MAGNETIC EFFECTS OF CURRENT

QL What is a magnet? What are its types?
Ans. A magnet is a substance that attracts pieces of, iombalt, nickel, etc and aligns itself in the thersouth direction when suspended
freely. The Greeks knew the phenomenon of magnetism, as a&adyound 800 BC. They discovered that certainegpnow called
magnetite (Fg,), attract pieces of iron. The Chinese called & tlodestone i e. the leading stone. In 1269 Piderdaricourt found
that magnet has two poles, North Pole and Soutke.Fiibsequent experiments showed that every maggatdless of its shape, has
two poles.in 1600 William Gilbert extended these experiménta variety of materials. Using the fact that angass needle orients in preferred
directions, he suggested that the earth itself large permanent magnet. It was Oersted vihdl819gave the first evidence of the connection
between electricity and magnetism. The cause ohetisgn is the motion of charges.

All magnets can be classified into two tygigNatural and (ii) Artificial or man made
Natural Magnets The natural magnets are the one, which occur radiyin nature e.g

Vlagnetite ore (E®,) is a natural magnet. It

is also called lodestone. A lodestone occurs iygles of shapes and has a weak Ragnetic fieldgitie
Artificial Magnet: An artificial magnet is one, which is made by nignmagnetising i of iron or nickel. Hnéficial

Titanium). They are of various shapes: Bar Maghe§haped Magneg ic Ces aedle, etc.
Bar Magnet A magnet in the form of a rectangular bar or resi sestion i

. X bmgnet has two

poles is called the magnetic length. The face-te-fdistance is ca
length.

Isolategpoles do not existhe ynagnetic poI S always R
small pieces each piece by jtgelf is a magnet.niigg

is cut perpendigdlar tots4ength there is no cga' \
Like|poles repel each _atherand unitike poles a 5
each\other, whereas'when two north or twossouteggte brought'closer they repel each other.
Ever Iagnet possesses some magnetic dipQle myiremted fron South Pole to North Pole inside thegmet.
6. he cause of magnetism of a magnet isthe mafioharges.
The magnetism of a magnet.carT€ destroyed by ghgnmagnet above a particular temperature calledie’s Temperature.

Qs. What is Magnetic €ampass? What are itsjuses?
Magnetic Compass is gfevice Used0 find the tilifeof magnetic field at a pint. It consists dirsy magnet called Magnetic Needle
pivoted on a spindle(at the centre so that it aagaf freely. The Magnetic needle is enclosed in & ¢tmvered by plastic or glass on
both sides. The arrowkead of the needle is tithmmle of the compass and the tail acts as thehS@ale. The North Pole is usually
coloured red.

Magnetic Compass Needle is used: Do You Know

to find the direction of earth's magnetic field

to test the polarity of another magnetic pole. 1. A magstripe on a credit card contains millions

to find the strength of magnetic field of a magnet. of tiny magnetic domains held together by a
resin.

Q4. What is a magnetic field? What are its units?

Ans. MAGNETIC FIELDAccording to Faraday a magnet modifies the spa®ind itself in such a manner that if any other
magnetic substance moves into this space it expe#ea force. This is termed as the magnetic farbe.region around a magnet
in which its magnetic force can be experienced hgtlaer magnetic substance is called magnetic figldhe magnet.
Magnetic fieldis a vector quantityA magnetic field around a magnet can be visualisedrayving magnetic field lines around the
magnet. The Sl unit of magnetic field is Tesla Thus,1 Tesla= 1 Newton /Ampere-metre = 1NA&*

It has been found that tesla is a fairly large uiiihe other smaller unit of magnetic field is ga(8$ which is related to Tesla as

1 Tesla= 10" gauss.

Q5. What are magnetic field Lines? What are thepprties of magnetic field Lines?

Ans. MAGNETIC FIELD LINES: The concept of magnetic field lines was put forwlaydMichael Faraday in order to explain
the interaction between the poles separated by shetence. A magnetic field line is a pictorial repentation of the magnetic field
around a magnet. Magnetic field lines possessdh@ning properties:

The path along which unit North Pole moves in a medig field if it is allowed to move freely is @l magnetic field line or Magnetic
Line of Force.

Magnetic field lines travel from the north to treugh pole of a magnet outside the magnet and frontho the North Pole inside the
magnet. Thus, they form continuous closed curves.




The tangent drawn at any point of the magneticsliokforce represents the direction of the magrfetld at that point.

Two magnetic field lines do not intersect each iotfikis is because if the do so then the'magfiietid at that point will have two
directions which is not possible.

The field lines of a uniform magnetic field are @éal to each other and the field li
parallel to each other.
The relative closeness of the magnetic field Inepsesents the magnetic fi

They contract longitudinally and exert pressureeach other later

Q6. With the help of an activity, explain how magnield of a mayget can be plotted.
Ans. The magnetic field lines of a Magnetic f|m|de$ can be plotted

ynet ar&parallel and hence the magnetic filed around a breagnet is
agnetiarthe form of parallel straight lines and hencéstimdicates that the

Do You Know

1. Theoretical physicists have speculated about
possible existence of magnetic monopoles but
so far all the attempts have failed to find
magnetic monopoles.

2. Kids! This field of finding magnetic monopoles

Q8. Explain Oersted's discovery. What were the obs@matand conclusions made from the experiment?

