


Physics 12 - Magnetic Forces and Fields

Up until now we have only considered the electrostatic forces acting on charges at rest.
When the charges are in motion, an extra force acts on them.

Magnetic fields are produced by electric currents, which can be relatively large currents in
wires, or relatively tiny currents associated with electrons in atomic orbits.

Magnets

Certain metals, such as iron, cobalt and nickel, have a special property to them that allows
them to become permanent or temporary magnets. These metals are referred to as
ferromagnetic materials.

Ferromagnetic materials have something special about the charge movement within their
atoms. This has to do with the spin nature of the unpaired electrons in these atoms.

The unpaired electrons have spins that have spins that produce a “cooperative effect” with
10% to 10% other atoms. The atoms that cooperate in this group are called a magnetic
domain. Since the dimensions of these domains are very, very small. Therefore, there are
millions of magnetic domains in a magnet‘ http:loww.magnet fsu.eduleducation/tutorials/javaldomains/index.html

Un-Magnetized Piece of Ferromagnetic Material -

Magnetized Piece of Ferromagnetic Material -

A magnet has two poles - a north pole and a south pole.




Magnets can ___or ; other magnets. Magnets.are also able to
exert forces on each other without touching because they are surrounded by:

Magnetic fields are vector fields and therefore we need to represent the lines as arrows.
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Note the similarity of magnetic fields to electric fields.

The end of the magnet in a compass that points north is the north-seeking pole (making it the

south pole of the magnet). Therefore, the magnetic pole of the earth in the geographic north
must be a south magnetic pole!



We define the direction of a magnetic field as the direction that a compass would point

when placed in the field. Q
ORE 51 O
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When magnetic fields interact, we can summarize those interactions:

Like magnetic poles repel each other, and unlike poles attract each other.

N
Electromagnetism:

The Oerstad Experiment at the University of Copenhagen in 1819 was the first evidence of
the connection between electricity and magnetism. This experiment helped lead to the

understanding that all magnetic fields are caused by the V of

, like electrons moving around the nucleus or through wires.

Shortly after Oersted and his experiment were made public, ~ Thumb Pointing
in Direction of
Current Flow

Andre Marie Ampere developed the 1% Right Hand Rule.

This rule is used to predict the direction of the -

Fingers Point in
Direction of
tagnetic Fleld

The right hand rule uses CONVENTIONAL current.
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Using the 15t right hand rule, it is now possible to.show the.shape of the magnetic field

around a current-carrying wire. The lines of force around a current-carrying wire circle the

wire, 1+ Right Hand Rule; Straight wire jcirculay vaagnetie. el A
2
A
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Quite often we need to represent a current carrying wire as though you are looking at it
from its end. To do this, we draw a circle and indicate the direction of current flow as

follows:

If the current flows INTO the page: If the current flows OUT OF the page:

O

Using the right-hand rule, we can determine the direction of the magnetic field:

&

In a current-carrying wire going into and out of the page:
For a non-coiled single wire (+ to -):

O
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direction of C. current flow




For a non-coiled single wire (- to +):

N
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direction of C. current flow
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Solenoids:

Electromagnets are magnets that produce magnetic field only when an electric current flows

through them. These magnets are usually made by winding a coil of wire around a magnetic core

material such as iron. This is referred to as a solenoid.

The loops of wire carry the current and therefore the more loops there

magnetic field produced.
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Just like a bar magnet, a solenoid (electromagnet) has North and South poles. The poles depend

entirely on...\

2" Right Hand Rule: (again we are using conventional current) 0 «@W\‘p‘-m e
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By looking at the diagram below, we can see that the field outside of a solenoid is weak and

non-uniform.

However, the field inside the solenoid is strong and uniform.

In a uniform magnetic field INSIDE the solenoid, we can calculate the strength of the field

using:
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Example: A hollow solenoid is 25 cm long and has 1000 loops. If the solenoid has a diameter

of 4.0 cm and a current of 9.0 A, what is the magnetic field strength in the solenoid?




Questions:

Indicate the lines of force on the following diagrams by filling in the direction of the compass needies.
Then indicate which end of the electromagnet would be the North and South Poles. (Note: the
arrows show the direction of conventional current)
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Use the Right-Hand Rule to predict which is the positive and negative terminals of the battery. (Hint:
Don'’t forget to look at where the compass is placed...above or below the wire!!)

[

a) b) c)

battery ‘ battery

Find the North and South Poles in each example and indicate the direction of all the compass needles.
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Find the direction of the current: (label the + and — terminals)
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1. A 25.0 cm solenoid has 1800 loops and a diameter of 3.00 cm. Calculate the magnetic

field in the air core of the solenoid when a current of 1.25 A is flowing through it.

2. Anair core solenoid is 25 cm long and carries a current-of 0.72 A. If the magnetic field

in the core is 2.1 x 10° T, how many turns does the solenoid have?

3. An air core solenoid is 30.0 cm long and has 775 turns. If the magnetic field in the core
is 0.100 T, what is the current flowing through this solenoid?

4. What is the magnetic field near the center of a 0.30 m long solenoid that has 800 turns

of wire and carries an electric current of 2.0 A?



Physics 12 - Magnetic Forces

Last class, we saw that with permanent magnets —

We also saw that magnetic fields surround any current carrying wire. When a current-

carrying conductor (like a wire) is placed in a magnetic field, it will experience a force.

We are going to look at two types of situations in which magnetic forces act.

A. Magnetic Forces on Current Carrying Wires

Parallel Current Carrying Wires

Two parallel wires carrying current in the
same direction. Will the fields produced by

these wires attract or repel?

O ®

Parallel wires with current flowing in the

same direction will...

Two parallel wires carrying current in the
opposite direction. Will the fields produced

by these wires attract or repel?

OO

Parallel wires with current flowing in the

opposite direction will...

Current Carrying Wires in Magnetic Fields

A current carrying wire is placed between two permanent magnets as shown below.
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The area above the wire sees an interacti
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on between the field produced by the permanent

magnets and the field produced by the current carrying wire. These fields point...

These two fields will




The area below the wire also sees an interaction between the two fields. In this area, the

fields point...

These two fields will

The 3 Right Hand Rule: To obtain the direction of the force on a conductor in a magnetic field.

Thumb:

Index Finger:

Other Fingers:

The magnetic force on a conductor can be calculated as:

Note: If the conductor is perpendicular to the magnetic field, the formula becomes:

And if the conductor is parallel to the magnetic field, the formula becomes:




B. Magnetic Forces on Moving Charges in Magnetic Fields

In the same way that charged particles moving through a wire will experience a force in a
magnetic field, so will free charged particles. We also use the 3¢ Right Hand Rule to

determine the direction of the magnetic force on such a particle.

IMPORTANT NOTE: We use right hand rules for wires when talking about conventional
current. All of the same concepts apply if we use our left hand (left hand rules) when dealing
with electron flow. ‘

This logic is also used when dealing with charged particles:

For negatively charged particles, we use...

For positively charged particles, we use...

To calculate the magnetic force on a particle, we use:

Again, if the particles are moving perpendicular to the field -
If the particles are moving parallel to the field 2>

As seen below, moving charges (such as protons, electrons and neutrons) can be deflected by
magnetic fields. They are deflected by the magnitude of the force calculated by the formula
introduced above. Then we use the hand rules to determine the direction of the deflection.
Remember - use your right hand for positive particles and your left hand for negative

particles.
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In a vacuum, charged particles can become trapped in a

magnetic field. As the magnetic force acts on the charged X X ST
/
particle, the direction of motion is changed. As the direction /
of motion is changed, so is the direction of force. This results * ll X
A\
in a circular motion. | N /
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Circular particle accelerators use magnetic fields to bend beams of charged particles. This
allows them to reach phenomenal speeds in relatively small spaces. The cyclotron at UBC’s
TRIUMEF contains the largest of its kind in the world. It accelerates a beam of hydrogen
anions (H-) to 75% the speed of light and uses a 0.42 T magnetic field. At these speeds, the
relativistic mass of a hydrogen anion is 2.524 x 107 kg. What is the outer radius of the

——— e

cyclotron? -
When charged particles

travel in a circular path:

X2k
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Example One: A wire with a current of 2.0 A is perpendicular to a magnetic field of 0.82 T as

shown in the diagram. What are the magnitude and direction of the magnetic force acting on
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Example Two: Calculate the magnitude of the magnetic force on an electron travelling at a

speed of 3.60 x 10* m/s perpendicular to a magnetic field of 4.20 T.

Example Three: What is the net magnetic force on the L-shaped conductor?
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Example Four: Calculate the upward acceleration of an electron that is travelling east at a
speed of 8.30 x 10* m/s through a magnetic field of 3.10 x 10 T that is directed south.




Example 5: A proton is accelerated from rest at the positive plate of the two charged parallel
plates with a potential difference of 2000 V. After leaving the plates through a small hole in
the negative plate, it enters a uniform magnetic field of 0.50 T in a direction perpendicular to
the magnetic field directed out of the page as shown in the diagram.

a) Find the speed of the proton when it leaves the 2kl

s

negative plate. + e s s e
+ E I~ 0507
b) Find the magnitude and direction of the magnetic | | B I
force on the proton. ‘ + - %—'—xﬁ AP
¢) Find the acceleration of the proton. + e e e
d) Draw the path of the proton. + a o % @

e) Find the radius of its path in the magnetic field.
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Magnetic Force Problems:
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1. The magnetic field in the diagram is due to the current s = ® % @
carrying wire. What is the direction of the current in the wire? * T e

b3 ® 4 4 E s

(to the right)

% % O H O ox # B
2. When no current is present in the wire, all compass needles point in the same
direction. Use arrows to show the direction of the compass needle at each point A, B, C

and D when the wire carries a current as shown in the diagram.
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3. When a solenoid is connected to a battery, the north pole of the magnet near the
solenoid points towards the solenoid.

a. What is the direction of the magnetic field due to the current? (to the right)

b. What is the polarity of the terminal X of the battery? (-)
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4. A -62 uC charged particle moves near a current catrying wire at 200 m/s as shown. p—g

ERe S

The separation between the particle and the wire is 0.24 m, and the magnitude of the

magnetic force exerted on the particleis 1.2 x 10% N. wom R0 mix L

ik ] = Tt
a. Find the magnitude of the magnetic field at the i
location of the particle.(9.67 x 107 T) 520
1 I

b. Find the current of the wire. (1.16 A)

5. A 450 turn solenoid of length 0.32 m produces a magnetic field of 4.0 x 105T at its
center. Find the current in the solenoid. (2.26 x 102 A)




6. A solenoid of length 0.45 m and a diameter of 0.020 m produces a magnetic field of 1.6
T at its center when it carries a current of 6.8 A. How many turns of wire are contained
in this solenoid? (8.43 x 10* turns)

7. An electron moving at 1.8 x 10° m/s enters at a right angle to a magnetic field produced

by a 0.28 m long solenoid. A current of 4.2 A flows through the 760 turns of wire in the
solenoid.

a. Find the magnetic field in the solenoid. (1.43 x 102 T)

b. Find the radius of curvature of the electron in the magnetic field of the solenoid.
(7.16 x 107 m)

8. An electron with a kinetic energy of 3.6 x 10* ] moves perpendicular to a magnetic
field of 0.60 T.

a. Find the magnitude of the magnetic force on the electron. (2.70 x 10 N)

b. Find the radius of the circular path of the electron. (2.67 x 103 m)
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9. The diagram shows the pathway of a charged particle

which is not possible as the particle with a constant ot )
g K ,ri

velocity enters a uniform magnetic field. Using the o e

principles of physics, explain why the pathway is | I f s m =

not possible. s = . o & s

10. What is the mass of a singly charged ion that makes 6.0 revolutions in 1.5 x 10® sin a
5.6 x 102 T field with a radius of 5.4 x 10# m? (3.57 x 10 kg)

11. When a charged magnetic particle enters a uniform magnetic field, it moves in a

circular path as shown in the diagram. v % v ox
a. Determine the polarity of the particle. (+) & . ¥ X . ¥ %
b. If the magnetic field has a magnitude of 0.20 T, x %“% ¥R X
the particle’s charge has a magnitude of 1.8 x 10 C, v whx w o«
its speed is 3.0 x 10° m/s, and the radius of its path is ¥ N £ =

0.40 m, find the mass of the particle. (4.8 x 10?6 kg) &f% ’””@"‘:M 7

4]



12. A current carrying wire is perpendicular to a magnetic field. Due to the presence of a

magnetic field, the wire experiences a magnetic force toward the bottom of the page.
What is the direction of the magnetic field? (x)

13. The diagram shows current I flowing in a circular coil in a magnetic field B. Use

arrows to show the direction of the magnetic force acting on the coil at each point W,
X, Y and Z. ] i ] ] B
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14. The diagram shows a current-carrying wire that is perpendicular to a magnetic field of
0.54 T. What is the magnitude and direction of the current that produces a 2.8 N force
on the wire directed down the page? (13 A to the left)* * * 5% = ¥ E
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15. A 0.20 kg metal rod is lying on the horizontal top of two frictionless conducting rails.

Find the magnitude and direction of the acceleration of the rod. (0.12 m/s? to right)

{h 2 m
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o= 1B, 20 b



16.

17.

18.

19.

Calculate the magnitude and direction of the magnetic force on an alpha particle
travelling upward at a speed of 2.11 x 10° m/s through a magnetic field that it directed
down. (0 N)

An electron experiences an upward force of 7.1 x 10* N when it is travelling 2.7 x 10°

m/s south through a magnetic field. What is the magnitude and direction of the
magnetic field? (1.64 T [to the right])

Calculate the downward acceleration of an electron that is travelling horizontally at a
speed of 6.20 x 10° m/s perpendicular to a horizontal magnetic field of 2.30 x 101 T.
(2.5 x 10 m/s?) '

An electron is accelerated by a potential difference and then travels perpendicular
through a magnetic field of 7.20 x 107 T where it experiences a magnetic force of 4.1 x
103 N. If it is assumed that this electron starts from rest, through what potential

difference was it accelerated? (36 V)

20. What is the net magnetic force on the L-shaped conductor? (0.418 N @ 37° N of E)

I=22 A ' s
T B=0.005T
7\_ L] s a S 2] a L1 z
0.16m . I
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Physics 12 - Magnetic Induction
Oerstad determined that an electric current will produce a magnetic field. So the next logical

step was to determine if a magnetic field could produce an electric current. Faraday and

Henry both independently determined that this was possible.

One way to use a magnetic field to produce an electric X + X X
current is to move a conducting rod through a magnetic
field. ‘
e X X X
Ly
X X X
X | |X X
Conducting Rod

If this conducting rod is then made part of an electric circuit, it will act like a battery (a

voltage source), causing charge to move in the circuit just as any battery with an EMF would.

x |*|x X I
X X X
NI [
X X X
X ) X X !
\
Conducting Rod

The process of producing an EMF in a conductor by use of a magnetic field is known as

electromagnetic induction.

Electromagnetic Induction ~ When a conductor in which an EMF is induced is part of
a circuit, the induced EMF will cause a charge to flow through the conductor. This

flow of charge is called an induced current.




Faraday discovered that he could produce an electric current by using an induction coil as
soft iron
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primary coil ‘ secondary coil

shown in the diagram below.

switch

He found that when the switch of his induction coil was being closed or opened, the
galvanometer deflected. This indicated that there was a brief current through the secondary

coil.

One of the key discoveries in this experiment was that while the switch was being closed,
the galvanometer deflected in one direction, but while the switch was being opened, the

deflection was in the opposite direction.

In a similar experiment, you can connect a galvanometer to an air core solenoid and move a

magnet in and out of the solenoid.

magnet moves in and

out of solenoid

galvonometer

The direction of the induced current can be determined using Lenz’s Law.

Lenz’s Law states:

Lenz's Law is really an application of the law of conservation of energy. Energy cannot be

created. You cannot get electrical energy from nothing. It must come from somewhere.



When a magnet is pushed into the coil, a current is induced in the coil. Lenz’s Law tells us
that the current flows in such a way that the magnetic field inside the coil opposes the

magnetic field of the magnet. magnetic field

motion of magnet inside solenoid

According to the Right Hand Rule, when your thumb points in the direction of the North
Pole, your fingers point in the direction that the conventional current must flow through the

windings of the coil.

This field opposes the magnetic field of the magnet. If this was not the case and the

magnetic field in the coil did not oppose the magnetic field of the magnet, you would be

getting energy from nothing, WHY?

magnetic field

motion of magnet inside selenoid
If the current in the conductor is as shown in the ,

diagram, the magnetic field would attract the
magnet. Therefore, no work (NO ENERGY) would

be required to slide the magnet into the coil, but

electrical energy would be produced > this is

energy from nothing and impossible!

Examples: Find the direction of the induced current through G in the following diagrams.

A. motion of magnet U B. motion of magnet
e
s

B ]

motion of coil




If a conducting rod is moved through a magnetic field, the magnetic field of the induced
current must oppose the magnetic field that produced the induced current — again, this

Hlustrates Lenz’s Law.

We can use the Right Hand Rule to determine the direction of the induced current in this

scenario.
conducting rod Pointer Finger —
X o xpx X T Curved Fingers —
X X|x X :
7 g S Thumb —
X X | X X
, A
X X% X

Example: What is the direction of the induced current i
conducting rod

in the following scenario?
L 3 @ &
@ L ] ]
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Magnetic Flux

Magnetic flux is defined in terms of magnetic field lines. Recall that the density of these lines

represents the magnetic field strength.

The magnetic flux through a loop depends on the orientation (the angle) of the loop, the

magnetic field strength (field lines) and the area of the loop.

/ loop - loop / loop
i B |
—_— 5 - —
e 1 S >
iy | T 3 . N ] — —
(Y R 7

=0 ‘ & > 0 but < 90° 8=90°

The magnetic flux depends on the number of field lines that pass through the loop. When
the field lines are perpendicular to the plane of the loop, there will be more lines passing
through the loop. Conversely, when the field lines are parallel to the plane of the loop, there

are no lines that pass through.



Magnetic Flux —

Units - Tem? or webers (Wb)

Faraday’s explained how an induced current is produced by using a magnetic field through a

changing magnetic flux.

The induced current depends on the rate of change of the magnetic flux. The induced current

also depends on the induced EMF.

The formula we use quite often when dealing with induced currents is an algebraic

expression of Faraday’s Law of Induction -

Example 1: A square loop of wire is perpendicular to a 1.50 T magnetic field. If each side of

the wire is 2.10 cm, what is the magnetic flux through the loop?

Example 2: A 1.80 cm diameter circular coil that contains 50 turns of wire is perpendicular to
a 0.250 T magnetic field. If the magnetic field is reduced to zero in a time of 0.100 s, what is
the average induced EMF in the coil?



Example 3: A circular loop of wire (radius = 2.5 cm) is placed in a magnetic field (B=0.020 T),
as shown in the diagram as shown in the diagram. This field is then decreased to 0.010 T in

0.10s. %
a) What is the average EMF induced in the loop?

b) What is the direction of current through the loop?
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Induced Current and Magnetic Flux Problems:

1. The diagram below shows a rectangular coil with 200 turns and dimensions 0.24 m by 0.20
m. Its plane is perpendicular to a magnetic field with magnitude 0.45 T. The coil rotates 90° in

0.12 s so that its plane is now parallel to the magnetic field.
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a) What is the magnitude of the induced EMF? (36 V)
b) If the coil has a total resistance of 40 ), what is the current induced in the coil? (0.90 A)

2. A 0.65 T magnetic field passes through a circular coil of radius 0.16 m. Find the magnitude

of the magnetic flux through the coil. (0.0523 Wb) et T
=868
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3. The magnetic flux through the surface of a rectangular coil measuring 0.25 m by 0.16 m is

2.4 x 10 Wb when the coil is placed perpendicular to a magnetic field. Find the strength of

the magnetic field. (0.060 T) * 3>< X X X X X ¥
x x x 025m x %
x RA[X K x x x| x
Cxox i ox ox % oo o=
.16 m
X O ¥®HX X O ® w ¥ X
X MY X o x x® x %
X % X X X X X %
X X ¥ X X X X X



4. When a single coil with a radius of 0.80 m of resistance 2.8 Q is pulled a distance of 0.30 m

into a perpendicular 0.20 T magnetic field, an average current of 0.40 A current is produced

in the coil. Find the speed with which the coil was pulled. (0.836 m/s)

[ ]

b4 o L] <4

B=0.2T

5. A coil with 800 loops of radius 0.01 m is placed with its plane perpendicular to a uniform

0.16 T magnetic field as shown in the diagram.

a) If the coil rotates 90° in 0.40 s so that’s its plane is now

parallel to the magnetic field, what is the average EMF

induced in the coil? (0.10 V)

b) If the magnetic field changes from 0.16 T to0 0.04 T in
the opposite direction in 0.80 s, what is the average EMF

induced in the coil? (6.3 x 102 V)

c) If the coil moves to the right by 0.01 m in 0.60 s within
the magnetic field, what is the average EMF induced in

the coil? (0 V)
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6. A magnetic field (B = 3.2 x 10 T) passes perpendicular through a circular loop of wire
(radius = 5.0 cm). What is the magnetic flux through the loop? (2.51 x 10° Wb)



7. A circular coil with 200 turns and a radius of 6.0 cm is rotated in a uniform magnetic field
(B=3.6 x 10 T). At t = 0, the coil is perpendicular to the field, and at t =0.015 s, the coil is
parallel to the field. What is the average EMF induced in the coil? (5.43 x 102 V)

8. A square-shaped piece of wire with an area of 2.5 x 10 m? is perpendicular to a uniform

magnetic field (B =2.2 x 102 T) as shown in the diagram (a).
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area=2.5x10°m?  collapsed (area = 0)
If the square collapses in time of 0.100 s, as shown in diagram (b) above, what is the average

induced EMF as it collapses? (5.5 x 10# V)

9. Find the average EMF induced in a circular coil with 50 turns and a radius of 0.050 m if the

magnetic flux through the loops is changing at a rate of 15.0 Wb/s? (-750 V)

10. A square-shaped coil with 100 turns (area of each square loop = 4.0 x 10 m?) is
perpendicular to a uniform magnetic field. When the coil is rotated through 90° in 0.12 s, the

average induced EMF is 0.92 V. What is the magnetic field strength? (0.276 T)

11. A circular coil with 10 turns and a diameter of 25 cm is placed perpendicular to a uniform
magnetic field (B = 2.7 x 102 T). If the direction of the magnetic field is reversed in 0.30 s,
what is the average EMF induced in the coil? (8.8 x 10° V)



12. A magnet is quickly removed from a circular coil (25 turns, area = 5.0 x 10 m?). This

changes the magnetic field within the coil at a rate of 0.40 T/s. What is the average EMF
induced in the coil? (0.05 V)

13. A square-shaped piece of wire (area =7.2 x 10 m?), as shown in the diagram below, has a
resistance of 12.0 Q. Assume that the magnetic field drops uniformly from 1.6 T to 0 T in

0.050 s as the loop is pulled from the magnetic field.

o & 2] 5
a) What is the average EMF induced in the loop? (0.23 V) . . . .
b) What is the current induced in the loop? (1.92 x 102 V) i . . .
c) What is the direction of the electron flow in the loop? (clockwise)

o ® o o

14. A square-shaped piece of wire (4.0 cm per side), as shown in the diagram below, is placed
in a magnetic field (B = 0.20 T). The magnetic field is increased to 0.50 T in 0.30 s.

