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Magnetic Force on a Current-Carrying Conductor /

Your notes

Magnetic Force on a Current-Carrying Conductor

= Acurrent-carrying conductor produces its own magnetic field
= Wheninteracting with an external magnetic field, it will experience a force
= Theforce Fonaconductorcarrying current/at an angle 8 to a magnetic field with flux density Bis
defined by the equation

F= BILsin®

= Where:
= f=forceonacurrent-carrying conductorinaB field (N)
= B =magnetic flux density of applied B field (T)
= [=currentinthe conductor(A)
= [ =length of the conductor (m)
= f=angle between the conductorand applied B field (degrees)
= Thisequation shows that the force on the conductor can beincreased by:
= |ncreasing the strength of the magnetic field
= |ncreasing the current flowing through the conductor
= [ncreasing the length of the conductorin the field
= Note: Thelength L represents the length of the conductor thatis within the field

B FIELD
! = F = BIL sinB
~
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F INTO THE PAGE /
Your notes
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The magnitude of the force on a current-carrying conductor depends on the angle of the conductor to
the external B field

= Acurrent-carrying conductor (e.g. a wire) will experience the maximum magnetic force if the current
throughitis perpendicular to the direction of the magnetic field lines
= |texperiencesno forceifitis parallel to magnetic field lines
= The maximum force occurs whensing=1
= Thismeans 8 =90° and the conductoris perpendicular to the B field
= Theequation forthe magnetic force becomes:

F = BIL

= The minimumforce,i.e. F=0ON,iswhensin6=0°
= Thismeans 8 =0°and the conductoris parallel to the B field
= |tisimportant to note that a current-carrying conductor will experience no force if the currentin the
conductoris parallel to the field
= Thisisbecause the F, BandImust be perpendicularto each other

Observing the Force on a Current-Carrying Conductor

= Theforce due to amagnetic field can be observed by
= placing acopperrodinauniform magnetic field
= connecting the copperrodto a circuit

= When currentis passed through the copperrod, it experiences a force
= Thiscausesitto acceleratein the direction of the force
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MAGNETS CREATING — ‘/

AN UNIFORM MAGNETICe Your notes
FIELD

CURRENT

ELECTRONS MOVE
THROUGH THE
COPPER ROD

COPPER ROD EXPERIENCES
A FORCE WHEN CURRENT
IS SWITCHED ON

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

@ Worked example

Acurrent of 0.87 Aflowsinawire of length 1.4 m placed at 30° to a magnetic field of flux density 80 mT.
Calculate the force on the wire.

Answer:

Step 1: Write down the known quantities

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

= Current,|=0.87A

= |engthofwire,L=1.4m

= Angle between the wire and the magnetic field, 8 = 30°

Step 2: Write down the equation for force on a current-carrying conductor
F = BIL sin 0
Step 3: Substitute in values and calculate

F=(80x107%)x (0.87) x (1.4) x sin(30) = 0.04872 = 0.049 N (2 s.f)
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O Examiner Tip /

Your notes
Remember that the direction of current flow is the flow of positive charge (positive to negative), and

thisisin the opposite direction to the flow of electrons
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Direction of Force on a Current-Carrying Conductor

= Whena current-carrying conductoris placed in a magnetic field, the force, B-field and current are all
mutually perpendicular to each other

= Theirdirections can be determined using Fleming’s left-hand rule

= Touse Fleming's left-handrule, point the thumb, first finger and second finger at right angles to each
other

= The thumb pointsin the direction of motion or force F of the conductor
= The first finger pointsin the direction of the applied magnetic field B
= The second finger pointsinthe direction of the flow of conventional current I (from positive to
negative)
Fleming's Left-Hand Rule

ThuMb = MOTION /7 FORCE

FIRST FINGER =MAGNETIC FIELD

SeCond FINGER = CURRENT

Copyright & Save My Exams. All Rights Reserve

Fleming’s left-hand rule allows us to visualise the 3D arrangement of the force, magnetic field and
current

Representing Magnetic Fields in 3D

= Whensolving problemsin three-dimensional space, the current, force ormagnetic field could be
directedinto or out of the page

