
Phy 102 Quiz Feb 19 2010.

Closed book exam, 1 hour. This exam is worth 15% of your
grade. Mention ALL the choices that you think are correct. This
is an objective type exam, and points will be awarded only for fully
correct answers; no partial credit

1. (From Problem supplement to Feynman’s lectures: 5 POINTS)
Consider the aerosol spray (shown in figure 1) emitting small droplets of
a certain mass at a reasonably constant velocity. Consider a closed sphere
that encloses the nozzle (sphere 1 in the figure). How does the flux of
droplets (i.e., number of droplets per second) through sphere 1 depend
upon its radius (i.e., the radius of sphere 1)?

(a) The flux will be proportional to the radius

(b) The flux will be proportional to the square of the radius

(c) * The flux will not depend upon the radius

(d) The flux will be proportional to radius−1

2. (From Problem supplement to Feynman’s lectures: 5 POINTS)
Consider two infinite, uniformly charged wires that are parallel to each
other and oriented in the x-direction. The wires both have a charge
density of +λ per unit length, and are moving at a uniform velocity in
the x-direction. An observer who is stationary with respect to the wires
will perceive that

(a) * The electric forces between the wires are replusive and the mag-
netic forces are attractive

(b) There are electric forces between the wires, but no magnetic forces

(c) The electric forces between the wires are replusive and the magnetic
forces are also replusive

3. (5 POINTS)
Repeat the previous problem for an observer who is moving with the same
velocity as the wires. Ans (b)

4. 5 POINTS
Consider a fluid whose velocity field is given by v = xŷ + yẑ. Let us now
place a small paddle wheel in this flow. We try to orient the axis of the
wheel so as to maximize its rotation speed. What will be the direction of
this axis?

(a) The wheel will not rotate

(b) The wheel will rotate maximally when its axis is along the ẑ axis

(c) The wheel will rotate maximally when its axis is along the ŷ axis

(d) The wheel will rotate maximally when its axis is oriented at an angle
of 45 degrees to the x̂ axis and to the ŷ axis.

(e) * The wheel will rotate maximally when its axis is oriented at an
angle of 45 degrees to the ẑ axis and to the x̂ axis.

5. (5 POINTS)
Consider a vector field X which can be expressed as the curl of another
vector field Y. Can the field X have a source?

(a) Yes
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Figure 1:

(b) * No

6. (5 POINTS)
We know that the basic assumption in electrostatics is that electric charges
are at rest. What is the basic assumption for magnetostatics?

(a) Magnetic charges are at rest

(b) * The time rate of change of the electric charge density is zero

(c) The magnetic field is constant

(d) * The current density is divergence free

In hindsight, option (c) is somewhat ambiguous; if its interpreted as say-
ing that the magnetic field is constant with time, its certainly the mag-
netostatic assumption. So people who have answered (b), (d), as well as
people who have answered (b), (c), (d) will be given full points.

7. (From Problem supplement to Feynman’s lectures: 5 POINTS)

A dielectric is inserted between the plates of a capacitor. The system is
then charged, the wires are disconnected, and the dielectric is removed.
The electrostatic energy stored in the capacitor is

(a) * greater than

(b) lesser than

(c) the same as

(d) can’t say without additional information

it would have been if the dielectric were not removed.

8. (From Problem supplement to Feynman’s lectures: 5 POINTS)
Is it possible to have a magnetic field in a region that is pointing every-
where in one direction, and also steadily increasing in the same direction?
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(a) Yes

(b) * No

(c) can’t say without additional information

1 Some useful formulae and quantities

1.1 Maxwell’s Equations

∇ .E = ρ/ε

∇ .B = 0

∇×E = − ∂

∂t
B

∇×B = µ0J + µ0 ε0
∂

∂t
E (1)

1.2 Some vector formulae in cartesian coordinates

∇T = x̂
∂

∂x
T + ŷ

∂

∂y
T + ẑ

∂

∂z
T (2)

∇ .A =
∂

∂x
A +

∂

∂y
A + ẑ

∂

∂z
A (3)

∇×A =

∣∣∣∣∣∣∣∣∣∣
x̂ ŷ ẑ

∂/∂x ∂/∂y ∂/∂z

Ax Ay Az

∣∣∣∣∣∣∣∣∣∣
(4)

∇ . (∇×A) = 0 (5)

∇× (∇T ) = 0 (6)

1.3 Triads

In the cartesian coordinate system, x̂, ŷ and ẑ form a triad; i.e., x̂ × ŷ = ẑ,
ŷ× ẑ = x̂ and ẑ× x̂ = ŷ. The corresponding triad in the cylindrical coordinate
system is (r̂, φ̂, ẑ) and the triad in the spherical coordinate system is (r̂, θ̂, φ̂).

1.4 Continuity Equation

∂ρ

∂t
+∇ .J = 0 (7)

1.5 Lorentz Force

F = q

[
E + v ×B

]
(8)
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