
Phy 102 Mid-term exam 2010.

Closed book exam, 1.5 hours. This exam is worth 35% of your
grade.

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 sphere
that does not enclose the nozzle (sphere 2 in figure 1). What is the flux
of droplets (i.e., number f droplets) through sphere 2, and how does it
depend upon its radius (i.e., the radius of sphere 2)?

(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 always be zero

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

Mention all the correct choice(s) and give your reasoning. Points will not
be awarded unless the reasoning is correct.

(c) and (d) Flux will always be zero, since there is no source
inside sphere 2. Also, the flux is independent of radius.

Figure 1:

2. (5 POINTS) Consider a charge and current-free region bounded by a
hollow tube made of perfectly conducting metal. The cross-section of the
tube in the x-y plane is a rectangle with vertices (0, 0), (a, 0), (a, b)
and (0, b). The tube is infinitely long in the z-direction. In order to find
the electrostatic potential inside this region, the following combinations
of boundary conditions on the potential would suffice:

(a) The potential is specified on the two walls x = 0 and x = a, and the
normal derivative of the potential on the two walls y = 0 and y = b
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(b) The normal derivative of the potential is specified on all the four
walls

(c) The potential is specified on all the four walls

(d) The potential is specified on all the four walls, and is assumed to
vanish at z = ±∞

(e) The potential is specified on the two walls x = 0 and x = a, and the
normal derivative of the potential on the two walls y = 0 and y = b,
and the potential is assumed to vanish at z = ±∞

(f) None of the above

Mention all the correct choice(s) and give your reasoning. Points will not
be awarded unless the reasoning is correct.

(d) and (e). Laplace’s equation ∇2φ = 0 needs to be solved. Its a
second order PDE, so we need two boundary conditions (either
the potential itself, or its derivative) in each coordinate. But
since the tube is infinitely long in the z-direction, the physically
reasonable boundary condition is for the potential to vanish at
z = ±∞.

3. (5 POINTS) Consider the transformer circuit shown in Figure 2. When
the switch is thrown closed, the ammeter shows

Figure 2:

(a) Zero current

(b) A nonzero current for a short while

(c) A steady current

Mention all the correct choice(s) and give your reasoning. Points will not
be awarded unless the reasoning is correct. (b); non-zero current for
a short while, for a voltage is induced in the secondary only
when there is a changing current in the primary; i.e., during
the transient.

4. (5 POINTS) Consider two infinitely long wires that are parallel to each
other. The wires, as well as the observer, or stationary in the lab frame.
You are given a plot of the attractive force between the wires as a function
of the separation between them. You are told that the force between them
is either eletrostatic, or magnetostatic (not a mixture). Is it possible to
distinguish between these two possibilities purely on the basis of the plot
you are given?

(a) Yes
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(b) No, more information is needed.

Mention the correct choice(s) and give your reasoning. Points will not be
awarded unless the reasoning is correct. (b). No, its not possible. If
the attraction is purely electrostatic: the electric field due to an
infinitely long charged wire (using Gauss’s law) is ∝ r−1, where
r is the separation between the wires. The attractive force will
also be ∝ r−1. On the other hand, if its due to currents in the
wires (magnetostatic), the force will be ∝ I1 × B(1), where I1
is the current in wire 1 and B(1) is the magnetic field at wire
1 due to the current in wire 2. We know from Ampere’s law
that the magnetic field due to a uniform current falls off as r−1.
Therefore the magnetostatic attractive force will also vary as
r−1.

5. (10 POINTS) Derive Lenz’s law (the induced emf is proportional to the
negative rate of change of magnetic flux) from one or more of Maxwell’s
equations. Start with ∇×E = − ∂

∂tB, use Stokes’s theorem
∫

Γ
A . dl =∫

S
(∇×A) . da to arrive at

∫
Γ

E . dl = E = −d/dt
∫

S
B . da = −d/dtΦ.

So induced emf E = negative (time) rate of change of magnetic
flux Φ.

6. (10 POINTS) Show how Gauss’ law of electrostatics (∇ .E = ρ/ε) is
intimately dependent on the existence of an inverse square law for the
electrostatic field (basically Coulomb’s law). Use Gauss’s divergence
theorem to rewrite Gauss’s law of electrostatics as

∫
S

E . da =
Q/ε, where Q is the total change enclosed by the closed surface
S. If we take the closed surface to be a sphere of radius R,
and E to be uniform, it can be pulled out of the integral, and∫

S
da = 4πR2. In order for the right hand side to be equal to Q

(independent of R), E has to vary as R−2.

7. (10 POINTS) If we decide to modify the vector potential as A
′

= A+∇ψ
(where ψ is an arbitrary scalar field), show that the scalar potential has
to be modified as φ

′
= φ− ∂ψ/∂t in order for the electric and magnetic

fields to remain unchanged. First, Faraday’s law gives ∇ × E =
−∂/∂t(∇×A), which can be rewritten as ∇×(E+∂A/∂t) = 0. The
quantity inside the parantheses can be expressed as the gradient
of a scalar field φ, which means that E = −∇φ − ∂A/∂t. After
the modification A → A

′
and φ → φ

′
, the physical quantities

(E and B) have to remain unchanged. So E = −∇φ − ∂A/∂t =
−∇φ′−∂A

′
/∂t = −∇φ′−∂(A+∇ψ)/∂t, which means that ∇(φ−φ′

) =
∂/∂t∇ψ = ∇∂ψ/∂t. In other words, φ

′
= φ− ∂ψ/∂t.

8. (10 POINTS) A basic galvanometer comprises of a current carrying coil
suspended in the magnetic field of a permanent magnet (see Figure 3).
The deflection of the coil is proportional to the magnitude of current
flowing in it. Explain the operation of the galvanometer in about 3 to 4
sentences (5 POINTS). Clearly explain why the proportionality of deflec-
tion angle to current is valid only for rather small currents (5 POINTS)
The flux intercepted by the coil is ∝ Acos θ = Acosω t, where A is
the area of the coil, θ is the angle between the area normal and
the magnetic field direction, ω is the angular rotation velocity
and t is time. From Lenz’s law, the induced emf (and hence the
current) E ∝ sinω t. The current is thus actually ∝ sinω t, and
for small ω t, sinω t ∼ ω t. So for small deflections, the current is
proportional to the angular deflection.
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Figure 3:

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)
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∇ . (∇×A) = 0 (5)

∇× (∇T ) = 0 (6)

Gauss’s divergence theorem:∫
S

A . da =
∫

V

∇ .A dv (7)

Stokes’s theorem: ∫
Γ

A . dl =
∫

S

(∇×A) . da (8)

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 (9)

1.5 Lorentz Force

F = q

[
E + v ×B

]
(10)
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