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Chapter Review

- A maguet attracts magnetic cubstances cuch as iron, nickel and cobalt,
and has two poles, north and couth. (ike polec repel and unlike poles
attract. A Freely cuspended bar maguet always comes to rest in the
north-couth direction, with the north-ceeking pole pointing towards the
geographic north; thic ic the basis of the compacs. The magnetic field ic
the region arovnd a magnet in which its influence can be felt. It has both
magnitvde and direction. A compags needle ic a small magnet which gete
deflected in a maguetic field.

o Field lines of & maguet: the imaginary lines along which iron filinge arrange
themeelves. Properties: (1) they emerge from the north pole and merge at
the couth pole outside the magnet, and 9o from couth to north ingide the
magnet, forming closed curves; (2) the field ic ctronger where lines are
closer together (near the poles); (3) ro two field lines intercect, becavce at
the point of intercection the compacs needle would point in two directions,
which i¢ not poscible; (4) the tangent to a field line gives the direction of
the field.

o Qersted’c experiment (1820): a current-carrying wire deflectc a nearby
compacs needle, co electricity and magnetiom are related. The deflection
reverces when the direction of current ic reverced and the cize of
deflection depends on the current and the distance from the wire. A
current-carrying conductor produces a maguetic field around it. The field
lines around & ctraight conductor are concentric circles, with the centre

at the wire; the field ic ctronger closer to the wire and for larger currente.
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Right-hand thumb rule: imagine holding a current-carrying ctraight
conductor in the right hand cuch that the thumb points in the direction
of the current; then the fingers wrap around the conductor in the
direction of the field lines. Another version: Maxwelle corbecrew rule. The
maguetic field of a ctraight wire depends on the current (B X I) and
decreases with distance from the wire (B «< 1/r).

Magnetic field due to a circular loop: the field lines are concentric circles
near the wire which become [arger and larger further away; at the centre
of the loop, they look like ctraight lines perpendicular to the plane of the
loop. The field at the centre ic directed along the axis and increaces with
the number of turne, because the fields from each turn add up (in the
came direction). The field of & coil of w turne ic n times that of a ¢ingle
loop.

Solenoid: & coil of many circular turng of insulated copper wire wrapped
closely in the chape of a cylinder. The magnetic field of & colenoid carrying
current resembles that of a bar maguet: one end behavee a< the north
pole and the other end as the couth pole. Inside the colenoid, the field lines
are parallel straight lines, which indicates & uniform field. A strong
maguetic field inside a colenoid can maguetise a piece of magnetic material,
cuch a¢ coft iron, when placed inside it; thic gives an electromagnet.
Electromagnet: a coft iron core placed inside a colenoid becomes
magneticed when current pascec, and loses magnetism when the current ic
cwitehed off. Strength depends on the number of turns, the current and
the core material. Uces: cranec lifting scrap ivon, electric bellc, relays,
loudspeakere, MRI machines. Permanent maguets are made from cteel,

whereag electromagnets uce coft iron (which loses maguetism eacily).
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Force on a current-carrying conductor in a magnetic field: a
current-carrying rod placed in a magnetic field experiences a force. The
force ic largest when the direction of the current ic at right angles to the
magnetic field. The direction of the force reverces if the direction of
current or the direction of the field ic reverced. Fleming'c left-hand rule:
ctretch the thumb, forefinger and middle finger of the left hand mutually
perpendicalar; if the forefinger points in the direction of the magnetic field
and the middle finger in the direction of current, then the thumb gives the
direction of force (motion).

Electric motor: a device which converts electrical enerqy into mechanical
enerqy. Principle: & current-carrying coil placed in a maguetic field
experiences a torque (Force on its cides which are in opposite directions).
Parte: a rectangular coil (armature) a ctrong permanent magnet (field
magnet), & cplit-ring commutator (reverces the direction of current in the
coil every half rotation co that the coil keeps rotating in the came
direction), bruches (carbon, make contact with the commutator) and a
battery. (Jeed in fans, refrigerators, washing machines, mixers, computers.
Increace in the speed or the power can be obtained by ucing & ctronger
maguet, more turng, an armatvre with a <oft iron core and a higher

current.

