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Name: Problems Solved _ /8

If a charged particle moves in a straight line through some region of space, can you say that the
magnetic field in that region is zero? Explain.

Vo, E- q(FxB) 5o F =0 when ZZEZO
and PX\B\ =0 when ’V//B

How can the motion of a charged particle be used to distinguish between a magnetic field and an electric

field in a certain region of space?
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For each of the following, draw the magnetic force vector on the charge or, if appropriate, write “F' into
page,” “F out of page,” or “F'=0.”
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For each of the following, determine the sign of the charge (+ or -).
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A charge q = -2 nC moves with velocity ¥ =-3.0x10° i m/s. Find the force vector on the charge if the
magnetic field is:

(a) B=0.6;T (b) B=0.6i+0.6; T (c) B=0.6iT (d) B=0.6i +0.6kT

4) F-= 7 (ZxB) =2 F = -2 ((—3,0,//9{)1“)«0,57-}9
D F =360 (#xF) 2
- Etj(éx/O/V%v/
e / \/

L) F-= 3.@/0‘%/(? x (% +/’°)) ~

1) F e sbxto’w (22 1 F))
- j\éxla‘}/\/ (/’(‘/,\/f0+ f(L»c?e\)

E: -3‘5)</0~}/l/f(/




Magnetics — Set 1 Page 3

If a particle with mass m, charge ¢, and velocity v moves through a uniform magnetic field, B that is
perpendicular to the velocity.

a) What is the magnitude and direction of the force on the particle?
b) How does the magnitude of the particle’s velocity change?
(does it increase/decrease/stay the same)? Explain.
¢) How does the direction of the particle’s velocity change?
Sketch the particle’s motion on the figure.
d) Find an expression for the radius, r, of the particle’s motion in terms of B, v, g, and m.
e) Find an expression for the angular frequency, w, and period, T, of the particle’s motion in terms of B,
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A velocity selector contains perpendicular electric (E) and magnetic (B) fields, as shown in the diagram
below. A particle with charge g is shot into the device (perpendicular to both fields) with velocity v.

a) Find an expression for the net force (magnitude and direction) on the particle in terms of ¢, E, v and

B.
b) The only particles that will make it through the tube are those that travel in a straight line. If the

particles have charge +¢, what will be the velocity of particles leaving the tube?
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A uniform magnetic field with magnitude |§ | is pointing into the page. A straight segment of 1.0 mm
diameter copper wire is in the plane of the page and perpendicular to the magnetic field. Gravity pulls
the wire straight downward, toward the bottom of the page. What current through the wire, and in which
direction, will allow the wire to “float” in the magnetic field without moving up or down? The density
of copper is 8920 kg/m®. (Note: you don’t need to know the length of the wire.)
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A square loop of wire with sides of length L is positioned in ,‘ i
a magnetic field with field strength B as shown. Sides 1 ~1
and 3 are parallel to the field, and sides 2 and 4 are o B >
perpendicular to the field. A current, 7, runs through the 2 Y. ot M 5
counter clockwise through the wire as shown. I I
I
. . N
a) Find a vector expression for the et force on the loop. - —
b) Find a vector expression for the net torque on the loop.
¢) Write your net torque in terms of the area of the loop, 4, rather than the length of the sides.
d) What would the net torque be if the B field were perpenducular to the plane of the page?
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In a Mass spectrometer, after the particles pass through a velocity
selector, they go through a region with a magnetic field B’ and no 2

electric field, as shown in the figure. The particles will move in a semi-
circular arc and strike a detector that is parallel to the face of the l 5
velocity selector. /7|
% |
Write an expression for the for the distance between the exit point from Pl
the velocity selector and the point where the particle strikes the detector.
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An electron accelerates from rest through a potential difference of 350 V. It then leaves the electric field
and enters a magnetic field where it travels along a circular path of radius 7.50 cm. (uniform circular

motion)

(a) Find an analytic expression for the magnetic field strength in terms of given information.

(b) What are the angular speed o, orbital frequency f, and orbital period 7 of the electron circulating
in the magnetic field? Plug in numbers to get numerical answers.

(¢) Would your three answers in part (b) increase or decrease if the particle were a proton?
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A wire carrying 15 A makes a 25° angle with a uniform magnetic field. The magnetic force per unit

length of wire is 0.31 N/m.

(a) What is the magnetic field strength?
(b) What is the maximum force per unit length that could be achieved by reorienting the wire in this

field?
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