= Whenthe magnetic fieldis directed into or out of the page, the following symbols are used:
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Dots (sometimes with a circle around them) represent the magnetic field directed out of the plane

of the page

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

THE DOT

TIP OF AN ARROW
REPRESENTED BY

030
ONOXO)
OO 1Q)

BACK OF AN ARROW
REPRESENTED BY
THE CROSSES

X X X
X X X
X X X

MAGNETIC FIELD

OUT OF THE PAGE INTO THE PAGE

MAGNETIC FIELD

When the magnetic field is directed into or out of the page, we represent this with crosses or dots,

respectively

= The way toremember thisis by imagining an arrow usedin archery or darts:
If the arrow is approaching head-on, such as out of a page, only the very tip of the arrow can be

seen(adot)

When the arrow isreceding away, such as into a page, only the cross of the feathers at the back

canbe seen(across)
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@ Worked example ,

Your notes
State the direction of the current flowing in the wire in the diagram below.

X X X X X X X X X X X X

Answer:

= Using Fleming’s left-hand rule:
= Magnetic field, B = into the page
= Force, F =vertically downwards
= Current,/=fromright to left

X X X X X X X X X X X X

B
xxxx|xx/xx X X

O Examiner Tip

Don’t be afraid to use Fleming’s left-hand rule during an exam. Although, it is best to do it subtly in
ordernot to give the answer away to other students!
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Magnetic Force between Two Parallel Conductors /

Your notes
Magnetic Force Between Two Parallel Conductors

= Acurrent carrying conductor, such as a wire, produces a magnetic field around it
= Thedirection of the field depends on the direction of the current through the wire
= Thisis determined by the right hand thumb rule

= Parallel current-carrying conductors will therefore either attract orrepel each other
= |fthe currents arein the same directioninboth conductors, the magnetic field lines between the
conductors cancel out - the conductors will attract each other

If the currents are in the opposite direction in both conductors, the magnetic field lines between
the conductors push each other apart - the conductors will repel each other

WIRES WITH CURRENTS IN WIRES WITH CURRENTS IN
OPPOSITE DIRECTIONS WILL REPEL THE SAME DIRECTION WILL ATTRACT

N
A DIRECTION OF
CURRENT FROM
RIGHT HAND
BOTH CURRENTS IN THUMB RULE BOTH CURRENTS
OPPOSING DIRECTIONS INTO THE PAGE

Both wires will attract if their currents are in the same direction and repel if in opposite directions

= Whenthe conductors attract, the direction of the magnetic forces will be towards each other
= Whenthe conductorsrepel, the direction of the magnetic forces will be away from each other
= The magnitude of each force depends on the amount of current and the length of the wire

Force per Unit Length Between Two Parallel Conductors

F

= Theratio f is the force perunitlength between two parallel currents l;and I, separated by a distance
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= Theforceis attractiveif the currents are in the same direction and repulsive if they are in opposite /
directions
= |tis calculated using the equation: Your notes
F L1
L Hoomr
= Where:

= F=theforceapplied between the two parallel wires (N)

= [ =thelength of each parallel conductor(m)

= 1o =the constant for the magnetic permeability of free space (41 x 10-7"NA-2)
= [;=the current through the first conducting wire (A)

= [, =the current through the second conducting wire (A)

= r=the separationbetween the two conducting wires (m)

CONDUCTOR 1 CONDUCTOR 2

FORCE ON I,

B

MAGNETIC FIELD
DUE TO CURRENT
IN 2

FORCE ON I,

\T/ A

MAGNETIC FIELD
DUE TO CURRENT
IN 1

ro4

1 2

The forces on each of the current-carrying wires are equal and opposite in direction
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Obtaining the Equation /

= The force fromwire 2 onwire 1, F» = BaliLsin(8) Your notes

In this situation the magnetic field is perpendicular to the currentin the wire, so sin(8) =1

= Fy=-F;sotheforce betweenthemisF

F  BIL
] TheforceonaunitIengthofthewiresisthengivenbyf = T
z B I
= Hence, I = b, 1,