Ans. In 1819, Oersted performed an experiment éavghat an electric current flowing through a wipeoduces a magnetic field
around it. Oersted's observation was the first tinglicated a connection between electricity and netigm. The phenomenon due to
which a magnetic field is produced around a curresatrying conductor is called electromagnetism agmetic effect of current. The
Oersted’s experiment was performed as follows:

A wire was connected to a battery in such a way shcurrent flows through the wire placed paralfelthe magnetic compass kept
directly over the wire.

The compass needle shows no deflection when nentutows through the wire.

When a current is passed through the wire, the leegttbws deflection in one direction.

When a current is passed through the wire in ofgpddirection, the needle shows deflection in ogpatirection.

When the compass is placed directly below the thizeneedle deflections are reversed.

When the magnitude of the current is increasedd#ikection of the magnetic needle increases.

Conclusions These observations led Oersted to conclude that:

A magnetic field is produced around the currentyiag wire because a magnetic needle can be deflieanly due to the presence
of a magnetic field.

When no current flows through the wire, magnegtdfis not produced around the wire.

When direction of current is reversed, the diretdd magnetic field is also reversed.

When the magnitude of the current is increasedstiength of the Magnetic field also increases.



Lab cl
/;a el — - Horizontai - » Ll Slerm
yd conductor {—)
*
e e gy
Turns N
fﬁ )
Demonstration \\

compass

o 1

5 = 12V
Su pport baitery
N 12V N Qw N

t——— ,,,,J lamp {(autoy™>~___

§ Conductor
perpendicuiar
Freely suz?ended to needle
needie

Conductor below

Conductor above needie

needie

The direction of the deflection of the needle camétermined by:
Ampere's swimming Rulelmagine a man swimming along a wire in the di@ctof the current with his towards the
and leaves at his head. The north pole of the eeeilll be deflected towards his left.
SNOW Rule If the direction of the current flowing throughet wire is from south (S)
is deflected towards the west.

ehat the current enters at his feet

orth (N) and the visrplaced over the peedle, the North Pole of thedie

a) Describe an activity to explain the pattermudgnetic fieId du i rrent carryingncluctor.
b) What are the factors on which magnetic figl nductor depends?
c) How can we find the polarity or directign urrent carrying carator?

a) The Pattern of Magnetic FieldThe pattern of magnet|c field duetg-a straighirent carrying conductor can be explained
with the help of following activity:
Take a copper wire AB. Pass it through a cal
Connect the wire to a battery through a key.
Sprlnkle some iron filings gn

Note that the sam
Hence, the magnetlc of
conductor at the centre: ffection of magniicl changes when the direction of current is reed. As we move away from the
straight current carrying conductor the distancdveeen the magnetic field lines increases continlyodis shows that as we move
away the magnetic field decreases continuously.
b) Factors on which Magnetic Field Dependk is found that the magnitude of magnetic fiatdund a straight wire carrying
current is:

directly proportional to the strength of currentgsed through the wire. i.e.,dl

inversely proportional to the distance of the pahbbservation from the straight current carryimge i.e.B oco1/d

Thus, Bo | /d

B= Mo I/d

whereyy is called magnetic permeability of free space angt 4z x 10 Tm/A
This shows that as we move away the magneticdadteases continuously.
c) Polarity or Direction of Magnetic Field The polarity or direction of magnetic field due & straight current carrying
conductor can be found as follows:
Right Hand Thumb Rule or Right Hand Palm Ruike right hand thumb rule or palm
rule gives the direction of magnetic field due tsti@ight current carrying conductor.
According to the rule, "Grasp the conductor in tight hand with the thumb pointing
in the direction of current, and then the directionwhich the fingers curl gives the
direction of the magnetic field."
Maxwell's Cork Screw Rule or Right Hand Screw RAlecording to this rule, ‘Imagine a right handed sarto be rotated in the direction
of current, and then the direction of rotation giwbe direction of magnetic field lines’.
By using Magnetic Compass Needl¢hen a Magnetic compass is placed at a point @estraight current carrying conductor, the
direction in which the Magnetic Compass Needle fsoigives the direction of the magnetic field att thoint.

Direction of magnetic
lines of farce

Current
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a) Describe an activity to explain the pattermudgnetic field due to a current carrying circuleil.
b) What are the factors on which magnetic field ttua current carrying circular coil?
c) How can we find the polarity or direction of nmegic field due to a current carrying circular c®il
a) The Pattern of Magnetic FieldThe pattern of magnetic field due to a currentrging circular coil can be explained with

the help of following activity:
Let us bend the wire into a circular shape.
Pass the coil through a cardboard as shown in figur
Connect the free ends of the coil to a battery akey.
Sprinkle some iron filings on the cardboard.
Put on the key you will find that the iron filingsrange themselves in the form ¢
concentric circles as shown in the figure.
Reverse the direction of current by changing thianity of the battery. 3 (
You will find that this time too, the iron filingsrange themselves in concentri * e
circles but in opposite direction. . e+ ;J
The same experiment can be perforrgdsing a magnetic compass and plottir] ‘ K’——l '| '|
the lines of forces. Variable resistance Battery
Thus, The magnetic lines of forces near each segofievire are circular and form concentric circlesth ever increasing radii as we
move away from the wire, whereas the lines of faeas the centre of the coil are in the form of &igs appearing almost as straight
lines.
Thus, at the centre of the coil, the magnetic figldniform and perpendicular to the plane of tlod.c
It is to be noted that every point on the circutarrent carrying wire gives rise to the magnetaldi appearing as straight lines at the
centre. By applying the right hand thumb rule, imel that every section of the wire contributeshe imagnetic field lines in the same
direction within the loop. Thus, if there is a ditar coil having n turns, the magnetic field proeéddoy this current-carrying circular
coil will be n times as large as that produced bgiraular loop of a single turn of wire. This isdsise the current in each circular
turn of coil flows in the same direction and magméeld producedyeach turn of circular coil then just adds up.
b) Factors on which Magnetic Field Dependét is found that the magnitude of magnetic fielde to a current carrying
circular coil is:

directly proportional to the strength of currentgsd through the wire. i.e., Bl

Inversely proportional to the radius of they cod.i Bol/r

directly proportional to the number of turns of thee. i.e., Bon.

Thus, Bwo nl /r

where r is the radius of the coil.
c) Polarity or Direction of Magnetic Field The polarity of the current carrying coil is fodioy:
Right Hand Palm RuleCurl the palm of your right hand around a circulaire with the fingers pointing in the directior current,
then the right hand thumb gives the direction eftiagnetic field.

Card beard

r

Thumb points
to N-pole

Fingers indicate conventional
current direction

Clock Rule:The face or end of the coil behaves as North Rblen the direction of current in the coil is antickwise and the end of
the coil behaves as South Pole when the directi@ument in the coil is clockwise.
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By using a bar magnethen North Pole of a bar magnet is brought neae end of the coil such that there is repulsioentthis end
of the coil is the North Pole of the bar magnet.

a) What is a solenoid? Explain the pattern of nmetgnfield due to a current carrying circular coil.
b) What are the factors on which magnetic field ttua current carrying circular coil?

c) How can we find the polarity or direction of nmeagic field due to a current carrying circular c®il
Ans. a) A solenoid is a long cylindrical coil of nyatightly wound

turns of insulated wire such that its length isaer than its diameter and it
behaves like a magnet when current is assed thraugiWhen a current is
passed through a solenoid, a magnetic field is ldgesl in and around it. As
the electric current in each circular coil flows ithe same direction, the
magnetic field of the loop makes one end of a sadesct as a North Pole and
the other end as the South Pole.

The Pattern of Magnetic FieldThe magnetic field around a current carryin|
solenoid is similar to the magnetic field produdsda bar magnet as shown i

solenoid and acts along the axis of tm
b) Factors on which Magnetic Eield De dExperlments show that the magi

Pojetity orDj

ight Han{l Palm Ru of your rig thand around ing~s0lenoid with the fingers pointing in thigettion of
urrent, then-theTight hand thumb giv

a soft iron core. The purpose of the core is toéase the intensity of the magnetic field. In fattelectromagnet is a solenoid with
an iron core at its centre. The strength of the n&ig field of an electromagnet depends upon tineestactors as that of a solenoid.
An electromagnet works on the magnetic effect wéaott

FACTORS AFFECTING THE STRENGTH OF AN ELECTROMAGNE® strength of an electromagnet depends on:

The number of turndf we increase the number of turns in the cdig strength of electromagnet increases. i.eo, 1B

The current flowing in the coilf the current in the coil is increased, the stggh of electromagnet increases. i.expB.

The length of air gap between its poléswe reduce the length of air gap between thiepof an electromagnet, then its
strength increases. For example, the air gap betwthe poles of a straight, bar type electromagsetjuite large, so a bar type
electromagnet is not very strong. On the other hahe air gap between the poles of a U-shaped reletgnet is small, so it is a
very strong electromagnet.

The core of an electromagnet must be of soft imcabse soft iron loses all of its magnetism whereatiin the coil is switched off.
On the other hand, #teel is used for making the core of an electroreghe steel does not lose all its magnetism vithercurrent
is stopped and it becomes a permanent magnetidtiky steel is not used for making electromagriglectromagnets can be made
in different shapes and sizes depending on thegserfor which they are to be used.




It should be noted that in many' respects an eb@etignet is better than a permanent magnet becdusaniproduce very strong
magnetic fields and its strength can be controllgdvarying the number of turns in its coil or byaohing the current flowing
through the caoil.

Q13. What is the difference between differencésdmn a bar magnet and an electromagnet? ( OR) Idd\m electromagnet is
better than a permanent magnet?
Ans. Anelectromagnet is better than a permanent magnétlkavs:

Bar Magnet Electromagnet

1. The bar magnet is a permanent magnet. 1. An electromagnet is a temporary magnet. Its ratigm is only for
the duration of current passing through it.

2. A permanent magnet produces a weak magnetie forc| 2. An electromagnet can produce very strong magfietce.

3. The strength of a permanent magnet cannot begdth | 3. The strength of an electromagnet can be chabgezhanging the
number of turns in its coil or current passing thgh it.