Notes by Abhichek Siv 3



Chapter 13: Magnetic Effects of Efectric Current
STEATH |3 - fagd 4RT o Gabhia T

Electromagnetic induction [Famda.y): the production of an induced
potential difference (and current) in a coil when there ic a relative motion
between the coil and & maguet, or when the magnetic field through it
changes. The direction of the induced current changes with the direction
of motion. When a maguet ic moved towards a coil, a galvanometer chows
a momentary deflection; if the magnet ctops, the deflection falle to zero.
The faster the motion, the larger the induced current. Induced current
can also be produced by changing the current in a nearby coil (mutual
induction).

Fleming'c right-hand rule: stretch the thumb, forefinger and middle finger
of the right hand mutually perpendicular; if the forefinger pointe in the
direction of the magnetic field and the thumb in the direction of motion of
the conductor, then the middle finger gives the direction of the induced
current. This rule ic uced to find the direction of the induced current in a
generalor.

Electric generator: a device that converts mechanical enerqy into electrical
enerqy based on electromagnetic induction. A rectangular coil ic rotated
between the poles of a permanent magnet; the changing maguetic flux
inducee a current init. JTn an AC generator the ends of the coil are
connected to two <lip ringe (instead of a cplit-ring), which rotate with the
coil, and brushes prece against the ringe. The output current changes
direction after every half rotation, <o it ic alternating current (AC). In a
DC generator, & cplit-ring commutator ic used to get a current in one

direction.
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AC vs DC: direct carvent (DC) flows in one direction, from a cell or
battery; alternating current (AC) revercec direction periodically. In India,
AC has a frequency of 50 Hz (changes direction once every 1/100 ¢) with
a voltage of 220 V. Advantage of AC: electric power can be tranemitted
over long distances without much loss of energy. Dicadvantage: it cannot
be ctored in celle (DC can be ctored). Generators in power ctations work
on hydro, thermal or nuclear energy.

Domestic electric circuits: electric power ic cupplied through a main cupply
with three wires. (ive wire (red ingulation, positive; 220 |/ potential
relative to neutral), neutral wire (black inculation, zero ,botent/‘a/] and
earth wire (green ingulation, connected to a metal plate deep in the
ground; it provides low-rescictance path for leakage current from the
metallic body of appliances co that the user does not get a chock). The
appliances in a house are connected in parallel. The fuse profects the
eircuit against overloading and chort circuit. The earth wire i¢ connected
to the metal casing of appliances like refrigerators and toasters.

Chort circuit: it occure when the five and neutral wirec come in direct
contact (e.g. due to damaged insulation), causing a cudden large carrent.
Overloading occurs when the current drawn exceeds the capacity of the
circuit, €-9- when too many appliances are connected to a cingle cocket at
once. A fuse, or a miniature circuit breaker (MCB), ie uced to quard
against these. Safe wires chould have proper insulation. A/umyc' cwitch off

the main before repairing an appliance.

Important Formulas [/ alues

Right-hand thumb rule: thumb = current, curled fingere = maguetic field

direction
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o Fleming'e left-hand rule (motor): Forefinger = Field, Middle finger =
Current, Thumb = Force/motion

o Fleming’c right-hand rule (generator): Forefinger = Field, Thumb =
Motion, Middle finger = induced Current

o Field of ctraight wire: B ¢ I and B < 1/r ; Field of coil with » turng =
x field of one loop

o Motor: electrical — mechanical energy ; Generator: mechonical —
electrical enerqy

© Frequency of AC in India = 50 Hz ; Supply voltage = 220 |/

o Domecstic wires: Live = red ; Neutral = black ; Earth = green

o Fuce rating examples: 5 A for lights and fans, 15 A for heavy appliances

(geysers, AC<)

Key Terme
Magnetic Field / Field lines — Region around a magnet where its force acte /

imaginary lines chowing the field, from N to S outcide the magnet.

