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Solution problem set 8

Institutt for

Problem 1.

a)

b)

fysikk
The flux is given by
£ 1
o(x) = /B ~da = f/ dsB,, = lxBsin(r/4) = —=B/lx. (1)
0 V2
The magnitude of the induced emf is
do do dx 1
=|—|=|-—-—| = —=DB/w. 2
el ’dt dzdt| Va2 " @
The current is therefore
7 lel — Btv

=R = an (3)

The current flows clockwise (when the circuit is viewed from above). This can be seen
from the magnetic Lorentz force on positive charges in the rod moving with velocity
v: Fq = qv x B, which points in the 42z direction. Alternatively, it can be deduced
from Lenz’s law: The flux through the loop is increasing, so the induced current will try
to oppose this by setting up a magnetic field that points downwards inside the circuit,
which (using the right-hand rule for your thumb and curled fingers) implies that the
current flows clockwise.

The force on the rod is given by
F..qa =1¢ x B, (4)

where £ points in the 4z direction (the direction of the current through the rod). The
angle between £ and B is 90°, so the magnitude of the force is

B20%y
V2R

From the right-hand rule, the direction of Foq is in the xy plane, at a 135° angle with
the = axis. Thus the force components are

|Froq| = /B =

()

B2y

Frod,y = _Frod,x =

As the rod should move in the = direction with constant velocity v, a force of magnitude
| Frod x| pointing in the positive x direction needs to be applied to the rod by an outside
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d)

agent in order to balance the negative x component of F,q (Newton’s 1st law). The
mechanical power provided by the outside agent is therefore

B20%y?
Pmech = |Frod,x v = 2R (7)
This power is dissipated in the resistor, as the ohmic power loss is
B2%?
Pelectric = RI2 = °R = I'mech- (8)

The vertical component of the force is given by Fioq,y in (6). The rod levitates when
this component is larger than the gravitational force mg, i.e. when

2mgR
B —
>\ "z, 9)

Griffiths discusses this problem in Ex. 5.8. (Note that he takes the surface current
to flow over the zy plane in the z direction.) Translated to our geometry, Griffiths’
conclusion implies that the magnetic field above the conducting plane will point in the
negative z direction and have a constant magnitude B = poK/2.

As an alternative method, we will calculate the magnetic field by considering the uniform
surface current to make up a continuous set of straight, parallel, infinitely long wires. We
wish to calculate the magnetic field B at an arbitrary point with coordinates (z,y, z).
From the symmetry of the problem, the field cannot depend on z or z, so for simplicity
we will calculate it for z = 0, z = 0. Since the magnetic field due to each wire is
circumferential, it lies in the zy plane. Thus B, = 0. Furthermore, by adding the
contributions from pairs of wires with opposite x coordinates, one can see that the y
components of these contributions have opposite sign, so By = 0. Thus only B, needs
to be explicitly calculated. The current dI through an infinitesimal line segment of
length dz in the x direction (i.e. perpendicular to the current direction) is

dl = Kda. (10)

Thus the contribution to B, from a wire with z-coordinate x is (see the figure on the
next page; the minus sign is because dB, is seen to be negative)

1
dBy = —|Byire|sina = "% gin (11)

Ta

where sina = y/a and a? = 22 + 3. Thus
poKy [ dx oK

B,= [ dB,=— =— 12
o= [am = [~ ), (12)

—_—

/1yl

where sgn(y) = y/|y| is the sign of y. This gives the same result for the field above the
zx plane (i.e. y > 0) as noted earlier.

When the direction of the current I is opposite to that of K, the force 1€ x B will be
upwards. Levitation requires I¢/B > myg, i.e.
mg _ 9.8m/s* 1000 kg

I —
>B€ 20T 1m

=4.9-10% A. (13)
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Problem 2.
See handwritten solution further back.

Problem 3.
See Griffiths.

Problem 4.
See handwritten solution further back.

Problem 5.
See handwritten solution further back.
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