Physics 3

Spring 2019

4/5 In Class Tutorial – Forces on currents and moving charges
(The tutorials are worksheets designed to teach new things in a progression. So please do each problem in order!)
First, a bit of review:
~ B
~ with F = I`B sin θ and the direction
Recall from last time that F~ = I`×
is given by the right hand rule. The right hand rule can be summarized by:
~ and then curl your
point your fingers in the direction of the first vector ( I`)
~ and your thumb will point
fingers in the direction of the second vector (B),
in the direction of the product vector (F~ ).
1. For the following configurations, what is the direction of the force?
Draw them all on board.

2. A straight wire carries a current of 0.2A in the +x-direction. 10cm of
the wire is in a region where the magnetic field is 3T at an angle of 30◦
wrt the horizontal. What is the force on the wire?
New: Force on a moving charge, q
Current is the flow of charges. Let’s consider a very small segment of
wire, d~`:
~
dF~ = Id~` × B
dQ ~ ~
dF~ =
d` × B
dt
d~` ~
dF~ = dQ × B
dt
~
dF~ = dQ~v × B
~
F~ = q~v × B
F = qvB sin θ

Thus, there is a force on a charge q moving with velocity ~v in a magnetic
~ Just like the force on the wire, it is a cross-product and you need
field, B.
to use the right hand rule to find the direction of the force.
3. For the following configurations, what is the direction of the force on
q? Please draw them all.

4. A point particle with a charge of 2nC is moving with velocity of 25m/s
in the +x direction. What is the force on the particle if there is a
uniform magnetic field of 3T in the following configurations: (Draw
diagrams for all of these.)
~ is in the +x direction?
(a) B
~ is in the +y direction?
(b) B
~ is in the +z direction?
(c) B
~ is at an angle of 30◦ wrt the +x axis?
(d) B
Pulling things together:
Magnetic fields are caused by currents
Recall that the magnetic field a distance r from a long, straight wire
carrying current I is,
µ0 I
B=
2πr
where µ0 is the permeability of free space. It is just a constant, µ0 = 1.26 ×
10− 6mkg/s2 /A2
5. What is the magnitude of the magnetic field at a distance of 2cm from
a long, straight wire carrying a current of 10A?
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~ field makes circles around the wire. The
The direction is trickier. The B
way to figure it out is, point your thumb in the direction of the current, then
your fingers would “wrap” or “curl” around the wire in the same direction
~
as B.

So, for example:
6. A long, straight wire carries a current of 10A in the +x direction. A
charge of 3µC moves at a speed of 25m/s in the +x direction, but 2cm
below the wire. What is the magnetic force on q because of the wire?
(magnitude and direction) Draw it.
7. Two long straight wires each carry a current of 10A in the +x direction.
One wire is 2cm below the other. Draw at least one diagram.
(a) What is the force per unit length on the bottom wire because of
the top?
(b) What is the net magnetic field because of the two wires at a point
half way between them?
(c) What is the net magnetic field at a point 2cm below the bottom
wire?
8. Repeat all parts of the last problem if the top wire remains the same,
but the direction of current is switched to the −x direction in the
bottom wire. (Both are still 10A currents, wires are 2cm apart.) Draw
at least one diagram.
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