Solenoid — A long coil of many closely wound circular turne of insulated wire
that behavee like a bar magnet when current flows.

Electromagnet — A coft iron core in a colenoid that ic magnetised only whife
current flows.

Flemingc left-hand rule — Rule to find the direction of force on a
current-carrying conductor in a magnetic field.

Electromagnetic induction — Production of induced current in a coil by a
changing magnetic field or relative motion.

Electric motor — A device that converte electrical enerqy ints mechanical

eherjy.
Electric genemtor - A device that converts mechanical enerqy into electrical

enerqy.
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Commutator [ Slip ring — Split ving revercing current direction in a DC
motor/generator; clip rings give AC in an AC generator.

Earth wire — Green wire connected to the metal casing of an appliance,
which carries leakage current to the ground for cafety.

Short circuit / Overfoading - Short circuit: direct contact of live and neutral

wires; overloading: drawing more current than the circuit can bear.

Diagrame [ Flowcharte
Magnetic Effecte of Current: Overview

Electricity and magueticm
fereget SR Zgepea
I
| | |
Current produces Field exerts force on Changing field
magunetic field current produces current

RT3 a1 &5 &5 9 9 IRl
I I I
Straight wire, loop, Electric motor Generator, trancformer
colenoid, electromagnet

Right-Hand Thumb Rule
Hold the straight wire in the right hand

!
Thumb pointe along the current direction

l
Curled fingere show the field direction

!

Field lines are concentric cireles around the wire
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Working of an Electric Motor

Current flows in the rectangular coil in the maguetic field

!

Forces on oppocite cides act in opposite directions

|
Coil rotates (Fleming'e left-hand rule)

!

g,b//f—ring commutator reverces current each half turn

4

Coil keeps rotating: electrical — mechanical energy

Working of an AC Generator

Mechanical energy rotates the coil in the magnetic field

J
Magnetic flux throvgh the coil keeps changing

!

Electromagnetic induction produces current

!
Slip rings and brushec take current out

|
AC output; direction changes every half rotfation
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Electromagnetic Indvction Experiment

Coil connected to a galvanometer

!
Magnet moved towards the coil

|
Galvanometer needle deflecte (induced current)

l
Magnet ctope: deflection becomes zero

4

Magnet moved away: deflection reverses

Domestic Wiring (Three Wires)

Maing cu/bp/y
e 34T°LF<"

SR | W |
(ive wire /l/e«tm/ wire Earth wire
g 4 AR
— T N |
Red, 220 I/ B/Mé, ol Green, cafely
Electric Motor vs Generator
— \ (
Motor Generator
« Electrical — mechanical enerqy * Mechanical — electrical enerqy
« Uses Fleming’s left-hand rule + Uses Fleming’s right-hand rule
* Principle: force on current in field * Principle: electromagnetic induction
\ « Split-ring commutator \ « Slip vinge (AC) / commutator (DC)
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AC ve DC
AC Dc
* Direction reverses periodically * Flows in one direction
+ 50 Hz in India « From cell or battery
« Transmitted over long distances eagily + Loges more energy over dictance
\ Cannot be stored in cells \ + Can be stored in cells

Jextbook Exercise Questions
Q.1 Why does a compacs needlfe get deflected when brought near a bar

magnet?
Ans. A compacs needle ic a small magnet. It experiences a force from the
magnetic field of the bar maguet, co its poles are attracted and repelled
and it deflecte.

Q-2 Draw magnetic field lines around a bar magnet.
Ans. Draw cloced lines from the north pole out of the magnet to the couth
pole, with arrowe pointing N to S outside, and continving through the

magnet from S to N inside. The lines are clocer near the polec.

Q.3 Lict the properties of magnetic field lines.

Ans. They ctart at the north pole and end at the couth pole outside the
magnet, forming closed loops. They are closer where the field ic ctrong.
No two field linec crose each other. The tangent to a field line gives the
Field direction.

