Chapter- 12
MAGNETIC EFFECTS OF CURRENT
Magnet: Magnetic field and magnetic field lines, Magnetic field due to a current carrying
conductor, Right hand thumb rule, Magnetic field due to current through a circular loop.
Magnetic field due to current in a solenoid.
Magnet is an object that attracts objects made of iron, cobalt and nickel. Magnet comes to rest in
North — South direction, when suspended freely.

Use of Magnets: Magnets are used

o inrefrigerators.

« inradio and stereo speakers.

« inaudio and video cassette players.

e inchildren‘s toys and,;

« on hard discs and floppies of computers.

Properties of Magnet

o A free suspended magnet always points towards the north and south direction.

e The pole of a magnet which points toward north direction is called north pole or
north-seeking.

e The pole of a magnet which points toward south direction is called south pole or
south seeking.

o Like poles of magnets repel each other while unlike poles of magnets attract each
other.

Magnetic field: The area around a magnet where a magnetic force is experienced is called the
magnetic field. It is a quantity that has both direction and magnitude, (i.e., Vector quantity).

Type of arbficial magneats

|
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Bar magnat Magnat needle Magret campass

Magnetic field and field lines: The influence of force surrounding a magnet is called magnetic
field. In the magnetic field, the force exerted by a magnet can be detected using a compass or any
other magnet.
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The magnetic field is represented by magnetic field lines.

The imaginary lines of magnetic field around a magnet are called

field line or field line of magnet. When iron fillings are allowed to
settle around a bar magnet, they get arranged in a pattern which e
mimicks the magnetic field lines. Field line of a magnet can also be
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detected using a compass. Magnetic field is a vector quantity, i.e. it has both direction and
magnitude.

Direction of field line: Outside the magnet, the direction of magnetic field line is taken from
North Pole to South Pole. Inside the magnet, the direction of magnetic field line is taken from
South Pole to North pole.

Strength of magnetic field: The closeness of field lines shows the relative strength of magnetic
field, i.e. closer lines show stronger magnetic field and vice — versa. Crowded field lines near the
poles of magnet show more strength.

Properties of magnetic field lines

(1) They do not intersect each other.

(i1) It is taken by convention that magnetic field lines emerge from North pole and merge at the
South pole. Inside the magnet, their direction is from South pole to North pole. Therefore,
magnetic field lines are closed curves.

Magnetic field lines due to current a current carrying straight conductor

A current carrying straight conductor has magnetic field in the form of concentric circles, around
it. Magnetic field of current carrying straight conductor can be shown by magnetic field lines.
The direction of magnetic field through a current carrying conductor depends upon the direction
of flow electric current.
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Let a current carrying conductor be suspended vertically and the electric current is flowing from
south to north. In this case, the direction of magnetic field will be anticlockwise. If the current is
flowing from north to south, the direction of magnetic field will be clockwise.
The direction of magnetic field, in relation to direction of electric
current through a straight conductor can be depicted by using the Right-Hand Thumb Rule. It is
also known as Maxwell‘s Corkscrew Rule.

Right-Hand Thumb Rule: If a current carrying conductor is held by right hand, keeping the
thumb straight and if the direction of electric current is in the direction of thumb, then the
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direction of wrapping of other fingers will show the direction of magnetic field.

Maxwell’s Corkscrew rule: As per Maxwell‘s Corkscrew Rule, if the direction of forward
movement of screw shows the direction of the current, then the direction of rotation of screw
shows the direction of magnetic field.

Magnetic
Field

lCurrent

Properties of magnetic field

o The magnitude of magnetic field increases with increase in electric current and
decreases with decrease in electric current.

o The magnitude of magnetic field produced by electric current decreases with
increase in distance and vice — versa. The size of concentric circles of magnetic
field lines increases with distance from the conductor, which shows that magnetic
field decreases with distance.

o Magnetic field lines are always parallel to each other.

e No two field lines cross each other.

Magnetic field lines due to a current through a circular loop
In case of a circular current carrying conductor, the magnetic field is produced in the same
manner as it is in case of a straight current carrying conductor.

e 2N
R

In case of a circular current carrying conductor, the magnetic field lines would be in the form of
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iron concentric circles around every part of the periphery of the conductor. Since, magnetic field
lines tend to remain closer when near to the conductor, so the magnetic field would be stronger
near the periphery of the loop. On the other hand, the magnetic field lines would be distant from
each other when we move towards the centre of the current carrying loop. Finally, at the centre,
the arcs of big circles would appear as a straight line.

The direction of the magnetic field can be identified using Right Hand Thumb‘s Rule. Let us
assume that the current is moving in anti-clockwise direction in the loop. In that case, the
magnetic field would be in clockwise direction, at the top of the loop. Moreover, it would be in
an anti-clockwise direction at the bottom of the loop.

Clock Face Rule: A current carrying loop works like a disc magnet. The polarity of this magnet
can be easily understood with the help of Clock Face Rule. If the current is flowing in anti —
clockwise direction, then the face of the loop shows north pole. On the other hand, if the current
is flowing in clockwise direction, then the face of the loop shows south pole.

Magnetic field and number of turns of coil: Magnitude of magnetic field gets summed up with
increase in the number of turns of coil. If there are _n* turns of coil, magnitude of magnetic field
will be _n* times of magnetic field in case of a single turn of coil.

The strength of the magnetic field at the centre of the loop(coil) depends on :

(i) The radius of the coil: The strength of the magnetic field is inversely proportional to the
radius of the coil. If the radius increases, the magnetic strength at the centre decreases

(if) The number of turns in the coil : As the number of turns in the coil increase, the magnetic
strength at the centre increases, because the current in each circular turn is having the same
direction, thus, the field due to each turn adds up.

