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The incorrect answer is Dbecause:

e Thereisaforce ona current carrying conductoronlyifitis placed
perpendicular to magnetic field lines
o The force, current and magnetic field strength should allbe
perpendicular to each other
e Therefore, if the conductoris parallel to magnetic field lines, then the
current is also parallel to the field lines, so it experiences no force
¢ |notherwords, the formula F= BIL sin © gives the amount of forceona
current carrying conductorin a magnetic field
o Whensin8=0 thenthe forceis at a minimum
o sinB=0whent =0°.e. whenthe current and magnetic field lines
are parallel

Magnetic flux density.and magnetic
Aiscorrectas field strength are both represented
by the symbol B.

The formula F= BIL sin 6 gives the
amount of force on a current
Biscorrectas carrying conductorinamagnetic
field. Whensin 8=1thenthe forceis
at amaximum. sin®=1whenB=290°

Magnetic fluxdensity isrepresented
Ciscorrectas by the symbol Band is measuredin
Tesla, T

Itisn't correct to say that a current-carrying conductor onlyexperiences a
forceif the current is 90° to the magnetic field lines: if the conductoris at
some angle 6to the field, thenit will experience someforce (just not the
maximum force it would experience if it was 90° to the field).
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The correct answeris B because:

¢ The magnetic force ona current carrying conductoris calculated
using the formula:
o F= Bl sinBwhere Bis the magnetic field strength, /is the current,
Lis the length of the wire and fis the angle between the current
and field
e Sincethe angle Bis?0°,5in90 =1
e Therefore, the equationbecomes:
o F=6IL
e Substituting in the values gives:
0 F=4x(3x107%)x2x1=0.024N
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Aisincorrectas the formulais F= BIL sin@and notjust F= B/
Ciscorrectas the formulais F= BIl sinGand notjust F=BL
Discorrect as the currentis 3mA=3x10"2Aandnot 3 A

Remember that sin(?0) =1, so the maximum force is present inthe
conductor whenit is at 90°to the magnetic field. This is a value you must
just remember without needing your calculator.

3

The correct answeris C because:

e The magnetic force on a moving charged particle is
o F=qgvBsin@
Where
o qisthe charge of the proton
o visthe speedof the proton
o Bisthe magnetic fluxdensity
o 6=90°(the proton moves normally)
Therefore,
o sin90=1
The equationbecomes:
o F=qvB
The charge of the proton, gis the same as the charge of an electron
o Thisis1.6 x 107" C (in your data booklet)
So, theansweris F=(1.6 x107%) Bv

F=gvBsinBis the formula for the magnetic
force ona moving charged particle. In the
formula grepresents charge. Thechargeona
protonis1.6 x 107"? and not p

Aisincorrect as
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whilst F= BIl sinBis also anequation for
Bisincorrect as magnetic forceitis not the correct equation
with the variables given

Disincorrect as the formulais F= BIL sinB8and notjust F= B/

This question requires you to recognise the correct formula for magnetic
force using the quantities given. You will be expected to always
remember that the charge of the protonis the same as the charge of an
electron. This is because atoms are always neutral (they have no charge)
and neutrons have no charge. Therefore, there are the same number of
protons and electrons in a neutral atom.

4

The correct answeris D because:

e |fthe particleis atrest, then v=0

e The magnetic force is defined by the equation
o F=qgvBsin@

e Force Fisdirectly proportional to speed v
o Therefore, whenv=0thenF=0

The main difference between how particles experience forces in electric
and magnetic fields is that there is an electric force whether the particle is
stationary or moving, whilst there is only a magnetic force when the
particle is moving and not when it is stationary.
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The carrect answeris C because:

e Using Fleming’'s Left Hand Rule, direction of the force onthe electron
can be determined:

Direction of
Force

_—-—-"?

