
Physics 260, Exam 3, May 4, 2005, Dr. Baden 
 

Please do all problems, and show your work clearly.  Credit will not be given for answers with no work 
shown.  Partial credit will be given.  Note:  in some or all of these problems, you will need the 
electromagnetic constant k=9x109Nm2/C2=1/(4πε0).   Please read the problems first, you don’t have to do 
them in any particular order. 

 
Problem 1 (25 points).  A charge of 4nC (“n”≡10-9) is moved from infinity to a point 15cm away from a 
charge of 8nC.   
a) Calculate the potential energy needed to do this.  (figure 1a) 
b) Next, calculate the electric potential V (aka voltage) at a point P that forms an equilateral triangle with the 
2 charges as in figure 1b. Assume that the potential at infinity is zero: V(∞)=0.   
c) How much potential energy is needed to move a 7nC charge from infinity to point P as in figure 1c? 
 
 
 
 
 
 
 

 
 
 
a) The voltage at a point 15cm away from the 8nC charge is given by: 
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 where we take the reference voltage to be V(∞)=0  The 

potential energy needed to move a 4nC charge to that position from infinity is given by 
the product of the charge and the voltage: JxxqVU 69 1092.1480104 −− =•==   

 
b) The point at the top of the equilateral triangle is also 15cm away from both the 8nC 

and the 4nC charge.  The voltage at that point is just the sum of the voltage due to each 

charge, which is given by Voltsxx
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 from the 8nC charge and 
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 from the 4nC charge, or VoltsVVVtotal 72021 =+=  

 
c) The potential energy needed to move a 7nC charge to that point is again the product 

JxxqVU 69 1004.5720107 −− =•==  
 
 
 
Problem 2 (25 points).  On a clear sunny day, it’s a fact that close to the surface of the earth, a constant 
vertical electric field (perpendicular to the earth’s surface) of about 130 N/C points down into the flat 
ground.  This field is actually due to the charging of the earth from lightening and other natural 
phenomenon.  Calculate 
a) The surface charge density σ (charge per area) on the ground for these conditions, 
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The constant electric field is generated by the surface charge density on the ground.  
Since the field is constant, it looks just like the field due to an infinite plane with 
constant charge density σ.  The field due to a constant charge density is given by 
E=σ/ε0=130N/C.  Solve for σ =ε0E=8.85x10-12C2/Nm2•130N/C=1.2x10-9C/m2 

 
b) The potential difference between the ground and a point 1m above the ground. 

 
the relationship between a constant electric field and the potential difference across a 
distance ∆x is given by ∆V=E∆x.  This gives ∆V=130V/m•1m=130V.  Note that voltage 
decreases in the direction of the electric field (remember the positive point charge has 
an electric field which points away from the charge, and a potential that decreases from 
infinity at r=0 to zero at r = ∞).  Since the field points down, then the voltage decreases 
from 130V at 1m to 0 volts at the ground. 

  
 
 
Problem 3 (25 points).  How many electrons should be removed from an initially uncharged spherical 
conductor of radius 0.3m to produce a potential of 7.5kV at the surface? 
 

The potential at the surface of a conductor is given by V=kQ/R.  For V=7.5kV and 
r=0.3m, we can solve for Q=VR/k=7500V•0.3m/9x109Nm2/C2=2.5x10-7Coulombs. This 
total charge has Ne electrons of 1.6x10-19 C each, so the number of  electrons in 2.5x10-7 
Coulombs is given by                 
Ne=Q/e=2.5x10-7C/1.6x10-19=1.56x1012 electrons. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Problem 4 (25 points).   Find the equivalent capacitance between points a and b in the circuit in the figure. 

 
The 4µF capacitor on the right is in series with the 3µF capacitor on the bottom, and they 
form an equivalent capacitance given by 12741311 =+=′eqC which gives FCeq µ712=′ .  
The new configuration is shown in Figure 5a.  This capacitor is now in parallel with the 
2µF capacitor,  which gives an equivalent capacitance FCeq µ7262712 =+=′′  as shown in 
Figure 5b. This equivalent capacitor is in series with the 1µF capacitor, which gives an 
overall equivalent capacitance of 2633267111 =+=eqC  or FFCeq µµ 79.03326 ==  
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