(iii) The strength of the current flowing in the coil: As the strength of the current increases,
the strength of three magnetic fields also increases.

Magnetic field due to a current in a Solenoid: Solenoid is the coil with many circular turns of
insulated copper wire wrapped closely in the shape of a cylinder. A current carrying solenoid
produces similar pattern of magnetic field as a bar magnet. One end of solenoid behaves as the
north pole and another end behaves as the south pole.

Magnetic field lines are parallel inside the solenoid, similar to a bar magnet, which shows that
magnetic field is same at all points inside the solenoid.
Magnetic field produced by a solenoid is similar to a bar magnet.
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The strength of magnetic field is proportional to the number of turns and magnitude of current.
By producing a strong magnetic field inside the solenoid, magnetic materials can be magnetized.
Magnet formed by producing magnetic field inside a solenoid is called electromagnet.

Electromagnet, Fleming‘s Left-Hand Rule, Electric motor, Electromagnetic induction, Fleming‘s
right hand rule, Electric generator and domestic electic circuits.

Electromagnet: An electromagnet consists of a long coil of insulated copper wire wrapped on a
soft iron.

Magnet formed by producing magnetic field inside a solenoid is called electromagnet.

Soft iron
b Cail of insulated copper wire
o~

e ——
o o e o e oy o o
GE— G e e

1 ) !

N S

Force on a current carrying conductor in a magnetic field: A current carrying conductor
exerts a force when a magnet is placed in its vicinity. Similarly, a magnet also exerts equal and
opposite force on the current carrying conductor. This was suggested by Marie Ampere, a French
Physicist and considered as founder of science of electromagnetism.

The direction of force over the conductor gets reversed with the change in direction of flow of
electric current. It is observed that the magnitude of force is highest when the direction of current
is at right angles to the magnetic field.

Fleming’s Left-Hand Rule: If the direction of electric current is perpendicular to the magnetic
field, the direction of force is also perpendicular to both of them. The Fleming‘s Left Hand Rule
states that if the left hand is stretched in a way that the index finger, the middle finger and the
thumb are in mutually perpendicular directions, then the index finger and middle finger of a
stretched left hand show the direction of magnetic field and direction of electric current
respectively and the thumb shows the direction of motion or force acting on the conductor. The
directions of electric current, magnetic field and force are similar to three mutually perpendicular
axes, i.e. X, y, and z-axes.

Many devices, such as electric motor, electric generator, loudspeaker, etc. work on Fleming*s
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Left Hand Rule.
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Electric motor: A device that converts electrical energy to mechanical energy. It is of two types
: AC and DC Motor.Electrical energy is converted into mechanical energy by using and electric
motor. Electric motor works on the basis of rule suggested by Marie Ampere and Fleming‘s Left
Hand Rule.

Principle of Electric Motor: When a rectangular coil is placed in a magnetic field and a current
is passed through it, force acts on the coil, which rotates it continuously. With the rotation of the
coil, the shaft attached to it also rotates.

— Brushes
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Construction: It consists of the following parts ---

Armature: It is a rectangular coil (ABCD) which is suspended between the two poles of a
magnetic field.
The electric supply to the coil is connected with a commutator.

o Commutator or Split — ring: Commutator is a device which reverses the direction
of flow of electric current through a circuit. It is two halves of the same metallic
ring.

o Magnet: Magnetic field is supplied bv a permanent magnet NS.

« Sliding contacts or Brushes Q which are fixed.

o Battery: These are consisting of few cells.

Working: When an electric current is supplied to the coil of the electric motor, it gets deflected
because of magnetic field. As it reaches the halfway, the split ring which acts as commutator
reverses the direction of flow of electric current. Reversal of direction of the current, reverses the
direction of forces acting on the coil. The change in direction of force pushes the coil, and it
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moves another half turn. Thus, the coil completes one rotation around the axle. Continuation of
this process keeps the motor in rotation.

In commercial motor, electromagnet instead of permanent magnet and armature is used.
Armature is a soft iron core with large number of conducting wire turns over it. Large number of
turns of conducting wire enhances the magnetic field produced by armature.

Uses of motors:

o Used in electric fans.
o Used for pumping water.
o Used in various toys.

Electromagnetic Induction: Michael Faraday, an English Physicist is supposed to have studied
the generation of electric current using a magnetic field and a conductor.

Electricity production as a result of magnetism (induced current) is called Electromagnetic
Induction.

A 5 Coil-1 Coil-2

When a conductor is set to move inside a magnetic field or a magnetic field is set to be changing
around a conductor, electric current is induced in the conductor. This is just opposite to the
exertion of force by a current carrying conductor inside a magnetic field. In other words, when a
conductor is brought in relative motion vis — a — vis a magnetic field, a potential difference is
induced in it. This is known as electromagnetic induction.

Fleming’s Right-Hand Rule: Electromagnetic induction can be explained with the help of
Fleming‘s Right Hand Rule. If the right hand is structured in a way that the index (fore ginger)
finger, middle finger and thumb are in mutually perpendicular directions, then the thumb shows
direction of induced current in the conductor, in conductor The directions of movement of
conductor, magnetic field and induced current can be compared to three mutually perpendicular

axes, i.e. X, y and z axes.

Magnetic Direction V that
field conducting
B wire moves

Induced current
|

The mutually perpendicular directions also point to an important fact that when the magnetic
field and movement of conductor are perpendicular, the magnitude of induced current would be
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maximum.
Electromagnetic induction is used in the conversion of kinetic energy into electrical energy.