Q-4 Why don’t two magnetic field lines intercect each other?
Ans. IF they intercected, at the point of intercection a compacs needle would
oint in two directions at once, which i¢ imposcible. So field lines never
P 4

crogg.
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Q.5 Consider a circular loop of wire lying in the plane of the table. (et the
current pass through the loop clockwise. Apply the right-hand rule to find
out the direction of the magnetic field inside and outside the loop.

Ans. For clockwice current viewed From above, the field inside the loop ic

directed into the plane of the table (downward) and outside the loop it ic
directed out of the plane (upward).

Q-6 The maguetic field in a given region ¢ uniform. Draw a diagram to
reprecent it.
Ans. A uniform field ic reprecented by equally cpaced, parallel ctraight lines
with the came direction, €-9- horizontal paralflel lines with arrows

pointing the came way.

Q.7 Choose the correct option. The maguetic field inside a long ctraight
colenoid carrying curvent: (&) ic zero (b) decreaces ac we move towards
its end (¢) increaces ac we move towards ite end (d) ic the came at all
pointe.

Ans. The answer ic (d) ic the came at all pointe (uniform).

Q.8 Which of the follswing properties of a proton can change while it moves
Freely in & magnetic field? (2) mass (b) cpeed (c) velocity (d) momentum.
Ans. The answer ic (c) velscity and (d) momentom. The magnetic force
changes the direction of motion, co veloeity and momentum change while

cpeed and mass ctay constant. [/Mm«.y cources give (¢) and (d).)

Q.9 In Activity 13.7, how do we think the displacement of rod AB will be
affected if (i) current in rod AB ic increaced; (i) a ctronger horizontal
maguet ic uced: and (iii) length of the rod AB ic increaced?

Ans. Tn all three cacec the displacement of the rod increaces, cince the force

F = BII rices with the cuarrent, the field and the length of the rod.
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Q.10 A positively-charged particle [a/pha—,bar?‘fc/e) projected towards west ic
deflected towards north by a magnetic field. The direction of magnetic
field ic: (a) towards couth (b) towards eact (¢) downward (d) upward.

Ans. The answer ic (d) upward. By Fleming’c left-hand rule: force towards
north, current (motion) towards west, co the field i upward.

Q.11 State the rule to determine the direction of a maguetic field produced
arovnd & ctraight conductor-carrying curvent.
Ans. Right-hand thumb rule: hold the wire in the right hand with the thumb

along the current; the curfed fingere chow the direction of the maguetic
Field lines.

Q.12 When ic the force experienced by a current-carrying conductor placed in
a magnetic Field largect?

Ans. The force ic largect when the direction of the current ic perpendicular
(at vight anglec) to the magunetic field.

Q- 13 Imagine that you are citting in a chamber with your back to one wall.
An electron beam, moving horizontally from back wall towards the front
wall, i¢ deflected by a ctrong maguetic Field to your right cide. What ic
the direction of magnetic field?

Ans. The electron beam's motion ic from back to front; the equivalent current
(conventional) ic from Front to back. Force ic to the right. Applying
Fleming'e left-hand rule, the magnetic field ic directed vertically

downward.

Q.74 Draw a labelled diagram of an electric motor. Explain its principle and
working. What i¢ the function of a cplit ring in an electric motor?
Ans. Principle: a current-carrying coil in a maguetic field experiences a

torque. Working: current flows in the coil through brushes and cplit
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rings; the forcec on the two cidec are opposite co the coil rotates. The
cplit ring reverces the current direction every half turn, co the coil keeps

rotating in the came direction.

Q.15 Name come devicee in which electric motore are uced.
Ans. Electric fans, refrigerators, washing machines, mixers, grinders, water

pumps, computers’ cosling fans, toys and electric vehicles.

Q.76 A coil of insulated copper wire ic connected to a galvanometer. Uhat
would be ceen if a bar maguet with its north pole towards one face of
the coil ic (1) moved quickly towards the coil, (ii) moved quickly away from
the coil and [/f/‘) placed near its one foace?