Magnetic
Field

T~

Direction of
Current

o Line your first finger up with the directionof the magnetic field
lines

o Line your second finger up with the direction of the current, thisis
the opposite direction of the movement of the electron

o The thumb will then indicate the direction of the force, this needs
to be going down the page

e Answer option Cis the only one that works indicating the force on the
electron going down the page

using Fleming's Left Hand Rule the
magnetic field lines are coming out of the
page and the currentis going right to left
acrossthe page. The force onthe
electronis then going up the page and
not down the page as required

Aisincorrect as
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the force on the electron, the current and

, magnetic fields must all be perpendicular
B &D areincorrect 9 D 4
= to each other. If the current is to the left,

and the force to be downwards, the field
lines must be into or out of the page

Itisimportant to recognise the symbols for the direction of magnetic
fields into and out of the page.

Tip of an arrow
represented by
the dot

X
200 X
.00 X X X

Magnetic field Magnetic field
out of the page into the page

Back of an arrow
represented by
the crosses

RN

X
X

The important thing to noticeis that current is always the direction of
positive charge flow. Therefore, if there is a negative particle, such an
electron, rememberthe current flow isinthe opposite directionto the
direction of anegative charge:

5]

The correct answeris Abecause:

e The two wires contain current travelling in opposite directions

e The directions of the currents can be determined by the right hand
griprule

e This means the magnetic fields generated around the wires repel
each other
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¢ The field generatedis atright angles to the plane of the page
o [twill technically be goinginto the page

y acurrent carrying wire generates a
B & C areincorrect ; 9 g
o magnetic field around itand not an

electric field

‘the magnetic field generated s atright
Disincorrectas |angles to the direction of the current in
the wire and not inthe same direction

If magnetic field lines.are perpendicular to the direction of the current;
then the force producediis also atright angles to this.
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Remember theright-hand grip rule is used to determine the direction of
circular magnetic fieldlines around a current-carrying conductor! You
should be able to direct your thumb downwards (the direction of current
flows 'down’, from A to B inthe wire) and observe your fingers curling in a
clockwise direction. Therefore, the magnetic field lines around a current
fromm Ato B arein a clockwise direction.

Current-carrying
A wire

5 Magnetic field lines

/ further apart away
Plane at 90° from the wire

to wire N

The fingers on your
right hand will curl in
the same direction
as the magnetic field

Magnetic
field line

The incorrect answer is B because:
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e Theelectric force onanelectron /= EQ = Ee
o Where Eis the electric field strength and eis the electron charge
e The magnetic force onan electron moving perpendicularto a
magnetic field is given by:
o Fg= Bevwhere Bisthe magnetic fluxdensity and vis the
electron’s velocity
e Therefore, since the electronremains undeflected, the resultant
forceonitmustbezero
e This means the electric force equals the magnetic field
o Fe=Bev

e Rearranging for the velocity, vgives:

E

o V= E
e Thevelocity of the electrons is equal to the ratio of the electric field
strength Eto the magnetic flux density 8,not the other way around

o Therefore, Bisincorrect

the electrons flow from left to rightin this
diagram, so conventional current (the flow of
positive charge)is flowing from right to left

Ais correct
as

using Fleming’s Left-Hand Rule to work out the
direction of the magnetic force on acharged
particle:

e your first finger should be directed into the
page (the direction of the magnetic field)
Ciscorrect * Yyoursecond fingershould be pointing to
as the left, because electrons moving to the
right is equivalent to a conventional current
moving to the left
e You should see your thumb points
downward, or ‘'south’, which is the
direction of the magnetic force on the
electrons
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electric field lines show the direction of the
electric field strength - that is, the direction of
Discorrect the electric force on a positive test charge.
as Since the electric field lines are directed
‘'south’, the electric force on a negatively
charged electronisinthe ‘north’ direction

You may be required to answer questions linking between magnetic and
electric fields. Make sure you familiarise yourself with how these two fields
interact with each other.