Electric Generator: A device that converts mechanical energy into electrical energy is called an
electric generator.

Electric generators are of two types: AC generator and a DC generator. Principle of electric
generator: Electric motor works on the basis of electromagnetic induction.
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Construction and Working: The structure of an electric generator is similar to that of an
electric motor. In case of an electric generator, a rectangular armature is placed within the
magnetic field of a permanent magnet. The armature is attached to wire and is positioned in a
way that it can move around an axle. When the armature moves within the magnetic field, an
electric current is induced. The direction of induced current changes, when the armature crosses
the halfway mark of its rotation.

Thus, the direction of current changes once in every rotation. Due to this, the electric generator
usually produces alternate current, i.e. A.C. To convert an A.C generator into a D.C generator, a
split ring commentator is used. This helps in producing direct current.

Electrical generator is used to convert mechanical energy into electrical energy.

A.C and D.C Current

A.C — Alternate Current: Current in which direction is changed periodically is called Alternate
Current. In India, most of the power stations generate alternate current. The direction of current
changes after every 1/100 second in India, i.e., the frequency of A.C in India is 50 Hz. A.C is
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transmitted up to a long distance without much loss of energy is advantage of A.C over D.C.

Ny
VAAVARY :

D.C — Direct Current: Current that flows in one direction only is called Direct current.
Electrochemical cells produce direct current.
Advantages of A.C over D.C

+

ambiitu&e

o Cost of generator of A.C is much less than that of D.C.

e A.C can be easily converted to D.C.

o A.C can be controlled by the use of choke which involves less loss of power
whereas, D.C can be controlled using resistances which involves high energy loss.

o AC can be transmitted over long distances without much loss of energy.

o AC machines are stout and durable and do not need much maintenance.

Disadvantages of AC

« AC cannot be used for the electrolysis process or showing electromagnetism as it
reverses its polarity.
e AC is more dangerous than DC.

Domestic Electric Circuits: We receive electric supply through mains supported through the
poles or cables. In our houses, we receive AC electric power of 220 V with a frequency of 50 Hz.
The 3 wires are as follows

o Live wire — (Red insulated, Positive)

o Neutral wire — (Black insulated, Negative)

o Earth wire — (Green insulated) for safety measure to ensure that any leakage of
current to a metallic body does not give any serious shock to a user.

Short Circuit: Short-circuiting is caused by the touching of live wires and neutral wire and
sudden a large current flow.
It happens due to

o damage of insulation in power lines.
o afault in an electrical appliance.
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Overloading of an Electric Circuit: The overheating of electrical wire in any circuit due to the
flow of a large current through it is called overloading of the electrical circuit.

A sudden large number of current flows through the wire, which causes overheating of wire and
may cause fire also.

Electric Fuse: It is a protective device used for protecting the circuit from short-circuiting and
overloading. It is a piece of thin wire of material having a low melting point and high resistance.

Fuse is always connected to live wire.

Fuse is always connected in series to the electric circuit.

Fuse is always connected to the beginning of an electric circuit.
Fuse works on the heating eff

QUESIIONS IROM PREVIOUS BOARD EXAMS

Question 1.

What is meant by magnetic field?

Answei:

Magnetic field : It is defined as the space suiiounding the magnet in which magnetic foice can be
expeiienced.

Question 2.

Diaw magnetic field lines aiound a bai magnet. Name the device which is used to diaw magnetic
field lines. (Boaid I'eim |, 2015)

Answei:

Compass needle is used to diaw magnetic field lines.

Question 3.

Design an activity to demonstiate that a bai magnet has a magnetic field aiound it. (Boaid I'eim |,
2017)

Answei:

One can easily demonstiate the piesence of field lines aiound a bai magnet using compass
needles. Place the magnet on a white sheet and maik its boundaiies on sheet. Place the compass
neai the noith pole of magnet and maik the position of needle. Now move the compass such thatits
south pole occupies the position pieviously occupied by its noith pole. Repeat this step seveialtimes
and you will have pattein as shown in the figuie.

@acadpills @cP) cocadits @acadpills

Q www.acadpills.com




Magnetic field lines around a bar magnet
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Drawing a magnetic field line with

the help of a compass needle
Repeat the above pioceduie and diaw as many lines as you can. I'hese lines iepiesent the
magnetic field aiound the magnet. I'hese aie known as magnetic field lines.

Question 4.

What aie magnetic field lines? Justify the following statements:

(@) I'wo magnetic field lines nevei inteisect each othei.

(b) Magnetic field aie closed cuives. (Boaid I'eim |, 2016)

Answei:

Imaginaiy continuous closed cuives used to iepiesent the magnetic field in a iegion is known as
magnetic field lines. It is diiected fiom noith pole to south pole outside the magnet and south
pole to noith pole inside the magnet.

Magnetic field lines around a bar magnet

(a) I'he diiection of magnetic field (B) at any point is obtained by diawing a tangent to the
magnetic field line at that point. In case, two magnetic field lines inteisect each othei at the point
P as shown in figuie, magnetic field at P will have two diiections, shown by two aiiows, one diawn
to each magnetic field line at P, which is not possible.

B
P Magnetic
field lines
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(b) It is taken by convention that the field lines emeiges fiom noith pole and meige at the south
pole. Inside the magnet, the diiection of field lines is fiom its south pole to its noith pole. I'hus,
the magnetic field lines aie closed cuives.

Question 5.

(a) What is meant by a magnetic field? Mention two paiameteis that aie necessaiy to desciibe it
completely.