= The magnitude of the magnetic field at aradial distance, raway from the current conducting wire is:

Mol
2mr
Hol,
] Inthiscase‘themagneticﬁelds‘crengthfromBzatadis‘tancerawayfromwire2is:B2 = T
r
F Hol, /
= Substituting for By into the force perunitlength equation givesus: — =
g 2 g 9 L Yr 1
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@ Worked example

Twolong, straight, current-carrying conductors, WX and YZ, are held at a close distance, as shownin
diagram 1.

diagram 1

The conductors each carry the same magnitude current in the same direction. A plan view from above
the conductors is shownin diagram 2.

current out current out
of paper of paper
\x /
© ©
diagram 2

Ondiagram 2, draw arrows, one in each case, to show the direction of:

= The magnetic field at X due to the current in wire YZ (label this arrow Byz)

= Theforce at X as aresult of the magnetic field due to the current in the wire YZ (label this arrow Fyz)
= The magnetic field at Y due to the current in wire WX (label this arrow Byyx)

= TheforceatY asaresult of the magnetic field due to the currentin the wire WX (label this arrow

Fwx)

Answer:
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= Newton’s third law: When two bodies interact, the force on one body is equal but opposite in
direction to the force on the otherbody
= Therefore, the forces on the wires actin equal but opposite directions
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Magnetic Force ona Charge

Magnetic Force on a Charge

= Amoving charge produces its own magnetic field
= Wheninteracting with an applied magnetic field, it will experience a force
= Theforce Fonanisolated particle with charge @ moving with speed v at an angle 6 to a magnetic field
with flux density B is defined by the equation

F = Bgvsin 0

= Where:
= f=magnetic force onthe particle (N)
= B=magnetic fluxdensity (T)
= g=charge of the particle (C)
= v=speed of the particle (ms™)
= Currentis taken as the rate of flow of positive charge (i.e. conventional current)
= This means that the direction of the current for a flow of negative charge (e.g. abeam of electrons)
isinthe opposite direction toits motion
= Aswithacurrent-carrying conductor, the maximum force on a charged particle occurs whenit travels
perpendicular to the field
= Thisiswhenf8=90° sosinf=1
= The equation forthe magnetic force becomes:

F = Bgv

= f,Bandvare mutually perpendicular, therefore:
= |f the direction of the particle's motion changes, the magnitude of the force will also change
= |f the particle travels parallel to a magnetic field, it will experience no magnetic force

Page 14 of 37

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/a-level/physics/aqa/17/revision-notes/7-fields--their-consequences/7-8-magnetic-fields/7-8-2-magnetic-force-on-a-current-carrying-conductor/
https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

s

Your notes

| 1S THE DIRECTION

|
|
|
7
|
|
|
I OF POSITIVE CHARGE

/N\F 1
FORCE >
ELECTRON BEAM

1 <

MAGNETIC FIELD B INTO
PAGE IN THIS REGION

The force on anisolated moving charge is perpendicular to its motion and the magnetic field B

= Fromthe diagram above, when a beam of electrons enters a magnetic field whichis directed into the

page:
= FElectrons are negatively charged, so current is directed to the right (as motion vis directed to the

left)
= Using Fleming’sleft handrule, the force on an electron will be directed upwards
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@ Worked example ,

Your notes
An electron moves in a uniform magnetic field of flux density 0.2 T at a velocity of 5.3 x 10" ms™.

(a) Calculate the force on the electron whenit moves perpendicular to the field.
(b) Determine the angle the electron must make with the field for the force in (a) to half.

