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This question has four parts. 
A diagram of a roller coaster track at an amusement park is shown. The location where 
passengers get into a car to ride along the track is labeled “Start.” Four additional points 
along the track are labeled W, X, Y, and Z. 

 

For one ride, a car and its passengers had a total mass of 4500 kg. The car was pulled 
with a motor from the starting point to point W. The car was held at rest at point W until 
it was released. The car then moved along the track to point Z with negligible friction. 

 

Part A 

Identify the point on the roller coaster track where the car and its passengers had the 
greatest amount of gravitational potential energy. 

 

Part B 

Calculate the amount of gravitational potential energy the car and its passengers had at 
the point you identified in Part A. Show your calculations and include units in your 
answer. 

 

Part C 

Compare the amount of kinetic energy of the car and its passengers at point Y to the 
amount of kinetic energy of the car and its passengers at point Z. Explain your 
reasoning. 

 

Part D 

Identify the height at which the kinetic energy of the car and its passengers was equal to 
the gravitational potential energy of the car and its passengers. Explain your reasoning.
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Scoring Guide 

Score Description 

4 

The response demonstrates a thorough understanding of energy conservation, 
including the transformation of gravitational potential energy to kinetic energy. The 
response correctly identifies the point where the car had the greatest gravitational 
potential energy and correctly calculates the car's gravitational potential energy at that 
point. The response correctly compares the car's kinetic energy at point Y to the car's 
kinetic energy at point Z and clearly explains the reasoning. The response also 
correctly identifies the height at which the kinetic energy of the car was equal to the 
gravitational potential energy of the car and clearly explains the reasoning. 

3 The response demonstrates a general understanding of energy conservation, 
including the transformation of gravitational potential energy to kinetic energy. 

2 The response demonstrates a limited understanding of energy conservation, including 
the transformation of gravitational potential energy to kinetic energy. 

1 The response demonstrates a minimal understanding of energy conservation, 
including the transformation of gravitational potential energy to kinetic energy. 

0 The response is incorrect or contains some correct work that is irrelevant to the skill or 
concept being measured. 

Blank No response. 
  
Scoring Notes 

Part A 
Point W 

Part B 
PE = mgh = (4500 kg)(10 m/s2)(50 m) = 2,250,000 J  OR  2,205,000 J if 9.8 m/s2 is used. 

Note: Only accept correct calculations based on an incorrect ID in Part A for scoring going 
from 0 to 1. 

Part C 
At point Y, the kinetic energy is less than the kinetic energy at point Z because point Y is at 
a greater height than point Z. OR because the GPE at point Y is greater than the GPE at 
point Z, so the KE at point Y must be less than the KE at point Z. 

Part D 
At point X OR h = 25 m because (any one of the following): 

• it is where the car is at half of its original height. 
• half of the GPE at point W has been converted to KE. 
• it is in the middle of/between the lowest and highest points [0 m and 50 m]. 

 

Each part is worth 1 point. 

To receive a score of 4, all calculations and units must be included and be correct.  
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This question has four parts. 
The diagram shows a circuit with a 12 V battery, three resistors, and component K. 

 

Part A 
Identify component K and explain its main function. 

 

Part B 
Component K is replaced with a piece of wire. 

Calculate the total resistance of the circuit. Show your calculations and include units in 
your answer. 

 

Part C 
Is the amount of current flowing through R1 the same as the amount of current flowing 
through R2? Explain your reasoning. 

 

Part D 

Calculate the voltage drop across R1. Show your calculations and include units in your 
answer.
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Scoring Guide 

Score Description 

4 

The response demonstrates a thorough understanding of series circuits and 
Ohm's law. The response correctly identifies and clearly explains the main 
function of component K. The response correctly calculates the total 
resistance of the circuit, clearly explains whether the amount of current 
through R1 and R2 is the same, and also correctly calculates the voltage drop 
across the R1. 

3 The response demonstrates a general understanding of series circuits and 
Ohm's law. 

2 The response demonstrates a limited understanding of series circuits and 
Ohm's law. 

1 The response demonstrates a minimal understanding of series circuits and 
Ohm's law. 

0 The response is incorrect or contains some correct work that is irrelevant to 
the skill or concept being measured. 

Blank No response. 

Scoring Notes 

Part A 
Component K is a switch and is used to (any one of the following): 

• turn the circuit on/off. 
• allow/prevent current from flowing in the circuit. 
• open/close the circuit. 

Part B 
Total resistance = 5 Ω + 15 Ω + 10 Ω = 30 Ω 

Part C 
The current flowing through R1 is the same as the current flowing through R2 because 
(any one of the following): 

• the resistors are connected in series.  
• there is only one pathway for the current.  
• the resistors are connected on the same branch 
• Circuit current: I = V/R = 12 V / 30 Ω = 0.4 A 

Part D 
Voltage drop across R1 = IR = (0.4 A)(5 Ω) = 2 V  
OR There is 1/6 of the total resistance, so it’s 1/6 the total voltage = 2 V 
 
Each part is worth 1 point. 

To receive a score of 4, all calculations and units must be included and be correct. 
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Anchor Score 4 
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