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Magnetic Flux Density, Flux & Flux Linkage 4

Your notes

Magnetic Flux, Flux Density & Flux
Linkage
Magnetic Flux Density

The strength of a magnetic field is defined by the density of the magnetic field lines,
ormagnetic flux density, at that point

= Magnetic fluxdensity is defined by the symbol B
= |tismeasuredinTesla (T)

Rearranging the equation formagnetic force on a wire, the magnetic flux density is
defined by the equation:

Where:
= B =magnetic flux density (T)
= f=magnetic force ona current-carrying wire (N)

= [=current (A)

L =length of the wire (m)

Forreference, the Earth's magnetic flux density is around 0.032 mT and an ordinary
fridge magnetisaround 5 mT

The magnetic flux density is sometimes referred to as the magnetic field strength

Magnetic Flux

Magnetic fluxis a quantity which signifies how much of a magnetic field passes
perpendicularly through some area

Forexample, the amount of magnetic flux through a rotating coil will vary as the coil
rotatesin the magnetic field

= |tisamaximum when the magnetic field lines are perpendicular to the coil area
= |tisataminimum whenthe magnetic field lines are parallel to the coil area
The magnetic fluxis defined as:

The product of the magnetic flux density and the cross-sectional area perpendicular
to the direction of the magnetic flux density
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= Magnetic fluxis defined by the symbol ® (greek letter ‘phi’) ,
= |tismeasuredin units of Webers (Wb) Your notes

= Magnetic flux can be calculated using the equation:

& =BA
= Where:
= @ =magnetic flux (Wb)
= B =magnetic fluxdensity (T)
= A=cross-sectional area (m?)
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The magnetic flux is maximised when the magnetic field lines and the area through which
they are passing through are perpendicular

= When magnetic fluxis not completely perpendicular to the area A, then the component
of magnetic flux density B perpendicular to the areais taken

= The equationthenbecomes:
® =BAcos(9)
= Where:

= O =angle between magnetic field lines and the line perpendicular to the plane of the
area (often called the normalline) (degrees)
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MAGNETIC
FIELD LINES

ANGLE TO /
| NORMAL Your notes
1
1
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v

¢ =BA l}= BAcos(6) |

The magnetic flux increases as the angle between the field lines and the normal decreases
= This means the magnetic fluxis:

= Maximum = BAwhen cos(8) =1therefore 8 = 0°. The magnetic field lines are
perpendicular to the plane of the area

= Minimum = O when cos(8) = O therefore 8 = 90°. The magnetic fields lines are parallel
to the plane of the area

= Ane.m.fisinducedina circuit when the magnetic flux linkage changes with respect to
time

= Thismeansane.m.fisinduced whenthereis:
= Achanging magnetic flux density B
= Achanging cross-sectional area A

= Achangeinanglef

Magnetic Flux Linkage

= The magnetic flux linkage is a quantity commonly used for solenoids which are made of
N turns of wire

= The fluxlinkage is defined as:
The product of the magnetic flux and the number of turns of the coil
= |tis calculated using the equation:
Fluxlinkage = ®N = BAN
= Where:
= @ =magnetic flux (Wb)
= N=number of turns of the coil

= B=magnetic fluxdensity (T)
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= A=cross-sectional area (m?2) ,

Your notes

= The fluxlinkage ®N has the units of Weber turns (Wb turns)

o

Worked Example

(

An aluminium window frame has a width of 40 cm and length of 73 cm as shownin the
figure below

___________________ -------- NORMAL

The frame is hinged along the vertical edge AC. When the window is closed, the frame
is normal to the Earth’s magnetic field with magnetic flux density 1.8 x 105 T

Calculate the magnetic flux through the window whenitis closed
Answer:
Step 1: Write out the known quantities
Cross-sectional area, A= 40 cm x 73cm = (40 x1072) x (73 x 1072) = 0.292 m?
Magnetic fluxdensity, B=1.8 x 107> T
Step 2: Write down the equation for magnetic flux
®=BA
Step 3: Substitute in values

®=(1.8x10%)x0.292=5.256 x10¢=5.3x 10 Wb

o

Worked Example
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Asolenoid of circular cross-sectional radius 0.40 mand 300 turnsis placed ,
perpendicular to a magnetic field with a magnetic flux density of 5.1mT.

