
Electromagnetic Theory I
Spring 2005 Exam I

Name__________________________

Calculator, inside back cover of textbook, and 1 side of a 3x5" card of notes permitted.
 
1. (8 pts) A packaged IC is located on a circuit board at (0,0,0).  A metal trace carrying a charge
of 2 nC/m runs parallel to the y axis at (5 mm, y, 0), and a finger carrying a point charge of         
-10uC hovers above at (0, 0, 5mm).  What electric field (magnitude and direction) is experienced
by the IC?

2. (3 pts) If somewhere in the velocity stream of a river, the curl of velocity is non-zero, what sort
of water movement might you expect to see?  (In other words, what is the real, physical effect of
a non-zero curl on a velocity field?  A sketch may help your description.)



4. (17 pts) A hydrogen atom can be modeled as a 1.6 * 10 -C positive point charge at the origin-19

surrounded by a negative charge cloud that represents the probabilistic location of the electron. 

vAssume this negative charge is distributed according to r  = 64 *10 /R  from R = 0 out to R =-12 2

0.2 nm.
A) (4 pts) What is the total charge enclosed inside a sphere of radius 0.2 nm?

B) (1 pt) What is the electric field E (magnitude & direction) at radii R > 0.2 nm?

C) (4 pts) Derive an expression for the total charge inside a sphere of radius R < 0.2 nm.

D) (4 pts) What is the electric flux density D (magnitude & direction) for 0< R < 0.2 nm?

5.  A) (1 pt) Give the mathematical definition of “circulation” (an equation).

B) (2 pts) Hypothesize about the nature of the circulation of any DC electric field around
any closed path, using the observation we call “Kirchhoff’s voltage law” in your argument. 



6.(8 pts) A dome-shaped hill has height h = 100 - xy (ft).  

A)(4 pts) What is the steepest slope of the hill at x = 2m, y = 5m?

B) (4 pts) In what direction should one set out walking, starting at (2m, 5m), in order to
stay at a constant elevation (slope in this direction = 0)?  Answer should be a vector.

BONUS: (3 pts; must answer at least 2) Give standard scientific definitions of the following
terms:

Fact:

Theory:

Law:
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