-] & & &
a) Find the current through the loop if the resistance of the loop is 2.0 Q. .
(8.0x10* A) a @ @ 6
b) Find the direction of the electron flow through the loop. (clockwise) o 8 " o




Physics 12 - Transformers

Transformers are another important application of electromagnetic induction. A transformer

is a device that is used to convert a potential difference to a higher or lower value.

A transformer consists of a primary coil of Np turns and a secondary coil of Ns turns.

Peimary _ Secopdary
il o coil

3=

} n L

AN

Iron core

The changing magnetic flux due to an AC voltage in the primary induces an AC voltage in

the secondary.

Step-up Transformer — Used to increase the potential difference.

Step—down Transformer — Used to decrease the potential difference.

Although a transformer will increase or decrease the voltage, energy is conserved — you

cannot get something for nothing.

Transformer Equation:

From this we can see that as the number of turns increases, the voltage increases, but the

current decreases.



In the problems that we will deal with, we will assume that the transformers are ideal. That is,
no electrical energy is converted to other forms. The efficiency of transformers are usually

very high.

Example 1: A step-up transformer is used to convert 1.20 x 102 V to 1.50 x 10* V. If the

primary coil has 24 turns, how many turns does the secondary coil have?

Example 2: A set-up transformer has 1000 turns on its primary coil and 1.0 x 10° turns on its
secondary coil. If the transformer is connected to a 120 V power line, what is the step-up

voltage?

Example 3: A step-down transformer reduces the voltage from 120 V to 12.0 V. If the primary
coil has 500 turns and draws 3.0 x 102 A,

a) What is the power delivered to the secondary coil?

b) What is the current in the secondary coil?

Power Transmission — One major application of transformers is in the transmission of
electric power. At the power generation plant, there are step-up transformers that will
increase the voltage to a very high voltage (100000 V to 500000 V). At the user end (ie. our
houses), there are step-down transformers to reduce the voltage to 120 V before any electric

power enters our homes or buildings.

Why? Reason 1 -

Reason 2 -



N Y o

Transformers and Power Transmission Problems:

1. Currents of 0.25 A and 0.95 A flow through the primary and secondary coils of a
transformer, respectively. If there are 1.0 x 103 turns in the primary coil, how many turns are

in the secondary coil?

2. A step-down transformer has coils of 1.20 x 103 and 1.50 x 102 turns. If the transformer is

connected to a 1.20 x 10? V power line and the current in the secondary coil is 5.00 A, what is

the current in the primary coil?

3. Near Nick’s home, the voltage of the power line is 3.6 x 10% V. The transformer between his
home and the line reduces this voltage to 1.20 x 10? V. If the transformer is to deliver 2.4 x 10°

J of energy each second to Nick’s home, what is the current in;
a) The primary coil?

b) The secondary coil?

4. A step-down transformer (Np = 1.50 x 10?, Ns = 25) is connected to a 1.20 x 10? V primary

line. If there is a 75 Q) electrical device placed in the secondary circuit, what is the current in

the primary coil?

5. If the voltage and current of the primary coil is 120 V and 3.0 A, what is the power

delivered the secondary coil?

6. If the power delivered to the secondary coil of a step-up transformer is 50.0 W from a 120 V

power line, what is the current in the primary coil?



7. A transformer (Np = 5.5 x 102, Ns = 36) is connected to a 120 V power line. If the current in the

primary coil is 1.0 A, what is the power in the secondary coil?

8. A 100 W transformer (Ns = 1500) has an input voltage of 9.0 V and an output current of

0.65A. How many turns are there in the primary coil?

9. A transformer has 20 turns in the primary coil and 400 turns in the secondary coil. This

transformer produces an output of 5000 V with a 0.02 A current.
a) Determine the type of transformer.
b) What are the voltage and current in the primary coil?

c) What is the power input?

10. What acts on the secondary coil of a transformer to cause an EMF to occur across its ends

even though the primary coil and secondary coil are not connected?

11. An ideal transformer has 1200 primary turns and 30 secondary turns. The input voltage of
120 V AC supplies power to the resistor, R, dissipating 24 W. Find the current in the primary

coil and in the secondary coil. ‘
Primary Secondury

ey

R

12. An electric device with a resistance of 6.0 Q) requires 9.0 V to operate. An ideal

transformer is used to obtain this voltage from the standard 120 V AC.
a) Determine the type of transformer.

b) Find the current in the primary coil.



We already know that batteries convert chemical energy into electrical energy. Electric
generators are devices that convert mechanical energy into electrical energy. Generators

make use of the principle of electromagnetic induction.
Generators versus Motors:

Generators — A loop of wire is rotated through a magnetic field (actually a number of loops

are rotated). This changes the magnetic flux = induces an EMF - inducesa current flow.

mechanical input

brush

Motors: A current carrying conductor passes through the magnetic field. This interaction

between magnetic fields causes the loop to rotate.

Baclk EMF - In an electric motor, there are loops of wire that are rotating in a magnetic

field. These loops (called armature) rotate because of the interactions of magnetic fields.

With this rotation, there is an induced EMF and an induced current.

Direction —




When a motor is first turned on, the loops are not yet rotating so there is no induced EMF. As
the motor very quickly gains speed, the induced back EMF builds very quickly. When the
motor is first turned on, the only voltage causing electrons to move is the voltage applied

across the motor.

As the armature starts to rotate, the EMF opposes the voltage across the motor. This will
lower the voltage in the wire loop circuit and therefore lowers the current drawn by the
motor. (V =1IR)

When the motor reaches its full operating speed, the current drawn by the motor has

decreased.

Example 1: A 120 V motor draws 10.0 A when it reaches full operating speed. If the armature
of this motor has a resistance of 5.2 Q3, what is the back EMF when it reaches its full operating

speed?

Example 2: A 120 V motor draws 12.0 A when a motor is operating at full speed. If the

armature of this motor has a resistance of 6.0 (2, what is
a) The current when the motor is initially turned on (remember no back emf)?

b) The back EMF when the armature reaches its full operating speed?

Example 3: A 120 V motor draws 3.50 A when it reaches its full operating speed. If it draws
15.0 A when it is initially turned on, what is,

a) The resistance of the armature?

b) The back EMF when it reaches its full operating speed?



Induced EMF on a Straight Conductor - As we have seen, it is not only a loop of wire

that is rotated in a magnetic field that produces an induced EMF. A straight conductor that is

moved through a magnetic field will also induced an EMF.

Method One:

Method Two:

— A X—s

A

X X X X

=X X X

f

conducting rod

>oxX X X

AA=LAX




Example 1: A conducting rod 25.0 cm long moves perpendicular to a magnetic field (B=0.20T)
at a speed of 1.0 m/s. Calculate the induced EMF in the rod.

Example 2: The conducting rod in the diagram below is 15 em long and is moving at a speed
of 2.0 m/s perpendicularly to a 0.30 T magnetic field. If the resistance in the circuit is 4.0 €,

what is the magnitude and direction of the current through the circuit?

R=4.0 Q%

e © @ @

@
@
v ,a=15cm
@
|

e @ © G
@ © @ @




Back EMF and Motional EMF Problems:

1. A DC motor is connected to a 120 V power supply and draws a current of 12 A when it first

starts up. At its normal operating speed, the motor draws a current of 3.0 A.
a) Find the resistance of the motor’s armature. (10€2)

b) Find the back EMF when the motor first starts up. (0V)

c) Find the back EMF when the motor is running at normal. (90V)

2. A motor is connected to a 12.0 V power supply and develops a back EMF of 3.2 V when

rotating at normal speed. When the armature is prevented from rotating, the currentis 3.0 A.
a) Find the resistance of the armature. (4.0 Q)
b) Find the current in the motor at its normal speed. (2.2 A)

3. A 120 V motor draws 9.0 A when it reaches full operating speed. If the resistance of the

armature is 5.0 O, what is the

a) back EMF when the motor is operating at full speed? (75 V)
b) back EMF when the motor is initially turned on? (0 V)

c) current when the motor is initially turned on? (24 V)

4. The armature of a 120 V motor slows down because of an increased load (for example, an
electric lawnmower enters thick, tall grass). The resistance of the armature is 6.0 (), and the
current drawn by the motor when operating at full speed is 3.6 A. The current drawn by the

motor when the increased load is applied is 8.4 A.
a) Explain why the motor (armature) gets hotter when the increased load slows it down.
b) Explain why the current through the armature increases when the load is increased.
c) What is the back EMF when the motor is

i. operating at full speed (98.4 V)

ii. slowed down because of the increased load (70 V)



5. The current drawn by a 120 V motor when the motor is turned on is 10.0 A and 3.0 A when

itis at its full speed.

a) What is the resistance of the armature? (12(2)

b) What is the back EMF when the motor is operating at full speed? (84 V)

6. A single rectangular loop of wire connected to a resistor R is pulled out of a magnetic field

of 0.60 T at 3.0 m/s as shown in the diagram.
a) Find the EMF induced in the loop. (0.216 V)

b) If the resistor has a resistance of 0.40 (), find the
magnitude and direction of the current in the loop. (0.54A [cw])

B
-
x
¥
5

7. A 0.80 m conducting rod is moved at 4.2 m/s across a 0.48 T magnetic field along

conducting rails which are connected by a 2.5 () resistor.

a) Which end of the rod is positive? (Y)

ap
b) Find the magnitude and direction of the current

through the resistor. (0.50 A [ccw])
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0.150 T magnetic field. If the resistance in the circuit is 2.25 Q, what is the magnitude and
direction of the current through the circuit? (0.0183 A [ccw])

R=2250

® X X X

X X X
X X X
am—pv
X X X
X X X

=220cm




9. The conducting rod in the diagram below is 15 cm long and is moving at a speed of 0.95

m/s perpendicular to the magnetic field. If the resistance in the circuit is 1.5 ) and a current

of 5.6 x 102 A is induced in the circuit, x
@ @ @ @
a) What is the magnitude of the magnetic field? (0.589 T) e o ol o
R=1.5Q% v 2:15cm
b) What is the direction of the induced current? )[ccw]) @ @ @ e
@ @ @ @ !

10. The conducting rod in the diagram is 30.0 cm long and is moved perpehdicular to a 0.950

T magnetic field. If the resistance in the circuit is 3.25 Q, what force is required to move the

rod at a constant speed of 1.50 m/s? (3.76 x 102 N) T
X X X X
_ X x| x x
R=3.26 1. 2 v — 0 =30.0 em
X X X X
X X X X
i A

11. A plane with wing span of 6.25 m is flying horizontally at a speed of 95.0 m/s. Given that
the vertical component of Barth’s magnetic field is 4.70 x 10 T, what is the induced EMF
between the tips of the wings? (2.79 x 103 V)

12. The conducting rod in the diagram below is 30.0 cm long and is moving at a speed of 3.00

m/s perpendicular to a 0.600 T magnetic field. If the resistance in the circuit is 2.25 Q), what is

the electric energy dissipated in the resistor in 15.0 s? (1.94]) o P o 5
o @ @
R=225Q v L =300cm
@ @ @
@ @ @
v

13. The conducting rod in the diagram is 1.0 m long. It is moved at a speed of 3.0 m/s

perpendicular to a 0.95 T magnetic field. If the resistance in the circuit is 45.0 2, how much

work is done against the magnetic field in 1.0 x 102 s? (1.81 x 102 ])

@
R=4500 ?2=1.0m
@
@

@ @ @ @
@ @ @ @D
@ @ @ @




14. The conducting rod in the diagram is 0.50 m long. It is moved at a constant speed

perpendicular to a 0.65 T magnetic field. If the resistance in the circuit is 2.9 Q and the

induced current is 5.2 x 102 A, what is the speed of conducting rod? (0.464 m/s)

R=29/L é

x X X X

XX X X

X
X
X
X

7

1 =050m

15. A rectangular piece of wire is moved at a speed of 1.80 m/s perpendicular toa 1.30 T

magnetic field, as shown in the diagram. If the length of the side moving perpendicular to the

field is 0.625 m and the resistance in the circuit is 1.50 Q,

a) What is the induced current? (0.975 A)

b) What is the direction of the current? (Jccw])

o]
l

..@.g

@ @ @ @

R=150{2

@ @ @2 @

@ @ @ @

16. A rectangular piece of wire wound 5 times is moved at a speed of 2.7 m/s perpendicular

to a 1.1 T magnetic field as shown below. If the length of the side of the wire moving

perpendicular to the field is 0.18 m and the resistance in the circuit is 3.5 (3,

a) What is the induced current? (0.764 A)

b) What is the direction of the current? ([cw])

X
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Physics 12 —~ Applications of Electromagnetism

Cathode Ray Tube (CRT)

A cathode ray tube is a vacuum tube in which a ]\)’EjrlﬁC‘;l_l Screen
Deflection
beam of electrons is accelerated, deflected and Cathode Anode Plates e

displayed on a fluorescent screen. Cathode ray

eater g e et e e e g

. . . Path of
tubes are used in oscilloscopes, televisions and — Electron |
computer monitors. We are moving away from Grid  Horizontal T

. ) . Deflection

this as we develop new technologies such as LCD - Platey
monitors.
Example: A beam of electrons is directed to a region | e 012

. Y o
between oppositely charged parallel plates as shown ! - - T
. . U < A 0.0
in the diagram. T R

OvVEe . -

AV 0w
a) The electron beam is produced by accelerating electrons through an electric potential
difference of 380V. What is the speed of the electrons as they leave the 380 V plate?

b) What is the electrostatic force on electrons in the region between the deflecting

horizontal plates when they are connected to a 9.0 V potential difference?

c) What is the acceleration of the electrons between the deflecting plates?

d) What is the final magnitude and direction of the velocity of the electrons as it leaves

the second set of plates?



Cathode Rays:

In the late 1800s, the electron was discovered by J.J. Thomson, who was deflecting fast-
moving electrons in a magnetic field. This was done to investigate an electric spark gap in a

vacuum or in gases at very low pressure.
Gas at very low pressure

v )
/

A

—

Cathode > Anode

At
High voltage
The term cathode ray is used because it was determined the discharge that was observed

originated at the negative electrode (the cathode) as the tube glowed with greater intensity

opposite the cathode.

il

J.J. Thomson determined that cathode rays were particles and these particles became known

as electrons.

The Thomson Experiment:

In Thompson’s experiment in the late 1800s, cathode rays were passed through a magnetic

field. The magnetic field was found to deflect the rays.

ANODE
CATHODE

The anode is a circular disk with a hole in it. The electrons are accelerated between the
cathode and the anode (this is referred to the electron gun or accelerator). Under high

voltage, the electrons have a high kinetic energy when they reach the anode.



The beam of high speed electrons then pass through the hole in the anode. Once through the
hole, they then pass through a magnetic field.

The electrons may be deflected up or down by the magnetic field. The deflection is in an arc

as we learned last lesson. (circular motion due to the Fm on the electron)

So...

It is the g/m that Thomson determined to be the charge-to-mass ratio for an electron. He
could easily determine the r and B...but he still did not have the speed, the mass or the

charge of the electron. (Remember — this is the discovery of it!)

Next, he adjusted the electrical and magnetic fields in the cathode ray gun so that they were
equal, but in opposite directions resulting in no deflection and the electrons travelled in a

straight line. Thomson obtained the speed of the electron as a ratio of the field strength.

Mo deflection
(both a magnetic lield and an electric field)

A
Paris 3

S 4

ANODIE e {ood
-~ el

CATHODE e
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F{: = Fm QE i tjl»'BJ_

With v, B, and 1, he could calculate the charge/mass ratio and this was the first information

about the make-up of an electron.




Example One: Charged particles are travelling horizontally at 3.60 x 10° m/s when they enter
a vertical magnetic field of 7.10 x 10" T. If the radius of the arc of the deflected particles is

9.50 x 10, m, what is the charge-to-mass ratio of the particles?

Example Two: What is the speed of an electron that passes through an electric field of 6.30 x
10® N/C and a magnetic field of 7.11 x 10° T undeflected? Assumed the electric and magnetic

fields are perpendicular to each other.

Example Three: An electron travelling vertically enters a horizontal magnetic field of 7.20 x
102 T. If the electron is deflected in an arc of radius 3.70 x 10° m, what is the kinetic energy of

the electron?



Applications of Electromagnetism — CRT Problems:

1. An alpha particle travels through a magnetic field of 4.22 x 10! T perpendicular to the

field. If the radius of the arc of the deflected particles is 1.50 x 10 m, what is the speed of the
particles? (3.05 x 10* m/s)

2. A proton travels through a magnetic field at a speed of 5.40 x 10° m/s perpendicular to the

field. If the radius of the arc of the deflected proton is 7.20 x 10 m, what is the magnetic field
strength? (0.783 T)

3. Calculate the charge-to-mass ratio of a particle that is travelling 3.60 x 10° m/s and is
deflected in an arc with a radius of 7.40 x 102 m as it travels through a perpendicular

magnetic field of 6.10 x 107 T. (7.98 x 10¢ C/kg)

4. Alpha particles travel undeflected through magnetic electric fields that are perpendicular
to each other. The speed of the alpha particles is 7.80 x 10° m/s and the strength of the

magnetic field is 2.20 x 1071 T. If it is assumed that the alpha particles are traveling
perpendicular to these fields, what is the strength of the electric field? (1.72 x 10° N/C)



5. Positive charged particles travel undeflected through magnetic and electric fields that are
perpendicular to each other. The magnetic field strength is 6.50 x 107 T and the strength of

the electric field is 2.10 x 10° N/C. If it is assumed the charged particles are travelling
perpendicular to these fields, what is the speed of the particles? (3.23 x 10° m/s)

6. Alpha particles travel through a magnetic field of 3.60 x 10" T and are deflected in an arc

with a radius of 8.20 x 102 m. If it is assumed that the alpha particles are travelling

perpendicular to the field, what is the energy of each alpha particle? (6.71 x 10 ])

7.In a CRT (cathode ray tube), electrons are accelerated from rest by a potential difference of

2.50 x 10® V. What is the maximum speed of the electrons? (2.96 x 107 m/s)

8. In a CRT, an electron reaches a maximum speed of 4.75 x 107 m/s. If this electron is

accelerated from rest, what is the potential difference across the tube? (6423 V)



9. In a CRT, electrons are accelerated from rest by a potential difference of 1.40 x 10 V. These

electrons enter a magnetic field with a strength of 2.20 x 102 T. If it is assumed that the

electrons are travelling perpendicular to the field, what is the radius of the arc of the
deflected electrons? (5.75 x 10 m)

10. Electrons are accelerated from rest in a CRT. These electrons now pass through a
magnetic field of 1.40 x 102 T and through an electric field of 4.20 x 10° N/C. The fields are
perpendicular to each other, and the electrons are not deflected. If it is assumed the electrons
are travelling perpendicular to these fields, what is the potential difference across the CRT?
(2562 V)

11. A negatively charged particle with a mass of 8.4 x 10?7 kg is travelling at a velocity of 5.6
x 10° m/s perpendicularly through a magnetic field of 2.8 x 10" T. If the radius of the path of

the particle is 3.5 cm, how many excess electrons does this particle carry? (3 electrons)

12. Alpha particles travel at a speed of 3.00 x 10 m/s through a magnetic field. If the

magnetic field strength is 4.2 x 10 T, what is the radius of the path followed by the alpha

particles when the magnetic field is parallel to the direction the alpha particles travel? ()



13. A proton moves through a 0.75 T magnetic field in a circle with a radius of 0.30 m. What is

the momentum of this proton? (3.6 x 10 kgem/s)

14. Electrons are accelerated from rest through a potential difference. These electrons are then
deflected along an arc of radius 0.77 m when they travel through a 2.2 x 10* T magnetic field.
What is the accelerating voltage? (2528 V — NOTE: will be slightly different depending on

rounding)

15. An ion with a charge to mass ratio of 1.10 x 10* C/kg travels perpendicular to a magnetic
field (B =9.10 x 10! T) in a circular path (r = 0.240 m). How long does it take the ion to

complete one revolution? (6.28 x 10 s)



Magnetic Forces and Fields

ADDITIONAL PROBLEMS ~ MAGNETIC FORCES AND FIELDS

What is the magnitude and direction of a magnetic field that produces a downward

force of 7.30 x 10713 N on a proton that is moving east through the field at a speed of
7.80 x 104 m/s?