(b) If field lines of a magnetic field aie ciossed at a point, what does it indicate? (Boaid I'eim |,
2013)

Answei:

(a) It is defined as the space suiiounding the magnet in which magnetic foice can be expeiienced.

Necessaiy paiameteis aie:

» Magnitude of magnetic field.
« Diiection of field lines

(b) If field lines of a magnetic field aie ciossed at a point, it indicates that theie aie two diiection
of magnetic field at a point which is not possible.

Question 6.

A compass needle is placed neai a cuiient caiiying stiaight conductoi. State youi obseivation foithe
following cases and give ieasons foi the same in each case.

(a) Magnitude of electiic cuiient is incieased.

(b) I'he compass needle is displaced away fiom the conductoi. (Al 2019)

Answei:

(a) As the amount of magnetic field stiength is diiectly piopoitional to the amount of cuiient, so

the deflection of compass needle incieases.

(b) Since magnetic field stiength at a point is inveisely piopoitional to the distance fiom the wiie.
Hence deflection of compass decieases when it is displaced away fiom the conductoi.

Question 7.

State how the magnetic field pioduced by a stiaight cuiient caiiying conductoi at a point dependson
(a) cuiient thiough the conductoi

(b) distance of point fiom conductoi. (Boaid I'eim |, 2014)

Answei:

Stiength of magnetic field pioduced by a stiaight cuiient-caiiying wiie at a given point is

(a) diiectly piopoitional to the cuiient passing thiough it.
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(b) inveisely piopoitional to the distance of that point fiom the wiie.
y B — magnetic field
i.e., Boc—| I = current

r — distance between wire and
point of observation

Question 8.

Give ieason foi the following

(i) I'heie is eithei a conveigence oi a diveigence of magnetic field lines neai the ends of a cuiient
caiiying stiaight solenoid.

(i) I'he cuiient caiiying solenoid when suspended fieely iests along a paiticulai diiection. (2/3,
2020)

Answei:

(i) I'heie is eithei a conveigence oi a diveigence of magnetic field lines neai the ends of a cuiient
caiiying stiaight solenoid because it behaves similai to that of a bai magnet and has a magnetic
field line pattein similai to that of a bai magnet. I'hus the ends of the stiaight solenoid behaves
like poles of the magnet, wheie the conveiging end is the south pole and the diveiging end is the
noith pole.

(i) I'he cuiient caiiying solenoid behaves similai to that of a bai magnet and when fieely
suspended aligns itself in the noith-south diiection.

Question 9.

Find the diiection of magnetic field due to a cuiient caiiying ciiculai coil held:

(i) veitically in Noith — South plane and an obseivei looking it flom east sees the cuiient to flow in
anticlockwise diiection,

(ii) veitically in East — West plane and an obseivei looking it fiom south sees the cuiient to flow in
anticlockwise diiection,

(iii) hoiizontally and an obseivei looking at it fiom below sees cuiient to flow in clockwise
diiection .(Boaid I'eim |, 2017)

Answei:

Accoiding to iight hand iule, the diiection of magnetic field is

(i) west to east

(i) noith to south

(iii) into the papei.

Question 10.

(a) State thiee factois on which the stiength of magnetic field pioduced by a cuiient caiiying
solenoid depends.

(b) Diaw ciicuit diagiam of a solenoid to piepaie an electiomagnet. (Boaid I'eim |, 2016)

Answei:

(a) Stiength of magnetic field pioduced by a cuiient caiiying solenoid depends upon the following
factois:
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e numbei of tuins in the coil

« amount of cuiient flowing thiough it
e iadius of coil

« Mateiial of coie of the solenoid.

(b) A stiong magnetic field pioduced inside a solenoid can be used to magnetise a piece of
magnetic mateiial, like soft iion, when placed inside the coil. I'he magnet so foimed is called an
electiomagnet.

fefes

O

A p—>—}
An electromagnet-A current-
carrying solenoid coil which
is used to magnetise steel rod
inside it.

Question 11.

(a) State Right Hand I'humb iule to find the diiection of the magnetic field aiound a cuiient
caiiying stiaight conductoi.

(b) How will the magnetic field be affected on:

(i) incieasing the cuiient thiough the conductoi

(ii) ieveising the diiection of flow of cuiient in the conductoi? (Boaid I'eim |, 2015)

Answei:

(a) It states that you aie holding a cuiient caiiying stiaight conductoi in youi iight hand such that
the thumb points towaids the diiection of cuiient. I'hen youi fingei will wiap aiound the conductoi
in the diiection of the field lines of the magnetic field.

(b) (i) If the cuiient is incieased, the magnetic field stiength also incieases.
(i) If the diiection of cuiient is ieveised, the diiection of magnetic field also get ieveised.

Question 12.

Diagiam shows the lengthwise section of a cuiient caiiying solenoid. ) indicates cuiient enteiing
into the page, © indicates cuiient emeiging out of the page. Decide which end of the solenoid A oi
B, will behave as noith pole. Give ieason foi youi answei. Also diaw field lines inside the solenoid.

RRRIRRIRX

A B
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Answei:
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Using iight hand thumb iube we can diaw the magnetic field lines aiound the conductoi as
shown. Fiom figuie, end A of solenoid act as noith pole and end B will act as south pole. Insidethe
solenoid field lines aie in the foim of paiallel stiaight lines.

Question 13.

Wiite one application of iight-hand thumb iule. (1/3, Boaid I'eim |, 2013)

Answei:

It is used to find the diiection of magnetic field aiound a cuiient caiiying conductoi.

Question 14.

Why don‘t two magnetic lines of force intersect each other?