4. The polarity of a permanent magnet is fixed. 4. Its polarity can be changed by changing thediom of current.
5. It cannot be readily demagnetized. 5. It can be readily demagnetized by stopping aurre
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Q14. Describe '-l Rh K an activity to show
that a current carrying

conductor placed in a magnetic field experienceseghanical force
Ans. Oersted found that an electric current flowing thgh a conductor prodlces™g
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a)
b)
c)
d)

Q15. What are the factors on which the force exgpmx@d by the current carrying conductor placed magnetic field depends?
Ans. Experimentally it has been found that theda@xperienced by the current carrying conductor imagnetic field is directly
proportional to:

the magnitude of current flowing through the cordud.e., Fol. This means more the strength of current,
more is the forcexperienced by the current carrying conductor aedce more is the displacement of the rod.

the magnitude of the magnetic field of the mageetFooB . This means more the Magnetic field, more is the
forceexperienced by the current carrying conductor diedce more is the displacement of the rod.

the length of the conductor inside the magnetid fie., FooL . This means more tHength of the conductor inside the
magnetic field more is the forcexperienced by the current carrying conductor Aedce more is the displacement of the rod.

the sine of the angle between the conductor andrthgnetic field i.e., o sind . Theforce experienced by the current
carrying conductor and hence displacement of thleisdargest when the direction of current is aght angles to the direction of the
magnetic field § = 90) and Theforce experienced by the current carrying conductor &edice displacement of the rod is largest
when the direction of current is parallel to theatition of the magnetic field € 0).

Thus, F= BLIsind

if 9 = 90° i.e., the rod is perpendicular to the directiointhe magnetic field, then#B | L

if & = 0°i.e., the rod is parallel to the direction oktimagnetic field, then £0

Q16. State Fleming's Left Hand Rule

Ans. ELEMING'S LEFT HAND RULE :

According to Fleming’s Left Hand Rule,”Stretch ttreimb, forefinger and middle finger: o
your left hand mutually perpendicular to each otlseich that the fore finger points in th _,
direction of magnetic field athe middle finger in the direction of current, thiéye thumb will
point in the direction of motion or the force agtian the conductor”.

(Remember this rule by FBI).

Q17. What is electric Motor? What are its types?
Ans. THE ELECTRIC MOTOR: An electric motor is a device that converts eleetrienergy into mechanical energy (kinetic
energy). Electric motor is used as an important ponent in electric fans, refrigerators, mixers, Wwiag machines, computers, MP3
players etc. There are two kinds of motors thatisein our day to day life- DC Motor and DC Motor.

Construction The construction of a dc motor is as follows:

Armature An electric motor consists of a rectangular cABCD of insulated copper wire wound on a soft icone. The coil and the
core together form Armature, which is free to retabout an axle.

Strong Field MagnetThe coil is placed between the two poles of ameaghich provide
AB and CD are perpendicular to the direction of thagnetic field.

s{rong magnetic field such tha arm

current in the armature coil after each half rotati
Brushes The external conducting edges afdRd R touch (pres
B>, respectively, as shown in the figure.




The main difference between AC Motor and DC Matdhat:

DC Motor consists of half rings. DC motor uses dppy e.g. motors of battery operated toys.

AC Motor consists of full rings called Slip Ring€C motor uses AC supply e.g. Motor of a fan.

Q18. What igalvanometer?

Ans.  Galvanometer A galvanometer is an instrument that can deteetgresence of a current in a circuit. The poimaEmnains at
zero (the centre of the scale) for zero currenwvit through it. It can deflect either to the left to the right of the zero mark
depending on the direction of current.

Q19. What is meant by Electromagnetic Inductiorz?ethe rule used to find the direction of the ioeli current in the coil.

Ans. When magnetic field or magnetic flux throagttosed circuit or coil changes due to relativetimo of a magnet and a coil ,
an emf and hence current are induced in the cirouitoil.. The emf induced in the coil is calledlilced emf and the current
produced in the coil due to changing magnetic fisl¢alled induced current. The phenomenon of peoduinduced current in a
closed circuit or coil due to the change in magandield in the closed circuit or coil is called eteomagnetic induction. This
phenomenon was first discovered by English physiishael Faraday in 1831. In practice we can igdicurrent ina coil by:

moving a coil in a magnetic field or moving a magoevards or away from the coil

by changing the magnetic field around a coil (s@@ry coil) by changing current in another coil {piary coil) it.

The value of the induced current depends on thewolg factors:

directly on the strength of the magnetic field,,i.ex B

directly on the number of turns in the coil. i.d.po n

directly on speed with which the magnet moves tdsvtre coil.

The induced current is found to be the highest wherdirection of motion of the coil is at right@gas to the magnetic field. In this
situation, we can use a simple rule to know thedion of the induced current called Fleming's Rigfand Rule.

FLEMING'S RIGHT HAND RULE :
Stretch the thumb, forefinger and middle fingeright hand so that they are mutualll  Magnetic feld
perpendicular to each other. If the forefinger icaties the direction of the magnetic fiel

and the thumb shows the direction of motion of cotat, then the middle finger will Motton
show the direction of Induced current. This simplke is called Fleming's right-hand f,d“"u:;'f Field
rule. in conductor

Induced current

Q20. Explain two ways to induce current in the .coil
Ans. Moving a magnet towards or away from the coil (os) imoving a coil in a magnetic field:

To observe this effect, let us perform the foll@aaativity:

Take a coil of wire AB having a large number ohtur

Connect the ends of the coil to a galvanometehasva in Fig.

Take a bar magnet and move its north pole towdrdsend of the coil.

There is a momentary deflection in the needle ®filvanometer say to the right. This indicatespresence of a current in
coil AB. The deflectiobecomes zero the moméehe motion of the magnet stops.

Now withdraw the north pole of the magnet away ftomcoil. Now the galvanometer is deflected towthelleft, showing
that the current is now set up in the direction ogipe to the first.