(5.85 x 10' T south)

Calculate the magnitude and the direction of the magnetic force on an electron

travelling west at a speed of 7.22 x 105 m/s through a vertically downward magnetic
field of 3.80 x 1071 T.

(4.39 x 1074 N north)

An alpha particle is accelerated by a potential difference and then travels perpendicular
to a magnetic field of 5.50 x 101 T where it experiences a magnetic force of

6.20 x 1074 N. Assuming this alpha particle starts from rest, through what potential
difference is it accelerated? ' '

(1.aaxs V)



Magnetic Forces and Fields

4. Acurrent balance is used to dete
solenoid, The current balance an

mine the magnetic £elid intensity in the core of 2.
d the solenoid are described in the diagram.

If the current balance is balanced w1th a 2.3 x 1075 kg mass, what is the magnetic field

strength in the solenoid core?

(3.3 x 1072 4y

moving horizontally ata speed

acceleration on a proton that is [
feld of 2.70 x 107 T.

5.. Calculate the downward
dicular to a horizontal magnetic

of 7.50 x 105 m/s perpen

(1.94 x 1013 m/s?)
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Magnetic Forces and Fields

6. A transformer is used to deliver power to a 6.0 V door bell from a 1.26 x-102V
household power line. If the door bell draws current of 0.20 A, what is the power

through the primary coil?

(1.2W)

=. An electrical substation transformer reduces the voltage from 2.4 x 105V t0 3.6 x 103
V. If a current of 4.0 x 102 A flows through the 3.6 x 103 V line, what is the power
delivered to the transformer by the 2.4 x 105V line?

(1.4 x 10°W)

8. A transformer is used to deliver 9.0 V to a “walkman”. If the primary coil has 4.4 x 102
turns and is connected to a 1.20 x 102V household circuit, how many turns are there

on the secondary coil? -

(33)



Magnetic Forces and Fields

9. The conducting rod in the diagram below is 65.0 cm long and is moving at a speed of
1.10 m/s perpendicular to the magnetic field.

T X XX X
X XX X
65.0 cm s ; R = 5.000

X XX -
X XX X

If the resistance in the circuit is 5.00 Q, and a current of 2.90 x 10-2 A is induced in the

circuit, - -

a) what is the magnitude of the magnetic field?

(0.2037T)

b) what is the direction of the induced current?

(clockwise)

- 10. A conductor (I = 0.75 m) carries conventional current (I= 2.0-A) vertically downward
through a magnetic field (B = 2.7 x 1073 T) that is directed south. What is the
magnitude and the direction of the magnetic force acting on the conductor?

(4.1 x 1073 N West)
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Magnetic Forces and Fields

11. Arectangular coil of wire containing 11 loops is moved at a speed of 1.8 m/s
perpendicular to a 0.88 T magnetic field as shown below:

¢ 22 cm =

If the length of the sides are as indicated in the diagram, and the resistance in the -
circuit is 12Q,

a) whatis the induced current?

(0.204)

b) what is the direction of the current?

(counterclockwise)

12. The conducting rod in the diagram below is 45 cm long, and is moved at a constant ;
speed perpendicular to a 1.5 T magnetic field. |

x x| x x T : : ‘ 1
x x| x x - C e . :

. . 45¢m
xox|'x x _1_

If the resistance in the circuit is 5.5 Q, and the induced current is 7.5 x 102 A, what is
the speed of the conducting rod?

AAA
>
<1
>
>

R = 550

(0.61m/s)



Magnetic Forces and Fields

13. A conductor (I = 0.250 m) experiences a magnetic force of 2.25 x 10-3 N downward
when it carries a conventional current (I= 3.50 A) east through a perpendicular
magnetic field. What is the magnitude and direction of the magnetic field?

"(2.57 x 1073 T South)

14. A eircular Joop of wire, (radius = 2.5 cm) is placedin a magnetic field (B = 0.010 T) as

shown in the diagram

This field is then increased to 0.025 T'in 0.10 s.

a) Whatis the average emf induced in the loop?

—{2.9 x 1074 V)
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Magnetic Forces and Fields
b)  What is the direction of the current through the loop? '

(clockvﬁse)

15. A 120 V motor draws 1.50 A when it reaches its full operating speed. Ifit draws 10.0 A
when it is initially turned on, find

a) the resistance of the armature.

(12.0Q)

b) the back emf when it reaches its full operating speed.

(102'V)

16. A circular loop of wire as shown in the diagram (area = 6.2 x 10~3 m2) has a resistance
of 2.0 Q.

X X X X

Assume that the magnetic field drops uniformly from 1.4 T to zero in 0.020 s.

e

Fian

a)  What is the average emf induced in the loop?

gl e

(0.43V)
Physics 12 SNAP
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¢ Forces and Fields
~I'b) What is the induced curre

nt in the loop?

(0.22 A)

¢) What is the dire.c’tioh of the'_iele(;t‘roniﬂow in the loop?

4

(counterclockwise)

aceé.i between the poles of an electromagnet
ndicular to the magnetic field and the
T to zero in 9.0 s, what is the average emf

17. A coil (80 turns, diameter of 0.020 m) is pl
' of the coil is perpe

(B=0.75 T). If the plane

* magnetic field is reduced steadily from 0.75
induced in the coil?
(21x1073V)
18. -A 120 V motor draws 20.0 A when the motor is operating at full speed. If the armature
of this motor has a resistance of 5.0 €2, find -

ent when the mdtor is jnitially turned on.

a) thecurT

(24 A)




Magnetic Forces and Fields

b)  the back emf when the armature reaches its full operating speed.

(20V)
19.- A 120 V motor has an armature resistance of 6.5 Q and draws 5'..0 A when it is
" operating at full speed. | . : ’
a) What is the current when the motor is initially turned oné
’ (i8 A)
b)  What is the back emf when it is operating at 1;ull speed?

(88V)

L L N A

o

—— . : Dhumine 10 CRTAD



Physics 12 — Electromagnetism Unit Review

1.

A compass is positioned at each of the following locations near a bar magnet. In which

location will the compass needle point to the right-hand side of the page?
a. o

L2
b. 2

c ORE s] (3
d. ) -

N

w

i
|

N
(4)
A current carrying conductor is placed in a uniform magnetic field as shown. What is

the direction of the magnetic force on this conductor?

a. Into the page =y

@ @ ® & ) Y B
b. Out of the page
c. Towards the top of the page / » e ® © o 8 @
d. Towards the bottom of the page e © e e ® @

@ & =] e 2] &

A 5.0 A current is flowing through a 0.20 m long solenoid that contains 1500 loops.
What are the magnitude and d1rect10n of the magnetic field in the center of the

solenoid? T rreeer f P qr(;
MAGNITUDE DIRECTION
A. 9.4%x107 T left
B. 9.4x107 T right
C. 4.7x107% T left
D. 4.7x107 T right




4. Four conductors of different lengths are moved through a uniform magnetic field at
the same speed. Which conductor will induce the greatest EMF?
X X x X X x P X B

a. 1 ,
‘N S R B
b. 2 % X X X% % X X %
c. 3 LS__J’_V_}'
Kt | 2| X % X X X X
d. 4

X X X x X X X -

Yl X X X %
¥

X X > X X X X X

5. A motor has an armature resistance of 3.5 Q and is connected to a 12.0 v source. At full
speed the current through the armature is 0.18 A. What is the back EMF at full speed?

oV

0.63V
114V
120V

oo T

6. A step-down transformer has a 500 turn primary that operates at 120 V AC. Which of
the following sets of conditions best describes the number of secondary turns and

secondary voltage of this transformer?

SECONDARY TURNS

SECONDARY VOLTAGE

A 40

9.6 Vac

B. 40

1 500 Vac

C. 2 000

30 Vac

D. 2 000

480 V ac




7. A flexible loop of wire of area 4.5 x 102 m? is positioned in a 0.17 T magnetic field as

shown in Figure A. The loop is then stretched until its area is zero in a time of 0.35 s

(Figure B). What is the average induced EMF in the circuit and the direction of the

current through resistor R?
Figure A

Figure B

AVERAGE EMF

DIRECTION OF CURRENT THROUGH R

A 2.2x1077V PloQ
B 2.2x107V QtoP
C 4.9x107" v PtoQ
D. 4.9%x107"V QtoP

8. An electron enters a uniform magnetic field as shown below.

i
-

A

O

A

A

o
Y

The path of the electron upon entering the field would be

a. Linear
b. Circular
¢. Parabolic

d. Hyperbolic



9. The diagram below represents a cross-sectional view from the side of a cathode ray

tube. What is the purpose.of the coils in a functional cathode ray tube?

coil ///\\
\ N 7 \
d \
o \
TP“ a g‘l(
P - i
} J[ — P P P — -
m____%____ g ~ |
\ .= > /
k N /
AN e /
: \J S /
a. They increase the speed of the electrons A \ ./
b. The focus the electrons into a fine beam coil v
c. They deflect the electrons into or out of the page
d. They deflect the electrons toward the top or bottom of the page

10. A solenoid of length 0.35 m and a diameter of 0.040 m carries a current of 5.0 A

through its windings. If the magnetic field in the center of the solenoid is 2.8 x 102 T,

what is the number of turns per meter for this solenoid?

a. 1.8 x 10? turns/m
b. 7.8 x 10?2 turns/m
c. 1.6 x10? turns/m
d. 4.5x 10? turns/m

11. A 1.2 m length of wire is pulled through a uniform 0.045 T magnetic field at 6.7 m/s as
shown. What EMF is generated between the ends of the wire?

X OV @ o 2 @ & B A
b. 0.090V fo o e e 8 @
. 036V
¢ | 2 @ ® 6.7 fﬂ/S 8 1.5
i L] & & @ )
@ @ - @ @ ®
@ @ @ ) & ¥




12. A DC motor is connected to a 12.0 V power supply. When the armature is rotating, the
current through itis 0.78.A and the back EMEF is 10.6 V. What is the resistance of.the .

armature?

a. 140
b. 1.8Q
c. 14Q°
d. 15Q

13. In which of the following diagrams is the secondary current greater than the primary

current?
A i
Primary Secondary
/‘L‘\ ‘:: 4 *:-‘“'
ac I‘ e"’t.)j i aJ f—::
h/___&"' = -:; b I p]
B. Prima
a Secondary
It Y,
de 1 g
T
C. 1 Secondary
_ Primary g I
s N a1 =
ac vy X i =
"T'—: ’ e e [< B 2 J
D. i Secondary
Primary . | 4
P o e i L
dﬁ g im—-"? 5:-_‘:
= : b 7




14. An electron circulates in a uniform 5.0 x 10 T magnetic field as shown. If the electron

w32 %1018 J of kinetic energy, what is the radius of orbit, 7?
X X X X X B

a. 23x107m
» X
b. 4.6x10%m
b b
-3
c. 25x10°m % 5
d. 3.0x10%2m XX % M X

15. Which of the following diagrams shown the magnetic field produced by a long

current-carrying wire?

A gty B Pena
- 3 ™ 7 ",
/ //"“’“\, / / /"'4’“‘:\‘\
(( A AW { { i \l
@) ({(®))
A [ I
l'-\ ‘\\\:x ,:":’j’ 4 ‘\\ \\ ; /
N g
N N
C o A S ¢ x E4 w D hy b » ® 4 4
X ke x e x ¥ w XX “ X ®oX
- I =
a ) @ -3 3 3 o & [ @ -] @ -3 &
a L} &@ B L] L @ @ @ ¢ @ @ a -3

16. Which of the following devices has commonly used a cathode ray tube?

a. Kettle

b. Televisions

c. Battery

d. Incandescent bulb

17. An electric motor is connected to a constant source of potential. Considering back

EMEF, which of the following observations is correct?

a. At full speed the applied voltage increases
b. At full speed the armature resistance increases
c. If the motor is kept from rotating at full speed, the armature heats up

d. If the motor is kept from rotating at full speed, the armature temperature

decreases.



SEECHE_ IS

18. Which of the following are correct units for magnetic flux?
a. T~
b. Wb
V/m
d. Nem?

19. In a step-up transformer, how does the secondary voltage Vs compare with the

n

primary voltage Ve, and the number of turns in the secondary Ns compare with the

number of turns in the primary Ne?

VOLTAGE NUMBER OF TURNS
A prs . VP ).\'.‘x > N})
B I?S = J/‘ '\];‘7 o s\‘l‘
¢ Vi < V;) N = V;;
D. Vo>V, N <N,

20. An ideal transformer has a potential difference of 130 V AC across the primary
windings and a potential difference of 780 V AC across the secondary windings. There

are 390 turns in the secondary. The secondary current is

Twice the primary current
One half the primary current

Six times the primary current

a0 oop

One-sixth the primary current

21. Two particles Y and Z with equal mass and speed enter a uniform magnetic field and

follow the paths as shown. How do their magnitude and polarity of charge compare?

MAGNITUDE OF CHARGE POLARITY
Y <7 same charge { z
|
Y <Z opposite charge ; +
s
Y =7 same charge X ;‘ X > | *
Y »Z opposite charge 4 v
PP & X % ox X }f X

we)?



22. A wire carrying a current of 5.0 A is in a uniform 3.2 x 102 T magnetic field as shown.

Whatis the force on the 0:15 m length of wire?

) Con
a. ON —f .
b. 1.6 x 102 N |
c. 24x10%N 0.25 m .15 m
d. 4.0x102N .
-+ . . . B

23. A single coil of wire of area 6.0 x 10 m? is positioned in a uniform 0.18 T magnetic

field as shown. The coil is rotated 90° about axis XY in 0.0042 s. What average EMF is

induced by the coil? X

a. 0V
b. 013V S

; \ £
c. 026V i ]
XX AX X o xS o
d. 43V RS NI ‘
X X% x‘af ¢ XX
:-‘
I
|
\f’

24. A part of a coil of wire is placed in a uniform magnetic field as shown. Which two

directions of motion would immediately induce an EMF in the coil?

a. lTand?2

‘§ ]
b. 1land3 ¢~ 0T
~ .4 > X Pl
c. 2and3
X . X X >
d. 2and 4

tad



25. Which of the following diagrams best shows the magnetic field lines between the

--poles of two permanent magnets?

A, AN B,

/4 \QE; e T T
NE S A\ —

x\ ‘\ | / {f

Ty ¥

A A
C N AN N D q e Q
N —

AW

26. A wire carrying 12 A of current is placed in a magnetic field of strength 0.63 T. What

are the magnitude and direction of the magnetic force acting on the wire?

%»« 0.25m :—g
x hid x X B
- X Y ~,
[ ) - 3
¥ el e X

l-i:—— 0.15m —v-]

oow

<

FORCE DIRECTION
LLIN down the page
LLIN up the page
L9N down the page
LL9N up the page




27. A particle having a charge of 3.2 x 10" C follows a circular path of 0.45 m radius
*'while travelling at a'speed of 1.2 x 10* m/s in a 0.78 T magnetic field. What is the mass’

of the particle?

a. 7.8x108 kg
b. 9.4x10% kg
c. 1.1x10%kg

d. 3.0x10 % kg .
28. A 460-turn solenoid having a diameter of 0.024 m is 0.14 m long. What is the magnetic

field at the center of the solenoid when a 13 A current flows through it?
a. 0T

b. 53x102T |
|

31x101T
d. 63x107T |
\

29. A conducting rod is moving perpendicular to a uniform magnetic field of 0.23 T at a

velocity of 9.2 m/s. What EMF is generated during this motion?

a. 0V "\‘\..,\ N \\
- “
b. 0.025V -, ™
c. 032V \ e
d. 053V
J A5 m
AN
N 0.012m .
,\\,H N
RN

b=0.25 m =



30. A rectangular coil measuring 0.12 m by 0.080 m is placed perpendicular to a 0.85 T
magnetic field as shown. What is the magnetic flux through the coil?

N

% X # e
a. OWDb B
l«—v 0.12m ——»{
b. 82x 103 Wb T % % % X =
¢ 68x102Wp  0080m
d. 1.0x 101 Wb
e x Pe X

31. A single loop of wire of radius 0.23 m is placed in a single 0.75 T magnetic field as
shown. The magnetic field is changed to a strength of 0.50 T in the opposite direction
in 0.61 s. What is the average EMF induced in the coil?

a. 0.068V % X X B o
b. 0.094V
X X @
c. 034V
7 *
d. 047V X ®
Before After

32. With the electromagnet turned off, electrons in the cathode ray tube strike the center of
the screen as shown. When the electromagnet is turned On, where will the electron

beam now hit the screen? |

N
a. 1 + 5 —
Electromagnet — = S0
b. 2 TR N
x,f__'___--——‘ §‘Lﬁ Jz‘/‘c*::\
c. 3 CRT 7 L /T Electron Gun
- e 7 1 '.l
’ yd v {,f'
d 4 g’\i ,";; s . f
N . /
f 1 L4 r'e ‘ {
. /
T4 /
2 ) /
yd
23 /
J




33. An electric current flows through a solenoid as shown below. What is the direction of

- .the magnetic field inside the solenoid? . ...

AL T B, = 2% Dr‘”i*?} -
: : Rl m
C. D,
B B

34. Which of the following diagrams best show the magnetic field due to a long straight

wire carrying a conventional current I as shown?
A B. e

(T~

35. A proton is traveling at 2.3 x 10¢ m/s in a circular path in a 0.75 T magnetic field. What

is the magnitude of the force on the proton?
a. 1.6x10* N
b. 29x 102 N
c. 28x101N

d. 1.7N



36. A solenoid of length 0.75 m has a radius 0.092 m. A current of 25 A flows through its
- 4700 turns. Within this solenoid a.0.10. m long conductor moves at 4.3 m/s .
perpendicular to the field in the solenoid. What EMF i is mduced between the ends of

the conductor? p L ‘\

a. 0.085V g”’/%ﬂ/ \t

b. 0197V 7 D—?\

c. 0430V lff \gv /
L 4

d. 480V o / \

37. In which of the following situations would the greatest EMF be induced in the coil?

All changes occur in the same time interval.

o= _ . —
Al ‘ L e B B, o ]
e R .
!!o‘( .\\"
i | )
\\\1 j"“ 1;- _:1
. o e [
T I 5 \,
! { ¥ ; ’ [
! o ]
- o o)
; :
; % \‘x; i -\’j
' ¢ i
! i P
e ¥
Ka
*, 3 s
il moves ooil changes shape
[ B oo : ‘ B
ST, g .
Loy T
' ! 5 ",1"' "\‘,
1 ! i
I | )
1-- L
S 1
I.
coil changes shape P
L4 "
rF hY
I Y
3 i
g §
1y &
R &
~

coil moves



38. A motor is connected to a 12 V DC supply and draws 5.0 A when it firsts starts up.

- .. What will be the back EME when.the motor is.operating at.full speed and drawing 1.2 . .. ..

A?
a. 70V
b. 78V
¢ 91V
d. 108V

39. A long conductor is placed in a 0.65 T magnetic field as shown below. What are the

magnitude and direction of the current that produces a 1.6 N force on the wire

directed up the page? __ X % % x B _06ST
N bt
035m  x x = 3
e kS b *
. O
0220 —]
s .56 m A
M AGNITUDE OF CURRENT DIRECTION OF CURRENT
A 4.4 A  Right
B. 4.4 A Lefi
C. 11 A Right
D. 1A Ledt

40. A proton has a speed of 5.0 x 10® m/s while travelling perpendicular to a 0.14 T
magnetic field. What is the magnetic force on the proton?

a. 1.6x102° N
b. 84x102?'N
c. 22x10°9N

d 1.1x10B¥N



41. The flux through a circular coil with a radius of 0.075 m is 0.013 Wb when placed
perpendicular to.a.magnetic field. What is the strength.of the magnetic field? . .. ... .. .. .

a. 0T

b. 0.17T
c 07471
d. 23T

42. The diagram below shows an aluminum ring and the current induced in it by the

nearby magnet that is free to move along its central axis. The magnet must be
Aluminum ring

a. Stationary | *‘f?:{} - -7
b. Moving to the left 1/ / g
. . (.

c. Moving to the right — __; (f' hé,_]% ——(s N (3 — — Contral s
d. Spinning about its central axis 4 \ . Ifj \t._\

" ’&\‘ ! /‘ e

¢/ AN

Magnet

43. A computer adaptor contains a transformer that converts 120 V AC across its primary
windings to 24 V AC across its secondary windings. The primary current is 1.2 A.