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

= Velocity of the electron,v=5.3x10" ms"!
= Charge ofanelectron,g=1.60x10"17C
= Magnetic fluxdensity, B=0.2T
Step 2: Write down the equation for the magnetic force on anisolated particle

F = Bgvsin 0

= The electron moves perpendicular (8 = 90°) to the field, sosin6=1

F = Bgv
Step 3: Substitute in values, and calculate the force on the electron
F=(0.2)x (1.60 x1071%) x (5.3x107)=1.7 x 10"12N (2 s.f.)
(b)

Step 1: Write an expression for the ratio of the two forces

» Whenthe electron movesperpendiculartotheﬁeld:FJ_ = Bgv
= Whenthe electron moves atangle Btotheﬁeld:Fe = Bgv sin 6

= Theratio of these forcesis

F, _ Bqvsin6 | 9
F  Bgv "

1

Step 2: Determine the angle when the ratio of the forces is equal to one-half

= \Whenthe force halves, theratiois

= Theangle thisoccursatis
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Your notes

O ExaminerTip

Remember not to mix this up with F = BIL!

= F=BlILisforacurrent-carrying conductor
= F=Bgqvisforanisolated moving charge (which may be inside a conductor)
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Direction of Force on a Moving Charge /

= Thedirection of the magnetic force on a charged particle depends on Your notes
= Thedirection of flow of current
= Thedirection of the magnetic field
= This can be found using Fleming's left-hand rule
= The second fingerrepresents the current flow or the flow of positive charge
= Forapositive charge, the current points in the same direction as its velocity
= Foranegative charge, the current pointsin the opposite direction toits velocity
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"UNIFORM 4

MAGNETIC FIELD Your notes

NEGATIVE,
CHARGE

-
Pl )
- -
-
- -
-

-

<
V l
F

MOTION AND CURRENT MOTION AND CURRENT
IN OPPOSITE DIRECTIONS IN SAME DIRECTION

POSITIVE
CHARGE

FORCE
A\ MAGNETIC
i FIELD
(INTO PAGE)

4

->> CURRENT

CURRENT <<-

MAGNETIC
FIELD .
(INTO PAGE) \4
FORCE

Fleming’s left-hand rule allows us to determine the direction of the force on a charged particle

= Fromthe diagram above, when a positive charge enters a magnetic field from left to right, using

Fleming's left-hand rule:

= The first finger (field) points into the page

= The second finger (current) points to the right
= The thumb (force) points upwards
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= Whenacharged particle movesin a uniform magnetic field, the force acts perpendicular to the field
and the particle's velocity
= Asaresult,it follows a circular path

| B INTO PAGE | B INTO PAGE |
XxIx x_x X
<— ﬁ_\I

T X
X X
X X I
X X X X
T IS IN THE DIRECTION T IS IN OPPOSITE
OF POSITIVE CHARGE DIRECTION TO DIRECTION
OF NEGATIVE CHARGE

OBNORNORNONN O

o I
©
@covs
< I
®© 0’0 0 0
| B OUT OF PAGE | | B OUT OF PAGE |

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

©O Examiner Tip

Remembernot to get this mixed up with Fleming's right-hand rule. That is used for a generator (or
dynamo), where a current isinduced in the conductor. Fleming's left-hand rule is sometimes referred
to as the 'Fleming's left-hand rule for motors'.
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Charged Particles in Magnetic Fields

Charged Particles in Magnetic Fields

= Whenacharged particle enters a uniform magnetic field, it travels in a circular path
= Thisis because the direction of the magnetic force F will always be

= perpendicularto the particle's velocity v

= directed towards the centre of the path, resulting in circular motion

THE MAGNETIC FORCE IS
ALWAYS PERPENDICULAR TO
THE VELOCITY OF THE CHARGE

THEREFORE THE
CHARGE TRAVELS
IN CIRCULAR MOTION

£ | ALL PERPENDICULAR
A TO EACH OTHER

In a magnetic field, a charged particle travels in a circular path as the force, velocity and field are all

perpendicular

= Themagnetic force F provides the centripetal force on the particle
= The equationforcentripetal forceis:
mv?

r
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mv?