Place the magnet stationary at a point near toabi, keeping its north pole towards the end Bhaf toil. We see that the
galvanometer needle deflects toward the right wtiencoil is moved towards the north pole of the meagSimilarly the needle
moves toward left when the coil is moved away.

When the coil and the magnet are both station&msret is no deflection in the galvanometer.

It is, thus, clear from this activity that motiohamagnet with respect to the coil produces amoed potential difference, which sets
up an  gw. ¥-__ N induced electric
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By Changing the Magnetic Field around a Coil (Seagary Coil) using Current carrying another Coil (Pmary Coil).

Let us now perform a variation of above Activitywhich the moving magnet is replaced by a curremtyéng coil and the current in
the coil can be varied.

Take two different coils of copper wire having lamgumber of turns (say 50 and 100 turns respeglivel

Insert them over a non-conducting cylindrical r@l shown in Fig. (You may use a thick paper wlthis purpose.)

Connect the coil-I called primary coil in seriestlva battery and a plug key.

Also connect the coil-2 called secondary coil veithalvanometer as shown.

Plug in the key. Observe the galvanometer.

You will observe that the needle of the galvanomiettantly jumps to one side and just as quickdfurns to zero, indicating a
momentary current in coil-2.

Disconnect coil-I from the battery. You will obsethat the needle momentarily moves, but to thesifgside. It means that now the
current flows in the opposite direction in coil-2.

We observe that as soon as the current in coilathes either a steady value or zero, the galvanemietcoil-2 shows no deflection.
From these observations, we conclude that a patkediiference is induced in the coil-2 whenever ¢hectric current through the
coil-1 is changing (starting or stopping). As tharrent in the first coil changes, the magneticdielssociated with it also changes.
Thus the magnetic field lines around the secondailyalso change. Hence the change in magnetid fieles associated with the
secondary coil is the cause of induced electricenirin it.
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Q21. What is Electric generator? Explain the coastion and working of Electric gefierator.
Ans. Electric generator is a device in which medtanenergy is used to rotate a conducts{ in a negnfield to produce
electricity. It is a device that converts mechahieaergy (kinetic energy) into electjcal energy.\d of two types namely AC
Generator converts mechanical energy into electreszergy in the form_of AC and DC\Generator(Dypamonverts mechanical
energy into electrical energy in the form of DC

Constructiont The construction of a dc generator is as follows:

Strong field MagnetThe coil is placed betweep ides a strong magnetic fiakthghat the
arm AB and CD are perpendicular to the difectiortia

Split Ring- CommutatofThe free ends ¢f the coil are con gs
The inner sides of these halves are insylated #iedtzed to an ax S ; s everses
the direction of flow of current throughcircuit i \ or is to reversethe direction of
current in the armature coil after each half i

Brushes The external conductlng edges of R i S i i B carbon brushes Band
B,, respectively, a the figure.

fhiduction i.e., when magnetic field oagmetic flux through a
g a coil , an emf and hence ctiaemn induced in the circuit or
3 right-hand rule.

the dlrectlon ABCD



If there are larger numbers of turns in the ctlile current generated in each turn adds up to givarge current through the coil.
This means that the current in the external cirfioivs from B to B;.

After half a rotation, arm CD starts moving up aAB moving down. As a result, the directions ofititkiced currents in both the
arms change, giving rise to the net induced curienhe direction DCBA. The current in the externatuit now flows from Bto B..
Thus after every half rotation the polarity of th@rent in the respective arms changes. Such aeotirwhich changes direction after
equal intervals of time, is called an alternatingrent (abbreviated as AC). This device is called?C generator.

The main difference between AC Motor and DC Maidhat:

DC generator consists of half rings or a split-riegmmutator. With this arrangement, one brush ialatimes in contact with the
arm moving up in the field, while the other is ontact with the arm moving down.

AC generator consists of full rings called Slip g&inWith this arrangement, one brush is at all 8rmecontact with the one slip ring
while the other brush is in contact with other glipg. The brushes in an ac generator always remain intact with the same
brush.The emf in an ac generator changes direction aft@ry half cycle of the armature
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Q22. Write a short note in domestic electric citsui
Ans. DOMESTIC ELECTRIC CIRCUITS

In our homes, we receive supply of electric poweough a main supply
electric poles or by underground cables. One ofulires in this suppl

Qugh overhead

also called~qains), eiteppmted th

positive). Another wire, with black insulation,dalled neutral wire (or negative). tia| differenceetween the
two is 220 V.
At the meter-board in the house, these wires ici igh a main fyse. Thylouhe main switch they are

connected to the line wires in the house. T 3 ici 3 ircui W thire . , rate

5 agpliance has a separate
tial dlfference they esenected
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Q23. What is the difference between short-circnd averloading?
Ans.  SHORT CIRCUITING : Short circuit means the coming together of the dimd the neutral wire. This can happen due to the
(i) damage to the appliance or (ii) wearing out of thiees carrying current. When a circuit is short aiited the resistance of the
circuit becomes very small as the current follole $hortest circuit. This results in a large curr@owing in the circuit. This large
current, at times, may heat up the wires to suclexdent that a fire may break out due to the intemsat. The damage due to Short
circuit can be prevented by:
Using proper insulated wires
Using proper rating electric fuse
By earthing

OVERLOADING Every electrical circuit in the house is designedarry a certain maximum value of current. If therent
in the circuit exceeds the predetermined valuey the circuit is said to be overloaded. This maydbe to the connection of a large
number of appliances to the same circuit. Overlogdilso makes a large current flow through the wiaed may also be a cause of
electrical fire. It can be prevented by:
Using proper insulated wires
Using proper rating electric fuse
Using less number of high power devices simultasigou

Q24. What is electric fuse? How does it work?