What is the secondary current and what is the type of the transformer?

MACNITUDE OF CURRENT DIRBCTION OF CURRENT
Al 24 A step-up
B. 24 A Step-down
C fAY A Blep-up
0. 6.0 A Step-down

44. A charged particle travels in a circular path in a magnetic field. What changes to the

magnetic field and to the velocity of the particle would both cause the radius of its

path to decrease?

CHANGE TO THE MAGNETIC FIELD CHANGETO THE VELOCITY
Al INeTease IOeTease
B. IICTe Ast decrease
L. deercase inerease
D. decrease devrease




45. A loop of wire of area 0.32 m?is placed in a 0.75 T magnetic field as shown. The

. magnetic.field is.changed.t0.0.35 T.in the opposite direction in 0.45 s. What arethe. .. .. ... ..
magnitude and direction of current through the 15 Q2 resistor?

—_

o N oW o

4 # B " s .
Y VRN
y ;: ; 5 'J y . f: . . l
5"“;-\”_ o A N4 |
kS x ® & & &
H=15L} R=153£1
Before Afler
MAGNITUDE OF CURRENT | DIRECTION OF CURRENT
0.019 A XloY
0.019 A Y to X
0.052 A XY
0.052 A YtoX

B

46. The direction of a magnetic field is determined to be the direction in which

a.
b.

N

A

A positive charge would tend to move

A negative charge woul

d tend to move

The north end of a compass needle would point

The south end of a compass needle would point

47. Which diagram shows the magnetic field created near a conductor carrying current

towards the right?

A x x x x B. . . .
i) }—a f ] ) —

> % % x . . .

C. ® X x X D, a ® 5
q J— ] g } e |

k] “ @ a X x x



48. A beam of positively and negatively charged particles enters a magnetic field as

... .shown. Which paths.illustrate the positive.and negative.char%es leaving the magnetic ... ... .c..

field region?
Beam of charged
particles
PATH OF POSITIVE CHARGES PATH OF NEGATIVE CHARGES

A. I I
B, l I
C. 1l I
D. 1] 11

49. A solenoid has a length of 0.30 m, a diameter of 0.040 m and 500 windings. The
magnetic field at its center is 0.045 T. What is the current in the windings?
a. 29A
b. 3.0A
c. 21A
d. 170 A
50. An aircraft with a wingspan of 24 m flies at 85 m/s perpendicular to a magnetic field.
An EMF of 0.19 V is induced across the wings of the aircraft. What is the magnitude of
the magnetic field?
a. 9.3x10°T
b. 54x102T
c. 6.7x101T

d. 39x10%T
51. As a carpenter drills into a beam, friction on the drill bit causes the armature of the
drill to slow down. How will the back EMF and current through the armature change

as the drill slows down?

BACK EMF ; CURRENT
Al Increase Increase
B. Increase Decrease
C. Decrease Increase
D. Decrease Decrease




52. The diagram shows a bar magnet falling through an aluminum pipe. Electric currents

..are induced.in.the pipe immediately.above and below the falling magnet. In.which ... oo

direction do these currents flow?

T Falling bar magnet

s

ﬁ__...-«;;_{{‘_ﬁ,..f Aluminum pipe
ABOVE THE MAGNET BELOW THE MAGNET
Al ] 3
B. l 4
C. 2 3
D. ) 4

53. A metal block moves with a constant speed in a uniform magnetic field. Which side of

the block is positive? e e §
T];‘ |
a. JK Syt ‘K
b. KL
c LM

d. M] & M i = L



54. A 0.75 m conducting rod is moved 8.0 m/s across a 0.25 T magnetic field along metal

... ..rails. The electrical resistance.of.the system is 5.0 Q.. What are the magnitude.and .. ........ .. ...
direction of the current through point X?
oo 7 B=025T
& w 4% & & & # & X
[
O Bl 075 = 508
EF ¥
1y
MAGNITUDE OF CURRENT DIRECTION OF CURRENT THROUGH X
A, 0.16 A Left
B. 16 A Right
C. 030 A Left
D. 0.30 A Right

55. The diagram shows a magnet suspended near a solenoid. After the solenoid has been
connected to a power supply, the magnet rotates to a new position with its south pole
pointing towards the solenoid. Which arrows show the direction of the current in the

solenoid and the direction of the magnetic field caused by this current?

DIRECTION OF CURRENT DIRECTION OF MAGNETIC FIELD
AL 1 3
B 1 4
2 3
D 2 4




56. The diagram shows a 0.010 kg metal rod resting on two long horizontal frictionless
. ..-..rails which.remain 0.40.m .apart. The circuit has.a resistance 0f.3.0 Q). and.is.locatedina. .. . ... .

uniform 0.20 T magnetic field. Find the initial acceleration and maximum velocity for
A

A { - A 4
the rod. 4 ﬂ 4 . MBo020T
-y

-

g N
T
,;"4{ o
-~ Ead
ol

A

T
]172 =0.010kg

‘/l V=15V
INITIAL ACCELERATION MAXIMUM VELOCITY
A. 40 m/s? 190 m/s
B 40 m/s” 300 my/s
C. 120 m/s” 190 m/s
D 120 mys> 300 my/s

57. A bar magnet is moving toward a solenoid. What is the direction of the current
through the galvanometer and what is the direction of the magnetic field produced by

this current at location P inside the solenoid?

DIRECTION OF THE CURRENT DIRECTION OF THE MAGNETIC
THROUGH THE (GALVANOMETER FIELD AT P
A, From X 1o Y Right
B. FromX1toY Left
C. From Y to X Right
D. From Y 10 X Left

N Ai”ff 0.40 m



WRITTEN PRACTICE QUESTIONS

1. A single loop of wire of area 5.0 x 10-* m? and resistance 1.8 ) is perpeﬁdicular toa
uniform magnetic field B The field then decreases to zero in 0.0012 s inducing an
average current of 0.083 A in the loop. What was the initial value of the magnetic field

B?

2. An electron is accelerated from rest through a potential difference of 750 V. It then
enters a uniform 0.0023 T magnetic field at right angles to the field.
a. What is the speed of the electron?

b. What is the radius of its path in the magnetic field?

3. An electric device operates on 9.0 V AC and has a total resistance of 21 Q2. An ideal

transformer is used to change the incoming line voltage of 120 V to the operating
voltage of 9.0 V AC.
a. Is the transformer a step-up or step-down transformer?

b. What is the current in the primary side?




4. The diagram below shows a pair of horizontal parallel rails 0.12 m apart with a
~.uniform magnetic field of 0.055.T directed vertically downward.between the rails... ..
There is a glider of mass 9.5 x 102 kg across the rails. The internal resistance of the 75 V
power supply is 0.30 Q and the electrical resistance of the rails and glider is negligible.

Assume friction is also negligible.

. Glider
Switch I___|
— X X X X XXXXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXX
L gy XXXH XXXXXXXXXXKXXXXKX —p XXX XX XXXXXXXXXX XX
_— 75 X X X X XXXXXXXXXXXXXXXKX B XXXXXXXXXXXXXXX XX
X X X X XXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXXXX

a) When the switch is closed, what is the initial acceleration of the glider?

b) What is the value of the terminal velocity as limited by the back EMF produced by the

moving glider?

5. A coil of wire containing 50 loops is lying on a flat surface in a 0.60 T magnetic field
CX

.. . . XX X X X
pointing directly into the surface.

X X X X X X X X
XX X
X X X
XX X
X X X
XX X XX X X X

XX X X X X X X
The magnetic field then changes to a value of 0.10 T in the opposite direction in 2.10 s.

What is the average EMF induced in the coil during the time that the magnetic field was
changing?

012m



6. A rectangular conducting loop of mass 0.045 kg and resistance 1.5 Q is drbpped inthe

direction shown through a uniform horizontal magnetic field of 1.8 T. At what speed

will this loop be falling through the magnetic field when it stops accelerating?
End View Side View

e—0.12 m — ——l -

A

B

A

A

@ @ 2 @ k-] T @& = L] & & 2
A

g 8 © @ 2 ¢ 2 £ & 8 £ ¢
¢ @& & @ H» ¢ ” H & "« H ©
s
A

®© 8 & & 8 O 8 & & D D g
® 2 2 @ & 2 o T & © © g
e B & & 2 € B €& O & O &
e 6 ® @8 © @ © ® © © D €
¢ ¢ & 4 & ® 6 L & © B ¢

Wy
150

7. Suppose a coil and a magnet were each moving with the same velocity relative to the

earth. Would there be an induced current in the coil? Explain.

8. Does a bolt of lightning contain moving charges as it strikes the ground?



Multiple Choice Questions: 35.C Written Questions:

_36.A. e
1. B 37.D 1.0.036 T

2. D 38.C 2. A) 1.62 x 107 m/s
3. C 39.C B) 0.040 m

4. D 40.D 3. A) step down
5. C 41.C B) 0.032 A

6. A 42.C 4. A) 17.4 m/s?

7. A 43.D B) 1.14 x 104 m/s
8. A 44. B 5 84V

9. D 45.D 6.14.2 m/s

10.D 46.C 7. check solutions
11.C 47.D 8. look it up!
12.B 48.B

13. A 49.C

14.D 50. A

15.D 51.C

16. B 52.C

17.C 53.B

18.B 54. B

19. B 55. C

20.D 56. A

21.D 57. A

22.C

23.C

24.D

25.C

26. A

27. B

28.B

29.C

30. B

31.C

32.D

33. A

34. A







Physics 12 — Magnetic Forces and Fields

Up until now we have only considered the electrostatic forces acting on charges at rest.
When the charges are in motion, an extra force acts on them. = M a 9 nefc Force

Magnetic fields are produced by electric currents, which can be relatively large currents in
wires, or relatively tiny currents associated with electrons in atomic orbits.

Magnets

Certain metals, such as iron, cobalt and nickel, have a special property to them that allows
them to become permanent or temporary magnets. These metals are referred to as
ferromagnetic materials.

Ferromagnetic materials have something special about the charge movement within their
atoms. This has to do with the spin nature of the unpaired electrons in these atoms.

The unpaired electrons have spins that have spins that produce a “cooperative effect” with
10 to 10% other atoms. The atoms that cooperate in this group are called a magnetic
domain. Since the dimensions of these domains are very, very small. Therefore, there are
millions of magnetic domains in a magnet. http:llwww.magnet.fou.eduleducation/tutorials/java/domains/index html

Un-Magnetized Piece of Ferromagnetic Material - °each arp?) W repres ﬁ")%s
N | 2 magnehc domain

N 7‘ 4 L (+he £ atoms
group 9
£ . A7 with unpaire d electyons
the spin_In the ame
dir’coh@h)

Magnetized Piece of Ferromagnetic Material -
—_—S — D —)

o whenh the domains

all_rofadt in+ne same
A magnet has two poles - a north pole and a south pole. 0’ , € chon= magﬂﬂt

snor+h polevrss
N - > : +he end That
S| = = = Z| N points toword Fhe
i : > ' nor+h magne‘bicpo’e
of the Earth
when it;s
suspended.

ey —> —> —>




Magnets can (QTTYTACT or [ ?,[)6/ other magnets. Magnets are also able to

exert forces on each other without touching because they are surrounded by:
Magnehc Fields
P
Magnetic fields are vector fields and therefore we need to represent the lines as arrows.

»\\\ -,
\ ( 7 //:”"_"‘\\\\ = o T
N B P \\\ e
™

N SN e I
/A/': e < 5‘\ .y // ,/ "~ \A\ ‘ TN g
/ ESa— v
P J &Q
N[ 1N

= A

e S R Vo | :::ﬁ ﬁ/
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Note the similarity of magnetic fields to electric fields.

The end of the magnet in a compass that points to magnetic north is the north-seeking pole
(making it the south pole of the magnet). Therefore, the magnetic pole of the earth in the
geographic north must be a south magnetic pole!



We define the direction of a magnetic field as the direction that a compass would point

when placed in the field. @
OF

/_

©

When magnetic fields interact, we can summarize those interactions:

Like magnetic poles repel each other, and unlike poles attract each other.

-F

F=M
N =< s N

~F, Fu

& s N N s [—7 s
N—

Electromagnetism:

The Oerstad Experiment at the University of Copenhagen in 1819 was the first evidence of

the connection between electricity and magnetism. This experiment helped lead to the

understanding that all magnetic fields are caused by the Mméﬂi of
AV/AS
dﬁ(f/}? d/ ﬂ 1 rﬁ( (jalike electrons moving around the nucleus or through wires.

Shortly after Oersted and his experiment were made public,

Andre Marie Ampere developed the 1 Right Hand Rule.

This rule is used to predict the direction of the -

/hajr)d{c ﬁ’e,/d arvund
o Cumrent car’ying wire

The right hand rule uses CONVENTIONAL current.

Thumb Pointing
in Direction of
Current Flow

Fingers Point in
Direction of
Magnetic Field




Using the 1%t right hand rule, it is now possible to show the shape of the magnetic field

around a current-carrying wire. The lines of force around a current-carrying wire circle the

wire. 15t Right Hand Rule:

Thumb: dire ch on O]L Curved Fingers: m;:j neﬁ C

convenh onal
current flow (+40-) @/_d

Quite often we need to represent a current carrying wire as though you are looking at it
from its end. To do this, we draw a circle and indicate the direction of current flow as

follows:

If the current flows INTO the page: If the current flows OUT OF the page:

O

Using the right-hand rule, we can determine the direction of the magnetic field:

In a current-carrying wire going into and out of the page:
Do® We

For a non-coiled single wire (+ to -):

A
N2
—

direction of C. current flow

e



For a non-coiled single wire (- to +):

LT
\_,/\\,.,/

dtr‘acﬂcm of C. current flow

Solenoids:

Electromagnets are magnets that produce magnetic field only when an electric current flows
through them. These magnets are usually made by winding a coil of wire around a magnetic core

material such as iron. This is referred to as a solenoid.

3 usehul  becaurse they can be parned on and o#./

The loops of wire carry the current and therefore the more loops there are, the stronger the

magnetic field produced.
to negative

i f
SN Terminal o

WErere e

v v v

from positive
terminal of
battery

Just like a bar magnet, a solenoid (electromagnet) has North and South poles. The poles depend
entirely on.. Wh:ch WO:y #he Wire is COI/Cd

2 Right Hand Rule: (again we are using conventional current)

Curved Fingers: | d}'r‘ec/-{o,-) Thumb: OIFI'HL.S 7o
of Current e N po fe of
Plow +Hhe solenoid

e LT e N;ﬁﬁis
_l_UU (VA +WW)
N, o=
<—
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By looking at the diagram below, we can see that the field outside of a solenoid is weak and

non-uniform.

However, the field inside the solenoid is strong and uniform.

rvbgne)ig_ Flux Dens:
Magnehe Freld =
e fod —y kA

(mﬂo\smrto\ In Tcg f/q > T— ﬁ
'

In a uniform magnetic field INSIDE the solenoid, we can calculate the strength of the field

using: B Magn ehc F\%id S}Kny%
— My= permeabilily of free space
B /MOIh . Ww(tfrxto Tm/h) 5)
L i N lHotal log
unit = Tesly (T) N = loops per metr = T (length)

1
s “M,Ho Wi e e valght agne tie field

v Example A hollow solenoid is 25 cm long and has 1000 loops. If the solenoid has a diameter
C\Y\ i/

ia
\'V\i\;\i 3 of 4.0 cm and a current of 9.0 A, what is the magnetic field strength in the solenoid?
UG et

Bm,Ln = (12107 a0 o0




Questions:

Indicate the lines of force on the following diagrams by filling in the direction of the compass needles.
Then indicate which end of the electromagnet would be the North and South Poles. (Note: the
arrows show the direction of conventional current)

&
®
®

© ¢ ® @
D, S T

@Lfﬁ‘ﬁ“f‘ﬁ%
DY

©
SLUATIRELS)

Use the Right-Hand Rule to predict which is the positive and negative terminals of the battery. (Hint:
Don’t forget to look at where the compass is placed...above or below the wire!!)

battery ' battery

Find the North and South Poles in each example and indicate the direction of all the compass needles.

A‘I‘@) @ @ B. @
SUNARNALO
ok

inside coil

) b) @ o)
® G > (V) | 3 &)
®

® ©



inside coil

A

Find the direction of the current: (label the + and — terminals)

(o)
N ! O

. A 25.0 cm solenoid has 1800 loops and a diameter of 3.00 cm. Calculate the magnetic

field in the air core of the solenoid when a current of 1.25 A is flowing through it.
-7 -2
B=poLn =(#ro )¢ 25)(0 25) =130~ T

. An air core solenoid is 25 cm long and carries a current of 0.72 A. If the magnetic field

in the core is 2.1 x 102 T, how many turns does the solenoid have?

Bamoln  21x107=(Hruo” 7072((3\/%
N:j@@%ﬂ/ﬂfb

. An air core solenoid is 30.0 cm long and has 775 turns. If the magnetic field in the core
is0.100 T, what is the current flowing through this solenoid?

)B/M N p.100= (6’/)(/0’57:[}/??3> T:=3lA

. What is the magnetic field near the center of a 0.30 m long solenoid that has 800 turns

B-(.Fx0 T

5‘(477“/04)/&-0{%%)0

of wire and carries an electric current of Z)O A
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Physics 12 - Magnetic Forces

Last class, we saw that with permanent magnets— ¢ OgoCs) fe roles a +act

° Jike /Do/es repel

We also saw that magnetic fields surround any current carrying wire. When a current-

carrying conductor (like a wire) is placed in a magnetic field, it will experience a force.

We are going to look at two types of situations in which magnetic forces act.

A. Magnetic Forces on Current Carrying Wires

Parallel Current Carrying Wires

Two parallel wires carrying current in the
same direction. Will the fields produced by

these wires attract or repe17

‘© &

r
V‘PI@ICLS AT, OP@OS'

Parallel wires with current flowing in the

same direction will... A,}/ﬁa C+ L

—.._..»/

Current Carrying Wires in Magnetic Fields

Two parallel wires carrying current in the
opposite direction. Will the fields produced

by these wires attract or tepe17

.,\

RC \rJl 5 o\re SOuY\e Air.
Parallel wires w1th current ﬂowmf in the

opposite direction will... {{p P

A current carrying wire is placed between two permanent magnets as shown below.

The area above the wire sees an interaction between the field produced by the permanent

magnets and the field produced by the current carrying wire. These fields point...

These two fields will (e P‘Q.\

N the

same. dhre o on.




The area below the wire also sees an %_réter ction between the two fields. In this area, the

yreehon

fields point... ]ﬂ +h@ 0 PPOS)

Thumb: O“rec,ﬁ(pn O)L FM

Index Finger: o\ifech Onoﬁ Cm\/YUﬂ+ or
mohon of parhcle

Other Fingers: Q\r‘\(Q,C’HOﬂ Oéw\‘\jgﬂﬁﬁ(}
eld.

The magnetic force on a conductor can be calculated as:

=feld stength <7—\
FM =R Isnb %: lengFh o?j(omdu(;h)r (m>
1= CuY(@nf (4>
0= ofentahon to feld

Note: If the conductor is perpendicular to the magnetic field, the formula becomes:

Fu=P01 (en- 1>

And if the conductor is parallel to the magnetic field, the formula becomes:

F‘M =0 (S\Y\Do = O>




B. Magnetic Forces on Moving Charges in Magnetic Fields

In the same way that charged particles moving through a wire will experience a force in a
magnetic field, so will free charged particles. We also use the 3" Right Hand Rule to

determine the direction of the magnetic force on such a particle.

IMPORTANT NOTE: We use right hand rules for wires when talking about conventional
cusrent. All of the same concepts apply if we use our left hand (1a£t hand rules) when dealing

. 3 Bont gy o, A I
with electyon flow.

This logic is also used when dealing with charged particles:

For positively charged particles, we use... For negatively charged particles, we use...
| HR (o ot
| \e =
(W n
To calculate the magnetic force on a particle, we use: \)\(D\

0\1;: Cbarg{ (c) \a% "

= yelod, (m/5>

-\ nB
Fl\/l Gf/ B : B - Qc\c\grf@ﬂfrh@/»
6 < ofenlahon o Reld

Again, if the particles are moving perpendicular to the field 2> I:M = ﬂ/\f %

If the particles are moving parallel to the field 2 FM = O '

As seen below, moving charges (such as protons, electrons and neutrons) can be deflected by

magnetic fields. They are deflected by the magnitude of the force calculated by the formula

introduced above. Then we use the hand rules to determine the direction of the deflection.
Remember - use your right hand for pgsitive particles and your left hand for negative

particles.

