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Name: ____________________________________________________ 
 
Student ID: ___________________________ 
 
Section #: _________ 
 
 

Physics 208 Exam 1 Oct. 4, 2006 
 
Print your name and section clearly above. If you do not know your section number, 

write your TAÕs name. 
Your final answer must be placed in the box provided. You must show all your work 

to receive full credit. If you only provide your final answer (in the box), and do not 
show your work, you will receive very few points. 

Problems will be graded on reasoning and intermediate steps as well as on the final 
answer. Be sure to include units, and also the direction of vectors. 

You are allowed one 8!  x 11Ó sheet of notes and no other references. The exam lasts 
exactly 90 minutes. 

 
 
 Problem 1: _______  /  20 
 
 
 Problem 2: _______  /  10 
 
 
 Problem 3: _______  /  20 
 
 
 Problem 4: _______  /  10 
 
 
 Problem 5: _______  /  10 
 
 
 Problem 6: _______  /  25 
 
 
 Problem 7: _______  /  15 
 
 
 
 TOTAL: _______  /  110 
  
 

Coulomb constant 

 

!  

k
e

=
1

4" #
o

= 9.0$109  N %m2 /C2

   = 9.0$109  V %m /C

 

 
Permittivity of free space 

!  

" o = 8.85#10$12C2 /N $ m2

   = 8.85#10$12C/V $ m
 

 
GuassÕ law 

!  

E" • dA =
Qenclosed

#o

= 4$keQenclosed 
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1) [20 points total]  A point charge q1 is located at x = -1.0 m and a point charge q2 is 

located at x = +1.0 m on the x-axis. 
q1 = +2.0x10-6C 
q2 = -2.0x10-6C 

 
a) [10 points]  Calculate the electric field  

at y = +1.0 m on the y-axis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) [5 points]  Calculate the electric potential  
at y = +1.0 m on the y-axis (the potential at infinity is zero). 
 
 

 
 
 
 
 
 
 
c) [5 points]  What is the force on q2 due to q1? 

 
 
 
 
 
 
 
 
 
 
 
 

V = 

Value Units 

Magnitude Direction Units 

E = 

Force= 

Magnitude Direction Units 

q1=+2.0 " C q2=-2.0 " C 

x 

y 

1.0 m 1.0 m 

1.0 m 
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2)  [10 points]  A parallel plate capacitor has -Q on the left plate and +Q on the right. 
Treat the problem as infinite plates with the same surface charge density 
Graph potential and field as a function of distance from the left plate along the x-
axis. Make sure you plot both between and outside the plates. 
For the electric field, use a positive value to indicate that the field points to the right.   
For the potential, take the left plate as zero potential. 
For full credit, you need both for the correct sign and the correct x-dependence. 
 
 
 
 
 
 
 
 
 
 
 
 
a) [5 points] E-field plot 

(E>0 means field 
points to right) 
 
 
 
 
 
 
 
 
 
 
 

b) [5 points]  
Potential plot. 
(left plate has V=0) 
 
 
 
 
 
 
 
 
 
 

x 

V 

x 

E 

+Q -Q 

x 

Plot values of E-field and 
potential along this line  
in graphs below 
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C2 C1 Vinitial=0 
Qinitial=0 

Vinitial=Vo 
Qinitial=Qo 

3)  [20 points total]  As in your lab, a capacitor of capacitance C1 charged to Vo with a 
charge of Qo, and an uncharged capacitor of 
capacitance C2 with no charge, are suddenly 
connected to each other as shown. Neither is 
connected to a battery. The wires have a small 
resistance, but donÕt worry about that until part c). 

 
a) [5 points]  What is the voltage across the capacitors after they are connected? 

Answer in terms of Vo, C1, and C2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) [5 points]  For this part take C1=C2=C.  
 If Uinitial is the total stored energy before connection, and Ufinal is the total stored 

energy after connection, find the numerical value of the ratio Ufinal / Uinitial  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V = 

Expression Units 

Ufinal / Uinitial = 
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c) [5 points] Capacitors are charged as before, but they are connected through a 
resistor that models the wire resistance (again C1=C2=C). After connections are 
made at t=0, the current through the resistor is 

!  

