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Question 3: Quantitative/Qualitative Translation 12 points 

(a)(i) For correctly determining the total resistance Rtotal  of the circuit 1 point 

Example Response 

5RRtotal = 3

For a multi-step derivation that includes correct substitutions of   and Rtotal  into the 
equation that describes Ohm’s law, consistent with the first point of part (a)(i) 

1 point 

Example Response 

3I1 = 5R

Example Solution 

Determine the total resistance of the circuit. 

The resistance of the right-most branch containing resistors connected in series: 

i
R Rs i= ∑
Rs = R R+  
Rs = 2R

The resistance of parallel branches that contain resistors: 

1 1=R R∑
p ii

1 1 1 3= + =Rp R R2 2R
2RRp = 3

The total resistance of the circuit: 

R Rs i= ∑
i

2 5R RR Rtotal = + =3 3

The total current in the circuit: 

∆V 3I = =R R5
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(a)(ii) For applying a result of Kirchhoff’s law and/or Ohm’s law that relates the current in R3 to 
one of the following: 

1 point 

• The current in or potential difference across R1
• The current in or potential difference across R2
• The potential difference across R3

Example Responses 

One-third of the total current in the circuit is in IR3 : I 1
3 = 3

OR 

I1 = I2 + I3  

OR 

∆ ∆V2 = ∆V V3 4+  

For a correct expression from a multi-step derivation that is consistent with the final 
expression in part (a)(i) 

1 point 

Example Response 

I = 5R

Example Solutions 

2 3

I1 = I2 3+ I

∆V2 = ∆V V3 4+ ∆
I I2 2R R= 3( )3 4+ R
I R = I (2R)
I I2 3= 2

I1 = 2I3 + I3
II 1

3 = 3



=
( 3
5R )

I3 3
I3 = 5R

OR 

One-third of the total current in the circuit is in R3 . Therefore,  I3 = 5R .

Total for part (a) 4 points 
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(b) For drawing a bar that indicates that the potential difference across R3  is nonzero and is  

equal to the potential difference across R4

1 point 

For drawing a bar that indicates that the potential difference across R2  is nonzero and is 
equal to the sum of the potential differences across R3  and R4  

1 point 

For drawing all bars correctly 1 point 

Example Response 

Total for part (b) 3 points 
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(c) For indicating that the equation is correct or incorrect, consistent with the derivations in  

part (a) or the bar chart from part (b), with an attempt at a relevant justification  
1 point 

For a justification that correctly relates P  to at least one of the following: 1 point 

• The potential difference across the battery
• The current in the battery
• R1 , R2 , R3 , and R4

For a justification that relates the equation 3 2
P = 5R  to at least one of the following:  

1 point 

• The bar chart from the response in part (b)
• The derivations in the responses to parts (a)(i) and (a)(ii)

Scoring Note: The justification must be consistent with the derivations in part (a) or the bar 
chart from part (b). 

Example Solution 

The equation is correct. The equation for P , which is power, can be written as 
(∆V )2P = R . According to the bar chart in part (b), the potential difference across the 

battery is  . The total resistance of the circuit is 5R
3 , according to the derivation from 

part (a)(i). Therefore, (∆V )2 2( ) 3 2
P = =R ( 5 5R

3 )
= R .

Total for part (c) 3 points 

(d) For selecting that P Pnew < original  with an attempt at a relevant justification  1 point 

For a correct justification that indicates at least one of the following: 1 point 

• The current in R1  is less in the new circuit than in the original circuit

• The potential difference across R1  is less in the new circuit than in the original circuit

Example Response 

P Pnew < original . Since the emf  of the battery is the same in the new circuit and the total 
resistance of the new circuit is greater, the current in R1  is less in the new circuit. 
Therefore, Pnew  is less than Poriginal . 

Total for part (d) 2 points 

Total for question 3 12 points 
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Question 3 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

The responses were expected to demonstrate the ability to: 
• Determine the equivalent resistance of a circuit containing resistors in both series and parallel. 
• Derive mathematical expressions for the current in a resistor in series with the battery and the current in a 

resistor on a parallel branch of a circuit using Ohm’s law and Kirchhoff’s laws. 
• Demonstrate understanding of the relationships among potential differences across each resistor in a circuit 

through the use of a bar chart. 
• Analyze a given expression for power to determine if it is correct based on previous circuit analysis. 
• Apply functional dependence to determine how the addition of a nonideal battery to a circuit affects the rate 

at which energy is dissipated across a resistor in the circuit. 