Ans. No, two magnetic field lines can ever intersect each other. If they do, then it
would mean that at the point of intersection there are two directions of magnetic
field, which is not possible.

Question 15.

What is solenoid? Diaw the pattein of magnetic field lines of

(i) a cuiient caiiying solenoid and

(i) a bai magnet.

List two distinguishing featuies between the two fields. (Delhi 2019)

Answei:

(i) Solenoid: A coil of many ciiculai tuins of insulated coppei wiie wiapped in the shape of
cylindei is called solenoid.

Field lines of the magnetic field through
and around a current-carrying solenoid

I'he pattein of magnetic field lines inside the solenoid indicates that the magnetic field is the same
at all points inside the solenoid. I'hat is, the field is unifoim inside the solenoid.
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(i) Magnetic field lines aiound a bai magnet.

Following aie the distinguishing featuies between the two fields.

(a) A bai magnet is a peimanent magnet wheieas solenoid is an electiomagnet, theiefoie field
pioduced by solenoid is tempoiaiy and stay till cuiient flows thiough it.

(b) Magnetic field pioduced by solenoid is stiongei than magnetic field of a bai magnet.

Question 16.

What aie magnetic field lines? List thiee chaiacteiistics of these lines. Desciibe in biief an activity
to study the magnetic field lines due to a cuiient caiiying ciiculai oil. (Boaid I'eim |, 2017, 2016)
Answei:

Magnetic field lines : I'hese aie the imaginaiy close cuives which aie used to iepiesent the
magnetic field aiound the magnet.

I'he piopeities of the magnetic field lines aie listed below:

« Magnetic field lines stait at the noith pole and end at the south pole.

« Magnetic field lines do not inteisect each othei, because theie cant be two diiections
of the magnetic field at any one point.

o I'he degiee of closeness of the field lines depends upon the stiength of the magnetic
field. Stiongei the field, closei aie the field lines.

In oidei to find the magnetic field due to a coil, it is held in a veitical plane and is made to pass
thiough a smooth caidboaid in such a way that the centie (O) of the coil lies at the caidboaid. A
cuiient is passed thiough the coil and iion filings aie spiinkled on the caidboaid. I'hese iion filings
aiiange themselves in a pattein similai to one shown in the figuie. I'his pattein iepiesents the
magnetic field lines due to the coil.

In oidei to find the diiection of magnetic field lines, we plot the magnetic field with the help of a
compass needle. I'he pattein of magnetic field lines so obtained is shown in figuie (b). Fiom this
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pattein, the following impoitant conclusion have been diawn.
Circular

Current

o I'he magnetic field lines neai the coil aie neaily ciiculai and concentiic. I'his is due to
the ieason that the segments of the coil in contact with the boaid at the points A and
B aie almost like stiaight conductois. I'he diiection of the field lines can also be found
by applying iight-hand thumb iule.

o I'hefield lines aie in the same diiection in the space enclosed by the coil.

« Neai the centie of the coil, the field lines aie neaily stiaight and paiallel. As such the
magnetic field at the centie of the coil can be taken to be unifoim.

o I'he diiection of the magnetic field at the centie is peipendiculai to the plane of the
coil.

« As we move towaids the centie of the coil, the stiength of magnetic field incieases.
Magnetic field is maximum at its centie. I'his is due to the ieason that the two
magnetic field (one due to the semiciiculai segment of the coil thiough A and the
othei due to the semiciiculai segment thiough B) assist each othei.

I'he magnitude of the magnetic field at the centie of the coil is diiectly piopoitional to the cuiient
flowing thiough it and total numbei of tuins and inveisely piopoitional to the iadius of the coil.
I'his is due to the ieason that the cuiient in all the ciiculai tuins of the coil is in the same diiection.
As such, the iesultant magnetic field due to the coil is equal to the sum of the field dueto all
these tuins.

Question 17.

Diaw the magnetic field lines thiough and aiound a single loop of wiie caiiying electiic cuiient.
(2/5, Boaid I'eim I, 2016)
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Answei:

Magnetic field lines of the
field produced by a current-
carrying circular loop.

Question 18.

State the use of magnetic field pioduced inside a solenoid. (Boaid 1'eim |, 2015)

Answei:

Solenoid is used to foim stiong but tempoiaiy magnet called electiomagnets. I'hese
electiomagnets aie used in wide vaiiety of instiuments and used to lift heavy iion, objects.
Question 19.

State the effect of a magnetic field on the path of a moving chaiged paiticle. (Boaid I'eim |, 2014)
Answei:

A chaiged paiticle moving in a magnetic field may expeiience a foice in the diiection
peipendiculai to diiection of magnetic field and diiection of motion of paiticle. I'his foice deflects
the chaiged paiticle fiom its path.

Question 20.
State the diiection of magnetic field in the following case.
Force on the
Iconductor
Current =

Answei:
Using Fleming’s left hand iule, the diiection of magnetic field is out of the plane of papei.

Question 21.

Wiite one application of Flemings left hand iule. (1/3, Boaid I'eim |, 2013)

Answei:

Flemings left hand iule is used to find the diiection of foice on a cuiient caiiying conductoi
placed in a magnetic field acting peipendiculai to the diiection of cuiient.

Question 22.

A cuiient caiiying conductoi is placed in a magnetic field. Now answei the following.
(i) List the factois on which the magnitude of foice expeiienced by conductoi depends.
(i) When is the magnitude of this foice maximum?
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(iii) State the iule which helps, in finding the diiection of motion of conductoi.

(iv) If initially this foice was acting fiom iight to left, how will the diiection of foice change if:
(a) diiection of magnetic field is ieveised?