I t( ) = Vinitial /R( )e" 2t / RC  
 
 
Write an expression for the instantaneous 
power dissipated in the resistor at time t. 
Useful relation: 

! 

e
A( )2

= e2A  

 
 
 
 
 
 
 
 
 
 
 
 
d) [5 points] 

Use the time-dependent current to calculate an expression for the total energy 
dissipated by the resistor. 

Useful relations: 

!  

eA( )2

= e2A
,  e" t / a# dt = " ae" t / a  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C C 

R 
Vinitial=0 
Qinitial=0 

Vinitial=Vo 
Qinitial=Qo 

Pdissipated= 

Expression Units 

Udissipated= 

Expression Units 
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q1=-2.0 " C at  
(0.0, 0.0) meters 

q2=+2.0 " C at  
(2.0,1.0) meters 

A 

B 

x 

y 

q3=+10" C 

2.0 m 

1.0 m 

4)  [10 points total] How does the brightness of the labeled bulbs compare in these two 
circuits? All bulbs are identical. The batteries are ideal and identical.  
 
Circle correct 
answer below 
 
A brighter than B 
 
A dimmer than B 
 
A & B same brightness 
 
 
 

Briefly explain your reasoning below: 
  
  
 
 
 
 
 
 
5) [10 points total]  Two charges q1 and q2 are fixed in space as 

shown. How much work must you do to move a third 
charge q3=+10.0 " C charge from point 
A=(0.0,1.0) m to point B=(2.0, 0.0) m? 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

A B 

Work = 

Value Units 
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6) [25 points total]  The electric field below is given by 

! 

E = Eo y /a( )ö j  (here 

!  

ö j  is a unit 
vector in the y-direction) with a=1.0 cm and Eo=100.0 V/cm. The figure below shows 
this graphically: the E-field is along the y-axis, and is proportional to y.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a) [10 points]  Calculate the electric flux through the Gaussian surface shown 
above. The surface extends 1.0 cm into the page. The vertical faces are parallel 
to the xy plane, the lateral faces are parallel to the yz plane and the horizontal 
faces are parallel to the xz plane. 

 
 
 
 
 
 
 
 
 
 
 

y=1.0 cm 

y=3.0 cm 

x=1.0 cm x=2.0 cm 

x 

y 

1.0 cm into the page 

Flux = 

Value Units 
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b) [5 points]  Calculate the charge enclosed by this surface, assuming that the 
answer to part a) is Flux = 0.5 V-m. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
c) [10 points]  Calculate the electric potential difference between  

(x=0.0 cm, y=0.0 cm, z=0.0 cm) and (x=3.0 cm, y=2.0 cm, z=0.0 cm)  
(Hint: use the path shown in the figure) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Charge = 

Value Units 

! V = 

Value Units 
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7) [15 points total]   
An experimenter measures a current of +1.0 pA (=10-12 A) through a single ion 
channel in a cell membrane. The current flows from outside the cell to the inside. 
 
The membrane is modeled as a dielectric-filled parallel-plate capacitor with the cell 
interior and exterior being conductors. 
 
a) [10 points] Taking the capacitance to be 1.0 " F/cm2, calculate the change in 

potential across the cell membrane that arises from the current. There are 
1.0 channel/" m2 (108 channels/cm2) and the current lasts for 1.0 milli-second. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) [5 points]  The dielectric constant arises from the molecules inside the 
membrane. How have these molecules affected the electric field in the 
membrane, and the electric potential difference across the membrane as 
compared to the ideal case of a membrane without molecules but vacuum? 

 
a) Not affected the potential difference and made the E-Field weaker  
b) Made the potential difference smaller and have not affected the E-Field. 
c) Made the potential difference smaller and the E-Field weaker. 
d) Made the potential difference larger and the E-Field stronger. 
e) None of the above. 

Value Units 