Ans. ELECTRIC FUSE:Electric fuse is an important safety device ofommestlc circyjts. i¢ fuse is a short kngf
easily fusible wire put into an electrical circddr protection purposes. f e electric circuit and
the appliance from a possible damage due to ovditwpor shot T ctric current. The
Joule heating that takes place in the fuse mettslireak the electqc circuit

The 'fuse rating' is the maximum s ent
required in a lamp is 0.5 A only. So, w A_The protective fuse
wire in a lighting circuit is usually rated i s ol i 5 A rating
may be used.

end of a short glasstube. Newadays miniature\dtmeaker
Fuses blow off due to the following reasons.
Short circuft due to worn out insy#ation on conriegh
Overloading of an eleetrical cirCuit.

Q25. | What is megant by-earthing? ExplainwhQy eaghgni

Ans. ARTHIN G: (GROUNDING): By earthing we mgan the conqecting of a device(system) to the earth. To ensure good
contact with the earth, a large metal plate is ledrunder the earth at g@’depth where the soil isstnd@ihe plate is surrounded by a
mixture of charcoal and common saltte-gnsure gumdact with the weét soil and hence the ground. ddréhing wire is usually bare
and thick. It provides a safe-and easy path\ordleetric ¢tharge e flow down to the earth whiclisags a very large sink.

Earthing the circuit or appliance is/a very impontasafety precaution. If the metal casing of thel@mce is connected to
the earth with the help of a cédndustar, the’metaicg will be then at the same potential as thelege. zero volt. The metal cases of
all electrical appliances used in the home, suchomgr heater, electric stove, electric iron, arennected by the earth cable to the
earth. In case, the insutation inside the appliageeaks down, or the live wire becomes loose andhes the case (body of the
appliance), the case becomes.ive' and the udsragsevere shock, if the case is not earthed.

The power line used for operating tigh power gasigetch as oven, heater etc. has in addition taeline wires - live (L) and
neutral (N) - a third wire E which is the earthimgre. It is connected to the thiiterminal post.

Q26. What is the difference between AC and DC?

Alternating Current(A.C) Direct Current(D.C)

The electric current which changes its direction golarity) after |. The electric current which always flows in the satirection is
certain fixed interval of time is called A.C oreailhating current.| called direct current or D.C. Thus in DC, the patar(+ or -) is
Thus in A.C, the polarity (+ or -) is not fixed fixed.

The source of AC is AC generator, Inverter, etc. .The sources of DC are current DC generator, bat@ra cell,
solar cell, etc.

In AC, the magnitude of the current changes pecalti with }.In DC, the magnitude of the current either remainsstant or
time. changes with time.

The variation of AC with time can be representsed a . The variation of DC with time can be represented a
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Advantages Disadvantages
AC can be easily transmitted over long distancaagustep up). DC cannot be transmitted over long distances ustep up

transformers because there is less loss of enengynd its | transformers because there is more loss of energingl its
transmission. transmission.

AC can be controlled without much loss of elegtidgver. .DC can also be controlled but loss of electric poisamore.
The frequency of AC cannot be zero. The frequeh&Cosupply| The frequency of DC can be zero.

in India is 50Hz.
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Disadvantages Advantages

AC is more fatal than DC because it is usually proet at higherf DC is less fatal than AC because it is usually pict at lower
potential. potential.

AC cannot be used in the process of electrolysis. DC can be used in the process of electrolysis.

In India, the AC changes direction after everylD0 second, that is, the frequency of AC is 50 Hz.
TEXT BOOK QUESTIONS
Q1. Whys does a compass needle get deflected wiheghb near a bar magnet?
Ans. A compass needle get deflected when broughtarigar magnet because Compass needle is itsgtfall magnet and hence
experiences a force in the magnetic field of arbagnet.

Q2. Draw magnet filed limes around a bar magnet.
Ans. Already done

Qs. List the properties of magnetic lines of force.
Ans. Already done

Q4. Why don’t two magnetic lines of force intersssath other?

Ans. The tangent drawn at any point of the magtietis of force represents the direction of the nig field at that point. Two
magnetic field lines do not intersect each othdiisTis because if the do so then the magnetid f¢lthat point will have two
directions which is not possible.

Q5. Consider a circular loop of wire lying in théape of the table. Let the current pass throughltag clockwise. Apply the
right hand rule to find out the direction of magiodteld inside and outside the loop. '

Ans. According to Right Hand thumb Ruldagnetic field inside the loop is perpendicularthe@ plane of table and in the downward
direction. However, outside the loop, magnetidaifiel perpendicular to the plane of the table anthie upward direction.

Q6. The magnetic field in a given region is unifoBnaw a diagram to represent it.
Ans.
Q7. The magnetic field inside a long straight soldrcarrying current is :
(a) zero (b) decreases as we move towards its end
(c) increases as we move towards its ends (d) isghee at all points.
Ans. (b).
Q8. Which of the property a proton can change wheroves freely in a magnetic field?
(a) mass (b) speed
(c) velocity (d) momentum.