Your notes
Determine the magnetic flux linkage for this solenoid.
Answer:

Step 1: Write out the known quantities

= Cross-sectionalarea, A=mr?2 =1(0.4)2= 0.503 m?
= Magnetic fluxdensity, B=5.1mT
= Number of turns of the coil, N =300 turns
Step 2: Write down the equation for the magnetic flux linkage

®N = BAN
Step 3: Substitute in values and calculate

®N=(51x1073)x0.503 x 300 = 0.7691= 0.8 Wb turns (2 s.f)

o

Examiner Tips and Tricks

Consider carefully the value of 6, itis the angle between the field lines and the line
normal (perpendicular) to the plane of the area the field lines are passing through. If it
helps, drawing the normal on the area provided will help visualise the correct angle.
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Magnetic Force on a Charged Particle 4

Your notes

Magnetic Force on a Charged Particle

= Themagnetic force on anisolated moving charged particle, such as a proton, is given by
the equation:

F=BQv
= Where:
= F=magnetic force onthe particle (N)
= B =magnetic flux density (T)
= Q=charge of the particle (C)
» v=speed of the particle (ms™)

= Thisis the maximum force on the charged particle, when F, B and v are mutually
perpendicular

= Thereforeif a particle travels parallel to a magnetic field, it will not experience a
magnetic force

= Currentisthe rate of flow of positive charge

= This means that the direction of the 'current’ for a flow of negative charge (e.g. an
electronbeam)isinthe opposite direction to its motion

= |fthe charged particle is moving at an angle 8 to the magnetic field lines, then the size of
the magnetic force Fis given by the equation:

F=BQvsin0
= Thisequation shows that:

= The size of the magnetic forceis zeroif the angle fis zero (i.e. the particle moves
parallel to the field lines)

= The size of the magnetic force is maximum if the angle 8is 90° (i.e. the particle
moves perpendicular to field lines)

o

Worked Example

Abeta particleisincident at 70° to a magnetic field of flux density 0.5 mT, travelling at
aspeedof1.5x10°ms™,
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B B B B ,

Your notes

70

i SN

Calculate:
a) The magnitude of the magnetic force on the beta particle

b) The magnitude of the maximum possible force on a beta particle in this magnetic
field, travelling with the same speed

Answer:
Part (a)
Step 1: Write out the known quantities

= Magnetic fluxdensity B=0.5mT=0.5x103T

= Speedv=15x10ms"!

= Angle 8between the fluxand the velocity =70°
Step 2: Substitute quantities into the equation for magnetic force on a charged
particle

= Abetaparticleisanelectron
= Therefore, the magnitude of electroncharge @ =1.6 x 107 C
= Substituting values gives:

F=BQvsin@

F=(0.5x1073) x (1.6 x1071%) x (1.5 x 10%) x sin (70)
F=11x10"*N
Part (b)
Step 1: Write out the known quantities

= Magnetic fluxdensity B=0.5mT=0.5x103T
» Speedv=15x106ms"!
Step 2: Determine the angle to the fluxlines

= Angle 8 between the flux and the velocity = 90° if the magnetic forceis a
maximum
Step 3: Substitute quantities into the equation for magnetic force on a charged
particle

= The magnitude of electroncharge Q =1.6 x 10719 C
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= Substituting values gives: ,
F=BQvsin8=BQvwhensin?0 =1

Your notes
F=(0.5x10"3) x (1.6 x 10719) x (1.5 x 106)

F=12x107"°N

o

Examiner Tips and Tricks

Remember not to mix this up with F = BIL sin 6!

= F=BILsin@istheforce onacurrent-carrying conductor
= F=BQvsin@isthe force onanisolated moving charged particle (which may be
inside a conductor)
Another superimportant fact toremember for typical exam questions s that the
magnetic force on a charged particle is centripetal, because it always acts at 90° to
the particle's velocity. You should practise using Fleming's Left Hand Rule to
determine the exact direction!