Sample: 3A 
Score: 12 

Part (a) earned 4 points. The first point was earned for correctly determining the total resistance of the circuit in 
terms of R . The second point was earned for showing a multi-step derivation that correctly substitutes the emf  
and the determined total resistance into Ohm’s law. (Note: A correct response with no supporting work can earn 
the first point of part (a)(i) but not the second point.) The third point was earned for correctly relating the current 
I3  in R3  to “V3 ” using Ohm’s law and then using Kirchhoff’s loop rule to determine the potential difference 
across the outer parallel branch of the circuit to determine I3 . The fourth point was earned for correctly including 
a multi-step derivation that is consistent with the final expression from part (a)(i) and is written only in terms of 
the required variables. Part (b) earned 3 points. The first point was earned for correctly indicating that the 
potential difference across R3  is nonzero and is equal to the potential difference across R4 . The second point 
was earned for correctly indicating a potential difference across R2  that is nonzero and is equal to the sum of the 
potential differences across R3  and R4 . The third point was earned for correctly showing all potential 
differences with the correct values. Part (c) earned 3 points. The first point was earned for correctly indicating that 
the expression is correct, consistent with the derivations in part (a), and including a relevant justification. The 
second point was earned for correctly relating P  to both the battery emf  and the current in the battery in the 
equation P = IV , though only one of these substitutions is necessary to earn this point. The third point was 
earned for correctly using the battery emf  and the current in the battery, derived in part (a)(i), in an appropriate 
expression for P  that shows the expected expression for P  matches the given expression for P . Part (d) earned 
2 points. The first point was earned for correctly selecting P Pnew < original  with an attempt at a relevant 

justification. The second point was earned for correctly indicating that the current in resistor R1  is less in the new 
circuit which leads to a lower P . 

Sample: 3B 
Score: 7 
 
Part (a) earned 1 point. The first point was not earned because the response does not correctly determine the total 
resistance of the circuit in terms of R . The second point was not earned because the response is not multi-step 
and does not correctly substitute a value for total resistance into Ohm’s law. The third point was earned for 
attempting to apply a result of Kirchhoff’s laws and Ohm’s law that relates the current in R3  to the potential 
difference across R1 . The fourth point was not earned because the response does not contain a correct expression  
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Question 3 (continued) 

 
that is consistent with the final expression from part (a)(i). Part (b) earned 2 points. The first point was earned for 
correctly indicating that the potential difference across R3  is nonzero and is equal to the potential difference 

across R4 . The second point was earned for correctly indicating a potential difference across R2  that is nonzero 
and is equal to the sum of the potential differences across R3  and R4 . The third point was not earned because the 
response does not correctly show all potential differences with the correct values. Part (c) earned 3 points. The 
first point was earned for correctly indicating that the expression is correct, consistent with the derivation of total 
resistance from part (a)(ii) and including a relevant justification. The second point was earned for correctly 

relating P  to both the battery emf  and the total resistance in the equation “ V 2
P = R .” The third point was earned 

for using the potential difference across the battery and the total resistance of the circuit, derived in part (a)(ii), in 
an appropriate expression for P  that matches the given expression for P . Part (d) earned 1 point for correctly 
selecting P Pnew < original  with an attempt at a relevant justification. The second point was not earned because the 

response does not directly indicate that either the current in, or potential difference across, R1  is less in the new 
circuit than in the original circuit. The response includes a correct justification that the inclusion of the nonideal 
battery will lower the total power dissipation of the circuit but does not address what happens to R1 . 

Sample: 3C 
Score: 2 
 
Part (a) did not earn any points. The first point was not earned because the response does not correctly determine 
the total resistance of the circuit in terms of R . The second point was not earned because the response does not 
correctly substitute the determined value for total resistance into Ohm’s law. The third point was not earned 
because the response does not attempt to apply a result of Kirchhoff’s laws or Ohm’s law that relates the current 
in R3  to values in the rest of the circuit. The fourth point was not earned because the response does not contain a 
correct expression that is consistent with the final expression in part (a)(i). Part (b) earned 1 point for correctly 
indicating that the potential difference across R3  is nonzero and is equal to the potential difference across R4 . 
The second point was not earned because the response does not correctly indicate a potential difference across 
R2  that is nonzero and is equal to the sum of the potential differences across R3  and R4 . The third point was 
not earned because the response does not correctly show all potential differences with the correct values. Part (c) 
did not earn any points. The first point was not earned because the response does not include an attempt at a 
relevant justification. The second point was not earned because the response does not include a justification. The 
third point was not earned because the response does not include a justification. Part (d) earned 1 point for 
correctly selecting Pnew < Poriginal  with an attempt at a relevant justification. The second point was not earned 

because the response does not correctly indicate that either the current in, or potential difference across, R1  is less 
in the new circuit than in the original circuit. 
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