Ans. (i) The galvanometer needle chowe a momentary deflection in one
direction. (i) It chowe a momentary deflection in the opposite direction.
(iii) No deflection occurs becavse the maguet ic at rest, co there ic no

change in the flux.

Q.17 Two circular coile A and B are placed cloce to each other. IF the current
in the coil A i¢ changed, will come current be induced in the coil B? Give
reason.

Ans. Yec. A change in the current in coil A changes the magnetic field
through coil B, which induces a current in B (mutual induction).

Q.18 State the rule to determine the direction of (i) the force experienced by
a current carrying ctraight conductor placed in a maguetic field which
ic perpendicular to it, and (ii) the induced current produced in a coil.

Ans. (i) Fleming'e left-hand rule gives the direction of the force. (i) Fleming's
vight-hand rule gives the direction of the induced current (and (enz'e
law in higher classes).
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Q.19 Explain the underlying principle and working of an electric generator by
drawing & labelled diagrom. What ic the function of brushes?

Ans. Prin ciple: electromagnetic induction. When a coil i¢ rotated in a
magnetic field, the flux changes and a current ic induced. Partes: coil
maguet, <lip ringe, brusches. The brushes prece against the ringe and

carry the current to the external eircuit.

Q.20 When does an electric chort circuit occur?
Ans. When the live wire and the neutral wire come in direct contact (due to
damaged insulation or a Fault in the a,bp/fa,nce), the resictance falle

charply and a very large current flows.

Q.27 What ic the function of an earth wire? Why ic it necescary to earth
metallic appliancec?

Ans. The earth wire provides & low-resictance path for leakage current to the
ground. IF & live wire touches the metal body of an appliance, the
current goec to the earth instead of through the ucer, avoiding chocks.

@Q-22 Which of the Following correctly describes the magnetic field near a long
ctraight wire? (a) The field consicts of ctraight lines perpendicular to
the wire (b) The field concicte of ctraight fines parallel to the wire (c)
The field consicts of radial lines originating From the wire (d) The field
concicte of concentric circles centred on the wire.

Ans. The answer ie (d) concentric circles centred on the wire.
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(.23 The phenomenon of electromagnetic induction is: (2) the procecs of
charging a body (b) the procecs of generating maguetic field due to a
curvent passing through a coil (¢) producing induced current in a coil
due to relative motion between a maguet and the coil (d) the procecs of

rotating a coil of an electric motor.

Ans. The answer ic (c ).

Q-24 The device used for producing electric current ic called a: (2) generator
(b) galvanometer (c) ammeter (d) motor.

Ans. The answer i¢ [a} generator.

Q.25 The ecsential difference between an AC generator and a D generator ic
that: (a) AC generator has an electromagnet while a DC generator has
permanent magnet (b) DC generator will gemerate a higher voltage (c)
AC generator will generate a higher voltage (d) AC generator has clip
ringe while the DC generator has a commutator.

Ans. The answer ic (d).

Q.26 At the time of chort circuit, the current in the circuit: (a) reduces
cubstantially (b) does not change (¢) increases heavily (d) vary
continvously.

Ans. The answer ic (¢) increaces heavily.
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Q.27 State whether the following ctatements are true or falce. () An
electric motor converts mechanical enerqy into electrical energy. (b) An
electric generator worke on the principle of electromagnetic induction.
() The field at the centre of a long circular coil carrying current will be
parallel ctraight lines. (d) A wire with & green ingulation is usually the
live wire of an electric Cup,b/y.

Ans. (2) False (it converts electrical into mechanical). (b) True. (¢) True. (d)
False (green ic the earth wire).

Q.28 Lict three courcec of magnetic fielde.
Ans. A permanent maguet, a current-carrying conductor (wire, loop, colenoid)

and an e/ec?‘komaynet.

Q.29 How does a colenoid behave [ike a magnet? Can you determine the north
and couth poles of a current-carrying solenoid with the help of a bar
magunet? Explain.