(b) diiection of cuiient is ieveised? (Boaid I'eim |, 2017)

Answei:

(i) When a cuiient caiiying wiie is placed in a magnetic field, it expeiiences a magnetic foice that
depends on

(a) cuiient flowing in the conductoi

(b) stiength of magnetic field

(c) length of the conductoi

(d) angle between the element of length and the magnetic field.

(i) Foice expeiienced by a cuiient caiiying conductoi placed in a magnetic field is laigest when
the diiection of cuiient is peipendiculai to the diiection of magnetic field.

(iii) I'he iule used in finding the diiection of motion of the conductoi placed in a magnetic field is
Flemings left hand iule.

Fleming's left hand iule is as follows:

Stietch out the thumb, the foiefingei, and the second (middle) fingei of the left hand so that these
aie at iight angles to each othei. If the foiefingei gives the diiection of the magnetic field (N to S),
the second (middle) fingei the diiection of cuiient then the thumb gives the diiection of the foice
acting on the conductoi.

(iv) (a) Diiection of foice will be ieveised when diiection of magnetic field is ieveised, i.e., now
foice on conductoi will act fiom left to iight.

(b) Diiection of foice will be ieveised, if the diiection of cuiient is ieveised, i.e., the foice on the
conductoi will act fiom left to iight.

Question 23.

State whethei an alpha paiticle will expeiience any foice in a magnetic field if (alpha paiticles aie
positively chaiged paiticles)

(i) it is placed in the field at iest.

(ii) it moves in the magnetic field paiallel to field lines.

(iii) it moves in the magnetic field peipendiculai to field lines.

Justify youi answei in each case. (Boaid I'eim I, 2016)

Answei:

(i) No, alpha paiticle will not expeiience any foice if it is at iest, because only moving chaige
paiticle can expeiience foice when placed in a magnetic field.

(i) No, alpha paiticle will not expeiience any foice if it moves in the magnetic field paiallel to field
lines because chaige paiticle expeiiences foice only when it moves at an angle othei than 0° with
magnetic field.

(ii) Alpha paiticle will expeiience a foice in the diiection peipendiculai to the diiection of
magnetic field and diiection of motion of alpha paiticle.
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Question 24.

Desciibe an activity with labelled diagiam to show that a foice acts on cuiient caiiying conductoi
placed in a magnetic field and its diiection of cuiient thiough conductoi. Name the iule which
deteimines the diiection of this foice. (Boaid I'eim |, 2016)

Answei:

A small aluminium iod suspended hoiizontally fiom a stand using two connecting wiies. Place a
stiong hoiseshoe magnet in such a way that the iod lies between the two poles with the magnetic
field diiected upwaids. Foi this, put the noith pole of the magnet veitically below and south pole
veitically above the aluminium iod.

=i
I

Connect the aluminium iod in seiies with a batteiy, a key and a iheostat. Pass a cuiient thiough
the aluminium iod fiom one end to othei (B to A). I'he iod is displaced towaids left. When the
diiection of cuiient flowing thiough the iod is ieveised, the displacement of iod will be towaids
iight. Diiection of foice on a cuiient caiiying conductoi is deteimined by Fleming's left hand iule.

Question 25.

(a) Wiite the piinciple of woiking of an electiic motoi.

(b) Explain the function of the following paits of an electiic motoi.
(i) Aimatuie (ii) Biushes (iii) Split iing (2018)

Answei:

(a) Piinciple : Cuiient caiiying conductoi when placed at iight angle to a magnetic field,
expeiiences a foice due to which we get motion. I'he diiection of the foice is given by Flemings
left hand iule.

(b) (i) Aimatuie is a conductive pait of motoi which geneiates toique in the motoi.

(i) I'he two stationaiy biushes in a simple electiic motoi diaw cuiient fiom the batteiy and supply
it to the aimatuie of motoi.

(iii) I'he iole of split iing is to change the diiection of cuiient flowing thiough the coil aftei each
half-iotation of coil.
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Question 26.

I'he change in magnetic field lines in a coil is the cause of induced electiic cuiient it. Name the
undeilying phenomenon. (2020)

Answei:

I'he phenomenon in which electiic cuiient is geneiated by vaiying magnetic fields aiound a coil is
called electiomagnetic induction.

Question 27.

Define the teim induced electiic cuiient. (2020)Answei:

I'he cuiient induced in a conductoi when the magnetic field aiound it changes is known as
induced electiic cuiient.

Question 28.

Flemings Right-hand iule gives

(a) magnitude of the induced cuiient.

(b) magnitude of the magnetic field.

(c) diiection of the induced cuiient.

(d) both, diiection and magnitude of the induced cuiient. (2020)
Answei:

(c) Flemings Right-hand iule gives the diiection of induced cuiient.

Question 29.

What is the function of a galvanometei in a ciicuit? (Delhi 2019)

Answei:

Galvanometei is an instiument that can detect the piesence of electiic cuiient in a ciicuit.

Question 30.

Wiite any one method to induce cuiient in a coil. (Boaid I'eim |, 2016)

Answei:

By keeping the magnet in a fixed position and moving the coil towaids and away fiom the magnet,
we can induce cuiient in the coil.