Fleming's Left Hand Rule for a Charged
Particle

= Fleming’s left hand rule can be used to determine the direction of the magnetic force
onamoving charged particle ina magnetic field

= TheFirst Finger = direction of the magnetic field

= The Second Finger = direction of conventional current (i.e. the velocity of amoving
positive charge)

= The Thumb = direction of the magnetic force

= Fleming's Left Hand Ruleisillustrated in the image below:
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| ThuMb = MOTION / FORCE | 4

Your notes

l FIRST FINGER = MAGNETIC FIELRI

SeCond FINGER = CURRENTj

Fleming's Left Hand Rule shows the magnetic force, magnetic field and conventional
current (flow of positive charge) are all perpendicular to each other

= Since thisisrepresentedin 3D space, sometimes the flow of charge, magnetic force or
magnetic field could be directed into or out of the page, not just left, right, up and down

= Thedirection of the magnetic field into or out of the page in 3D isrepresented by the
following symbols:

= Dots(sometimeswith a circle around them) represent the magnetic field directed
out of the plane of the page

= Crossesrepresent the magnetic field directed into the plane of the page

TIP OF AN ARROW BACK OF AN ARROW
REPRESENTED BY REPRESENTED BY
THE DOT THE CROSSES

foYofo X X X
ONOXO, X X X
ONOXO) X X X

MAGNETIC FIELD MAGNETIC FIELD
OUT OF THE PAGE INTO THE PAGE
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The magnetic field into or out of the page is represented by circles with dots or crosses ,
= The way toremember this is by imagining an arrow used in archery or darts: Your notes

= [fthe arrowis approaching head-on, such as out of a page, only the very tip of the
arrow canbe seen(a dot)

= \Whenthe arrow is moving away, such asinto a page, only the cross of the feathers
atthe back canbe seen(across)

An Electron Movingin a Magnetic Field

= The maximum magnetic force on a moving charged particle is always perpendicular to
its velocity

= This means magnetic forces cause charged particles to move in a circle

= Thedirection of magnetic force on the charged particle can be determined using
Fleming's Left Hand Rule

= Theimage below shows an electronincident on a uniform magnetic field B directed
into the page:

| IS THE DIRECTION
OF POSITIVE CHARGE

I
I
|
v /o
I
|
|
|

FORCE %

ELECTRON BEAM
<
<

_MAGNETIC FIELD B INTO
PAGE IN THIS REGION

An electron moving to the left as shown is equivalent to a conventional positive charge or
current moving to the right. Using Fleming's Left Hand Rule, the direction of the force can
be determined

= According to Fleming's Left Hand Rule:
= Bisdirectedinto the page, therefore the first finger should pointinto the page

= The conventional current (or velocity of a positive charge) is directed to the right
(because an electronis moving to the left), therefore the second finger should point
to theright

= Therefore, the force on the electron as shown by the thumb is initially upwards as it
enters the magnetic field
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= Theforce due to the magnetic field is always perpendicular to the velocity of the ,
electron

Your notes
= Note: thisis equivalent to circular motion

= Therefore, the magnetic force ona moving charge is a centripetal force
= The centripetal force is what keeps moving charges following a circular trajectory

= Examples of the direction of the magnetic force on positive and negative particles are:

B INTO PAGE B INTO PAGE l

I
XeX XX X

T
1
X X
I IS IN THE DIRECTION T IS IN OPPOSITE
OF POSITIVE CHARGE DIRECTION TO DIRECTION
OF NEGATIVE CHARGE
(OBNORNORNORNO.
1
© ©
© o)
O O ¥ol¥e
< I
O] © 00 0O 0O
|B OUT OF PAGE | |B OUT OF PAGE |

The direction of the magnetic force F on positive and negative particles in a B field in and
out of the page

= Fleming’s Left Hand Rule can be used again to find the direction of the force, magnetic
field and velocity

= Thekey differenceis that the second finger, representing current I (direction of
positive charge), can now be used as the direction of velocity v of a positive charge

©

Examiner Tips and Tricks

The mostimportant point when using Fleming's left hand rule is the direction of

the charge (or current flow). This is always the direction of positive charge. Therefore,
forelectrons, ornegatively chargedions, you should point your second finger for the
current in the opposite direction to its motion.
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Magnetic Force on a Current-Carrying Conductor /

Your notes

Magnetic Force on a Current-Carrying
Conductor

= Acurrent-carrying conductor produces its own magnetic field
= Anexternal magnetic field will therefore exert a magnetic force onit