P = BQv

Rearranging for the radius r gives an expression for the radius of the path of a charged particleina
perpendicular magnetic field:
mv
r BQ

Where:

= r=radius of the path(m)

= m=mass of the particle (kg)

= v=linearvelocity of the particle (ms™)

= B =magnetic field strength (T)

= Q@ =charge of the particle (C)
This equation shows that:

= Fastermoving particles with speed vmoveinlargercircles (largerr): I & V

= Particles with greatermass mmoveinlargercircles: I & m

1

= Particles with greater charge g move insmallercircles: I & —

1

B

The centripetal accelerationis in the same direction as the magnetic (centripetal) force
This can be found using Newton's second law:

F = ma

= Particles movingin a strong magnetic field Bmove in smaller circles: I o
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@ Worked example

An electrontravels at right angles to a uniform magnetic field of flux density 6.2 mT. The speed of the
electronis 3.0 x106ms-.

Calculate the radius of the circular path of the electron.
Answer:

Step 1: List the known quantities

c
= Electron charge-to-massratio = ? =1.76 x 10" C kg~ (from formula sheet)

[
= Magnetic fluxdensity,B=6.2mT=6.2x10-3T
= Speedoftheelectron,v=3.0x104ms"!
Step 2: Write an expression for the radius of an electron in a magnetic field

centripetal force = magnetic force

mev2
= Bev
myv
e
I‘ —_
eB

Step 3: Substitute the known values into the expression

me 1

e 1.76 x 10!

) 3.0 x 106
= 176x 101) % (6.2 x 10-3)

=2.7X1073 = 2.7mm

©O Examiner Tip

Make sure you can derive the equation for the radius of the path of a particle travelling in a magnetic
field.

As with orbits in a gravitational field, any object moving in circular motion will have a centripetal force
and a centripetal acceleration. Make sure to refresh your knowledge of these equations.
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Charged Particles in Electric Fields

Charged Particles in Electric Fields

4

Your notes

= Acharged particle in an electric field will experience a force onit that will cause it to move
= |f acharged particle remains stationary in a uniform electric field, it willmove parallel to the electric

field lines (along or against the field lines depending on

its charge)

If acharged particle is in motion through a uniform electric field (e.g. between two charged parallel

plates), it will experience a constant electric force and travel in a parabolic trajectory

+ o+ o+ o+ 4

+ o+ 4

-

® —
PARABOLIC
TRAJECTORY

=

/

T

]
POSITIVE
l PARTICLE
F
]

[A POSITIVE CHARGE WILL TRAVEL TOWARDS THE NEGATIVE PLATE

+ + + o+ o+

+ o+ 4

>
. |

/

NEGATIVE
PARTICLE

/

‘A NEGATIVE CHARGE WILL TRAVEL TOWARDS THE POSITIVE PLATE

The parabolic path of charged particles in a uniform electric field

= Thedirection of the parabola willdepend on the charge of the particle
= Apositive charge will be deflected towards the negative plate
= Anegative charge will be deflected towards the positive plate
= Theforce onthe particleis the same at all points and is always in the same direction

therefore travel straight through the plates undeflected
= The amount of deflection depends on the following properties of the particles:
= Mass - the greater the mass, the smaller the deflection and vice versa

Page 24 of 37
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= Charge - the greater the magnitude of the charge of the particle, the greater the deflection and ,
vice versa
= Speed - the greater the speed of the particle, the smaller the deflection and vice versa Your notes
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@ Worked example

Asingle proton travelling with a constant horizontal velocity enters a uniform electric field between two
parallel charged plates.

The diagram shows the path taken by the proton.

Draw the path taken by a boron nucleus that enters the electric field at the same point and with the
same velocity as the proton.

Atomic number of boron=5

Mass number of boron =11

Answer:
Step 1: Compare the charge of the boron nucleus to the proton

= Boronhas 5 protons, meaning it has a charge 5 x greater than the proton
= The force onboronwill therefore be 5 x greater than on the proton
= Thisisbecause electric force Fis proportional to the charge Q

F= EQ
Step 2: Compare the mass of the boron nucleus to the proton

= The boronnucleus has amass of 11nucleons meaningits massis 11 x greater than the proton
= The boronnucleus will therefore be less deflected than the proton
Step 3: Draw the trajectory of the boron nucleus

= Since the mass comparisonis much greater than the charge comparison, the boron nucleus will be
much less deflected than the proton
= Thenucleusis positively charged since the neutronsin the nucleus have no charge
= Therefore, the shape of the path will be the same as the proton
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7 Your notes