Ans. A current-carrying colenoid produces & field cimilar to a bar magnet,
with one end ac the north pole and the other as the couth. Bring the
north pole of a bar magnet near one end: if it ic repelled, that end ic the
north pole; if attracted, it ic the couth pole.

Q.30 When ic the force experienced by a current-carrying conductor placed in
a maguetic field largect? (repeat of idea) What ic the principle of an
electric fuse?

Ans. (argest at 70° A fuse worke on the heating effect of current: a thin
wire melte when the current exceede a c¢afe limit and the circuit i¢

broken.
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Q.37 What ic the role of the fuse, usced in ceries with any electrical appliance
in an electric circuit?

Ans. The fuse profecte the appliance and circuit from damage due to
overfloading or chort circuit. When the current exceede the rated value,

the ﬁ(re wire melte and breake the eircuit.

Q.32 What precavtion chould be taken to avoid the overloading of domectic
electric circuits?

Ans. Do wot connect tos many high-power appliances to a single cocket, uce a
Fuse or MCB of the proper rating and good insulated wires, and uce
ceparate circuits for heavy appliances like geysers and ACc.

CBSE Previous Year Board Questione (with Solvtions)
Q.1 [CBSE Board | 3 marke] State Fleming'e left-hand rule. Which device
uces this rule?
Ans. Streteh the thumb, forefinger and middle Finger of the left hand
mutually perpendicular: Forefinger = field, middle finger = current, thumb

= force. It ic uced in the electric motor.

Q.2 [CBSE Board [ 3 marks] Explain with a diagram the working of an
electric motor and the role of cplit ringe.
Ans. The coil rotatec becavse the forces on ite opposite Sides are opposite.
Split-ring commutator reverses the current in the coil every half turn co

rotation continves in the came direction.

Q.3 [CBSE Board /3 marke] What ic electromagnetic induction? State
Faraday'c observatione with a coil and maguet.
Ans. Production of current in a coil by a changing magnetic field. Moving a
magunet into the coil deflectc the galvanometer; moving it out deflects it
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oppositely; no deflection at rest; faster motion gives larger deflection.

Q.4 [CBSE Board | 3 marke] Differentiate between AC and DC. State one
advantage of AC.
Ans. AC reverces direction periodically (50 Hz in Tndia); DC Hows in one
direction. AC can be trancmitted over long distances with fece loss.

Q.5 [CBSE Board [ 3 marks] Deccribe the colsur code of wires in domestic
eircuits and the function of the earth wire.
Ans. (ive: red; neutral: black; earth: green. The earth wire connected to the
metal case gives alow-resistance path to the ground for leakage current,

preventing chocks.

Q.6 [CBSE Board [ 2 marke] What ic a colenoid? /hat ic the nature of the
Field inside [t?
Ans. A coil of many circular turns of wire. The field inside ic uniform, with
parallel ctraight field lines.

Q.7 [CBSE Board [ 3 marke] Why ic a coft iron core used in an
electromagnet but cteel in a permanent moagnet?
Ans. Soft iron ¢ eacily magunetised and (osec magnetiom when current ic off
which cuits an electromagnet. Steel retaing magnetiom for long, co it

cuite & permanent magnet.

Q.8 [CBSE Board | 2 marke] Name the device that converts mechanical
enerqy into electrical enerqy and the principle on which it works.

Ans. Electric generator; electromagnetic induction.
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Q.9 [CBSE Board [ Assertion-Reason] Acsertion (A): Two magnetic Field lines
never intercect. Reacon (R): At the point of intercection, there would be
two directions of the field.

Ans. Both A and R are true, and R ic the correct explanation of A.

Q.10 [CBSE Board [ 3 marks] Explain overloading and chort-circuiting. How
does & fuse help?

Ans. Overlvading: more current drawn than capacity; chort circuit: live and
neutral touch, current becomes very high. The fuse wire melte and cuts

off the supply, protecting appliances.
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