Electric Fields Magnetic Fields

Az,
s

A positively charged As it moves, a charged
particle has electric particle produces magnetic
field lines directed fields

radially outward from it

W/

®

N

\L
\

N

_ﬂ_ﬁ,__,_®ﬁ____._3}

7

For negatively charged For stationary charged
particles, the lines are particles or a neutral particle
directed radially inward (whether or not in motion) no

magnetic fields are produced

@ Meutral particles
generate no elecric
field lines
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The correct answeris A because:

e The magnetic field around the wire, when a current flows from Ato B,
is shownin the image below:

Current flows —

from Ato B HH“H:\,,I I .~ The magnetic

field around the
wire points ‘south’
at this point

B

e The magnetic field caused by the current through the wire would
cause the arrow to point to the 'south’

e The 'south’ pointing magnetic fiux density fromthe current in the wire
offsets the original ‘'north’ direction caused by the external magnetic
field

o Therefore, the arrow inthe compass would be horizontal, which
correspondsto A

v the arrow onthe needle will be part way
Bisincorrect , i ,
= between the ‘'south’ facing magnetic flux

density and the original ‘north’ facing arrow

the current in the wire would cause the needle
Cis to point ‘south’ but this does not take into
incorrectas consideration the original 'north’ direction of
the needle from the external field
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o thisis the original ‘north’ direction of the neadle
Disincorrect ; . ; :
L but it does not take into consideration the

‘south’ pointing magnetic flux density

Remember the right-hand grip rule is used to determine the direction of
circular magnetic field lines around a current-carrying conductor! You
should be able to direct your thumb downwards (the direction of current
flows 'down’, from A to B in the wire) and observe your fingers curlingina
clockwise direction. Therefore, the magnetic field lines around a current
from Ato B are in aclockwise direction.

Current-carrying
A wire
=S
2 Magnetic field lines
/ further apart away
Plane at 90° from the wire
to wire /N
Current /N

The fingers on your

right hand will curl in

the same direction

as the magnetic field

Magnetic
field line

Crucially, in this question, there are two competing magnetic fields: the
original external field, which causes a ‘'north’ defiection, and the field due
to the current-carrying wire, which causes a 'south’ defiection. The overall
defiection is thus horizontal! If the external field wasn't there, the needle
would point south.
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The correct answeris D because:

¢ The magnetic force on an electron moving in amagnetic field is:
o F=qgvBsind
e Sinceitis moving perpendicular, 8= 920°so sin 8=1
* The equationbecomes:
o = QVE
¢ |fthecharge onan alpha particle is gso the charge onan electronis
—q
Z,

*« Changing vtov/2, BtoB/2, and gto —Tf} gives:

o Newforce= T&' xVf2 x B/2==gvB/8

o Therefore, the forceis 8 times less than before and is negative
o Newforce=-F/8

the electronis meving perpendicular, not
parallel, to the magnetic fieldlines so it does
experience some force

Aisincorrect
as

Bisincorrect the numerator has been incorrectly calculated -‘
as as binstead of 8

the electron doesn’t have the same charge as
the alpha particle. The alpha particle has a
charge of +2gand the electron has -g

Cisincorrect
as

Always check the difference particles now involved when comparing two.
They may not have the same charge, so don’'t just go off the changes
given for the numbers in the question but also make sure you've got all the
chargesincharge, velocity and field strength.
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The correct answeris D because:

e Thedirectionof the fieldlinesis fromNto S pole
e Using Fleming’'s Left Hand Rule, direction of the force on the proton
canbe determined:

Direction of
Force

B

Magnetic
Field

i

Direction of
Current

Left Hand Rule

o Line your first finger up with the direction of the magnetic field
lines. Thisis fromNto S, so fromleft toright

o Line yoursecond finger up inthe direction of the current, thisis
downwards, inthe same direction as the proton (sinceitis a
positive charge)

o The thumb willthen indicate the direction of the force, thisis
towards you, or out of the page

the force acting onit would be going from

Ais top to bottom
incorrect as
if the protonwas moving into the page
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this situation itis not possible to have the
force and magnetic fieldinthe same
direction. This situation does not exist

Bis
incorrect as

aprotonis acharged particle and is moving
Cis through a magnetic field, so it will
incorrect as experience a force. It wouldn'tifitwas
stationary.

Remember also that the direction of movement of a protonis the same as
the direction of movement of a current (i.e direction of positive charge).

Remembering how magnetic fields between attracting magnets work
can help answer similar questions too.

Opposite poles
attract
= s f =
>8 NI>8S N>
1 /®< C
Strong magnetic field Uniform field

pushes the poles together

Two attracting bar magnets
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