= Acurrent-carrying conductor (eg. a wire) will experience the maximum magnetic force if
the current throughit is perpendicular to the direction of the magnetic flux lines

= Asimple situation would be a copperrod placed within a uniform magnetic field

= When currentis passed through the copperrod, it experiences a force which makes
itaccelerate

MAGNETS CREATING —
AN UNIFORM MAGNETIC®
FIELD

CURRENT

ELECTRONS MOVE
THROUGH THE  °
COPPER ROD

COPPER ROD EXPERIENCES
A FORCE WHEN CURRENT
IS SWITCHED ON

A copper rod moves within a magnetic field when current is passed through it

= Theforce Fonaconductorcarrying current/in a magnetic field with flux density Bis
defined by the equation

F=BILsin6
= Where:
= fF=magnetic force onthe current-carrying conductor (N)
= B =magnetic flux density of external magnetic field (T)

= [=currentinthe conductor(A)
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= [ =length of the conductorin the field (m) ,

= f=angle betweenthe conductorand external fluxlines (degrees) Your notes
= This equation shows that the magnitude of the magnetic force Fis proportional to:

= Current!/

= Magnetic flux density B

= |Lengthof conductorinthe field L

= The sine of the angle 8 between the conductor and the magnetic fluxlines

> F = BIL sin®
LD -
/I -~
~
~
<e 1
//L \ > [ CONDUCTOR
AT AN ANGLE 6
§ / - TO B FIELD
i >~
- ~
~
-~
F INTO THE PAGE
=
> F =BIL
| IAN ~
-~
>~
-~
~
y ~ ([ CONDUCTOR
=90
W = PERPENDICULAR
TO B FIELD
~
~
~
~
O

Magnitude of the force on a current carrying conductor depends on the angle of the
conductor to the external B field

= The maximum force occurs whensinf =1
= Thismeans 6 = 90° and the conductor is perpendicular to the B field
= This equation for the magnetic force now becomes:

F=BIL
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The minimum force (0O)iswhensin6=0 ,
= Thismeans 6 = 0°and the conductoris parallel to the B field Your notes

Itisimportant to note that a current-carrying conductor will experience no force if the
current in the conductoris parallel to the field

o

Worked Example

Acurrent of 0.87 Aflowsinawire of length 1.4 m placed at 30° to a magnetic field of
fluxdensity 80 mT.

Calculate the force on the wire.
Answer:
Step 1: Write down the known quantities

= Magnetic fluxdensity, B=80mT=80x10"3T

= Current,/=0.87A

= |engthofwire,L=1.4m

= Angle between the wire and the magnetic fluxlines, 8 = 30°
Step 2: Write down the equation for the magnetic force on a current-carrying
conductor

F=BILsin6
Step 3: Substitute in values and calculate

F=(80x1073%) x(0.87) x (1.4) x sin (30) = 0.04872 = 0.049 N (2 5.f)

o

Examiner Tips and Tricks

Remember that the direction of currentis the flow of positive charge (i.e.
conventional current) and this is in the opposite direction to the flow of electrons (i.e.
electron flow)!

Fleming's Left Hand Rule for a Current-
Carrying Conductor

Fleming's Left Hand Rule was previously used to determine the direction of the
magnetic force on a moving charged particle in a magnetic field

It can also be used to determine the direction of the magnetic force on a current-
carrying conductor in a magnetic field

= Thisisbecauseinside aconductor(e.g. awire) there are many charged particles
flowing as a current

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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= Asareminder, theimage representing Fleming's Left Hand Rule is shown below: /

Your notes
| ThuMb = MOTION / FORCE |

FIRST FINGER = MAGNETIC FIELD

SeCond FINGER = CURRENT

Copyright © Save My Exams. All Rights Reserved

Fleming's Left Hand Rule. Remember, current is the flow of conventional current (i.e.
positive to negative)

= Using the conventional symbols representing vectors like magnetic flux density B and
force Fthat go into the page (arrows) or out of the page (dots) we can apply Fleming's
Left Hand Rule to problemsin 3D

Worked Example

Acurrent flows perpendicularly to a uniform magnetic field as shown in the diagram
below.

As aresult, the conductor carrying the current experiences a magnetic force, F.

Determine the direction of the current flowingin the conductor.

