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11.1 Electromagnetic Induction

Question Paper

Course DPIB Physics
Section 11. Electromagnetic Induction (HL only)
Topic 11.1 Electromagnetic Induction
Difficulty Easy
Time allowed: 70
Score: /54
Percentage: /100
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Questionla

Faraday’s law of electromagnetic induction can be written as:

A(Ng)
At

g:

(a)

(i)
Name the quantity represented by A(Ng).

(ii)

State Faraday’s law of electromagnetic induction in words.

Question1b

The table outlines the standardinternational (Sl) units of the main quantities involvedin electromagnetic induction.

Quantity Symbol Slunit
Magnetic flux o)
Magnetic fluxlinkage Wb turns
Electromotive force
Magnetic flux density B

(b)
Complete the table by fillingin the missing symbols and Sl units.
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https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Page 3 of 15

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Question1c

A galvanometeris an electromagnetic device that can measure small values of current by the deflection of a needle.

Acoilis connectedto a galvanometer centered at zero.

S | Magnet
N
Coil
Galvanometer

Amagnet moves vertically into the coil so that the galvanometer deflects to theright as shown.

(c)
Inthe spaces provided, sketch the expected observations of the galvanometer needle when

(i) (i)

(i)
Themagnetis held atrestin the coil.
(]
(if)
The magnetis removed from the coil more quickly thanitentered
(3]

[4 marks]
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Question1d
As the studentremoves the magnet from the coil, the galvanometer shows a constant value of .5 mVfor2.0 s.
(d)
Calculate the changein magnetic fluxlinkage as the student removes the magnet from the coil.
(3]
[3marks]

Question 2a

The graph shows how magnetic flux linkage N@ passing through a coil of wire changes as time t progresses, as it moves into
a uniform magnetic field.

Flux /N
linkage
N&
|
|
|
|
|
|
I
|
I
|
|
0 ' =
0 to  Time

(a)
State the quantity represented by the gradient of the graph.
(1
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Question 2b

Aftera certain amount of time the coil of wirein part (a) has fully entered the region of uniform magnetic fieldand moves
normally to the flux density within it.

The graphin part(a) is continued so that the graph looks like:

Flux /N
linkage
N®
|
|
|
|
|
|
|
|
|
0 ! >
0 ty Time
(b)
State and explain the value of theinduced emfin the coil of wire aftertime, to.
(2]
[2 marks]

Question 2¢c

The coil of wire in part (b) is made of 5000 turns of wire and has an area of 0.15 m2. The uniform magnetic field has a field
strength of 2.5 T andis perpendicularto the coil face, such that the angle between the normalline to the coil face and the flux
linesis O°.

(c)
Calculate the magnitude of the magnetic fluxlinkage through the coilin the uniform magnetic field.
[2]

[2 marks]
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Question 2d
(d)
The graph shows how the induced emf varies with time for a different coil of wire.

Induced N\
emf/V

05|-====-=-=-=

10 Time/s

(i)
State the quantity represented by the area under the slope.

(1]
(if)
Calculate the area underthe slope, giving an appropriate unit with youranswer.

(3]

[4 marks]
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Question 3a
When a coil of wirerotates in a uniform magnetic field, the magnetic fluxis given by the equation

®= BAcos(6)

(a)
State the meaning of the following symbols and an appropriate unit foreach.
(i)
B
[l
(if)
A
(1]
(iiy o
[
[3marks]
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Question 3b

The graphrepresents the variation of induced emf over the progression of time for coils Aand B which rotate in the same
uniform magnetic field.

Induced N\
emf/V

Time/s

(a)

ForcoilsAandB
(i)
State which of the two coils experiences the largest maximum induced emf.
[1]
(ii)
Hence, orotherwise, state which coilhas a fasterrate of rotation.

(1]

[2 marks]
Question 3c
Sometimes the equation @ = BAcos(0) is simplified to
®= BA
()
State therelation between the coiland the magnetic field lines when the magnetic fluxis simplifiedin this way.
(1]
[1mark]
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Question 3d
Arectangular coil with a magnetic flux of 0.15 mWb spins in a uniform magnetic field of fluxdensity 0.50 mT.
(d)
Calculate the cross sectional area of the coil.
[4]
[4 marks]
Question4a
Lenz’s law is sometimes combined with Faraday’s law in order to explain important electromagnetic effects.
(a)
Choosewords from thelist below to complete the sentence.
attract density direction linkage oppose
The______ of aninduced emfis always setupinsuchawaysoasto______ thechangeinmagneticflux ______ thatcauses
it.
(3]
[3marks]
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Question 4b
Faraday’s law can be combined with Lenz’s law in the following mathematical equation
—NAD
&= —(———
At

(a)

State which aspect(s) of the equation shown corresponds to
(i)
Faraday’s law.
(1]
(if)
Lenz's law.

(1]
[2 marks]
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Question 4c

Barmagnets are arranged vertically, with each magnet having aring of a different material suspended aboveiit.

Plastic Copper Copper
N N N
S S S
P Q R

An analysis of the subsequent motion of eachringinvolves considering the type of material of eachring, how itis made, and
how this affects any induced emfs or currents.

(c)
Respondwith Y (yes) or N (no) in the table below to complete the analysis of the situation.

Ring Conductor Emfinduced? i::t:::?
P N N
Q Y
R Y
[5]
[5marks]
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Question 4d

Ring Q takes significantly longertoreach the bottom of the magnet comparedtorings PandR.

(d)
State thelaw of electromagnetic induction which explains this observation.
(1]

[1mark]

Question 5a

Astraight conductor of length /=30 cm moves normally across a uniform magnetic field of fluxdensity B=2.0 T ata speedv.

ONONONORORONONOL
ONONO|ONONOROXNO
ORORO|ORORORONO
ONONOJORORONONO
ONONO/|ORORONORO,

ONONONORORONONO

Calculate the speedvthe conductorwould need to havein ordertoinduce an emf of magnitude1.5V.

(4]

[4 marks]
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Question 5b

The conductorin the diagramis now bentinto a single loop of wire and moves normally across the same uniform magnetic
field at the same speedv, as shown.

OJONORONONONONOL
ONONORONONONONO
ONCZONOJONONONO
ORcNO%OROROXORO
ONONONONONONONO
ONONONONONONONO

Theinduced emfinthe singleloop of wireisnow O V.

(b)
Explain why theinduced emfin the single loop of wireisnow O V.
(1

[Tmark]
Question 5¢
The single loop of wire shown in part (b) encloses an area of 7.2 x 1073 m2.
(c)
Calculate the magnetic flux through the single loop of wire.
[3]
[3 marks]
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Question 5d

Sketch a graph on the axes provided below to show how the magnetic fluxlinkage N@varies with time t as the singleloop of
wireis removed entirely from the uniform magnetic field. Assume the speed v stays constant.

N® AN

~V

(2]

[2 marks]
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