Ans. A force acts on a proton when it moves freely imagnetic field. Hence its velocity and momentumatemge.
Ans. (c) and (d).

Q9. In activity 13-7, how do we think the displaeatrof rod AB will be affected if (i) current ind0AB is increasedii) a

stronger horse shoe magnet is inserted (iii) lergftthe rod AB is increased.

Ans. Force acting on a current carrying conductor of ¢gim | placed perpendicular to magnetic field B isegp byF = BLI

i. When | increase, F also increases. Hence the disptent of the rod increases.

ii. When a stronger horse shoe magnet is inserted, etiagiield at B increases. So force also increastence displacement
increases.

il. When | increases, force increases and hence displant increases.



Q10. A positively charged particle (alpha particlejojected towards west is deflected towards néagha magnetic field. The
direction of magnetic field is

(a) towards south (b) towards east
(c) downward (d) upward.
Ans. (d).

Q11.  State Fleming's left hand rule.
Ans. Already done

Q12. What is the principle of electric motor?
Ans. Already done

Q13. What is the role of the split ring in an etectnotor?

Ans. The split-ring in an electric motor reversles direction of current in the armature coil of too Therefore, the direction of
the force acting on the two arms of the coil ioalsversed. As a result of this, the coil of d.otancontinues to rotate in the
same direction.

Q14. Explain different ways to induce current indl.
Ans. Already done

Q15. State the principle of electric generator.
Ans. Already done

Q16. Name some sources of direct current.
Ans. A dry cell, a battery, a solar cell, d.c. geator etc. are some sources of direct current.

Q17.  Which source produces alternating current?
Ans. AC generator (which converts mechanical eperp alternating current or electricityghdanoscillator (a device which
converts D.C. into A.C.) are the sources which pamdalternating current.

Q18.  Arectangular coil of copper wires is rotaiach magnetic field. The direction of the inducedrent changes once in each

Ans. (a) two revolutions b) one revolution
(c) half revolution c) 1/ revolution
Ans. (c).

Q19. Name two safety measures commonly usedadmielercuit and appliances.
Ans. (i) Electric fuse andii) earthing.

Q20. An electric oven of 2 kw power rating is opedan a domestic electric circu@20 V)thathla current rating o5 A. What
result do you expect? Explain.
Ans. P =2 kWt 2000 W and \& 220 V

| = P/V =2000/220 = 9-09 A.
This shows that current flowing through the ovemde than the current rating (5 Aencethe fuse in the circuit melts and oven is
saved from damage.

Q21. What precautions should be taken to avoidtiegloading of domestic electric circuit?
Ans. () We should not connect many appliances in the saciet
(i) Electrical appliances of high power ratingalid not be switched on simultaneously.

CHAPTER END EXERCISES

Q1. Which of the following correctly describes thagnetic field near a long straight wire?
(a) the field consists of straight lines perpeudtar to the wire
(b) the field consists of straight lines paralielthe wire
(c) the field consists of radial lines originating frcime wire
(d) the field consists of concentric circles ezatd on the wire.
Ans. (d).
Q2. The phenomena of electromagnetic induction is :
@) the process of charging a body
(b) the process of generating magnetic field dueutrrent passing through a coil
(c) producing induced current in a coil due toat®ye motion between a magnet and the coil
(d) the process of rotating a coil of an electriotor.

Ans. (c).



Qs. The device used for producing electric curiertalled a

(a) generator (b) galvanometer (c) ammeter nfadyor.
Ans. @).
Q4. The essential difference between an AC geresatba DC generator is that

(a) AC generator has an electromagnet while a D@egator has permanent magnet
(b) DC generator will generate a higher voltage

(c) AC generator will generate a higher voltage

(d) AC generator has slip rings while the DC generdas a commutator.

Ans. (d).
Q5. At the time of short circuit, the current iretbiruit
(a) reduces substantially (b) does not change
(c) increases heavily (d) vary continuously.
Ans. (c).
Q6. State whether the following statements are tnufalse:

(a) an electric motor converts mechanical enerdg #lectrical energy

(b) an electric generator works on the principlestéctromagnetic induction

(c) the field at the centre of a long circular codrrying current will be parallel straight lines
(d) a wire with a green insulation is usually tixelwire.

Ans. (a) False. It converts electrical energy intechanical energyb) True.(c) True. (d) False. Live wire has red insulation cover
Q7. List three sources of magnetic fields.
Ans. Three sources of magnetic fields are;
() a permanent magnet
(ii) a current carrying conductor
(iii) a current carrying solenoid.
Qs. How does a solenoid behave like a magnet? Gardgtermine the north and south poles of a curcantying solenoid with the help of a
bar magnet. Explain.
Ans. When electric current flows through a soldnaiagnetic field is set up around the solenoide phttern of the magnetic field is same as

that of the magnetic field of a bar magnet. One ehthe solenoid behaves as North Pole and ther @he of the solenoid behaves as South Pole.
To determine the north and south poles of a curcantying solenoid with the help of a bar magnesgend it with a strong thread. Now bring the
north pole of a bar magnet towards one end of tlermid. If the solenoid attracts towards the mdgtieen that face of the solenoid is South Pole.
If the solenoid moves away from the bar magnet that face of the solenoid is the North Pole.

