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Physics 321A, Autumn 2017 Exam 3, page 5 ED-UWA321A174T-E3(INT,MPE,DPF)Sol.docx 

IV. [25 points total]  Tutorial question.  This page contains two independent parts, A and B. 

A. A slanted line charge whose linear charge density is given by  
𝜆(𝑥, 𝑦) = 𝑎𝑜𝑥2𝑦 is shown at right.  The endpoints of the line charge are at the 
origin and (𝑥, 𝑦) = (3, 4). 

i. [6 pts]  Consider the following incorrect student statement about 
determining the net charge of the system: 

“The line charge varies in both x and y, so the monopole moment is 
∫ ∫ 𝑎𝑜𝑥2𝑦 𝑑𝑥 𝑑𝑦4

0
3

0 .” 

Identify the flaw(s) in the student’s reasoning. 

The major flaw is that the student has written the integral as 𝑄𝑛𝑒𝑡 = ∬ 𝜆𝑑𝐴 instead of ∫ 𝜆𝑑𝑙.  
The dA integral implies a surface integral, or summing up charges in the rectangle. 

ii. [9 pts]  Based on your answer above, determine an integral expression for the x-component of 
the dipole moment, px, for the charge distribution above.  You do not need to evaluate the 
integral expression, but it should be in a form that a mathematical program can evaluate. 

Be sure to explain your reasoning and/or show your work. 

The integral for the dipole moment has the form 𝑝 = ∫ 𝑑𝑞 ∗ 𝑟, so finding the x-component looks 
like 𝑝𝑥 = ∫ 𝑑𝑞 ∗ 𝑥 = ∫ 𝜆 ∗ 𝑑𝑙 ∗ 𝑥 which is most easily expressed as 

∫ 𝑎𝑜𝑥2𝑦 ∗ 𝑑𝑙 ∗ 𝑥 = ∫ 𝑎𝑜𝑥2(
4
3 𝑥)  ∗ (

5
3 𝑑𝑥) ∗ 𝑥

3

0
= ∫

20
9

3

0
𝑎𝑜𝑥4𝑑𝑥 

(Partial credit will be very liberal.) 

B. A cylinder with fixed (frozen-in) uniform polarization P⃗⃗⃗ is shown at right.  Point Z is 
located directly above the cylinder, along the central axis.  There are no free charges 
or an electric field from any other sources. 

[10 pts]  In what direction is the displacement field at point Z?  Sketch an arrow in the 
box below.  Explain your reasoning. 

There are two main ways to determine this: through 
divergence and curl of 𝐷⃗⃗⃗ directly, or through 𝐸⃗⃗. 
By looking at the sources of 𝐷⃗⃗⃗, there is no free charge, so 
there is no divergence.  However, there is curl around the 
side surface of the cylinder (counterclockwise from the top) because 𝛻⃗⃗ × 𝐷⃗⃗⃗ =
𝛻⃗⃗ × 𝑃⃗⃗.  Then by using a right hand rule for curl, you can determine that 𝐷⃗⃗⃗ 
points up at point Z. 

By looking at the sources of 𝐸⃗⃗, the curl is zero in electrostatics.  However, the 
divergence is from the free and bound charges, and there are positive bound charges on the top 
surface, and negative bound surfaces from the bottom surface, from 𝛻⃗⃗ ∙ 𝑃⃗⃗ = −𝜌bound.  By 
superimposing the charges’ field at point Z, the net electric field points upward.  Now with  
𝐷⃗⃗⃗ = 𝜀𝑜𝐸⃗⃗ + 𝑃⃗⃗ with 𝑃⃗⃗ being zero, 𝐷⃗⃗⃗ must also point up. 

You can also determine 𝐸⃗⃗ from saying that 𝑃⃗⃗ is the dipole density, so the net dipole of the object 
points upward.  From the dipole moment, you can determine the direction of 𝐸⃗⃗ as upward, and the 
logic follows as above with 𝐷⃗⃗⃗ = 𝜀𝑜𝐸⃗⃗ + 𝑃⃗⃗. 
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