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 Question 2: Experimental Design   12 points 

(a) For indicating measurements that could be used to determine the volume of the gas  1 point 

Scoring Note: Responses that include the volume of the heater may earn full credit.

For indicating that the sensors should be used to record the temperature and pressure of the 
gas 

1 point 

For indicating that multiple different temperature and pressure measurements should be 
recorded  

1 point 

Example Response 

Measure the length, width, and height of the chamber. Activate the heater. Starting at 
time 

 
t = 0 , use the sensors to record the temperature and pressure of the gas every 10 s  

until t = 60 s . 

Total for part (a)  3 points 

(b)(i) For sketching an upward vertical line that never touches the horizontal or vertical axes 1 point 

Example Response 
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(b)(ii) For sketching an upward vertical line that never touches the horizontal or vertical axes 1 point 

Example Response 

(b)(iii) For a justification that correctly relates the volume of the chamber to the sketch or relates 
the energy transferred to the gas by the heater to the sketch that is consistent with the 
sketch in part (b)(ii) 

1 point 

Example Responses 

The heater transfers energy to the gas by heating, so the internal energy of the gas 
increases. 

OR 

The gas has a constant volume. 

Total for part (b)  3 points 

(c)(i) For indicating quantities that can be plotted on the graph to calculate an experimental value 
for k

1 point 

Example Response 

Vertical Axis: Q
∆t

Horizontal Axis: ∆ =T TG − TL  

(c)(ii) For labeling the axes correctly (including units) with a linear scale such that the data fill 
half the area of the graph 

1 point 

For plotting the data points correctly 1 point 
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(c)(iii) For drawing a straight line that approximates the trend of the data 1 point 

Example Response 

Total for part (c)  4 points 

(d) For correctly relating the slope of the straight line of the graph to the equation 1 point 
Q kA∆T=
∆t L

Example Response 

kAslope = L

For calculating an experimental value for k that is approximately equal to J0.06 s K⋅ ⋅ m
1 point 

Example Response 

Jk = 0.06 s K⋅ ⋅ m
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Example Solution 

∆yslope =
∆x
 Q∆ 
 ∆tslope =

∆(∆T )
 Q Q 
  −  
 ∆ ∆t t

slope 2 1 =
∆T2 1− ∆T

J(80 − 44) sslope = (220 − 120) K
Jslope = 0.36 s K⋅

Q kA∆T=
∆t L
Q ( kA= )∆T
∆t L

kAslope = L
Lk = (slope)A
0.01 m

2 ( Jk = 0.36
0.06 m s K⋅ )

Jk = 0.06 s K⋅ ⋅ m

Total for part (d)  2 points 

Total for question 2  12 points 
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Question 2 

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

Overview 

The responses were expected to demonstrate the ability to: 
• Describe a procedure to properly collect data that can be used to determine the number of molecules of a 

gas in a chamber using the ideal gas law. 
• Sketch a thermodynamic process on a PV  diagram: draw a line and an arrow on the line to show the 

relationship between the pressure and volume of a gas in a chamber of fixed volume as the temperature of 
the gas increases. 

• Sketch a thermodynamic process on an internal energy versus volume diagram: draw a line and an arrow 
on the line to show the relationship between the internal energy and volume of a gas in a chamber of fixed 
volume as the temperature of the gas increases. 

• Justify the shape of the sketch of the relationship between the internal energy and volume of a gas in a 
container of fixed volume as the temperature of the gas increases. 

• Recognize how the equation for the rate of energy transferred by conduction can be used to determine the 
thermal conductivity of a material by selecting appropriate variables to graph. 

• Plot data with appropriate scaling and label axes of a graph with the appropriate quantities and units. 
• Draw a best-fit line that follows the trend of the data. 
• Use the slope of the best-fit line and appropriate equation to determine the thermal conductivity of a 

material. 

Sample: 2A 
Score: 12 

Part (a) earned 3 points. The first point was earned for correctly indicating a method to determine the volume of 
the gas. The second point was earned for correctly indicating that the temperature and pressure should be 
measured. The third point was earned for correctly indicating that multiple different temperatures and pressures 
should be recorded. Part (b) earned 3 points. The first point was earned for correctly sketching an upward vertical 
line that never touches either axis. The second point was earned for correctly sketching an upward vertical line 
that never touches either axis. The third point was earned for correctly indicating that the volume of the gas is 
constant. The response correctly indicates that the internal energy of the gas increases. Part (c) earned 4 points. 
The first point was earned for correctly indicating quantities that can be plotted on the graph to calculate an 
experimental quantity for the thermal conductivity of the container. The second point was earned for correctly 
labeling the axes (including units) with a linear scale such that the data fill half the area of the graph. The third 
point was earned for correctly plotting the data points. The fourth point was earned for correctly drawing a 
straight line that approximates the trend of the data. Part (d) earned 2 points. The first point was earned for 

correctly relating the slope of the straight line to kA
L . The second point was earned for correctly calculating an 

experimental value for k  that is approximately equal to J0.06 s K⋅ ⋅ m . 
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Question 2 (continued) 

Sample: 2B 
Score: 7 

Part (a) earned 3 points. The first point was earned for correctly indicating to measure the volume of the gas. The 
second point was earned for correctly indicating that the temperature and pressure should be measured. The third 
point was earned for correctly indicating that multiple different temperatures and pressures should be recorded. 
Part (b) did not earn any points. The first point was not earned because although the sketch had an upward vertical 
line, it touched the horizontal axis. The second point was not earned because although the sketch had an upward 
vertical line, it incorrectly touches the axis. The third point was not earned because the response does not correctly 
justify why the internal energy increases with volume. Part (c) earned 4 points. The first point was earned for 
correctly indicating quantities that can be plotted on the graph to calculate an experimental quantity for the 
thermal conductivity of the container. The second point was earned for correctly labeling the axes (including 
units) with a linear scale such that the data fill half the area of the graph. The third point was earned for correctly 
plotting the data points. The fourth point was earned for correctly drawing a straight line that approximates the 
trend of the data. Part (d) did not earn any points. The first point was not earned for not correctly relating the 

slope of the straight line to kA
L  but instead to k

AL . The second point was not earned because although the slope 

of the line is calculated correctly, it is not used to determine the experimental value of k . 

Sample: 2C 
Score: 3 

Part (a) earned 2 points. The first point was earned for correctly indicating a method to determine the volume of 
the gas. The second point was earned for correctly indicating that the temperature and pressure should be 
measured. The third point was not earned because the response does not correctly indicate that multiple different 
temperatures and pressures should be recorded. Part (b) did not earn any points. The first point was not earned 
because the response does not correctly sketch an upward vertical line on the pressure-volume graph that never 
touches either axis. The second point was not earned because the response does not correctly sketch an upward 
vertical line on the potential energy-volume graph that never touches either axis. The third point was not earned 
because the response states that the internal energy is zero while showing the internal energy as a constant 
nonzero value. Part (c) earned 1 point. The first point was not earned because the response does not correctly 
indicate quantities that can be plotted on the graph to calculate an experimental quantity for the thermal 
conductivity of the container because k  is included in the quantities graphed. The second point was not earned 
because the response incorrectly labels the axes with the quantities graphed and neglects units. The third point 
was not earned because the response plots points, but it is unclear if they are data points. The fourth point was 
earned for correctly drawing a straight line that approximates the trend of the points. Part (d) did not earn any 
points. The first point was not earned because the response does not correctly relate the slope of the straight line 

to kA
L . The second point was not earned because the response does not correctly calculate an experimental value 

for k  that is approximately equal to J0.06 s K⋅ ⋅ m . 
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