Question 31.
I"'wo coils of insulated coppei wiie aie wound ovei a non-conducting cylindei as shown. Coil 1 has
compaiatively laige numbei of tuins. State youi obseivations, when

a7 i I @)
Coil 1 Coil 2
+
hid Lo
K G

(i) Key K is closed
(i) Key K is opened
Give ieason foi each of youi obseivations. (2020)
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Answei:

(i) When key is closed, aftei setting up the ciicuit as shown, one can obseive a deflection on the
galvanometei connected to the second coil. I'his is because, a potential diffeience and thus a
cuiient is induced in coil 2 as theie is change in the cuiient and the magnetic field associated withit
in coil 1. When the magnetic field changes in coil 1, the magnetic field lines aiound coil 2 also
changes. I'his induces a cuiient in coil 2.

(i) When key K is opened, aftei closing it foi sometime it can be obseived that the galvanometei
show a deflection, but this time in the opposite diiection. I'his is because, when the cuiient stops
flowing in coil 1, the magnetic field associated with it changes in the opposite diiection as in the
fiist case, thus inducing a cuiient in the opposite diiection.

Question 32.
‘wo ciiculai coils P and Q aie kept close to each othei, of which coil P caiiies a cuiient. What will
you obseive in the galvanometei connected acioss the coil Q
(a) if cuiient in the coil P is changed?
(b) if both the coils aie moved in the same diiection with the same speed?
Give ieason to justify youi answei in each
Answei:
(a) When the amount of cuiient in the coil P is changed, an induced cuiient will induce in the coil
Q due to change in magnetic field lines i.e., magnetic flux.
(b) If both the coils aie moved in the same diiection with the same speed, then theie is no net
change in magnetic flux. Hence theie will be no deflection in the galvanometei.

Question 33.

In Faiadays expeiiment if instead of moving the magnet towaids the coil we move the coil
towaids the magnet. Will theie be any induced cuiient? Justify youi answei. Compaie the two
cases. (Boaid I'eim [, 2017)

Answei:

Yes, these will be an induced cuiient in both the cases as theie is a change in the numbei of
magnetic field line associated with the coil oi we can say that theie is a motion of a magnet with
iespect to the coil.

Same of cuiient will be induced and the diiection of flow of cuiient will also be the same in thetwo
cases.

Question 34.

Wiite one application of Fleming’s iight hand iule. (1/3, Boaid I'eim I, 2013)
Answei:

Flemings iight hand iule is used to find the diiection of induced cuiient.

Question 35.

(a) A coil of insulated coppei wiie is connected to a galvanometei. With the help of a labelled
diagiam state what would be seen if a bai magnet with its south pole towaids one face of this coil
is
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(i) moved quickly towaids it,

(i) moved quickly away fiom it,

(iii) placed neai its one face?

(b) Name the phenomena involved in the above cases.

(c) State Fleming's iight hand iule. (Boaid I'eim I, 2017)

Answei:

(a) If a coil of insulated wiie is connected to a galvanometei and a bai magnet with south pole is
moved towaids one face of the coil then, given situation is shown in the figuie.

(T

(i) Moved quickly towaids the coil : A cuiient is induced in clockwise diiection in the coil with
iespect to the side facing the noith pole of the magnet and needle of galvanometei will deflect in

one diiection fiom zeio position.
Current

N 53—
Bar magnet

Coil of insulated wire

(il) Moved quickly away fiom coil : A cuiient is induced in anti-clockwise diiection in the coil with
iespect to the side facing the noith pole of the magnet and the needle of the galvanometei will
deflect in opposite diiection fiom (i).

Current

+— N S
Bar magnet

Coil of insulated wire

(iii) Placed neai its one face : No deflection of the needle of galvanometei is obseived.

(b) I'he phenomena involved is called electiomag-netic induction.

(c) Fleming’s iight hand iule: Stietch the iight hand such that the fiist fingei, the cential fingei and
the thumb aie mutually peipendiculai to each othei.

If the fiist fingei points along the diiection of the field (magnetic field) and the thumb points along
the diiection of motion of the conductoi, then the diiection of induced cuiient is given by the
diiection of the cential fingei.

Question 36.
Wiite the fiequency of alteinating cuiient (AC) in India. How many times pei second it changes its
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difection? (Boaid I'eim |, 2015)

Answei:

I'he fiequency of A.C. in India is 50 Hz and it changes diiection twice in each cycle. I'heiefoie, it
changes diiection 2 x 50 = 100 times in one second.

Question 37.

How is the type of cuiient that we ieceive in domestic ciicuit diffeient fiom the one that iuns a
clock? (Boaid I'eim |, 2014)

Answei:

I'he cuiient that we ieceive flom domestic ciicuit is alteinating cuiient (A.C.) and the cuiient that
issuse to iun clock is diiect cuiient (D.C.). Diiect cuiient always flow in one diiection wheieas the
alteinating cuiient ieveises its diiection peiiodically.

Question 38.

Define alteinating cuiient and diiect cuiient.

Explain why alteinating cuiient is piefeiied ovei diiect cuiient foi tiansmission ovei long
distances. (Boaid I'eim I, 2014)

Answei:

Alteinating cuiient (A.C.) : An electiic cuiient whose magnitude changes with time and diiection
ieveises peiiodically is called alteinating cuiient.

Diiect cuiient (D.C.) : An electiic cuiient whose magnitude is eithei constant oi vaiiable but the
diiection of flow in a conductoi iemains the same is called diiect cuiient.

A.C. can be tiansmitted to distant places without much loss of electiic powei than D.C. I'hat is
why A.C. is piefeiied ovei D.C. foi tiansmission of cuiient ovei a long distances.

Question 39.

(i) Alteinating cuiient has a fiequency of 50 Hz. What is meant by this statement? How many
times does it change its diiection in one second? Give ieason foi youi answei.