4 SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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Answer:

the field

X

X

X

X

X
>

o

1, SaveMyExams

X

X

Step 1: Apply the instructions for Fleming's Left Hand Rule

= Using Fleming’s Left Hand Rule for the quantities given:
First fingeris the magnetic field, B = into the page (or screen!)

Step 2: Determine the direction of the conventional current

X X X X X X X X
/B
X X | X X X X X
—_—=— )
X X X X X X X X
X X X X W X X X X
F
X X X X X X X X

Examiner Tips and Tricks

© 2026 Save My Exams, Ltd.

X

X

Thumb is the direction of the magnetic force F = vertically downwards

= The first finger should be pointing into the page (or screen!) along the direction of

= Rotating the entire hand allows the thumb to point downwards, along the
direction of force

= The second finger should be pointing towards the left of the page (or screen!)

= Thisis the direction of conventional currentin the wire, i.e., fromright to left

X

X

You will certainly need to apply Fleming's Left Hand Rule in your examination, at some
point, whenever there is a current or charge flowing in a magnetic field. Remember, it
isused to give the direction of either the magnetic force F, the magnetic field B, or
the conventional current (or flow of positive charge) I.

As ever, you will gain more confidence twisting your armin funny positions with three
fingers at right-angles the more questions you practise: the more, the better!

4

Your notes
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Induced E.M.F in a Moving Coil 4

Your notes

Induced E.M.FinaMoving Caoil

= Electromagneticinductionis a phenomenon which occurs whenane.m.fisinduced
when a conductor moves through a magnetic field

= [fthereisachangein magnetic flux ® or magnetic flux linkage N®

= Mechanical work (from moving the conductorin the field) is transformed into
electrical energy

= Therefore, if attached to a complete circuit, a current will be induced in the conductor
= Thisis known as electromagnetic induction and is defined as:

The processin whichane.m.fisinducedin a closed circuit due to changesin
magnetic flux (linkage)

= This canoccureitherwhen:
= Aconductor cuts through a magnetic field

= The magnetic flux (linkage) through a coil changes, e.g. becomes more orless
dense, orchanges direction

= Electromagneticinductionisusedin:
= FElectrical generators which convert mechanical energy to electrical energy
= Transformers which are usedin electrical power transmission

= This phenomenon can easily be demonstrated with amagnet and a coil, orawire and
two magnets

Relative Motion between a Coil and aMagnet

= Whena coilis connected to a sensitive voltmeter, abar magnet can be movedin and out
of the coiltoinduce ane.m.fin the coil
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Your notes

°VOLTMETER

A bar magnet is moved through a coil connected to a voltmeter to induce ane.m.f
The observations are:
= Whenthe barmagnetis not moving, the voltmeter shows a zero reading

= Whenthe barmagnetis held stillinside, or outside, the coil, the rate of change of flux
iszero, so, thereisno e.m.finduced

= Whenthe barmagnet begins to move inside the coil, thereis areading on the voltmeter

= Asthe barmagnet moves,its magnetic field lines ‘cut through’ the coil, generating a
change in magnetic flux (A®)

= Thisinduces ane.m.f within the coil, shown momentarily by the reading on the
voltmeter

= Whenthe barmagnetis taken back out of the coil,ane.m.fisinduced in the opposite
direction

= Asthe magnet changes direction, the direction of the current changes
= The voltmeter willmomentarily show a reading with the opposite sign

= |ncreasing the speed of the magnetinduces an e.m.f with a higher magnitude
= Asthe speed of the magnetincreases, the rate of change of fluxincreases

= Thedirection of the electric current, and e.m.f, induced in the conductoris such that it
opposes the change that produces it

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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An e.m.fisinduced only when the bar magnet is moving through the coil

= Factorsthat willincrease theinduced e.m.f are:

= Moving the magnet faster through the coil

= Adding more turns to the coil

= [ncreasing the strength of the bar magnet

Rotating Coils

= \Whena coilrotates in a uniform magnetic field, the magnetic flux through the coil will

vary asitrotates

= Therefore, since the flux linkage through the coil also varies, this willinduce an e.m.f that

alsovaries

= The maximum e.m.fis when the coil cuts through the most field lines

= Thevaryinge.m.finduced s called an alternating voltage

1, SaveMyExams
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Your notes
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Even though the flux linkage through the coil is maximum when 6 = 0°, the change in flux
linkage is minimal as the coil rotates, so the induced e.m.fis a minimum. The opposite is