& §
Forced down

e/ P: = Q
e N o RH
4} ®

M@“ N



In a vacuum, charged particles can become trapped in a ‘113’;: Ve
magnetic field. As the magnetic force acts on the charged X N e ’ }; 2 ¥
particle, the direction of motion is changed. As the direction v i‘ £ mﬁ,\ y
o . X 7 < ‘jx
of motion is changed, so is the direction of force. This results \ Thitrb ;
. . =
in a circular motion. | N g ™
X X s X
Y
I
a
e|!
Magnetic Field Direction —~ Magnetic Field Direction —
OUT OF THE PAGE INTO THE PAGE
4 7 1 @ " [ % o N J (=
# 4 H B Wi & @ & i # # & ¥ 5 ] %
‘lg * ig d ¥
5 § i & @ & & # 8 ® "
H L} & X LR H égﬁ‘%ﬂ: L} i ”Tﬁ &, ?
»o ' % B A; o b ‘ E @

kgl g (&\(ﬂ/ Xk \/V&
N Cr NN

Circular particle accelerators use magneticfields to bend beams of charged particles. This

allows them to reach phenomenal speeds in relatively small spaces. The cyclotron at UBC’s

TRIUMF contains the largest of its kind in the world. It accelerates a beam of hydrogen

anions (H) to 75% the speed of light and uses a 0.42 T magnetic field. At these speeds, the

relativistic mass of a hydrogen anion is 2.524 x 10 kg. What is the outer radius of the

cyclotron? ~
When charged particles
travel in a circular path:

= FM

g B
*PF\L = qX
My — B (g.ggqx M&OX\D@U,UX(O—\QJD
- z
| =215

|
45 m




Example One: A wire with a current of 2.0 A is perpendicular to a magnetic field of 0.82 T as

shown in the diagram. What are the magnitude and direction of the magnetic force acting on

the wire? SRR .« '
— § e & 14 -  [ *i, [ ‘
:C) 627(0 50)(2.0) ettt
= 0.82 N @x ] C e e
o022k Thumb P T
\/i(\(jk\'& (F]"YD .. ;
Ol WCdﬂO(\ —7 :a “»« {}?51’_& Kt smmmeetn]
Example Two Calculate the magnitude of the magnetic force on an electron travelling at a

speed of 3.60 x 10* m/s perpendicular to a magnetic field of 4.20 T.

—14
:GI/VB - (1bx10™" (3bx104Y4;o) = 2420 N

Example Three: What is the net magnetic force on the L-shaped conductor?

e F-E QT (o. o2 40)
“ieen = 1152 N

o BB (o3 4o)
=], 6& N

""@(Md” >k, JllsalﬂLb
L = 204 N@5L Nef E

+—1=40 A

Example Four: Calculate the upward acceleration of an electron that is travelling east at a
speed of 8.30 x 10* m/s through a magnetic field of 3.10 x 10" T that is directed south.

Fa=qvB =(ex0'"X3.30409(0:310) = 412 X107°N

SF=md  daxio®=(qnu0)d
o= 4.5 X110 m/s”
58 X107 mjs



Example 5: A proton is accelerated from rest at the positive plate of the two charged parallel
plates with a potential difference of 2000 V. After leaving the plates through a small hole in
the negative plate, it enters a uniform magnetic field of 0.50 T in a direction perpendicular to

the magnetic field directed out of the page as shown in the diagram.

a) Find the speed of the proton when it leaves the Zﬂliﬁlﬁi " l_l_:‘_s
negative plate. + — vl ow ok w ow %
L ERRTR
b) Find the magnitude and direction of the magnetic ‘ oo o4 e 7
force on the proton. + om®
¢) Find the acceleration of the proton. : i :
d) Draw the path of the proton. # @
e) Find the radius of its path in the magnetic field. lO‘ b | (l b? ) lDJ 2? y
- - = X = =/
a) MN=AE 2000=AE e NE =KE =32 3
0[, “OXID v="5 19 YIOSM}S
ol - L -
- — -1
b) R CLVB: (16107619 x105)(0.50) = 495410 TN
. V
Avechon =~ @=RHR = i@own Wj’@] O—>~ Y
2 meﬁ /
—F\ =
c>L/%x M < (e9x10777)a : v
. 2.9% M m/s?
v
| 0{) Circular P@‘}/l’\ : ColEy
.C ¥
~ /




Magnetic Force Problems:

4 [ & 5 B @
R’
1. The magnetic field in the diagram is due to the current s ® ®m ® m s
| carrying wire. What is the direction of the current in the wire? "=~ F Y
| (to the right) R\—\ R - Yothe r‘ght .
1 :B-_ y 4 o ] H, &

2. When no current is present in the wire, all compass needles point in the same
direction. Use arrows to show the direction of the compass needle at each point A, B, C

and D when the wire carries a current as shown in the diagram.

ﬁz RURH[  Jnumb

‘% wrJed.
‘ “ ) i S ”'""f.’ D P \/K ﬁrs
Jdr B =
E f'“ AL S 1( 4 AJ‘/
f{.( ) n‘a""f - /'( 1\ c
i i" | N

3. When a solenoid is connected to a battery, the north pole of the magnet near the
solenoid points towards the solenoid.

a. What is the direction of the magnetic field due to the current? (to the right)

b. What is the polarity of the terminal X of the battery? (-) =7~

o) RHR*2 = right (towards N)
b) Convenfional current

>0 Y= @®

4. A -62 uC charged particle moves near a current carrying wire at 200 m/s as shown.
The separation between the particle and the wire is 0.24 m, and the magnitude of the
magnetic force exerted on the particle is 1.2 x 10 N.. v s R my

a. Find the magnitude of the magnetic field at the /

location of the particle.(9.67 x 107 T) T J 24 1w
= Q+x10 :

1240 = (4,0 () (2o0X B)

b. Find the current of the wire. (1.16 A)

)B:Mo—/\l I a0 :(Lmylo"*gi/ T) I:=llbA
L Tload)




5. A 450 turn solenoid of length 0.32 m produces a magnetic field of 4.0 x 10°T at its
center. Find the current in the solenoid. (2 26 x 102 A)

B = MU, N 4,0X/O = o 2‘352 I I:o}.;}bxtOﬂzA

6. A solenoid of length 0.45 m and a diameter of 0.020 m produces a magnetic field of 1.6
T at its center when it carries a current of 6.8 A. How many turns of wire are contained
in this solenoid? (8.43 x 10* turns)

5://1o —%\>I o=, oq§>(c) \ FUNS

7. An electron moving at 1.8 x 10° m/s enters at a right angle to a magnetic field produced

by a 0.28 m long solenoid. A current of 4.2 A flows through the 760 turns of wire {n the
l
solenoid. E = o/ L/Z_) T = S

a. Find the magnetic field in the solenoid. (1.43 x 102 T) = | 4 3 ¥ O—- 2 T

b. Find the radius of curvature of the electron in the magnetic field of the solenoid.
(7.16 x 107 m)

Fe=Fm ’D‘_/:QB (ﬂllxl(jy} 50’0} (/ XL 169(/43)@0 )
4 r=31bx0 m

8. An electron with a kinetic energy of 3.6 x 10‘14] moves perpendicular to a magnetic
field of 0.60 T.

0

a. Find the magnitude of the magnetic force on the electron. (2.70 x 10! N)

b. Find the radius of the circular path of the electron. (2.67 x 10 m)

3bx = g@xio? v Fin OLVB =(1.6x10 "‘)(QNSB 1109 0.60)

2.8 x10 B = 3010
V=o. m[S
(. nx103'}(:z<zmo7’> (o0 040) r=267 40 f
9. The diagram shows the pathway of a charged part1cle s - m  w w; _ . @
which is not possible as the particle with a constant P "%a% .

velocity enters a uniform magnetic field. Using the

principles of physics, explain why the pathway is

not possible.

since t+he majnehc A’grce 1S directed e

!
|
]
7[0?9 so0n as the /)a)’hc!& enturs +he 4

— L \
Feld = pa+hvva\/ shown 15 no+ Poss:b o 00\4\‘



_7elemental ¢ ha ge
10. What is the mass of a singly charged ion that makes 6.0 revolutions in 1.5 x 10® s in a

5.6 x 102 T field with a radius of 5.4 x 104 m? (3.57 x 10 kg) T= .50

[—;: Fn MV— @8 m&ﬂ' 3 9\65)/10

alr m ( pr 5 A 2) =2
(V“’ ’7—:> /l/ % mﬂr (/ LXIO XSGXIO =2, FFXO
(35x10™"
11. When a charged magnetic particle enters a uniform magnetic field, it moves in a
circular path as shown in the diagram. o e
- - - RHR SV N
a. Determine the polarity of the particle. (+) nee ded ““”i EO
b. If the magnetic field has a magnitude of 0.20 T, .. * ﬁ‘x g
the particle’s charge has a magnitude of 1.8 x 10 C, B f oA
its speed is 3.0 x 10° m/s, and the radius of its path is ’ W Z/ ‘ e
0.40 m, find the mass of the particle. (4.8 x 1026 kg) w”‘“’“@"’”} ¥ W

m\/ CLB KW

" (5 0xi0°) - ('XK’O%)(D'Q@ = 4. 310"y
T0.40

12. A current carrying wire is perpendicular to a magnetic field. Due to the presence of a
magnetic field, the wire experiences a magnetic force toward the bottom of the page.
What is the direction of the magnetic field? (x) .«

~ X )
! ,

P ——

RHR — ;n10 prge . %.,,X, %*ﬂ’% T i
1‘

13. The diagram shows current I flowing in a circular coil in a magnetic field B. Use

arrows to show the direction of the magnetic force acting on the coil at each point W,

X,Y and Z. " . R\,\\Z

R
’ -"ﬂ A

” #
# o i'u Y l o a

'|| ;

B B B
B
// 1 ,
8 B B




14. The diagram shows a current-carrying wire that is perpendicular to a magnetic field of
0.54 T. What is the magnitude and direction of the current that produces a 2.8 N force
on the wire directed down the page? (13 A to the left)# * %y, * = ¥ o

g B % H d
Fn=lB21 Tttt B K
2.2 =(p.54)(0.49)L — R Tl

;
#
)
w5

T- 134 (tolett) Cer
nse. RHR. e wowow o s

o woow WM A
e i nay et

15. A 0.20 kg metal rod is lying on the horizontal top of two frictionless conducting rails.

Find the magnitude and direction of the acceleration of the rod. (0.12 m/s? to right)
o= BLL = (025K0. (040
- T0.024N
o O =(0.20)d
a>; 0./ /Y)/SZ 7L'O fl\ﬁht

fodet i

e mlg,;},!;i lig
16. Calculate the magnitude and direction of the magnetic force on an alpha particle

travelling upward at a speed of 2.11 x 10° m/s through a magnetic field that it directed
down. (0 N) efﬁ“___//_e_/l Fn = O /\l

17. An electron experiences an upward force of 7.1 x 10# N when it is travelling 2.7 x 10°

m/s south through a magnetic field. What is the magnitude and direction of the
magnetic field? (1.64 T [to the '

F/;?:i\/[%

2 x10™= (/,(oxzo"")@?)‘/os)é ; R=/, 04 f?;ﬁﬁ

7

18. Calculate the downward acceleration of an electron that is travelling horiZontally ata
speed of 6.20 x 10° m/s perpendicular to a horizontal magnetic field of 2.30 x 101 T.
(2.5 x 10" m/s?)

£ = @V@ = (160107 b2 x07)(3-30%107) =5 ,zé;bxzo‘_’:’ N
229 x,0° M =/ﬁ.zu/o’3’)57 Z=250x10 m/s



19. An electron is accelerated by a potential difference and then travels perpendicular
through a magnetic field of 7.20 x 10" T where it experiences a magnetic force of 4.1 x
1073 N. If it is assumed that this electron starts from rest, through what potential

difference was it accelerated? (36 V)

41 110" 2 (620" y (072) ¥ =3.56x10"mlS
- 18
e =4(a.ux0 Y2, sEx0?” = 5. 77 X0 T

/N = 39700 AN =36\

[.b X110~ oo ‘

20. What is the net magnetic force on the L-shaped conductor? (0.418 N @ 37° N of E)

I
[
N

| —3=1
e
P
<
=)
el
-5
|._.]

016me ||+ e e e F- BAT - {)0 ggf/){c\ol b)Y 22)
| F = BLI =(0.0%:)0. 12)(22)
T e— 122 A =0 .2508N

. qu' ‘t{}gvjm b_ga. #

e sE Jo 33 +0.250%
—O#/@N@?;? Mot E




Physics 12 - Magnetic Induction

Oerstad determined that an electric current will produce a magnetic field. So the next logical
step was to determine if a magnetic field could produce an electric current. Faraday and

Henry both independently determined that this was possible.

One way to use a magnetic field to produce an electric

current is to move a conducting rod through a magnetic
field. How does +#hi = nork?

% An EMF |s induced in7he L
rod (char es move inside +he X X X
rod =oné& end is@ and the othes (5D

X X X
]
Conducting Rod
conducting rod is then made part of an electric tiveuit, it willAct like a battery (a
wriyce), causing charge to move in ifcuit just as any battery with an EMF would.
7 kS E-S
X X X
X X X
I {
X X X
X X X v
Conducting Rod

— movement of c/mfg@ :(:M

The process of producing an EMF in a conductor by use of a magnetic field is known as

electromagnetic induction.

Electromagnetic Induction — When a conductor in which an EMF is induced is part of
a circuit, the induced EMF will cause a charge to flow through the conductor. This

flow of charge is called an induced current.



Faraday discovered that he could produce an electric current by using an induction coil as

shown in the diagram below. soft iron
switch /:::__;\\
e / g RN

-

N
DC source == _
v galvonoxneter

SN A
/ N /\
T - o

primary coil » secondary coil
He found that when the switch of his induction coil was being closed or opened, the
galvanometer deflected. This indicated that there was a brief current through the secondary

coil.

One of the key discoveries in this experiment was that while the switch was being closed,
the galvanometer deflected in one direction, but while the switch was being opened, the

deflection was in the opposite direction.

In a similar experiment, you can connect a galvanometer to an air core solenoid and move a

magnet in and out of the solenoid. as %/7 e /M ag ne4 INS /b(/\, //f_d

out,+he deHech on s
rn one direction

magnet moves in and
out of solennoid

N

—as he mGanet 7S
pusheol in )7 e de#_\/ecﬁon
i< in +he other diredhon,

_______’__.,i

galvonometer

The direction of the induced current can be determined using Lenz’s Law.

Lenz’s Law states: 7L/7€, ;na/%féd CM[W@/’)Z 7[‘/OWS f/’)ha
YKBY  direchon as o produce a magnehe
‘ force +hat.opposes %Si drechon of The
opplied Force (mohon

Lenz’s Law is really an application of the law of conservation of energy. Energy cannot be

created. You cannot get electrical energy from nothing. It must come from somewhere.



When a magnet is pushed into the coil, a current is induced in the coil. Lenz’s Law tells us
that the current flows in such a way that the magnetic field inside the coil opposes the

magnetic field of the magnet. magnetic field

motion of magnet inside solenoid

, . |
According to the Right Hahd Rule, when your thumb points in the direction of the North

Pole, your fingers poing/in the direction that the conventional current must flow through the

windings of the coil,

s
This field opposes the magnetic field of the magnet. If this was not the case and the

magnetic field in the coil did not oppose the magnetic field of the magnet, you would be

getting energy from nothing. WHY? magnetic field

motion of magnet inside solenoid
If the current in the conductor is as shown in the

diagram, the magnetic field would attract the

magnet. Therefore, no work (NO ENERGY) would

be required to slide the magnet into the coil, but

electrical energy would be produced > this is

energy from nothing and impossible!

Examples: Find the direction of the induced current through G in the following diagrams.

A. S N B. S

motion of magnet motion of magnet

2
Q-

N

v

One r (ght/

motion of coil }\1




If a conducting rod is moved through a magnetic field, the magnetic field of the induced
current must oppose the magnetic field that produced the induced current — again, this

illustrates Lenz’s Law.

We can use the Right Hand Rule to,determine the djrection of the induced current in this

under clocknnse curren
conducting rod v —> Pointer Finger — veloo fy direchon

X Kk x T Bg;;?) Curved Fingers — maﬂneﬁ'o 4[;6/161

X X|x X A :
R E TR hemb s o current

scenario. =CO

Example: What is the direction of the induced current '
conducting rod

in the following scenario? ‘ . ‘F\Y\ger .
Counter ¢ lpckwise uved {7
( ont § Vs
Pﬂ—ﬂa ’ o ° s ®
7k
/} [‘u' j . 3 .} @ &
Magnetic Flux %umg

Magnetic flux is defined in terms of magnetic field lines. Recall that the density of these lines

represents the magnetic field strength.

The magnetic flux through a loop depends on the orientation (the angle) of the loop, the

magnetic field strength (field lines) and the area of the loop.

loop loop loop
e e /

—

——— — 5 — ——

— : i 31 G =
R DY : ,

by r M_____,_._} '-> ] _;

-r-—--—_._._gs . ; C

=0 &> 0 but < 90° ' &=90°
The magnetic flux depends on the number of field lines that pass through the loop. When
the field lines are perpendicular to the plane of the loop, there will be more lines passing

through the loop. Conversely, when the field lines are parallel to the plane of the loop, there

are no lines that pass through.



B=held skength (T)
Magnetic Flux — A=aveaq 07[ /OOD (mz>

= e
O=BAws 6 argle of feld 1
“he perpend | cular—

Units - Tem? or webers (Wb)

Faraday’s explained how an induced current is produced by using a magnetic field through a

changing magnetic flux.
Laster e c‘har%ge) Jhe greatcr fhe
Induced curren

The induced current depends on the rate of change of the magnetic flux. The induced current

also depends on the induced EMF. A Cb
Cos T
The formula we use quite often when dealing with induced currents is an algebraic

AD sthis is

expression of Faraday’s Law of Induction -

o fhe negatve sig) E:“N‘—" the basis
relaks ‘g len2’s [anw At 97;;3/;#[@
(opposng forces > generarors

s N »Fof loops in
the coil involved

Example 1: A square loop of wire is perpendicular to a 1.50 T magnetic field. If each side of
the wire 15 2.10 cm, Whathugh the loop? AZCO-OZ MO Oll>
D= BAcoss — 4.dix10Ym=
_I“Il> — X -4 n/
=(/.50)(44[x 10 — (.62 x0T Wb

Example 2: A 1.80 cm diameter circular coil that contains 50 turns of wire is perpendicular to

a 0.250 T magnetic field. If the magnetic field is reduced to zero in a time of 0.100 s, what is

the average induced EMF in the coil? A@: @{: _ _@0 O - (O. ZSOXTF'O-OO‘%
A —(L36X0" = (. 36x10 S Wh
c=-Nag = “5O< 0.100
=380V

- —



Bo
~ Example 3: A circular loop of wire (radius = 2.5 cm) is placed in a magnetic field (B=0.020 T),

as shown in the diagram as shown in the diagram. This field is then decreased to 0.010 T in
0.10s. . BF

a) What is the average EMF induced in the loop?

b) What is the direction of current through the loop?

OO E=-N éﬁ%) Al =(o,010[1.9 xzo’3>——( 020) 1-96 o™

A ;l/l(o.02'5>l
| =.X107>m’
b) use RHR =+humb into page ()

rved Proers = direchon of
# cunle d convenhonal cumert

= clockwise




Induced Current and Magnetic Flux Problems:

1. The diagram below shows a rectangular coil with 200 turns and dimensions 0.24 m by 0.20
m. Its plane is perpendicular to a magnetic field with magnitude 0.45 T. The coil rotates 90° in

0.12 s so that its plane is now parallel to the magnetic field.