Q9. When is the force experienced by a currentyiagrconductor placed in magnetic figldrgest?

Ans. The force experienced by a current carryimigdeictor placed in magnetic fiettargest when current carrying conductor is placed
perpendicular to the magnetic field.

Q10. Think you are sitting in a chamber with yoackto one wall. An electron beam moving horizopfabm back wall towards the front

wall, is deflected by a strong magnetic field to your rigioe. What is the direction of magnetic field?

Ans. Movement from electron beam from back wahédront wall is equivalent to the flow of eléctturrent from front wall to the back wall.
The deflection of the beam means, the force is@ttiwards our right side. According to Fleming&fiitHand Rule, the direction of magnetic field is
vertically downward. That is, the magnetic fielgpespendicular to the plane of the paper and dieddhward. Such magnetic field is shown by ®






Q3.
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A fuse is inserted with each gadget which needgeption, it is inserted in modern power plugs ahéiof course there in each
branch circuit and at the main supply input poiatgrovide safety everywhere. These are essentigh&safety of the person and
building as well as for the protection of the efaal gadgets in use. Whenever there is high cur(e@nexcess of some predetermined
value) the fuse "blows" (melts) and that part af thircuit is turned off. This prevents damage t® gfadget and any fire that could
have resulted from over heating due to excess ourre

Q. AC can be transmitted over long distances using spetransformers whereas dc cannot be transmatesuch.

R. The ac voltages can 6e easily varied by using asfiarmer.

S. The ac can be easily converted into de.

T. The magnitude of ac can be reduced by using a ctwike

U. The ac is easier and cheaper to generate than lie.at generators are usually more robust and tefficiency is high.
The only disadvantage that ac has is that it flowshe outer surface of a conductor and is moral fditan de.

Note :

. Thus in ac, the polarity (+ or -) is not fixed and its current vis time
graph is as shown in Fig 4.35a. Frequency of ac is the number of cycles of ac per second. One cycle
of ac consists of one positive and one negative half cycles. In India the ac we receive at our homes
has a frequency of 50 Hz, and a voltage of 220 V.

The electric current which always flows in the satirection is called direct current or de. Thusde the polarisation (+ or -) are
fixed. The current obtained from the battery oredl & de. The current vis time graph of dc is as shown in figure
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4.35b.

The following are the advantages of ac over de.

Ac can be transmitted ov~r long distances using sfetransformers whereas dc cannot be transmétesiuch.

The ac voltages can 6e easily varied by using asfiarmer.

The ac can be easily converted into de.

The magnitude of ac can be reduced by using a ctwike

The ac is easier and cheaper to generate than lieat generators are usually more robust and teficiency is high.

Note The only disadvantage that ac has is thifdts on the outer surface of a conductor and isenfiatal than de.

The difference between the direct and alternatingents is that the direct current always flows ane direction, whereas the
alternating current reverses its direction periaaliy. Most power stations constructed these dayslpce AC. In India, the AC
changes direction after every 1 / 100 second, ihathe frequency of AC is 50 Hz. An Important adage of AC over DC Is that
electric power can be transmitted over long diseswithout. much loss of energy.

UERS N

4.13.1 Faraday's Experiment and Laws

During the 1830s, several pioneering experiments with magnetically induced emf were carried out in
England by Michael Faraday and in the United states by Joseph Henry.

There are a number of ways a magnetic field can be used to generate an electric current; figure 4.27
illustrates one of them. This figure shows a bar magnet and a helical coil of wire to which a
galvanometer is connected. When there is no relative motion between the bar magnet and the coil, as
in

~part a of the figure, the galvanometer reads zero, indicating there is no current. However, when the
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magnet moves towards the coil, as in part b, a

current appears in the coil. As the magnet approaches, the magnetic field that it creates at the
location of the coil becomes stronger and stronger, and it is this changing magnetic field that
produces the current. When the magnet moves away from the coil, as in part ¢, a current also exists,
but the direction of the current is reversed. Now the magnetic field 'at the. coil becomes weaker as the
magnet moves away. Once again, it is the changing magnetic field at the coil that generates the
current.

A current would also be created in Figure 4.27 if the magnet were held stationary and the coil were
moved, because the magnetic field at the coil would be changing as the coil approached or receded
from the magnet. Only relative motion between the magnet and the coil is needed to generate a
current; it does not matter which one moves.

The current in the coil is called an induced current, because the current is brought about (or
"induced") by a changing magnetic field. Since a source of emf is always needed to produce a
current, the coil itself behaves as if it were a source of emf. The emf is known as an induced emf.
Thus, a changing magnetic field induces an emf in the coil, and the emf leads to an induced current.

The common element in all these experiments is changing magnetic field (flux) through the coil.

This led Faraday to conclude that an electric current can be produced by changing the magnetic field
(flux). A current cannot be produced if the magnetic flux does not change.

Based on the observations of the above experiments Faraday put forward the following laws called
Faraday's laws of electromagnetic induction.

1. Whenever the magnetic field (flux) linked with a coil changes an induced emf is produced.
2. The induced emf lasts as long as the change in magnetic field (flux) continues.
3. The induced emf in the closed loop equals the negative rate of change of magnetic field (flux)

through the loop.
Thus it can be concluded that
The strength of the induced current depends directly upon the following factors.
() Strength of the magnetic field. (i) Number of turns in the coil.

(i) Relative speed between the coil and the magnet.
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