
AP® PHYSICS C ELECTRICITY & MAGNETISM 
2006 SCORING GUIDELINES 

    
Question 2 

15 points total       Distribution 
 of points 
(a) 4 points 
 

From Kirchhoff’s loop rule, the sum of the potential differences around the circuit is zero.  
For any statement of the loop rule 1 point 

0e - =- R CV V   

For correct substitution of the potential differences across both resistor and capacitor 1 point 

1 0e - =- q
iR

C
 

 

For substituting the differential definition of current 1 point 

= dq
i

dt
 

 

For a correct answer including correct signs (a correct answer with no supporting work  
was awarded full credit) 

1 point 

1 0e - =- dq q
R

dt C
 

 

 
Alternate solution Alternate points 
For a correct exponential expression for current as a function of time 1 point 

1/
0

-= t R CI I e   

For applying Ohm’s law to determine the initial current 1 point 

0
1

e=I
R

 
 

For substituting the differential definition of current 1 point 

= dq
I

dt
 

 

For a correct answer (a correct answer with no supporting work was awarded full credit) 1 point 

1/

1

e -= t R Cdq
e

dt R
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AP® PHYSICS C ELECTRICITY & MAGNETISM 
2006 SCORING GUIDELINES 

 
Question 2 (continued) 

        Distribution 
 of points 
(b) 3 points 
 

Using the differential equation from part (a)  

1 0e - =- dq q
R

dt C
 

 

For separating the variables of the differential equation 1 point 

1e =
-

dq dt
C q R C

 
 

10 0
e = -

-Ú Ú
q t

dq dt
q C R C

 
 

For integrating the expression 1 point 

0
1 0

ln( )e- = -
t

q t
q C

R C
 

 

( ) ( ) ( )
1

1ln ln ln 0
ee e e

-- - - = = - -
-

q C
q C C t

C R C
 

 

1e
e

-- =
-

t R Cq C
e

C
 

 

1e e -- = - t R Cq C Ce   

For a correct answer (a correct answer without supporting work in parts (a) or (b) was 
awarded 1 point) 

1 point 

( )11e -= - t R Cq C e   

 
Alternate solution Alternate points  
Using the differential equation from part (a) (alternate)  

1/

1

e -= t R Cdq
e

dt R
 

 

For separating the variables of the differential equation 1 point 

1/

1

e -= t R Cdq e dt
R

 
 

1

10 0

e -=Ú Ú
q t

t R Cdq e dt
R

 
 

For integrating the expression 1 point 

( )1
10 01

e -= -
tq t R Cq R Ce

R
 

 

1
1

1 1

e e-Ê ˆ= - -Á ˜Ë ¯
t R Cq R C e

R R
 

 

For a correct answer (a correct answer without supporting work in parts (a) or (b) was 
awarded 1 point) 

1 point 

( )11e -= - t R Cq C e   
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AP® PHYSICS C ELECTRICITY & MAGNETISM 
2006 SCORING GUIDELINES 

 
Question 2 (continued) 

        Distribution 
 of points 
 
 
(c) 3 points 
 

Using the charge on the capacitor in terms of potential difference and capacitance  
=q CV   

For setting the expression for charge from part (b) equal to the charge on the capacitor 1 point 

( )11e -- =t R CC e CV   

Solving for the time  

( )1 ln e
e= -t R C

V
 

 

Substituting given values into the time expression  

( )( ) ( )12 V4700 0.060 F ln
12 V 4 V

W=
-

t  
 

For the correct answer with units (a correct answer with units with no supporting work was 
awarded full credit) 

2 points 

114 st =  ( or equivalent such as ( )282 ln 3 2  st =  )  

Note: An incorrect value of time greater than 0 s and less than 282 s (the time constant, 
) with correct units earned 1 point. 1R C

 

 
 
(d) 5 points 
 

  
 

For having  start at a positive, nonzero value 2I 1 point 

For sketching  as exponentially decreasing to a horizontal asymptote 2I 1 point 

For having  starting at zero 1I 1 point 

For sketching  as exponentially increasing to a horizontal asymptote 1I 1 point 

For showing the  and  converging at the same horizontal asymptote 1I 2I 1 point 
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AP® PHYSICS C: ELECTRICITY AND MAGNETISM 
2006 SCORING COMMENTARY 

Question 2 
 
Overview 
 
This question was designed to test students’ understanding of RC circuits, specifically with the capacitor in both 
series and parallel to the resistors. In part (a) students were asked to evaluate the circuit and write a differential 
equation that could be solved. Part (b) required students to solve the differential equation for the charge on the 
capacitor as a function of time. Part (c) required them to equate the expression for the charge determined in part 
(b) to the charge in the capacitor at a given voltage. Part (d) asked students to graph the currents in both the first 
and second resistor as a function of time (after the capacitor was charged and then switch S2 was thrown). 
 
Sample: E2A 
Score: 15 
 
This clearly written response earned full credit on all parts of the problem. Part (a) makes use of Kirchhoff’s loop 
rule in setting up the differential equation, which is integrated in part (b) using limits of integration.  Although it was 
not necessary in part (d) to scale the vertical axis of the graph, the student very clearly indicates the correct 
relationship between the two values of the current that are indicated. 
 
Sample: E2B 
Score: 9 
 
This response earned 7 points full credit on parts (a) and (b). Part (c) earned the point for setting the expression 
for charge from part (b) equal to CV, where V is 4 volts, but failed to get the correct answer or an answer within 
the reasonable range, so no additional points were given. Part (c) earned only the point for showing the current  
starting at zero.  

1I

 
Sample: E2C 
Score: 4 
 
Part (a) received no credit. Part (b) received 1 point for a correct answer, even though no supporting work was 
shown, as this is a standard equation that may have been committed to memory. Part (c) received 3 points full 
credit, but no credit was given for the graphs in part (d). 
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