© ExaminerTip

Rememberless deflection (e.g. from a higher mass particle) means the particle hits the plate later and

the path has a smaller curve. Think of it as the particle being heavier soitis harder to steerit towards
the plate.
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Charged Particles in Electric & Magnetic Fields

Charged Particles in Electric & Magnetic Fields

= Acharged particle moving in perpendicularly orientated uniform electric and magnetic fields will
experience
= aforce parallel to the electric field
= aforce perpendicular to the magnetic field
= One particular orientationis:
= acharged particle moving with speed v to the right of the x-axis
= anelectric field E directed up the y-axis
= amagnetic field B directed out of the page on the z-axis
= Hence, the three vectors are perpendicular to each other

Y

9

@)

/ X

An example of the orientation of an electric field perpendicular to a magnetic field

Motion of a Positively Charged Particle

= Whenthe particle is positively charged
= theelectric force acts upwards, in the same direction as the electric field
= the magnetic force acts downwards, perpendicular to the magnetic field
= Using Fleming'slefthandrule:
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= Field (first finger): the magnetic field is directed out of the page ,
= Current (second finger): the positive charge moves to the right
= Force (thumb): the magnetic force acts downwards Your notes

= Hence, the electric force and magnetic force act in opposite directions on the positive charge

Y

The electric force acts up the page and the magnetic force acts in the opposite direction down the
page

Motion of a Negatively Charged Particle

= Whenthe particle is negatively charged
= theelectric force acts downwards, in the opposite direction to the electric field
= the magnetic force acts upwards, perpendicular to the magnetic field
= Using Fleming's left hand rule:
= Field (first finger): the magnetic field is directed out of the page
= Current (second finger): the positive charge moves to the left (since the negative charge moves to
theright, in the opposite direction)
= Force (thumb): the magnetic force acts upwards
= Hence, the electric force and magnetic force act in opposite directions on the negative charge
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The magnetic force acts up the page and the electric force acts in the opposite direction down the

page

Balancing the Electric and Magnetic Fields

The field strengths of each field can be adjusted until the forces cancel each other out

If the magnitude of the electric and magnetic forces are equal, the particle willmove in a straight line
with constant speed

This speed can be determined by equating the two forces:

F.=F,

Where:
» The electric force on the particle: FE = gE

= The magnetic force on the particle: FB = Bgv

Equating these andrearranging for speed v gives:

qgE = Bgv
3 E
"~ B
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= Therefore, the speedvis equal to the ratio of the electric and magnetic field strengths ,

Your notes
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@ Worked example

An electron passes between two parallel metal plates moving with a constant velocity of 2.1x 10’ ms™',
The potential difference between the platesis 3100 V. A uniform magnetic field of magnitude 0.054 T
acts perpendicular to the electric field and the movement of the electron.

The electric field acts to the right and the electronis moving downwards.

(a) Determine the direction of the magnetic field
(b) Calculate the separation of the plates

Answer:
(a) The direction of the magnetic field:

Step 1: Draw a diagram of the situation

i
1
]
+ | E| -
! ~
1 ~
l ~
! =
l ~
: =
]
L \
. = Current
l ~
! =
[}
1 ~
i = FE FB
]
[}
1
\\1!1
Motion
of electron

= The electric field goes (from the positive plate to the negative plate), to the right

= The electronis moving vertically downwards

= So, the currentis moving upwards in the opposite direction to the electron

= The electric forceisactingin the opposite direction to the electric field because the particleis an
electron

Step 2: Determine the direction of the magnetic field
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= Theelectronis moving at a constant speed, so the magnetic and electric forces are equal and
opposite
= Hence, the magnetic force acts to the left

(b) Calculate the separation of the plates:

Step 1: Calculate the magnitude of the electric field, E

E = (2.1 x 107) x 0.054 = 1.134 x 105N C!
Step 2: Calculate the separation of the plates
= Usethe electric field strength equation:

Vv
d

E d v
= = = —
E

3100
1.134 x 106

d=273x103m

O Examiner Tip
Take time to consider the direction of all components of the electric and magnetic fields.

