
Physics 5C     Practice Midterm 1 SOLUTIONS April 2008 

PRINT YOUR NAME _________________________________________________

Take an hour and ten minutes to do this exam.  You may use one page of formulas.

Section A (20 points): True or False.  You will get 2 points for each correct answer and 
2 additional points if you also give a correct brief explanation.



which gives

4 = (R1 + R2)(R−1
1 + R−1

2 ).

This yields a quadratic in R2 which is most easily solved by setting a ≡ R2/R1, to get
a2 − 2a + 1 = 0, so that a = 1, and R2 = R1.

This makes sense intuitively (and in fact we could just about solve it this way): two equal
resistors in series vs. parallel will have effective resistances that differ by a factor of four, as
will the dissipated powers.

2. (15 points) A point charge q is located at the center of a cube of length d.

(a) What is the value of the electric flux
∫

!E · d!a over any one face of the cube?

(b) The charge q is moved to one corner of the cube. What is now the value of the electric
flux through each of the faces of the cube? (hint: use another symmetry argument.)

Solution:

(a) By Gauss’s law, Φ = q/ε0 for the whole cube. By symmetry, one face must have just
1/6th of this value, so

ΦE = q/6ε0.

Note: It is not true that the flux though one side is EA;
∫

!E · !da = EA only when !E is both
constant and always parallel to !da; neither is true in this case.

(b) Since the field is radial it is perpendicular to !a on the 3 sides adjacent to the charge,
the total flux through these three sides is zero. The other three sides, by symmetry, have
the same flux. We can compute it by imagining 7 other identical cubes, with the charge at
one corner of each, so that the 8 cubes together form one big cube of side length 2d. Then
the flux through each side of this big cube is, by part 1, ΦE = q/6ε0. But clearly the flux
through one of the non-adjacent sides of the original cube is just 1/4th of this, so

ΦE = q/24ε0.

3. (14 points) Figure 1 shows a system equivalent to two parallel-plate capacitors in series, the
rigid (conductive) center section of length b being movable vertically. If the plate area is A,
find the equivalent capacitance of the series combination, and note that it is independent of
the position of the center section.

Solution:

Let d be the separation between the plates of the top capacitor (keeping d < a−b). Then the
separation of the bottom one is a− b−d. The capacitances are then, respectively C = ε0A/d
and C = ε0A/(a− b− d). Adding these in series we get

C−1
tot = d/Aε0 + (a− b− d)/Aε0 = (a− b)/Aε0,

so

Ctot = Aε0/(a− b),

independent of d.
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FIG. 1: For problem 3.

4. (16 points) Consider the system shown in Fig. 2, consisting of a large flat non-conducting
plate with charge Q > 0 and several charges in above it, which are attached together by
an (uncharged, non-conducting) rigid bar. This bar lies along the x-axis. Assume that the
distances a separating the charges, and the distance of the charges from the plate, are all
very small compared to plate scale L, and let q > 0. (Hint: the best way to think about
system of 3 charges is not as 3 individual charges.)

(a) Calculate the (vector) net force on the system of charges.

(b) Calculate the (vector) net torque on the system as it is shown.

(c) Describe qualitatively the motion of the system if released from rest in the configuration
shown. Assume there is no gravity. (A concise one- or two-sentence description will
suffice.)

Solution:

Let Σ = Q/L2 be the surface charge density on the plate. Then !E = (Σ/2ε0)ẑ = (Q/2ε0L2)ẑ
is the field near the plate.

(a) Since the field is uniform, the forces on the +q and −q charges cancel out, so

!Fnet = q !E = (qQ/2ε0L
2)ẑ.
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FIG. 2: For problem 4

3



Note: You might try to do this problem using V = IR. This can be done, but you 
would need to calculate the resistance correctly, which in this case involves an 
integral. In particular, the formula R = ρl/A does not apply. Coincidentally, you do 
get the right answer if you use this formula and plug in the Earth’s area and radius 
for A and l; but this makes no sense, as the current is not flowing through the Earth. 
It is also only partly coincidence: just by dimensional analysis, the only way to 
combine R, σ and V to get a current is I ~ RσV, which is right up to a factor of 4π.