(ii) Mention the fiequency of D.C that is given by a cell. (Boaid I'eim 1, 2013)

Answei:

(i) I'he fiequency of household supply of A.C. in India is 50 Hz. I'his means, A.C. completes 50
cycles in one second. I'hus, A.C. changes diiection 2 x 50 = 100 times in one second.

(i) Fiequency of D.C. is zeio as its diiection does not change with time.

Question 40.

At the time of shoit ciicuit, the electiic cuiient in the ciicuit.

(a) vaiy continuously (b) does not change

(c) ieduces substantially

(d) incieases heavily. (2020)

Answei:

(d) At the time of shoit ciicuit, the live and neutial wiie come in diiect contact, thus incieasing the
cuiient in the ciicuit abiuptly.
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Question 41.

Mention and explain the function of an eaith wiie. Why it is necessaiy to eaith metallic
appliances? (Boaid I'eim |, 2013)

Answei:

Many electiic appliances of daily use like electiic piess, heatei, toastei, iefiigeiatoi, table fan etc.
have a metallic body. If the insulation of any of these appliances melts and makes contact with
the metallic casing, the peison touching it is likely to ieceive a seveie electiic shock. I'his is due to
the ieason that the metallic casing will be at the same potential as the applied one. Obviously, the
electiic cuiient will flow thiough the body of the peison who touches the appliance. 1’0 avoid such
seiious accidents, the metal casing of the electiic appliance is eaithed. Since the eaith does not
offei any iesistance, the cuiient flows to the eaith thiough the eaith wiie instead of flowing
thiough the body of the peison.

Question 42.

Give ieason foi the following :

I'he buint out fuse should be ieplaced by anothei fuse of identical fating. (1/3, 2020)

Answei:

A buint out fuse should be ieplaced with identical iating because it helps in piotecting the ciicuit
fiom oveiloading and shoit ciicuiting. If a fuse of highei iating is used then it may not melt and cut
off the supply duiing oveiloading. Similaily a fuse of lowei iating may melt fiequently even foia
noimal flow of cuiient. l'his iesults in decieasing the efficiency of the ciicuit.

Question 43.

Give ieasons foi the following:

(a) It is dangeious to touch the live wiie of the main supply fathei than neutial wiie.

(b) In household ciicuit, paiallel combination of iesistances is used.

(c) Using fuse in a household electiic ciicuit is impoitant. (Boaid I'eim |, 2017)

Answei:

(a) Live wiie is at 220V and neutial wiie is at zeio volt since the electiic cuiient flows fiom highei
potential to lowei potential, we can get an electiic shock by touching live wiie but that is not the
case with neutial wiie.

(b) In paiallel combination, each iesistoi gets same potential fiom the souice. We can use
sepaiate on/off switches with each appliance. Also in case if any one iesistoi fails then the ciicuit
will not bieak. So, it is safe and convenient to connect household ciicuit in paiallel combination of
iesistois

(c) Fuse is an impoitant safety device. It is used in seiies with any electiical appliance and
piotects it fiom shoit-ciicuiting and oveiloading.

Question 44.

(a) Fuse acts like a watchman in an electiic ciicuit. Justify this statement.

(b) Mention the usual cuiient iating of the fuse wiie in the line to (i) lights and fans (ii) appliance
of 2 kW oi moie powei. (Boaid I'eim |, 2014)

Answei:

(a) When an unduly high electiic cuiient flows thiough the ciicuit, the fuse wiie melts due to joule

o @acadpills @ @acadpills @acadpills Q www.acadpills.com




@acadpills

heating effect and bieaks the ciicuit. Hence, it keeps an eye on the amount of cuiient flowing and
also stops the cuiient if exceeds the maximum value. So, fuse acts like a watchman in an electiic
ciicuit.

(b) (i) A fuse of iating 5A is usually used foi lights and fans.
(ii) A fuse of iating 15 A is usually used foi appliance of 2 kW oi moie powei.

Question 45.
Wiite two ways to induce cuiient in a coil?
Ans. (i) By moving a bai magnet towaid oi away fiom the coil.
(ii) By placing a coil neai anothei coil connected acioss a batteiy.
Question 46.
(a) Name two safety measuies commonly used in an electiic ciicuit and appliances.
(b) What piecaution should be taken to avoid the oveiloading of domestic electiic ciicuits? (Boaid
I'eim 1, 2017)
Answei:
(a) Fuse and the connection of eaithing wiie aie the two safety measuie commonly used in
electiic ciicuit and appliances.
(b) Piovide fuses/MCBs of piopei iating.

Question 47.

(a) Diaw a schematic diagiam of a common domestic ciicuit showing piovision of
(i) Eaith wiie, (ii) Main fuse

(iii) Electiicity metei and

(iv) Distiibution box.

(b) Distinguish between shoit ciicuiting and oveiloading. (Boaid I’eim I, 2015)
Answei:

(a) Distribution
Live  Main M 'etr wbox Consumer’s
wire fuse : A0 4 fuse
F, § o E,
N T\ = L T'o fan —
CNewral” DO NG (. | G L
wire 4
T‘he ]iv(\ “rirc E et i —— st ! |
and neutral Earth :
wire are wire Bulb i
coming from the Earth s, 5. [
electric pole connection > 9“;:-‘
T Switch Switch —%
for bulb for socket Socket

Domestic electric wiring from electric pole to a room
(b) Oveiloading : I'he condition in which a high cuiient flows thiough the ciicuit and at the same
time too many appliances aie switched on then the total cuiient diawn thiough the ciicuit may
exceed its iated value.
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Shoit ciicuiting: I'he condition when the live wiie comes in diiect contact with the neutial wiie, due to
which a high cuiient flows in the ciicuit.
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