Remember that the electric and magnetic forces act in the opposite direction for negatively charged
particles compared to positively charged.

The direction of the charge in Fleming's left hand rule is always the direction of positive charge. This
should be inthe opposite directionif the particle has a negative charge!
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4

Charge to Mass Ratio of Particles
Your notes

= The charge-to-massratio of a particle is defined as:
The ratio of the total charge of a particle to its mass

= |tcanbe calculated using the equation:
charge Q
charge-to-massratio=—""——~ = —
mass m

c 1.60x 10~19
) 9.11x 10731 = 1.76 X 10! ckg-’

= The charge-to-massratio of an electronis
m

€ 1.60x 1019
T 1.67x10°27 9.58 X 107 Ckg™’

= The charge-to-massratio of a protonis m

Determining Charge-to-Mass Ratio
= The charge-to-massratio of a charged particle can be determined by investigatingits pathin a uniform

magnetic field
= The methodusedby J.J. Thomson to determine the charge-to-mass ratio of an electron used:

= 'Helmholtz coils' to generate a uniform magnetic field

= oppositely charged parallel plates to generate a uniform electric field
Apparatus of the J.J. Thomson Experiment

HELMHOLTZ
COILS

POSITIVE
PLATE

UNIFORM
MAGNETIC
FIELD, B

CATHODE
RAY TUBE

I

ELECTRON
BEAM

FLUORESCENT
SCREEN

VACUUM

NEGATIVE
PLATE
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The magnetic field generates a downward force, the electric field between the plates generates an
upward force - the fluorescent screen shows a straight beam when these two forces are equal and
opposite

When movingin a magnetic field, a charge experiences a force perpendicular to its motion
= Fromthe diagram above, the magnetic field Bis directed into the plane of the page
= FromFleming'sleft-handrule, the magnetic force Fg on an electron acts downwards
When movingin a uniform electric field, a charge experiences a force towards either the positive or
negative plate
= The electrons are negative so they experience an upward electric force Fgtowards the positive
plate
When these forces are equal in magnitude, the beam of electrons is horizontal and straight
The electric field strength between two parallel plates is given by:

F \%
q d

The electric force can be adjusted by changing the potential difference V across the plates
Therefore, the upward electric force Fgis equal to:

_ v
Fo= =

Where:

= g=charge of the particle (C)

=V =potential difference between the plates (V)

= d=separationbetweenthe plates(m)
The upward electric force is adjusted until it is equal to the downward magnetic force, making the
electron beam horizontal:

Fp=Fy

The downward magnetic force Fg on the particle is equal to:

FB = Bgv

Where:
= v=speed of the particle(m s
= B=magnetic field strength (T)
Equating the two forces and rearranging for particle speed v:

\%4

Bav =7
v
"~ Bd

If the electric field is switched off, the beam will be influenced by the magnetic field only
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= The particles will then travel in a circular path with the same speed v
Electron beam in a magnetic field

[__(QB FIELD FROM
X X X HELMHOLTZ COILS

ELECTRON
BEAM

X
CIRCULAR
PATH
X X X
X X X

The radius of the electron beam's circular path can be measured to calculate the charge-to-mass ratio
of an electron

= Theradius of the circular path of a charged particle in a magnetic field is given by:

mv
I‘ —_
Bg
= Where:
= r=radius of the path(m)
= m=mass of the particle (kg)
= Rearranging for the charge-to-massratio:
q Vv
m B

= Tomeasure these quantities:
= theradiusrof the path and the magnetic field strength B can be measured directly
= the speedyvof the particles can determined using perpendicular electric and magnetic fields
= Combining these two equations gives an expression for the charge-to-mass ratio of a charged
particle:

ﬁ_i \% 3 \%4
m B\ Bd) rBd
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] Therefore,thesefourquantities(V, d, I, B) are needed to determine a particle's charge-to-mass ,

ratio:
Your notes

Page 37 of 37

©2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

