
Physics 4B Winter 2018 Test 1

Name:

Jan 26, 2018

Please show your work! Answer as many questions as you can, in any order. Books,
notes, and internet connected devices are not allowed. Use any blank space to answer ques-
tions, but please make sure it is clear which question your answer refers to.

When asked for an expression, give your answer only in terms of the variables given in
the question and fundamental constants such as g, k, e, and so on.
DO NOT OPEN TEST BOOKLET UNTIL TOLD TO DO SO.

g = 9.8 ms−2

k = 8.99× 109 Nm2C−2 = 1
4πε0

ε0 = 8.85× 10−12 C2N−1m−2

e = 1.60× 10−19 C
me = 9.11× 10−31 kg
mp = 1.67× 10−27 kg

E = k q x
(R2+x2)3/2

E = 2πkeσ
(

1− x√
R2+x2

)
p = qd

Trigonometric Identities

sin2 θ + cos2 θ = 1

sin(2θ) = 2 sin(θ) cos(θ)

cos(2θ) = cos2 θ − sin2 θ

sin(α± β) = sinα cos β ± cosα sin β

cos(α± β) = cosα cos β ∓ sinα sin β

cosα cos β = 1
2
[cos(α− β) + cos(α + β)]

sinα sin β = 1
2
[cos(α− β)− cos(α + β)]

sinα cos β = 1
2
[sin(α + β) + sin(α− β)]

sin
(
θ + π

2

)
= cos θ

cos
(
θ + π

2

)
= − sin θ

sec θ := 1
cos θ

csc θ := 1
sin θ

cot θ := 1
tan θ
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1. Consider a very, very long solid conducting cylinder of radius R. It carries a uniform
charge per unit length (along the x-axis) of λ. The axis of the cylinder lies along the
x-axis.

(a) What is the electric field at distance r from the x-axis, where r < R? [2 pts]

(b) What is the electric field at distance r from the x-axis, where r > R? [10 pts]

(c) Define the zero of potential for this system to be a point a distance r0 from the
x-axis (r0 > R), so that V (r0) = 0. What is the electric potential on the on the
x-axis? [6 pts]

(d) Sketch and label the electric field lines and some equipotentials on the diagrams
of the cylinder below. [4 pts]

Side view:
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Cross section 
view:
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–Extra Workspace–
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2. Two spheres made of the same conducting material have radii r1 and r2. They are
connected by a light, conducting wire of length `. A charge Q is placed on one of the
conductors. Assume ` is sufficiently long so that the surface distribution of charge on
each sphere is uniform.

(a) Assuming r1 = r2 = r so that the spheres are completely identical, find an
expression for the tension in the wire. [3 pts]

(b) Now suppose r1 6= r2. Find an expression for tension in the wire in this case. [6 pts]

r1

q1

r2
q2

l  
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3. A rod of length ` lies along the x axis. It has a nonuniform charge density λ = α(x−a),
where α is a positive constant. A point P is located along the long axis of the rod and
a distance a from one end, as shown.

 23.5 Electric Field of a Continuous Charge Distribution 705

If the charge is nonuniformly distributed over a volume, surface, or line, the 
amounts of charge dq in a small volume, surface, or length element are

dq 5 r dV   dq 5 s dA  dq 5 l d,

Problem-Solving Strategy   Calculating the Electric Field

The following procedure is recommended for solving problems that involve the 
determination of an electric field due to individual charges or a charge distribution.

1. Conceptualize. Establish a mental representation of the problem: think carefully 
about the individual charges or the charge distribution and imagine what type of 
electric field it would create. Appeal to any symmetry in the arrangement of charges 
to help you visualize the electric field.

2. Categorize. Are you analyzing a group of individual charges or a continuous charge 
distribution? The answer to this question tells you how to proceed in the Analyze step.

3. Analyze.

(a) If you are analyzing a group of individual charges, use the superposition prin-
ciple: when several point charges are present, the resultant field at a point in space 
is the vector sum of the individual fields due to the individual charges (Eq. 23.10). 
Be very careful in the manipulation of vector quantities. It may be useful to review 
the material on vector addition in Chapter 3. Example 23.6 demonstrated this 
procedure.

(b) If you are analyzing a continuous charge distribution, the superposition principle 
is applied by replacing the vector sums for evaluating the total electric field from 
individual charges by vector integrals. The charge distribution is divided into infini-
tesimal pieces, and the vector sum is carried out by integrating over the entire charge 
distribution (Eq. 23.11). Examples 23.7 through 23.9 demonstrate such procedures.

 Consider symmetry when dealing with either a distribution of point charges or a 
continuous charge distribution. Take advantage of any symmetry in the system you 
observed in the Conceptualize step to simplify your calculations. The cancellation 
of field components perpendicular to the axis in Example 23.8 is an example of the 
application of symmetry.

4. Finalize. Check to see if your electric field expression is consistent with the mental 
representation and if it reflects any symmetry that you noted previously. Imagine 
varying parameters such as the distance of the observation point from the charges or 
the radius of any circular objects to see if the mathematical result changes in a rea-
sonable way.

Example 23.7   The Electric Field Due to a Charged Rod

A rod of length , has a uniform positive charge per unit length l 
and a total charge Q. Calculate the electric field at a point P that 
is located along the long axis of the rod and a distance a from 
one end (Fig. 23.15).

Conceptualize  The field d E
S

 at P due to each segment of charge 
on the rod is in the negative x direction because every segment 
carries a positive charge. Figure 23.15 shows the appropriate 
geometry. In our result, we expect the electric field to become 
smaller as the distance a becomes larger because point P  is farther from the charge distribution.
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Figure 23.15  (Example 23.7) The electric field at P 
due to a uniformly charged rod lying along the x axis.

continued

(a) Calculate the electric potential at P . [6 pts]

(b) Imagine a proton is placed at P and then released. What would its velocity be
when it is infinitely far from the rod (assuming it interacts with nothing else)?
Use the symbol mp for the mass of the proton, and the symbols for any other
fundamental constants as needed. [5 pts]

(c) Calculate the electric field at P . [6 pts]

5



–Extra Workspace–
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