= |ncreasing the coil's frequency of rotationincreases:

true when 9 = 90°

= The frequency of the alternating voltage

= The amplitude of the alternating voltage

1, SaveMyExams
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Your notes
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Induced E.M.F between Linked Coils ,

Your notes
Induced E.M.F between Linked Coils

= Ane.m.fcanbeinducedina coilwhenthereisachange of currentin another coil linked
with this coil

= Thisiswhat happensin a transformer

Transformers
= Atransformeris a device that works by the principles of electromagnetic induction

= |tchanges highalternating voltages at low current to low alternating voltage at high
current, andvice versa

= Atransformeris made up of:
= Aprimary coil
= Asecondary coil
= Anironcore
= The primary and secondary coils are wound around the softiron core

= Thesoftiron coreisnecessary because it creates flux linkage between the primary
and secondary coils

= Softironisusedbecause it can easily be magnetised and demagnetised

IRON CORE-
MAGNETIC

s FIELD IN THE
IRON CORE

PRIMARY

COIL SECONDARY

“cColL

Coils are magnetically linked, through their combined magnetic flux linkage, using a soft
ironcore

= |Inthe primary coil, an alternating current producing an alternating voltage is applied

= This creates an alternating magnetic field inside the iron core and therefore a
changing magnetic fluxlinkage

= Achanging magnetic field passes through to the secondary coil through the iron core

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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= Thisresultsinachanging magnetic flux linkage in the secondary coil and from ,

Faraday's Law, an e.m.fisinduced
Your notes
= Ane.m.fproduces an alternating output voltage from the secondary coil

= The output alternating voltage is at the same frequency as the input voltage

o

Worked Example

f

When connected to a DC power supply, the primary coil of a transformer becomes an
electromagnet.

Describe the changes which take place inside the secondary coil of a transformer
when DC currentin the primary coil is:

a) Switched on

b) Remains on

c) Switched off

Part (a)

Step 1: Describe the creation of an electromagnet

= When currentis switched on a magnetic field is produced around the primary coil
Step 2: Describe the change in magnetic flux linkage and induced e.m.f

= Magnetic fluxis linked to the secondary coil

= Changing magnetic flux through the secondary coilinduces ane.m.finit
= This causes a current to flow (momentarily)

Part (b)

Step 1: Describe the non-change in magnetic flux linkage

= While the currentin the primary coil remains on, there is no change in magnetic
flux linkage through the secondary coil
Step 2: Describe the effect oninduced e.m.f and current

= Therefore, the induced e.m.f (and therefore, the currentinit) reduces to zero
Part(c)

Step 1: Describe the electromagnet 'switching off'

= When currentis switched off the primary coil is no longer an electromagnet
= Therefore, the magnetic field around it vanishes
Step 2: Describe the change in magnetic flux linkage and induced e.m.f

= Magnetic fluxis nolongerlinked to the secondary coil

= Asthe current switches off, changing magnetic flux through the secondary cail
(asitreducestozero)induces an e.m.f inin the opposite direction to part (a)

= Acurrent(momentarily) flows inin the opposite direction to part (a)

[ -
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Examiner Tips and Tricks Your notes
Explaining the linkine.m.f in both sets of coilin a transformer are very common exam
questions. Make sure you've mentioned every point, including the words 'change' in

flux linkage andinduced e.m.f. You must be specific with your terminology for full
marks.
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Faraday & Lenz's Law 4

Your notes

Faraday and Lenz's Law

Faraday's Law

Faraday's Law connects the rate of change of flux linkage withinduced e.m.f
Itis definedinwords as:

The magnitude of the induced e.m.f is directly proportional to the rate of change of
magnetic flux linkage

Faraday's Law as an equationis defined as:

_ AN®)
T A

Where:

» c=inducede.m.f (V)

= A(N¢) = change in fluxlinkage (Wb turns)

= At=timeinterval(s)

If the interval of time becomes very small(i.e., in the limit of At — O) the equation for
Faraday's Law can be written as:

_ d(N®)

ET T dr

Lenz's Law

Lenz’s Lawis used to predict the direction of aninduced e.m.f in a coil or wire
Lenz's Lawis summarised below:

