PHYS2170 Mathematical Methods 4
Problems Class 2: Solutions

1. The equation of motion is mv = ¢ [v x B 4+ E|, where ¢ = —e and E = Eyx.
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At time t = 0 the particle is at rest. Hence B

it is first accelerated in the direction anti- <_
parallel to the electric field E (anti-parallel
because of the negative charge), because
the v x B term is zero. Once it starts to < °®
move the first term can have an effect. If
v X B = 0 the magnetic field will have
no effect and the particle will continue to E

move antiparallel to E. This will be the —_—l—
case for B parallel (or anti-parallel) to E.

The electric field will accelerate the particle in the —g, anti-parallel to the x
direction. If the magnetic field is parallel or anti-parallel to the z-axis, B = iBog,
then by the right hand rule the motion will only be in the z — y plane. We must
choose the sign of B so that, once the particle moves, it moves in the positive y

direction, +3. After a small time dt the velocity will be

v = —%eEO dti.

~

For B = Byk the acceleration due to the magnetic field will be

qv x B = L(—e)(—eEydt)i x (Bok) = Le?EyBydii x k = —Le*EoByj.

o~

This is the negative y direction. Hence we need B = —Byk, in the negative z
direction, to have motion in the z — y plane with y > 0.
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(a) |r| = k. This is a sphere with radius k. ‘
(b) r-k= ¢, where k is the unit vector along the z-axis. /

This is an infinite plane parallel to the z — y plane,
a distance ¢ from the origin in the z direction.

(c) r- k= m|r|. From the definition of the scalar prod-

uct, r-k = 7| cos @, where 6 is the angle with respect
to the z axis. Hence the surface is all points that lie
at the angle § = arccos(m); i. e. a cone.

(d) |r— (r-k)k| = n. This is the set of points such that
the magnitude of the vector r— (r@)@ is a constant.
What is this vector? It is obtained by subtracting
from r the portion of the vector that is parallel to
the z axis. Recall that we can resolve

r:AE+B,

where A = 1 - k and B is orthogonal to E, and
is in fact the vector we are looking for. Hence (see
figure) the desired surface is the surface of a cylinder
of radius n.
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3. To show that the set of vectors (1,0,1),(1,1,0), and (1,—3,4) lie on a line, we must
examine the differences between them. For example,

(1,0,1) = (1,1,0) = (0, —1,1)
(1,0,1) — (1,-3,4) = (0,3, —3)
(1,1,0) — (1,—3,4) = (0,4, —4).

The difference between any two of them is a scalar
multiple of the same vector, (0,1, —1). Hence they
can be reached by moving parallel to a single vec-
tor, and they lie on a straight line.

The equation of the line can be given as r =
a + Ab, where )\ is the independent variable
parametrizing points on the line. a is any point
on the line, and b is the direction one must travel
to reach other points on the line. We can choose
b = (0,1, —1) (or any scalar multiple), and a any
of the points we are given. Hence the following
are all equivalent representations of the line:




r=(1,0,1) 4+ A(0,1,-1)
r=(1,1,0) + A(0,1, 1)
r=(1,-3,4) + A(0,1,—1).