NB= 0— (p45(0.24-029)

NS
o034 m - — Wb
R= 0457 ] g 0.0k
G N
e B I .
v Ie ™ ST
. 'j;’\ " . /"_—” *
Y 1020 m i o z N
sl u e —= T
. »

Initiand E Finul
a) What is the magnitude of the induced EMF? (36 V)

.~ 200 OOZ'b> 36V
ah ° O.12

b) If the coil has a total resistance of 40 Q2, what is the current induced in the coil? (0.90 A)
y=IR 36=1¢0) I=0.90A

2. A 0.65 T magnetic field passes through a circular coil of radius 0.16 m. Find the magnitude

of the magnetic flux through the coil. (0.0523 Wb) Blecer
= P.OA]

u W a L] » » q

D =BA = 0.65(T O4) E Gg@;)i
=0.05a3 Wb NS

3. The magnetic flux through the surface of a rectangular coil measuring 0.25 m by 0.16 m is

2.4 x 10 Wb when the coil is placed perpendicular to a magnetic field. Find the strength of

the magnetic field. (0.060 T) XXX X X X X X
2 x X% 0.25 m X, %
Q.L/Y/D# =B<©.25°D-/(o> x RA[X X % = x| x
X XX X x X x| X

B :w 0‘;{46 R P

XWX W ox % x| o=

X %X ox X X % X X

X X X X X X % X




4. When a single coil with a radius of 0.80 m of resistance 2.8 Q) is pulled a distance of 0.30 m
into a perpendicular 0.20 T magnetic field, an average current of 0.40 A current is produced
in the coil. Find the speed with which the coil was pulled. (0.836 m/s) E= R

= (04002 %)
=LV

] 9

- [1a=_;(0.20- (- oﬂ‘s@'
A"t & &

At= 03595

—

4 B i g '35q
B=0.2T » v 0SS
B 3] 7 <] “ B V = 0 %36 mIS

5. A coil with 800 loops of radius 0.01 m is placed with its plane perpendicular to a uniform

0.16 T magnetic field as shown in the diagram.

. . . . b B i
a) If the coil rotates 90° in 0.40 s so that’s its plane is now i 0.08 m '
parallel to the magnetic field, what is the average EMF I} |
induced in the coil? (0.10 V) ot e
b) If the magnetic field changes from 0.16 T to 0.04 T in . e e ” 0o
the opposite direction in 0.80 s, what is the average EMF .
induced in the coil? (6.3 x 102 V) T

Y & & a F 1 B 8 - %

c) If the coil moves to the right by 0.01 m in 0.60 s within S 4

the magnetic field, what is the average EMF induced in
the coil? (0 V)

o) £= -~ Goofo— EIT-@ad?))  £= 0101
O.‘-IO 3
b) £= “?00(“@0‘4@&@;*@%0'0%% £=02a310__V

0.90
C> same. B so ro Ch&lhﬂé N %\/wx = &=O\

6. A magnetic field (B = 3.2 x 102 T) passes perpendicular through a circular loop of wire
(radius = 5.0 cm). What is the magnetic flux through the loop? (2.51 x 10° Wb)

®=DA = (3.ax10‘3XTF(0.05>2> = 2.5 X107° Wh




7. A circular coil with 200 turns and a radius of 6.0 cm is rotated in a uniform magnetic field
(B=3.6 x 10 T). At t =0, the coil is perpendicular to the field, and at t = 0.015 s, the coil is
parallel to the field. What is the average EMF induced in the cgil? (5.43 x 102 V)

S=_500/07 (zexlz;*)(‘ﬂ’w%f) £ -5WX0 |
© .0

8. A square-shaped piece of wire with an area of 2.5 x 10° m?is perpendicular to a uniform

magnetic field (B =2.2 x 102 T) as shown in the diagram (a).

s O — (g.ax1F)R 5t
O.100

Hreyere e srasazs ta e TH TR R BN PE ya A A bR o
b =

XX X Xi orx x|x x

X I x o ox |x§ fx ox|ix x

ix I x x|x?

c-55xi0 1Y

$X X ox xi

@) & (b)

+
uﬂ‘uv—uw*.--n-*n“‘n-s'ﬂ-'nn“--an“ :"'.D*u-'\.ﬂml-‘m-"n-,,u-w b TR

area= 2.5 x10° m*  collapsed (area = 0)

R E N SN T PN I PR YaEe Py

If the square collapses in time of 0.100 s, as shown in diagram (b) above, what is the average

induced EMF as it collapses? (5.5 x 10 V)

9. Find the average EMF induced in a circular coil with 50 turns and a radius of 0.050 m if the
magnetic flux through the loops is changing at a rate of 15.0 Wb/s? (-750 V)

E= —50(/50) E= 750\

10. A square-shaped coil with 100 turns (area of each square loop = 4.0 x 10 m?) is
perpendicular to a uniform magnetic field. When the coil is rotated through 90°in 0.12 s, the

average induced EMF is 0.92 V. What is the magpetic field strength? (0.276 T)

023 =—1po/ © ~(BY4.0x07) B=0276T
O .12

11. A circular coil with 10 turns and a diameter of 25 cm is placed perpendicular to a uniform
magnetic field (B = 2.7 x 10 T). If the direction of the magnetic field is reversed in 0.30 s,
what is the average EMF mduced in the C0117 88 x103%V) ) >
= —iefC-2710 T (0.25) ) (ggx0 T 003
© .20

e- g.8x10 "\



12. A magnet is quickly removed from a circular coil (25 tumns, area = 5.0 x 10 m?). This

changes the magnetic field within the coil at a rate of 0.40 T/s. What is the average EMF
induced in the coil? (0.05 V)

g_ ~ Q§<O - (5-O’§\O—5XO'L\O>> = O0.05\

13. A square-shaped piece of wire (area =7.2 x 10* m?), as shown in the diagram below, has a
resistance of 12.0 Q. Assume that the magnetic field drops uniformly from 1.6 T to 0 T in
0.050 s as the loop is pulled from the magnetic field.

& B 2] =3

a) What is the average EMF induced in the loop? (0.23 V) . . . .
b) What is the current induced in the loop? (1.92 x 102 V) | i

a 7 -] 23

c) What is the direction of the electron flow in the loop? (clockwise) T
De= - "_____U'“’Xiw: 0.23 V.
0 050 .
b) 0.23=T(>») I= w
c) | {2 — (oclwise

14. A square-shaped piece of wire (4.0 cm per side), as shown in the diagram below, is placed

in a magnetic field (B = 0.20 T). The magnetic field is increased to 0.50 T in 0.30 s.

=] @ €] @
a) Find the current through the loop if the resistance of the loop is 2.0 Q.
(8.0x 104 A) @ @ @ o
founter
b) Find the direction of the electron flow through the loop, (clockwise}) o & o s
C{) 5: .__) <OE‘>"DXDOL} ) “(@l@ 0.0 5 5 @ @

0.0 -y |
£=-9.00bV =T (20) I=%0X0 A

L) LHR = lockwis€




Physics 12 — Transformers

Transformers are another important application of electromagnetic induction. A transformer

is a device that is used to convert a potential difference to a higher or lower value.

A transformer consists of a primary coil of Np turns and a secondary coil of Ns turns.

Privery . Seeondary
il oo, | COH

o

Tran core

The changing magnetic flux due to an AC voltage in the primary induces an AC voltage in

the secondary.

Step-up Transformer — Used to increase the potential difference.

/\/5 s greater +han /\/P ~> \/5 > \/F

( more coils
Step—down Transformer — Used to decrease the potential difference.

N fsgfm%f%han Ns ~» \/P>\/5

Although a transformer will increase or decrease the voltage, energy is conserved ~ you

cannot get something for nothing. Ef)@flzg must be | CONServ GC},

Transformer Equation: \/ N
p _ INVp

—

Vs Ns

+if Fnergy 1 Uy = [V
consened, +hen powel” s N g Y
OW"pWLMMS7L %VWL/ J‘i = P or ____];9_ - 2= VP
powel input” Tr N Ly Ns Ve

v
From this we can see that as the number of turns increases, the voltage increases, but the

current decreases.



In the problems that we will deal with, we will assume that the transformers are ideal. That is,
no electrical energy is converted to other forms. The efficiency of transformers are usually

very high.

Example 1: A step-up transformer is used to convert 1.20 x 102 V to 1.50 x 10* V. If the

primary coil has 24 turns, how many turns does the secondary coil have?

s N, [20 _ a4  N,=3ocooturns
Vs Ns [ BXI0T N

Example 2: A set-up transformer has 1000 turns on its primary coil and 1.0 x 10° turns on its

secondary coil. If the transformer is connected to a 120 V power line, what is the step-up

voltage? _\42_ _ &P_ 120 — 1000 \/5—; I ax‘o"'\/
Vs Ns Vs l.OXIDS

Example 3: A step-down transformer reduces the voltage from 120 V to 12.0 V. If the primary
coil has 500 turns and draws 3.0 x 102 A,

a) What is the power delivered to the secondary coil?

b) What is the current in the secondary coil? >
'O«> \_/JJZ I 20 - Ls 2 Ts= 0304
s~ I, 1»C307°

v
P=( 0.20(12.0) = 3.6W

Power Transmission — One major application of transformers is in the transmission of
electric power. At the power generation plant, there are step-up transformers that will
increase the voltage to a very high voltage (100000 V to 500000 V). At the user end (ie. our
houses), there are step-down transformers to reduce the voltage to 120 V before any electric

power enters our homes or buildings.

Why? Reason1- As W imcfeasi voltage , cuvrent decveases
(P=IN .
tpith less curvent )/GSS heat 1s produced by any
resistance = less electic energy/power  |ost
Reason 2 - Th@f@, 1S O /IMI—IL 7407%5 QmOl/H'WL 07£ CMff@ﬂ-f

Hhat +lows Through a wire safely.



Transformers and Power Transmission Problems:

1. Currents of 0.25 A and 0.95 A flow through the primary and secondary coils of a

transformer, respectively. If there are 1.0 x 10° turns in the primary coil, how many turns are

in the secondary coil? (263) i\l_ﬂ = Is (000 - @_i_? I\,S = 263 turnS
Ns Io Ns 025

2. A step-down transformer has coils of 1.20 x 10% and 1.50 x 10 turns. If the transformer is
connected to a 1.20 x 10? V power line and the current in the secondary coil is 5.00 A, what is

the current in the primary coil? (0.6?_553;}J - _Ii 1200 _50 IP 0, 62725_{)‘
Ng I, 1S0 Ip

3. Near Nick’s home, the voltage of the power line is 3.6 x 10° V. The transformer between his
home and the line reduces this voltage to 1.20 x 102 V. If the transformer is to deliver 2.4 x 10°

] of energy each second to Nick’s home, what is the current in;

= _ L (120
a) The primary coil? (0.67 A) F s~ I_s Vs Qi? O = 5(‘2 >

1
b) The secondary coil? (20 A) l/f - ;Z:—S- M/ _ 0_29_ I5 :ﬁ)ﬁ
\/5 IP | 20 IP
Ip = O.; (0?- fD’

4. A step-down transformer (Np = 1.50 x 102, Ns = 25) is connected to a 1.20 x 10? V primary

line. If there is a 75 Q) electrical device placed in the secondary circuit, what is the current in
the primary coil? (0.27 A) ' | Vs o0V
_ Ve %D -i20 - O 20=T(75) L:=027A

Ns Ve A5 s Ip Tp=H435xI07°)

5. If the voltage and current of the primary coil is 120 V and 3.0 A, whatis the power
delivered the secondary coil? (360@@: /\/ = @@Y/ 2’O> =360 W

}D/.n - Pot/'flL ::‘360“/

6. If the power delivered to the secondary coil of a step-up transformer is 50.0 W from a 120 V

power line, what is the current in the primary coil? (0.42 A)

so=T(20) I=0.92A




7. A transformer (Np = 5.5 x 102, Ns = 36) is connected to a 120 V power line. If the cutrent in the

primary coil is 1.0 A, what is the power in the secondary coil? (120 W)

P=Iv =0o)129 E£=120W

8. A 100 W transformer (Ns = 1500) has an input voltage of 9.0 V and an output current of
0.65A. How many turns are there in the primary coil? (88) _/_\}_E = E Ne . O-_QS

s /v /00=2Z(q.0 I=I1l1A  Ne Ip 1500 !/
| Np =58 fnms
9. A transformer has 20 turns in the primary coil and 400 turns in the secondary coil. This

transformer produces an output of 5000 V with a 0.02 A current.

N 20 Ve -
a) Determine the type of transformer. slg,p—ut P P - = 5"-5‘?&3 - T
fanstormer Ng 400 P

b) What are the voltage and current in the primary coil? (250 V, 0.40 A) -
Hlp= 5DV Tp “O.MOA

0.0

c) What is the power input? (100 W)
&) P= IV = (o 40(25D) = 100 W

10. What acts on the secondary coil of a transformer to cause an EMF to occur across its ends

even though the primary coil and secondary coil are not connected?

the chggg/nﬁ conrrent 4 majheﬁc/ 4%@,/41 ih e Pn)v\m\y coil
induces an EMF inthe seconday coil

11. An ideal transformer has 1200 primary turns and 30 secondary turns. The input voltage of
120 V AC supplies power to the resistor, R, dissipating 24 W. Find the current in the primary

coil and in the secondary coil. (0.20 A, 8.0 A)
Z\_\/ D = /I_ﬁ = \_/_Q_ )/ZC’D'_D = l 20 \[5 :3 0 V FPrimary Secondury

A
N Lo Vs 0 Vs = ?’Z{ R
. 2o _ 870 _ S5 ]
24=Ts(20) Ls=0Oh )/35/5 Tp=0avh P

12. An electric device with a resistance of 6.0 Q requires 9.0 V to operate. An ideal
transformer is used to obtain this voltage from the standard 120 V AC.
| Da.0-F(6b0) T=1SA
a) Determine the type of trarmcs,forclxqer.
P oo - (15040
b) Find the current in the primary coil. (0.11 A) PS = P? Zp ( DO\ - (\50 ﬁ

[NE———— ]



Physics 12 ~ Electric Motors, Back EMF and Motional EMF

We already know that batteries convert chemical energy into electrical energy. Electric
generators are devices that convert mechanical energy into electrical energy. Generators

make use of the principle of electromagnetic induction.
Generators versus Motors:

Generators - A loop of wire is rotated through a magnetic field (actually a number of loops

are rotated). This changes the magnetic flux 2 induces an EMF - induces a current flow.

mechamca/ — electHic energ\y

mechanical input

£ electric output

brush

Motors: A current carrying conductor passes through the magnetic field. This interaction

between magnetic fields causes the loop to rotate.

electric —> mechamCa/ energy

Back EMF — In an electric motor, there are loops of wire that are rotating in a magnetic

field. These loops (called armature) rotate because of the interactions of magnetic fields.

With this rotation, there is an induced EMF and an induced current.

Direction — 7L/))e /f)dl,{CCd Z:MF Wi / %Q_Sg_, 7Lh€, VO/‘)uﬂe/
Trose +he mobor (lenz's Law) |

= = EMF suppled
Vgacz‘é —Lr by power sourc

= BaCl EMF T = cuvrent when

—_— m(ﬂ"or‘ rea

Full_specd.
r=res) jstFame Ol

~OTDr




When a motor is first turned on, the loops are not yet rotating so there is no induced EMF. As
the motor very quickly gains speed, the induced back EMF builds very quickly. When the
motor is first turned on, the only voltage causing electrons to move is the voltage applied

across the motor.

As the armature starts to rotate, the EMF opposes the voltage across the motor. This will
lower the voltage in the wire loop circuit and therefore lowers the current drawn by the
motor. (V = IR)

When the motor reaches its full operating speed, the current drawn by the motor has

decreased.

Example 1: A 120 V motor draws 10.0 A when it reaches full operating speéd. If the armature

of this motor has a resistance of 5.2 Q), what is the back EMF when it reaches its full operating
speed? — z’ -/ r |
l/b I VL - ég V
=720 —(10.09(52)

Example 2: A 120 V motor draws 12.0 A when a motor is operating at full speed. If the

armature of this motor has a resistance of 6.0 (), what is
a) The current when the motor is initially turned on (remember no back emf)?

b) The back EMF when the armature reaches its full operating speed?

a) O = JRo—T (6 &) T =20 A
SHAE 20— /1&(6.0) U, = ygV
b

Example 3: A 120 V motor draws 3.50 A when it reaches its full operating speed. If it draws

15.0 A when it is initially turned on, what is,

a) The resistance of the armature? O=\20 — |5 .0r = 8 .0 _Q_

b) The back EMF when it reaches its full operating speed?

vV, = 120- 250(80  Vp= 9@\




Induced EMF on a Straight Conductor - As we have seen, it is not only a loop of wire

that is rotated in a magnetic field that produces an induced EMF. A straight conductor that is

moved through a magnetic field will also induced an EMF.

=ardd '_s(//:_aw of

Method One:
Induchon:

AXx

o k4

AA=rAX

@ @ @ @
e o o s R w8

e e

Method Two: based on The
Conaluc%{nj rod experienung

a force = FM:: CLV Bi I

X since c}?arﬁe will move A

within D
= poJmJim/ ﬂf'ﬁ%"(’/% l ]

( deter mined *hrovgh KH@
Work was done fo move (/ha»g{

X X X X
x X X X
>

conducting rod

n vod

xX X X X

AA=PAX

W=F-d or AE:FN\QI’ CQ:M

Fm :q/\/ Bi and QE:@" A\‘/

C =D v

%'szﬂ\/ @_Lﬂﬂ/
U
£ <DLV

for cond/u’t\cv‘ohj rod



Example 1: A conducting rod 25.0 cm long moves perpendicular to a magnetic field (B=0.20T)
at a speed of 1.0 m/s. Calculate the induced EMF in the rod.

E=pLy = CO'ZDXUZ’;X/ ,O> =005\

Example 2: The conducting rod in the diagram below is 15 cm long and is moving at a speed
of 2.0 m/s perpendicularly to a 0.30 T magnetic field. If the resistance in the circuit is 4.0 (3,

what is the magnitude and direction of the current through the circuit?
E= BLV =(o. ?;oXo'/SXa 9
=0.0qV

R=40 Q

15cm l/: //Q
0.09= 1(40)

ojzrc:o}v'on . RHR
%ryerﬁ owl of poyl

s index —>

| Ahumb

—

|

“—

T =2.25X10 A

@ @ @ @
e & @ @

e 8 © o

‘ clockmis




Back EMF and Motional EMF’Problems:

1. A DC motor is connected to a 120 V power supply and draws a current of 12 A when it first

starts up. At its normal operating speed, the motor draws a current of 3.0 A.

a) Find the resistance of the motor’s armature. (10Q) ¢>= 120 -2 M= [0 0
___—’/

b) Find the back EMF when the motor first starts up. (0V) =0V CHO back. £EME >
c) Find the back EMF when the motor is running at normal. (90V) \/b — /qug —3. O('tC))

——

2. A motor is connected to a 12.0 V power supply and develops a back EMF of 3.2 V when

rotating at normal speed. When the armature is prevented from rotating, the current is 3.0 A.

a) Find the resistance of the armature. (4.0Q) = /2 - 3.0 1= 400

b) Find the current in the motor at its normal speed. 2.2 A) 3,2 = /A — T CLfO)
T =2 A
3. A 120 V motor draws 9.0 A when it reaches full operating speed. If the resistance of the

armature is 5.0 ), what is the

a) back EMF when the motor is operating at full speed? (75 V) 0.> VL = /20— Cﬁ OX5 O>

b) back EMF when the motor is initially turned on? (0 V) @ © Vv

c) current when the motor is initially turned on? (24 V) (,‘) O=120~ A CS . 19>L/
L=

4. The armature of a 120 V motor slows down because of an increased load (for example, an
electric lawnmower enters thick, tall grass). The resistance of the armature is 6.0 (), and the
current drawn by the motor when operating at full speed is 3.6 A. The current drawn by the

motor when the increased load is applied is 8.4 A.

a) Explain why the motor (armature) gets hotter when the increased load slows it down.

Slows —> = more cwrient=more, heat Aue 40 resiskince
b) Explain why the current through the armature increases when the load is increased.
armature, shows = bV
c) What is the back EMF when the motor is

i. operating at full speed (98.4 V) Vb = 120 (3.0)(6 ’O> Vb - Cig_q_\i

ii. slowed down because of the increased load (70 V)

=120~ (e W60 =20V



5. The current drawn by a 120 V motor when the motor is turned on is 10.0 A and 3.0 A when
it is at its full speed.

a) What is the resistance of the armature? (1202) O=]20— (/O'OX P) =120
b) What is the back EMF when the motor is operating at full speed? (84 V)

V=120~ (3.0)C/2) V, - 84y

6. A single rectangular loop of wire connected to a resistor R is pulled out of a magnetic field
of 0.60 T at 3.0 m/s as shown in the diagram.

