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Announcements

1. Problem session this evening at 6 PM in Olin 101 – will 
discuss exam, homework, etc.

2. Exams will be returned at the end of class today

Rework exam for ≤ 10 extra credit points (goes in general 
“extra credit” accumulation) -- due 2/14/05

Some general comments 

3. Topic for today – The physics of moving charges – Chap. 29

Introduce the notion of magnetic fields (sources of 
magnetic fields will be discussed next time)

Magnetic forces on moving charge particles

Magnetic forces on current-carrying wires
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Scalar additionVector addition

Scalar quantitiesVector quantities

yxE ˆˆ yx EE += V

Arithmetic – use 3-5 digits in your calculations, 
especially in intermediate steps so avoid round-off error.

Make sure that you get your questions answered; send me 
email or come to see me.
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Electric field                                Magnetic field

E

q

F = qE

B

q

v

F = q v × B

(force direction is  determined 
by vector cross product of v
and B)

units:   N = C ⋅ m/s ⋅ Tesla

F
F

(force direction is determined 
by direction of E)

units:  N = C ⋅ N/C
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Right hand rule:

vB

F

F = q v × B

θsinBvF
BvF

q
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In plane containing  v and B:

vB
θ
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Motion of positively charged particle in magnetic field --

Field pointing into screen:

× × × × × × × × × ×
× × × × × × × × × ×
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× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
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Peer instruction question:

What will happen to the trajectory of the positively charged 
particle?

(A)Particle will continue to move at the same velocity.

(B) Particle will accelerate in the direction of the velocity.

(C) Particle will accelerate in the direction perpendicular to the 
velocity.

(D)Particle will accelerate in the direction of the magnetic field.
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Motion of charged particle in magnetic field --

Field pointing into screen:

× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×

v

(A)

(B)

Which track is followed 
by  +  particle?

Which track is followed 
by – particle?



2/8/2005 PHY 114 -- Lecture 10 9

× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×

Interesting details:

If there is no component of the velocity vector v of the particle 
in the direction of the magnetic field, then the particle moves in a 
circular orbit:

qB
mvr

r
vmmaqvBF r
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B (into screen)

centripetal 
acceleration
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Principles of the mass spectrometer:

v
q,m

velocity v is known

field B is known

radius r is measured

Br
v

m
q

qB
mvr =⇒=     
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Three-dimensional motion of particle in magnetic field

F
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Magnetic forces acting on moving charges in a wire

F

A

B (into screen)
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BIF ×= L
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Suppose you have a solid block of metal with a current I and 
uniform magnetic field as shown. Which of the following 
statements are true.

(A)Mobile charges within the wire will not be effected by the 
magnetic field because they are confined within the metal.

(B) Mobile charges within the wire will respond to magnetic 
forces and will move until they come to equilibrium.

I

B

Peer instruction question
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Net forces on a current-carrying wire:

× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×

I

L
F

B (into screen)

BIF ×= L
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Net forces on a current loop:

× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×
× × × × × × × × × ×

I
I

I
I

FfrontFback

L

B (into screen)

Ffront= L IB (up)

Fback= L IB (down)

d

maximum torque on loop:

τ =dL IB

τ
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More diagrams of current loop in a magnetic field

τ = 2 × a/2 b IB sin θ= ab IB sin θ

θ

Note: F2 and F4 do not contribute to the 
torque because they are in the direction 
of the pivot axis.  F1 and F2 contribute 
when θ > 0ο.

area
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Current loop in galvanometer mechanism

B

θ

τ=NA IB sin θ

number of 
turns in coil.

area of coil
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Top view

I

mgF sS µ=(max) 

BF
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