a currcnt—carrymg wire in a magne a@m by the \
formula; F = BIL sinf, : é @

3 the length of the wire,
and 0 is the angle between th ' agnctlc field.

When the wire. 's agnetic fi f eld (0 = 0°)

sin6° = 0, and the thagnetic force is zero.

When the wire is perpendlcular to the magnetic field (6 = 90")}

sin90° = 1 and the magnetic force is maximum(F = BIL).

At other angles, the force is proporttonal to sinB, so. it varies ')ctwecn 7Eero and

maximum value. :

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




|| D. Comprehensive Questions

17.1 How is a magnetic field created around a current-carryin wire, and what
factors affect its strength? a @@

Ans. See Answer Q.2 & 4 : \£ é : @W

17.2 Explain the concept of rule and how it helps determine the

direction of the r% eld around a current-carrymg conductor.
Ans. See Anst '

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

Ans. Case-I: : B e
Experiment to demonstrate the magnetic field using a compass:

a. Set up 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.

d. Observe the compass needle deflecting from its erj a o@@ The deflection
indicates the presence of a magneti ‘ by the current carrymg wie. 1<

e.  Vary the current and ob eflection angle

Case-Il . : . . _
o Experimei}NWemonstrate the magnetic field using a iron filings:

Pass a straight wire vertically through a horizontal piece of cardboard

a

b.  Sprinkle i iron ﬁlmgs evenly on the cardboard around the wire.

¢. Passacurrent through the wire. : .

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

e.  Tap the cardboard gently to help the filings ahgn more clear[y

Conclusion:
A compass deflects near a ourrent-carrying wire, showing a magnetic field. Iron

R&@d the role of the

>

filings align in concentric circles around the wire, visualizin

17.4 Discuss the theory behind the E@ rtk
Earth's molten core l%ﬁﬁeﬁm

Ans. See Answer [ 1 5 .
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