=060 T 7 v =38 ms
a) Find the EMF induced in the loop. (0.216 V) *‘ Ko® ¥ R A R W e
woOXIx X o x x X X 4
b) If the resistor has a resistance of 0.40 (), find the L R jff
magnitude and d11ect10n of the currentin the Joop. (0.54A [cw]) AR RO K 'f R«; 0.12 ¥
= l(()o O [ y‘ ¥ OoxX| K XN X ¥ ¥ ¥
a) C B/Z V 0 a l O O T G S A A S j’_,
wWoow XN ¥ xR % X
L) 0.d/b = I(D HD P

T=054H clock wise,
7. A 0.80 m conducting rod is moved at 4.2 m/s across a 0.48 T magnetic field along

conducting rails which are connected by a 2.5 () resistor. x “,T X XP _ ;’; 4R fx
L § oy B |
x X ¥

a) Which end of the rod is positive? (Y)

ep ; ¥ X X X
b) Find the magnitude and direction of the current {) &0 mb v =42 m/fs
R o
through the resistor. (0.50 A [ccw IV RE2:0 | 88 % x o ox x 1623
2L BLy(0H0: 2 4@55’ i
— z O Q ¥ % -4 %
[, 35=T(2.5) S |

counter chockmi® =

® wlt x %
8. A conducting rod is 22.0 cm long. It is moving at a speed of 1.25 m/s perpendicular to a
0.150 T magnetic field. If the resistance in the circuit is 2.25 (3, what is the magnitude and
direction of the current through the circuit? (0.0183 A [ccw])

£ BLy=(0.150X0-2)(1.25) % i :‘( i z
(C/_ D OLF B\J R=22511 y « —:(V < ,@=22.0cm
o.oy3 =1(235) L= ©.0183A x x| x «x

CownHrc locmlSe 2y




9. The conducting rod in the diagram below is 15 cm long and is moving at a speed of 0.95

m/s perpendicular to the magnetic field. If the resistance in the circuitis 1.5 QQ and a current

of 5.6 x 102 A is induced in the circuit,

»l
|

a) What is the magnitude of the magnetic field? (0.589T)  »
R=15Q

b) What is the direction of the induced current? )[ccw])

goo@t{—ﬁ(og Yo 95) B=0.589T
b) comnterc loc i wise- |
10. The conducting rod in the diagram is 30.0 cm long and is moved perpendicular to a 0.950

15cm

V/(o o)L

e @ @ @
@ € @ ©

T magnetic field. If the resistance in the circuit is 3.25 Q, what force is required to move the

rod at a constant speed of 1.50 m/s? (3.76 x 102 N) -
B,Q,I Z—(O%'@O.%‘O"?j X X X X
—(OQSXO BO;(O ’3;> R 328 01 i V*i— i : [ =300cm
*‘376)(/0 ZN L{RX IC%QS) X x| x x

—  I=0.132hk

11. A plane with wing span of 6.25 m is flying horizontally at a speed of 95.0 m/s. Given that

the vertical component of Earth’s magnetic field is 4.70 x 10 T, what is the induced EMF

between the tips of the wings? (2.79 x 102 V) 5“ By = (L/‘%JUO é’)(é 25 1= >
= QF9L10™3\

12. The conducting rod in the diagram below is 30.0 cm long and is moving at a speed of 3.00

m/s perpendicular to a 0.600 T magnetic field. If the re51stance in the circuit is 2. 25 Q, what is

the electric energy dissipated in the resistor in 15.0 s? (1. 947) o o o x

£= By =(06000.30(3.0) =054V

PS_M-: 0 '.5_/‘4 = 0,130 W R=2250) °© 9 v ® L =300cm
R .25 ® o ®

P=AE 0,/30:%0_:?_- rE= 19T o o o
z | 1]

13. The conducting rod in the diagram is 1.0 m long. It is moved at a speed of 3.0 m/s

perpendicular to a 0.95 T magnetic field. If the resistance in the circuit is 45.0 Q, how much
work is done against the magnetic field in 1.0 x 10 s? (1.81 x 10?3 ]J)

= (0.95)Y1.0)(3.0)= ) @85V
p=285" - 0.18] W

[0S .o R=45.00

= A /:'ZSEE /LXE
P%E/ 0 op0  TLUAO Y

1.0m




14. The conducting rod in the diagram is 0.50 m long. It is moved at a

constant speed perpendicular to a 0.65 T magnetic field. If the resistance in the circuitis 2.9 Q

and the induced current is 5.2 x 102 A, what is the speed of conducting rod? (0.464 m/s)

VERY :(5‘&4’/0‘2)(,; 4) 0S5V | T
0.5) = (0.65(050)\

V= 064 m/s

R=291) E,=0.50m

X X X X

X
X
—V
X
X

x o= X X
= x X X

[

15. A rectangular piece of wire is moved at a speed of 1.80 m/s perpendicular toa 1.30 T
magnetic field, as shown in the diagram. If the length of the side moving perpendicular to the
field is 0.625 m and the resistance in the circuit is 1.50 Q, R=150 )

a) What is the induced current? (0.975 A)

b) What is the direction of the current? ([ccw])

= 13X O0625)(1.80) = | Hb V
| Ho=T(150) I < 0.9%5A

b) Suliise -

|
g

e @& @ e§

e @ © ©

e @ @ ®©

e a8 @ @

16. A rectangular piece of wire wound 5 times is moved at a speed of 2.7 m/s perpendicular
to a 1.1 T magnetic field as shown below. If the length of the side of the wire moving

perpendicular to the field is 0.18 m and the resistance in the circuit is 3.5 Q,

a) What is the induced current? (0.764 A)

X X X X H
b) What is the direction of the current? ([cw]) >

< xox X > R=35Q
a)£=5(1.1°01%°37%) - >

=
=
=
=

"7V
q-b?=I(35) I=0.7eiA
b) clockwise




Physics 12 ~ Applications of Electromagnetism

Cathode Ray Tube (CRT)

A cathode ray tube is a vacuum tube in which a Vertical
beam of electrons is accelerated, deflected and Cathode Anode  Plates

displayed on a fluorescent screen. Cathode ray '/T ﬁ I é T" L7
tubes are used in oscilloscopes, televisions and \ L;

computer monitors. We are moving away from Grid Horizontal

Deflection

N
g e

Heater Bz

AR

EI,E

.

Detlection

this as we develop new technologies such as LCD - Plates

monitors.

Example: A beam of electrons is directed to a region It ke (02 m

between oppositely charged parallel plates as shown

in the diagram.

V=

{1t Nﬂn‘ju) W
a) The electron beam is produced by accelerating electrons through an electric potential
difference of 380V. What is the speed of the electrons as they leaxlze the 380 V plate?
N=AE 330=AE AE=KE= 6.08x1077 =L (@10 )y
1 /.6xi0™
V= 115 %107 m/S

b) What is the electrostatic force on electrons in the region between the deflecting

horizontal plates when they are connected toa 9.0 V potenti'al difference?

F-AV.9 _ ysoN, E=fe ysp-re  Te
E=L£2=d = 4500, Eee H0=R o Saxo

c) What is the acceleration of the electrons between the deflecting plates? N
_ ~3N\—=7 - 13 =
Z. aAxIO ';L:(q)gxl() 30 ?c?,@)ﬂO m/s

d) What is the final magnitude and direction of the velocity of the electrons as it leaves

the second set of plates?  hovi2 ontal 2 = d_ X
X

v
My S _
B oyt =0.12 £=1.03X107%S
= [ISXI0 ‘ >
_—  vevheaalt 0= Vg — Vo

5
uwoﬁ‘z*(@-‘“”p) K Ve = 8410

"/

‘ 0 — l?’: \J— — O
= 11500 m)s @ 40" Nof B 70 \44;, 1079

.03 X

1?7

S

a
w



Cathode Rays:

In the late 1800s, the electron was discovered by J.J. Thomson, who was deflecting fast-
moving electrons in a magnetic field. This was done to investigate an electric spark gap in a

vacuum or in gases at very low pressure.
Gas at very low pressure

v \) = Anode

TN

Cathode B

i

i}
High voltage

The term cathode ray is used because it was determined the discharge that was observed

originated at the negative electrode (the cathode) as the tube glowed with greater intensity

opposite the cathode.  glow —— =

§

f i

J.J. Thomson determined that cathode rays were particles and these particles became known

as electrons.

The Thomson Experiment:

In Thompson’s experiment in the late 1800s, cathode rays were passed through a magnetic

field. The magnetic field was found to deflect the rays.

CATHODE

The anode is a circular disk with a hole in it. The electrons are accelerated between the
cathode and the anode (this is referred to the electron gun or accelerator). Under high

voltage, the electrons have a high kinetic energy when they reach the anode.



The beam of high speed electrons then pass through the hole in the anode. Once through the

hole, they then pass through a magnetic field.

The electrons may be deflected up or down by the magnetic field. The deflection is in an arc

as we learned last lesson. (circular motion due to the Fm on the electron)

So... 71-2: ]Z;/) fﬁ_\_/z: %/B oY “ Vv
r

e

It is the g/m that Thomson determined to be the charge-to-mass ratio for an electron. He
could easily determine the r and B...but he SHITdid not have the speed, the mass or the

charge of the electron. (Remember — this is the discovery of it!)

Next, he adjusted the electrical and magnetic fields in the cathode ray gun so that they were
equal, but in opposite directions resulting in no deflection and the electrons travelled in a

straight line. Thomson obtained the speed of the electron as a ratio of the field strength.

Mo deflection
(both a magnetic field and an eleciric field)

ANDDE -
CATHODE p——
BT AR I
L ‘ i ' é } l i'“_‘ ’\%.’\.x
.5 E
Fo=Fy 9B =gvB o B

With v, B, and 1, he could calculate the charge/mass ratio and this was the first information

about the make-up of an electron.




Example One: Charged particles are travelling horizontally at 3.60 x 10° m/s when they enter

a vertical magnetic field of 7.10 x 10 T. If the radius of the arc of the deflected particles is

9.50 x 102, m, what is the charge-to-mass ratio of the particles? (%«%__?gf—lm [\ C\‘\“ \“8@’
" R —

L : 40
q _ Y 3.60X10 = 521 x10" Clog woss
N,

— TBr  (o71X35x0?)

Example Two: What is the speed of an electron that passes through an electric field of 6.30 x

10® N/C and a magnetic field of 7.11 x 103 T undeflected? Assumed the electric and magnetic
Fn=tel o gvBe= B

630%10° = 8.86x10 /s
ZAL X072

fields are perpendicular to each other.

{1

Example Three: An electron travelling vertically enters a horizontal magnetic field of 7.20 x
102 T. If the electron is deflected in an arc of radius 3.70 x 10°® m, what is the kinetic energy of

the electron?
—1g V
__Y____ 1'6)(10 = - -3
L=n n quen (3200 L37x107)

, 2
K= :o'z/“(%//x 0 “3')(4' 6<gx107>

V=68 X 10 m/s



Applications of Electromagnetism — CRT Problems:

1. An alpha particle travels through a magnetic field of 4.22 x 10" T perpendicular to the

field. If the radius of the arc of the deflected particles is 1.50 x 10 m, what is the speed of the
particles? (3.05 x 104 m/s)

my = %B (6.,6’5XIO*Z)X/\/> :<3'90X’5HX4}.L?/“O—D
~ —

— )
.S X0 \/:Z,OS)OOHIM/\S

2. A proton travels through a magnetic field at a speed of 5.40 x 10° m/s perpendicular to the

field. If the radius of the arc of the deflected proton is 7.20 x 10 m, what is the magnetic field
strength? (0.783 T)

My =gB (6700 Ns4x0%)_ (16310 ") B
r~ 7,ax1072

B=0783T

3. Calculate the charge-to-mass ratio of a partlcle that is travelling 3.60 x 10° m/s and is
deflected in an arc with a radius of 7.40 x 102 m as it travels through a perpendicular

magnetic field of 6.10 x 101 T. (7.98 x 10° C/kg)

G .M 3660° 5 ggx10f m)s
o Bro (ow)o.o7d) '

4. Alpha particles travel undeflected through magnetic electric fields that are perpendicular
to each other. The speed of the alpha particles is 7.80 x 10° m/s and the strength of the

magnetic field is 2.20 x 10-! T. If it is assumed that the alpha particles are traveling

perpendicular to these fields, what is the strength of the electric field? (1.72 x 10° N/C)
= = ¥ JD° /
y=£=  J8xwoc=L_ EF el N/,
B ©.22D




5. Positive charged particles travel undeflected through magnetic and electric fields that are

perpendicular to each other. The magnetic field strength is 6.50 x 107 T and the strength of

the electric field is 2.10 x 10° N/C. If it is assumed the charged particles are travelling
perpendicular to these fields, what is the speed of the particles? (3.23 x 10° m/s)

y= E . o?-loxfoi_ 323X10°m/s
B O b5

6. Alpha particles travel through a magnetic field of 3.60 x 10! T and are deflected in an arc

with a radius of 8.20 x 102 m. If it is assumed that the alpha particles are travelling

perpendicular to the field, what is the energy of each alpha particle? (6.71 x 10 ])

mv_.gB (6.65%1077(v)_ (&aoxuo”’@(oa@
= A

0.09o g 5
y= 1.4 x10%m/5 KE:;L(é.b 5210 ) 142109
| = 4721x107"%J

7.In a CRT (cathode ray tube), electrons are accelerated from rest b}} a potential difference of

2.50 x 10* V. What is the maximum speed of the electrons? (2.96 x 107 m/s) o 3 5
N=fE  asb0=AE AE=AE 00D @m0
4 Loxio™ !

vz3abx 07 mle

8. In a CRT, an electron reaches a maximum speed of 4.75 x 107 m/s. If this electron is

accelerated from rest, what is the potential difference across the tube? (6423 V)

/{E:;{—(wIX/O’?”X%?SX/O;);L = ), 03x107'>J

= .03xi0”" AN = 6HR3 N
. bxio™ 7




9.1In a CRT, electrons are accelerated from rest by a potential difference of 1.40 x 103 V. These

electrons enter a magnetic field with a strength of 2.20 x 102 T. If it is assumed that the

electrons are travelling perpendicular to the field, what is the radius of the arc of the

deflected electrons? (5.75 x 10-* m) _ 2
Y ila {F QaTx 0" wff%j(ﬁil)(l@ 3’%/; —o>

LoY10”' = 2.22%10 "' m/s

mv 9/5 () xtw&xnﬁ) (/é;xzo "7>(2 2)<t0>

_’— = 5?5X10 m

8 r
10. Electrons are accelerated from rest in a CRT. These electrons now pass through a

magnetic field of 1.40 x 102 T and through an electric field of 4.20 x 10° N/C. The fields are

perpendicular to each other, and the electrons are not deflected. If it is assumed the electrons

are travelling perpendicular to these fields, what is the potential difference across the CRT?

(2562V) ¢41x10"" x10~ b
_ E _ 720*/05 ”3,0)”0;”7/5 ﬁv 1LX10™ |

B )40 Xjo™Z
AHE= L(a10|(3.0x01f - ) 4 1o b MN=a5baV

11. A negatively charged particle with a mass of 8.4 x 107 kg is travelling at a velocity of 5.6
x 10° m/s perpendicularly through a magnetic field of 2.8 x 10 T. If the radius of the path of

the particle is 3.5 cm, how many excess electrons does this particle calry’? (3 electrons)

@:%5 (Z d g0
e

N l.bxio~ 9
(’5~§[¥10—L?X5.6X'05)._ @ - D28 S
— e -
(9'03_5 m—

12. Alpha particles travel at a speed of 3.00 x 10° m/s through a magnetic field. If the

magnetic field strength is 4.2 x 102 T, what is the radius of the path followed by the alpha

particles when the magnetic field is parallel to the direction the alpha particles travel? (o)

oo = parallel gives no By =n0 deflechon




13. A proton moves through a 0.75 T magnetic field in a circle with a radius of 0.30 m. What is
the momentum of this proton? (3.6 x 1020 kgem/s)

o B (16720 (b w0 N oms)  v=Q/bx07
- v 0.30 mM/s

p=m-v =(1.67x )o“y)(o?,}b)(/o?) = B.bX/O'?’O/gfm/é

14. Electrons are accelerated from rest through a potential difference. These electrons are then
deflected along an arc of radius 0.77 m when they travel through a 2.2 x 10* T magnetic field.
What is the accelerating voltage? (2528 V — NOTE: will be slightly different depending on

rounding)
el
(%mo“"”)/v >: (/,éx;o—mxm o) v=2a8 X 10 mls
077 ~lb 4.03x10™
_ N2 _
A ~4@. 10 Naag o))" = o> X 10" AV= s
AU =3523V

15. An ion with a charge to mass ratio of 1.10 x 104 C/kg travels perpendicular to a magnetic
field (B=9.10 x 10! T) in a circular path (r = 0.240 m). How long does it take the ion to

complete one revolution? (6.28 x 10 s)

9 v Jpxof=N_ o2 dm/s

\
m Br (Q,QzOIo,aL!D)

T T

7= 6.28% 10 He




Physics 12 — Electromagnetism Unit Review

1.

B.
4.7x107% T left

D. 4.7x1072 T right

A compass is positioned at each of the following locations near a bar magnet. In which "

location will the compass needle point to the right-hand side of the page?

a. 1 / _\\

2

®: *
c. 3 Y Iz \
1) [N s| (s
d. 4 g 7

(4)
A current carrying conductor is placed in a uniform magnetic field as shown. What is

the direction of the magnetic force on this conductor?

a. Into the page

& e e ® e & |3
b. Out of the page
c. Towards the top of the page ! . e ® e & 08
Towards the bottom of the page | e @ o @ @ @
@ & @ @ ] -]

A 5.0 A current is flowing through a 0.20 m long solenoid that contains 1500 loops.

What are the magnitude and direction of the magnetic field in the center of the

N 00 T . WY CUTSCO T 0 S T T T A 3 s
* A e

solenoid? N Q \ & B /\(>
ety

ASOA = Mo L’DZQ‘B>5,0
©.LD
= L{;’-xlo'z /| &
MAGNITUDE DIRECTION
A. 9.4x107 T lefi

9.4x107 T right




4. Four conductors of different lengths are moved through a uniform magnetic field at
the same speed..Which conductor will induce the greatest EMF?
X X X X X x b X B

a. 1
0 1. ) e
b. 2 XX X X X X %X o
c. 3 B 3 f—w—‘*
xer—lolx X X X X X

o r X X % % X e X x
¢ \}\.C(O { 4 )
Ooa\f \Or X x
C O O X , XX XX
\(\(\o\s \C
o
?z,‘ X X e e X X X X

5. A motor has an armature resistance of 3.5 QQ and is connected to a 12.0 v source. At full
speed the current through the armature is 0.18 A. What is the back EMF at full speed?

Vi<£-Ir

a. 0V
b. 063V =12.0- (0.18X3-5)
(O 114V - V
|14
d. 120V

6. A step-down transformer has a 500 turn primary that operates at 120 V AC. Which of

the following sets of conditions best describes the number of secondary turns and

SV.O 2O Vs=q6\/

secondary voltage of this transformer?

—

o~ Va

SECONDARY TURNS

SECONDARY VOLTAGE

<ij> 40 9.6 Vac
B. 40 1 500 Vac
C. 2 000 30 V ac
D. 2 000 480 V ac




7. A flexible loop of wire of area 4.5 x 102 m? is positioned in a 0.17 T magnetic field as

- ~shown in-Figure A. The loop-is then stretched until its area is zero in a time of 0.35 5 - - -
(Figure B). What is the average induced EMF in be irqu agd the dizection of the
~ VO ORE (RS Top AW AV,
current through resistor R? “‘2 ,2_ X O
Figure A Figure 1@35

bt X X x B X X X X B
i
X X > X X X X X
% /X X\ X —} X % %X
x P i \l 6 p
X !; X o X __:E:" X! X X HIX -
% i = R | i =2 R
XY X X [ = X'ox X 4% =
_/.,/ } Q o Q
X XX X e X X ox lx
X X X % X X % VX
AVERAGE EMF DIRECTION OF CURRENT THROUGH R
@ 2.2x1072V PioQ
B. 2.2x107V QtoP
C. 4.9%107" v PtoQ
D. 4.9%107 v QtoP

8. An electron enters a uniform magnetic field as shown below.

wol?

.
3

|
A

D
RN

A

A

s
Y

The path of the electron upon entering the field would be
Linear Para )/6 /
b. Circular
c. Parabolic

d. Hyperbolic




9. The diagram below represents a cross-sectional view from the side of a cathode ray

coil

A

Ny

a. They increase the speed of the electrons

b. The focus the electrons into a fine beam

¢._They deflect the electrons into or out of the page

o
= J Y

/:E)_ =

coil

. .. ...tube. What is the purpose of the coils.in a.functional cathode ray tube? . . . ... ... . .. . ..

N
P N
\\
\
[
i
|
|
j
/
§
/
/
- /
. .‘ f
~

hey deflect the electrons toward the top or bottom of the page

10. A solenoid of length 0.35 m and a diameter of 0.040 m carries a current of 5.0 A

through its windings. If the magnetic field in the center of the solenoid is 2.8 x 102 T,

what is the number of turns per meter for this solenoid?

a. 1.8x10% turns/m
b. 7.8 x 10 turns/m
c. 1.6x10%turns/m

4.5 x 103 turns/m

2.9%I0™* = Uy 50

n= 45)(/6; %uhs/m

11. A 1.2 m length of wire is pulled through a uniform 0.045 T magnetic field at 6.7 m/s as

shown. What EMF is generated between the ends of the wire?

a. 0V
b. 0.090V

(Doasv 1
d. 045V 1.2 m

]

&)

&

&

=

;
;
i
:

- ] &
L] @
6.7 mfs
—
-] @
@ ]
@ -]

@

B

l.5m

[




12. A DC motor is connected to a 12.0 V power supply. When the armature is rotating, the

... . current through itis 0.78 A and.the back EMF is 10.6 V. What is the resistance of.the . . ..

armature?
a. 140 /0.6=12.0-078r
1.8 Q)
c 14Q f: /g .,(Z
d 15Q

13. In which of the following diagrams is the secondary current greater than the primary

current?
Y Y,y T
s ¥ 1,
£ ¢ ’T_.,\’ '—‘; g :::; 1\ \_’
dC {_‘;L_,} g £ 1 5 \/
= I A
B. Primary
T Y g Secondary
T | i,
de ':% L =
Tﬂ ':: ; i B]
C. : Secondary
. Primary ;Ml |
o O i — =
ac () I =
i g £ AR |
D. P Secondary
Primary 2 L |
d T i =
C e |t ' =
= h i |




14. An electron circulates in a uniform 5.0 x 104 T magnetic field as shown. If the electron

321078 J of kinetic energy, what s the radius of orbit, 2

X g ,}( * X B_\S&X’O‘—Ig:j(q,“)(lozpv

a. 2.3x107m . )
x > X L /
b. 4.6x10*m 5 5 V=o'2,65_x‘0 = 4 {
3 b o, y
c. 25x10°%m A /Cq”X,OX'.——é—LJ@XIQ) /IEX,D 500
_‘ ro 2

15. Which of the following diagrams shown the magnetic field produced by a long

current-carrying wire?