Theinduced e.m.fis setup in a direction to produce effects that oppose the change
causing it

Lenz's Law can be experimentally verified using:
= Abarmagnet
= Acoil of wire

= Asensitive ammeter
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DIRECTION OF THE INDUCED FIELD ,
OPPOSES THE DIRECTION THAT
THE BAR MAGNET IS MOVING

CURRENT INDUCES

MAGNETIC FIELD

IN COIL
—E\ N| N S

Your notes

_BAR MAGNET INDUCES
CURRENT IN WIRE

Lenz’s law can be verified using a coil connected in series with a sensitive ammeterand a
bar magnet

= Aknown pole (either north or south) of abar magnetis pushed into the coil
= Thisinduces ane.m.finthe coil
= Theinducede.m.fdrives a current (becauseitis a complete circuit)

= Lenz'sLawdictates:

= Thedirection of the e.m.f, and hence the current, must be set up to oppose the
incoming magnet

= Since anorth pole approaches the coil face, the e.m.f mustbe setup to create an
induced north pole

= Thisis because two north poles will repel each other
= Thedirection of the currentis therefore as shownin the image above
= Thedirection of current can be verified using the right hand grip rule

= Fingers curl around the coil in the direction of current and the thumb points along
the direction of the fluxlines, from north to south

= Therefore, the current flows in an anti-clockwise direction in the image shown, in
ordertoinduce anorth pole opposing the incoming magnet

Combining Lenz's Law and Faraday's Law

= CombiningLenz's Law into the equation for Faraday's Law is written as:

e d(N®)

dt
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= The negative signrepresentslLenz's Law ,

= Thisis becauseit showstheinducede.m.fcis setupinan'opposite direction’ to Your notes
oppose the changing flux linkage

= Thisequation also shows that the gradient of the graph of magnetic flux (linkage) against
A(N®)
At

time, represents the magnitude of the induced e.m.f

= Note: the negative sign meansif the gradient is positive, the induced e.m.fis
negative

= ThisisagainduetoLenz's Law, which says the e.m.fis set up to oppose the effects
of the changing fluxlinkage

o

Worked Example

A smallrectangular coil contains 350 turns of wire. The longer sides are 3.5 cm and the
shortersides are1.4cm.

pole—piece
of magnet ——_

4
\‘axis of rotation

The coilis held between the poles of alarge magnet so that it canrotate about an axis
throughits centre. The magnet produces a uniform magnetic field of flux density 80
mT betweenits poles. The coil is positioned horizontally and then turned through an
angleof 90°inatime of 0.18 s.

Calculate the magnitude of the average e.m.finduced in the coil.
Answer:
Step 1: Write down the known quantities

= Magnetic fluxdensity, B=80mT=80x10"3T

= Area,A=35x1.4=(3.5x10"2)x (1.4 x10°2) = 4.9 x 10-4m?
= Numberof turns, N =350

= Timeinterval,At=0.18s

Step 2: Write out the equation for Faraday’s law:

_ A(N®)

€T AL
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Step 3: Write out the equation for the change in flux linkage: ,

= The number of turns N and the coil area A stay constant Your notes
= The fluxthrough the coilchanges asitrotates
= Therefore, the changein fluxlinkage can be written as:

AN®) = NA(AB)

Step 4: Determine the change in magnetic flux linkage

= Theinitial flux through the coilis zero (flux lines are parallel to the coil face)
= The final flux through the coil is 80 mT (flux lines are perpendicular to the coil face)
= Thisis because the coil begins horizontally in the field and is rotated 90°
= Therefore, the changeinfluxlinkage is:
AN®) = NA(AB) =350 x (4.9 x 1074) x (80 x 1073) = 0.014 Wb turns

Step 5: Substitute change in flux linkage and time into Faraday’s law equation:

_0.014
€770.18

=0.076V

o

Examiner Tips and Tricks

The 'magnitude’ of the e.m.f just means its size, rather thanits direction. This is often
whatis required in exam questions, so the minus signinLenz's law is not necessarily
required in calculations. However, you may be expected to explain the significance of
the negative signin the equation, so be prepared tointerpret it as an expression of
Lenz's Law!

Rememberthat 'd' and the greek letter delta, 'A", simply mean 'changein’.
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