A o P B‘ o i,
: Vs P
/ !’/:;" .\‘\\\ fi/ [/" \\l\i‘\1
L@ z(%,@*}f

Y \\aﬁ __,,/ / Y \ﬂ'___“_ // /
= NS
C. O S T S S é A O A T S
oKX XX ® X A S A N S
3/ [ =
@ @ a a4 o & a & & & a ®” L3 2
e @ a 9 L L4 2 2 -] 2 a @ e a

16. Which of the following devices has commonly used a cathode ray tube?

a. Kettle
elevisions
c. Battery

d. Incandescent bulb

17. An electric motor is connected to a constant source of potential. Considering back

EMF, which of the following observations is correct?

a. At full speed the applied voltage increases I /T\ ,Q\" Xn
= cnor
b. At full speed the armature resistance increases /\\

@If the motor is kept from rotating at full speed, the armature heats up

d. If the motor is kept from rotating at full speed, the armature temperature

decreases.



18. Which of the following are correct units for magnetic flux?

ST
Wb
c¢. V/m
d. Nem?

19. In a step-up transformer, how does the secondary voltage Vs compare with the
primary voltage Vr, and the number of turns in the secondary Ns compare with the

number of turns in the primary N»?

VOLTAGE NUMBER OF TURNS
A Vo<V, Ny >N,
(‘B Vo=V, N, >N,
C. Vo<V, N, <N,
D. Vo=V, N, <N,

20. An ideal transformer has a potential difference of 130 V AC across the primary

windings and a potential difference of 780 V AC across the secondary Windings There

are 390 turns in the secondary. The secondary current is

a. Twice the primary current
b. One half the primary current

c. Six times the primary current
ne-sixth the primary current

21. Two particles Y and Z with equal mass and speed enter a uniform magnetic field and

follow the paths as shown. How do their magnitude and polarity of charge compare?

MAGNITUDE OF CHARGE POLARITY
A, Y <Z same charge
B. Y <Z opposite charge
C. Y »Z same charge
e t
Y>Z oppomle charge
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22, A wire carrying a current of 5.0 A is in a uniform 3.2 x 10 T magnetic field as shown.

-~What is the force on the 0.15 m length of wire?

5.0 A
&

A
a. ON T
b. 1.6 x102N |
c. 24x10%N 0.25m UI5m
d. 40 x 102 N i

(3240 Xo 15)E0) = 24x162 N

—=

B

3 A single coil of wire of area 6.0 x 10-* m? is positioned in a uniform 0.18 T magnetic
field as shown. The coil is rotated 90° about axis XY in 0.0042 s. What average EMF is

induced by the coil? X

1
|
.0 ! -
a. OV X X X X! x x x B
b. 013V ST T
x X /x x Lo "’N X
c. 026V { ; ;
X X AX X! xo ox/ ox
d. 43V N
XN X :m:(x X X
E=—1(0-(0.8Y6 0XI0™> !
J. 3 yio™* |
Y

24. A part of a coil of wire is placed in a uniform magnetic field as shown. Which two

directions of motion would immediately induce an EMF in the coil?

a. land?2 N |
B
b. tand3 i~ T T T TT T
KooK X X ¢
c. 2and3

and4

I

Ll




25. Which of the following diagrams best shows the magnetic field lines between the

. poles of two permanent magnets?

Al

N |

.
:
N L.
R

A
FARA
RN
A A
‘7‘\ a
\\\ \‘ /./ l.f/

/
Y
ffi§
SN
A I ’ "¥x.“
o .
N4
N, 4
W\ g /
Y

B,

S

e

~ .

A

B N
B R oy
s SN e

26. A wire carrying 12 A of current is placed in a magnetic field of strength 0.63 T. What

are the magnitude and direction of the magnetic force acting on the wire?

5l

Fa=Ber
_:(0459@315Q05>

{4; 0.25m |
X %X X X B
X X X #
;) .
e b X X
X X X pas
I—a,— D.15m ———>-’

FORCE DIRECTION
LLIN down the page
LIN up the page
1L9N down the page
LON up the page

= LN,




27. A particle having a charge of 3.2 x 10" C follows a circular path of 0.45 m radius
“while travelling at a speed of 1.2 x 10* m/s in a 0.78 T magnetic field. What is the mass

a. 7.8x10%8 kg mﬂ% ___@' X m\MXD':'%>
9.4 x 1024 kg (0.45)

24
c. 1.1x10"kg m= 7:%[)(10 @
d. 3.0x10P kg .
28. A 460-turn solenoid having a diameter of 0.024 m is 0.14 m long. What is the magnetic

of the particle?

field at the center of the solenoid when a 13 A current flows through it?

E.leo-ZT B:/’(oéi%g (/5>
I

c. 31x101T -2 7
< 53X10
d. 6.3x10'T

29. A conducting rod is moving perpendicular to a uniform magnetic field of 0.23 T at a

s
R
>,

velocity of 9.2 m/s. What EMF is generated during this motion?
s

a 0V ' “‘\\ 6 = 3/6/ V
o NN (Y CO G

c. .32V

d. 053V = ‘0-3_2\1

= %
™ 0 | i5
\\\1}: 9.2 m/s }_ m
.

“ | e
0.012 m " N
NN
‘“\\ oy \\
\“\\ .
, N
™. ™,
M T

F=00.25 m>



30. A rectangular coil measuring 0.12 m by 0.080 m is placed perpendiculartoa 0.85 T
- magnetic field as shown. What is.the magnetic flix through the coil? .

a. OWb

}«—omm ——»{ g @ ATA!
@8.2x10-3Wb T X X X X :@ QSXO)Z@O 0@
¢ 68x102Wb D‘ij = K.2x10 Sk

X X X X

d. 1.0x 10! Wb

X X X X

31. A single loop of wire of radius 0.23 m is placed in a single 0.75 T magnetic field as
shown. The magnetic field is changed to a strength of 0.50 T in the opposite direction
in 0.61 s. What is the average EMF induced in the coil?

a. 0.068V % X B o .
~ b. 0.094V

‘ X X ® @
@0.34 v

oo d 047V ;« X * °

0 S O>(77’ °0- 23> Gl@q?SX‘ZT 25>> O 34\/ After

32. With the electromag?et turned off, electrons in the cathode ray tube strike the center of

the screen as shown. When the electromagnet is turned on, where will the electron

beam now hit the screen?

i
i N
r‘r'a
a. 1 Electromagnet - + D
=
b. 2 e ‘;,/’ </
__J__-—--"""‘ - \TSH / <>
¢ 3 CRT 7 .4~/ T Electron Gun
|

\
A\Y
Mg
N
5\
>
~—




33. An electric current flows through a solenoid as shown below. What is the direction of

- .the magnetic field inside the solenoid?. . ._..

34. Which of the following diagrams best show the magnetic field due to a long straight

‘wire carrying a conventional current I as shown?
S T B
\

_— P -t — (e //" S
— T ,4 e Py N
(r ' e T ! k ‘\ e _A-‘,?" !
\ \ i ./’}‘“ [ Ry , ;f;:'f;:/,_x"‘?-—-uk .
- | e
C, ey D.
et /‘ B
e "\\ " ——
] N\ J (T
{:‘W‘_’- — -
ey e T 1 {
l[’ K -N_‘:\_JY s -—-A
J \\'_,-"j

35. A proton is traveling at 2.3 x 10 m/s in a circular path in a 0.75 T magnetic field. What
is the magnitude of the force on the proton?

a. 1.6x10%N /'7 @VB

AN [Py L0 C
| = gxD” 5N

d. 1.7N



36. A solenoid of length 0.75 m has a radius 0.092 m. A current of 25 A flows through its

- 4700 turns..Within this.solenoid a 0.10 m.long conductor moves at 4.3 m/s

perpendicular to the field in the solenoid. What EMF is induced between the ends of

the conductor? B 7
= /ao /) L

0.085V
=M

b 017V 5 g

c. 0430V

d. 480V

4700

°\0.-55

-,

%i\\ E=BLv
ANV =(0.A8)0.19 10(43}
S

gﬁ/ = 0.085 Y

37. In which of the following situations would the greatest EMF be induced in the coil?

All changes occur in the same time interval.
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38. A motor is connected to a 12 V DC supply and draws 5.0 A when it firsts starts up.

- What will be the back. EME when the mator is.operating at full speed and drawing 1.2. . . .. ...

A?

D:{Z——S,O}/ f:;),ﬁ'ﬂ
a. 70V
75V V=12~ 1224 Vo=q,

c./91V
d. 108V

39. A long conductor is placed in a 0.65 T magnetic field as shown below. What are the

magnitude and direction of the current that produces a 1.6 N force on the wire

directed up the page? « X B _6ST
E’f) = BKI D A X >, B }
{1.35m o o
[1b=0.65(0.22)L C
A
7= 1A .

'“"‘"’E? i‘— .22 m —“'i

s [.56m .
MAGNITUDE OF CURRENT DIRECTION OF CURRENT
AL 4.4 4 - Right
B. 4.4 A Left
@ 1A Right
D. 1A Left

40. A proton has a speed of 5.0 x 10° m/s while travelling perpendicular to a 0.14 T

magnetic field. What is the magnetic force on the proton?
a 16x10%N | —
}/ N = @V _B
b. 84x102' N :Q.(o>‘ o ‘ﬂ(gox LOL-)(O /4>

c. 22x10%N =/, /2 X/ BN

~
.1 x 1013 N



41. The flux through a circular coil with a radius of 0.075 m is 0.013 Wb when placed
... . perpendicular.to.a magnetic field. What is the strength of the magnetic field? .. _

o Blros) Be T

a. 0T

. 017T
@O.WLT
d. 23T

42. The diagram below shows an aluminum ring and the current induced in it by the

nearby magnet that is free to move along its central axis. The magnet must be
Aleminum ring

a. Stationary | / ’;‘;\_% 7
b. Moving to the left 1 / i ‘s\l s
: . Fo i _
Moving to the right e _]' ﬂ— _ :_ —(s TN — — Contral i
d. Spinning about its central axis ) ]\‘1 I ;:‘; ‘m\"&

Magnet

43. A computer adaptor contains a transformer that converts 120 V AC across its primary
windings to 24 V AC across its secondary windings. The primary currentis 1.2 A.

What is the secondary current and what is the type of the transformer?

N DR (20 _ Is
MAGNITUDE OF CURRENT DIRECTION OF CURRENT —_—
Al .24 A Slep-up O?L{ /01
B. .24 A Step-down A
C. 6.0 A step-up
@ 6.0 A Step-doen

44. A charged particle travels in a circular path in a magnetic field. What changes to the

magnetic field and to the velocity of the particle would both cause the radius of its

path to decrease?

CHANGETO THE MAGNETIHC FIBED CHANGETO THE VELOCITY
A INemease PETEHEC
MO ase deerease
{0 decrease ICTeEsE
D. devrease decrease




45. A loop of wire of area 0.32 m? is placed in a 0.75 T magnetic field as shown. The
... magnetic field is.changed. to 0.35 T in.the opposite direction in 0.45.s. Whatarethe ... .. .. .
magnitude and direction of current through the 15 Q resistor?

©)e = >

X
X
A

5
» B J__,z‘;j{
e ® X B
R=15 L2
ijn {" il‘
g1V ]
. 1', 2] g"
X
Before

¥

—u

B

E 5 [3 % B
R f*- o -,
/v R4 1;"’ *
/ 4
If 2 * 3 ii +
c." i
" . A .
& ‘ & ‘ L4 @
R=1541
|’~l !yl f“
[ Xy
TV

MAGNITUDE OF CURRENT

DIRECTION OF CURRENT

v .
After<€\£\<_ 035 oO.37—> —‘(O 350.3

o015

25@,’/}%Q \

0.7 =T_(l§>

0.019 A XtoY
0.019 A Y o X
0,052 A XtoY
0.052 A Y to X

T=0052A

46. The direction of a magnetic field is determined to be the direction in which

a. A positive charge would tend to move

b. A negative charge would tend to move

D The north end of a compass needle would point

d. The south end of a compass needle would point

47. Which diagram shows the magnetic field created near a conductor carrying current
towards the right?

Al b3 4 = %
g J=—

b4 . £ w

C. * x » ®
{ ‘ } =

a » . o

{J

& ] k-] a
) g f
o a L] 3
G ] & &
i [




48. A beam of positively and negatively charged particles enters a magnetic field as

. ._.shown. Which paths illustrate the positive.and negative charges leaving the magnetic. ... .. .. .
P P g % g gr

field region? [T TTTTTTT R

Beam of charged

particles :
| B
R b ®
| ?\1
I
: X X ® b4 1\
ataiaindnieieie bbb : N
B 1]
PATH OF POSITIVE CHARGES PATH OF NEGATIVE CHARGES
A 1 [
@ 1 1l
C. 11 [
D 11 11

49. A solenoid has a length of 0.30 m, a diameter of 0.040 m and 500 windings. The
magnetic field at its center is 0.045 T. What is the current in the windings?
a. 29A

é;oAA EZ/AO(%>I 1= A4
' 0045, (£2)) T

d. 170 A
50. An aircraft with a wingspan of 24 m flies at 85 m/s perpendicular to a magnetic field.
An EMF of 0.19 V is induced across the wings of the aircraft. What is the magnitude of

the magnetic field?
. E= By
(paxi0T 0.(9= 5(3%X§§> B=9.3A0 > T

b. 54x102T
c. 6.7x101T
d. 39x102T

51. As a carpenter drills into a beam, friction on the drill bit causes the armature of the

drill to slow down. How will the back EMF and current through the armature change

as the drill slows down? L= E /I_)"
BACK EMF \L /l\ CURRENT
A lncrease Increase
B. Increase Decrease
@ Decrease Increase
D. Decrease Decrease




52. The diagram shows a bar magnet falling through an aluminum pipe. Electric currents

, wovo e o areinduced in the pipe immediately above and below the falling magnet. Inwhich.. ... .

direction do these currents flow?

ABOVE THE MAGNET BELOW THE MAGNET
A. 1 3
f,/'f "“y'/”{"v*;
(B 1 4
C. 2 3
D 2 4

53. A metal block moves with a constant speed in a uniform magnetic field. Which side of

the block is positive? o =

¥

a. JK 3 ._j = ¢ : K




54. A 0.75 m conducting rod is moved 8.0 m/s across a 0.25 T magnetic field along metal
-rails.. The electrical resistance of the system is 5.0 (2. What are the magnitude and .

direction of the current through point X?

" B-025T
E ¥ e # i & s & % & '>/‘ *
—(o 25)(0. Lfo)(xv) B oL
= 040 m o Boms|losm Z=s00
OI%D s s e TETTTTTTTULL L =
"
0% = 1.(50)
T=0.lbp .
N
MAGNITUDE OF CURRENT DIRECTION OF CURRENT THROUGH X
: 0.16 A Left
0.16 A Right
C. 0.30 A Left
D. 0.30 A Right

55. The diagram shows a magnet suspended near a solenoid. After the solenoid has been
connected to a power supply, the magnet rotates to a new position with its south pole
pointing towards the solenoid. Which arrows show the direction of the current in the

solenoid and the direction of the magnetic field caused by this current?

Before

DIRECTION OF CURRENT DIRECTION OF MAGNETIC FIELD

1 3

I 4

-
b
da




0.40=(0.00)3 O =YDm/c*

56. The diagram shows a 0.010 kg metal rod resting on two long horizontal frictionless

wwoonwar-Tails which-remain.0.40 m apart. The circuit has.a. resistance of 3.0 Q) and is located ina ... .

uniform 0.20 T magnetic field. Find the initial acceleration and maximum velocit fé)r
therod. 4% 2t At &% ch i/: 3: 9
P ' ﬂ B=0.20T =504
= BE \V4 -

15 :@ lOIO-LtD) Vi o) ,/:/:XTIF e _—_;::/}T) 40 m
VEAOMS| = 0.010 kg | | |

Fn=PA T

=(0 20(0 Ho[5:0) =0.HON

MAXIMUM VELOCITY

;.3
40 m/s”

190 m/s

; 4
40 m/s-

300 m/fs

120 m/s?

3 190 m/s

INITIAL ACCELERATION
B.
C.
D,

120 m/s®

300 mys

57. A bar magnet is moving toward a solenoid. What is the direction of the current

through the galvanometer and what is the direction of the magnetic field produced by

this current at location P inside the solenoid? S o
f( . \\£"| ok ,:{fﬁ TADS {"‘;"'S'
s — (ks |
(G
X S xl}-
DIRECTION OF THE CURRENT DIRECTION OF THE MAGNETIC
THROUGH THE GALVANOMETER FIELD AT P
From X to Y Right
From X toY Lef
FromY lo X Right
From Y {o X Left




WRITTEN PRACTICE QUESTIONS

1. A single loop of wire of area 5.0 x 10° m? and resistance 1.8 Q is pérpendidﬂér toa

uniform magnetic field B The field then decreases to zero in 0.0012 s inducing an

average current of 0.083 A in the loop. What was the initial value of the magnetic field

3?5: 12 O. 4T = _| @“@b 5.@40’@

:(O-O%I/%) ©.0ol2
s-0.1494 p-o0.036T -

. An electron is accelerated from rest through a potential difference of 750 V. It then

enters a uniform 0.0023 T magnetic field at right angles to the field.
a. What is the speed of the electron?

- 50= N\ KE NKE=].2 X @"bw}%(fa.zmo“g%z
—/.x10™ Ve =R X0 m/s

b. What is the radius of its path in the magnetic field?

(9.0 x 10731623107 - (1631070 0025 /“M
e

3. An electric device operates on 9.0 V AC and has a total resistance of 21 (2. An ideal

transformer is used to change the incoming line voltage of 120 V to the operating,
voltage of 9.0 V AC.
a. Is the transformer a step-up or step-down transformer?

b. What is the current in the primary side?
a) Stcp dowh)
) V=R a0=T(2) Ts=0H29 A

—

129
/;g:%%— T,-0.032h




4, The diagram below shows a pair of horizontal parallel rails 0.12 m apart with a

. uniform magnetic field of 0.055.T directed vertically downward between the rails..

There is a glider of mass 9.5 x 10?2 kg across the rails. The internal resistance of the 75V

power supply is 0.30 Q and the electrical resistance of the rails and glider is negligible.

Assume friction is also negligible.

Glider

A/P%—E

Switch

X X X X
X X X A
X X XX

- 75V

X X X X

XXXXXXKXXKXXXXXXAXXXXXAXXAXXAAXXAXXXXXAX
XXXXXXXXXXXXXXXXX_..}XXXXXXXX‘XXXXXXXXX
AXXXAXXAXXXXXXXXXX B XXXXXXXXXXXXXXXXX
AXXKXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXX

a) When the switch is closed, what is the 1n1t1al acceleration of the glider?

75=1(030)
T-Aa50A

b) What is the value of the termmal velocity as limited by the back EMF produced by the

moving glider? 5 — ﬁ /Q V
25=(0.055 02V V=

Fne B
@ OSEYO 12)(250)

0.12m

F kSN = (asno’)a 6= 17 1m)

= | /4 Xx10 m/s

5. A coil of wire containing 50 loops is lymg on a flat surface in a 0.60 T magnetic field
X

XX X XX X

pointing directly into the surface.

X X X X X X X X
X X X X
X X X
»ooX X
X X K
XX X X X X X X

XX X X X X

X X
The magnetic field then changes to a value of 0.10 T in the opposite direction in 2.10 s.

What is the average EMF induced in the coil during the time that the magnetic field was

changing?

£-=50"

Q),L{OZ,ﬁ' -OJO*D&)@ _ w
2.10



. Arectangular cbnducting loop of mass 0.045 i(g and resistance 1.5 Q is dropped in the
direction shown through a uniform horizontal magnetic field of 1.8 T. At what speed

will this loop be falling through the magnetic field when it stops accelerating?

End View Side View
e—0.12 m — e .
N .
o e @ e
@ajle @ @ 6 & o
ola » © @ o ola et
2je ¢ & o 6 #le <
2] @ 8 o a o|e
vja v ® e e|a S < N
ale ¢ 8 © o 9|0
<
|9 @ e & e 8|
ale 8 e & v @@ <
sle o 8 ¢ 8 vle .
%
=] s @ 06 6 a 8|
sle 8 2 ¢ v ols <
\: .
&4 A
A \v I S
1.5Q ﬂn\

a‘:é) -—%F :\:m _
ng- AT T=2.04A
(0.0

ysXag) - (1 8X012)1

=R 5-30025=DLV Ve
:(3041(9 3,025 =(1 Y 0.1 YV H;)m/g

. Suppose a coil and a magnet were each moving with the same velocity relative to the

earth. Would there be an induced current in the coil? Explain. (some. €P€€d and

—> no relative mokon Ledvween di%ﬁonv
“+he co)l & /thjne;f’

= no chanja 1N maﬂﬂéhcm

=no N duced current

. Does a bolt of lightning contain moving charges as it strikes the ground?




Multiple Choice Questions:

O X N o U N

U L
B 0N 2O
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>> UN @ N W TE>NDUONONITUTFRINIITII NITIT > NDUNT

35.C

L 36.A L

37.D
38.
39.
40.
41.
42,
43.
44,
45.
46.
47,
48.
49.
50.
51.
52.
53.
54.
55.
56. A
57. A

WO NOWONOTOTOTOOTOON

@)

Written Questions:

1.0.036 T

2. A) 1.62 x 107 m/s
B) 0.040 m

3. A) step down
B)0.032 A

4. A)17.4 m/s?
B) 1.14 x 10* m/s

5.84V

6.14.2 m/s

7. check solutions

8. look it up!



