AP® PHYSICS B
2013 SCORING GUIDELINES

Question 5
10 points total

Distribution

of points
(a) 1 point

Use the equation for the change in internal energy (first law of thermodynamics)
AU=0+W

AU = (3200 J) + (2100 J)

For the correct answer, including units 1 point
AU = 530017

i. 2 points

For selecting “Decreases” 1 point
For a correct justification 1 point
Examples
Because work is done on the gas, W is positive. W = —PAV , so AV must be
negative and the volume decreases.
Because work is done on the gas, W is positive and the gas is compressed. If
the gas is compressed, the volume decreases.
ii. 2 points

For selecting “Increases” 1 point
For a correct justification 1 point
Example

The internal energy increases (as shown in part (a)) and the temperature of an
ideal gas increases as the internal energy increases.

iii. 2 points

For selecting “Increases” 1 point
For a correct justification 1 point
Example

From the ideal gas law, PV/T is constant. So if V decreases and T increases, P
must increase.
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AP® PHYSICS B
2013 SCORING GUIDELINES

Question 5 (continued)

Distribution
of points
(c) 1 point
For stating the internal energy does not change 1 point
AU =0
(d) 2 points
For selecting “Energy is transferred out of the gas” 1 point
For a correct justification 1 point
Example

AU = Q + W is zero for an ideal gas at constant temperature and W is
positive since work is done on the gas. Therefore Q is negative, meaning
energy is transferred out of the gas by heating.
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B5 A1
. (10 points)

In a certain process, 3200 J of energy is added to an ideal gas by heating. During the same process, 2100 J of
work is done{on the gas.

(a) Determine the change in the internal energy of the gas.

A= G+ )
- fb?/{)OU i 2A00 9
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(b) Indicate whether each of the following properties of the gas increases, decreases, or remains the same during

the process.
i. Volume /
Increases Decreases Remains the same
Justify your answer. : i
TE worlk 3 done on 1l 3&5 T e belry

tompressed oy 1\_"5 o roavae oL,un NG
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i Temfia?ture
™ Increases ____ Decreases Remains the same
J usufy your answer
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Justify your answer.
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B5 A2

Suppose that in a different process 1800 joules of work is done on the ideal gas at a constant temperature.

(¢) Determine the change in internal energy of the gas during the process.

S L U S T AT =0 fwuws
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|po= 0
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(d) Which of the following correctly describes the energy transfer by heating, if any, between the gas and its
surroundings?

Energy is transferred into the gas. ‘/ Energy is transferred out of the gas.

There is no energy transfer by heating.
Justify your answer.

AL s an  isohedmal process. A The gas s
tocnpeessed ,in srder to moaintaia constan ¥ tem pecatice
W apnst ransfer erigy i’f-‘ e mvz’mnw\-,
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GO ON TO THE NEXT PAGE.
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B5 B1

In a certain process, 3200 J of energy is added to an ideal gas by heating. During the same process, 2100 J of
work is done on the gas. ‘

5. (10 points)

(a) Determine the change in the internal energy of the gas.

Ab{’ o Woh T @ fs}«ift‘
_ 22005 ¢ AMO03
Du= 530 I

(b) Indicate whether each of the following properties of the gas increases, decreases, or remains the same during
the process.

1. Volume

Increases XDecreases Remains the same
Justify your answer.

5 &
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\N"*i = ¢ A\/ WD“ ? is ?g}’j‘y‘:&?ﬁ st AN wad onpngl b W

Won = =Wy ok Tt gas  mugt be vefadtt
ii. Temperature
2 '_‘: Increases Decreases Remains the same
Justify your answer. % o
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iii. Pressure

Increases Decreases ,2 ; Remains the same
Justify your answer.

i WoYK s dorl By B 9R2)
XCNOA Consing.
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B5 B2

Suppose that in a different process 1800 joules of work is done on the ideal gas at a constant temperature.
(c) Determine the change in internal energy of the gas during the process. \
AT=0
Dn= %V\ chT
Adw = Z%a\ «'\Q- LDX

(d) Which of the following correctly describes the energy transfer by heating, if any, between the gas and its
surroundings?

Energy is transferred into the gas. Energy is transferred out of the gas.

EZ There is no energy transfer by heating.
Justify your answer.

Tie dasg tn wndowal rd) i TR teadit vl
Ao ohdl o UM ﬁg&f@ai’xw&‘

GO ON TO THE NEXT PAGE.
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5. (10 points)
In a certain process, 3200 J of energy is added to an ideal gas by heating. During the same process, 2100 J of
work is done on the gas.
= QFLD
(a) Determine the change in the internal energy of the gas. b\“& Q :
AU G rw
Ay =372000 2V00

[T 5300 ToW\Ls

(b) Indicate whether each of the following properties of the gaé increases, decreases, or remains the same during
the process.

i. Vol \/ '
Increases Decreases Remains the same
Justify your answer.

“Mea eret ey 15 oMl do aqas oy Veakiv 'q
'3 W@, i e*pa\sl‘xﬁ WL gOS given. Wkoa Wehey
voluen 2

it. Temperature

\__Increases _ Decreases Remains the same
A Justify your answer. “
3 | A oneray  TWE
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S———— Awer*fcﬁ we will Vncrecse

iii. Pressure

Increases Decreases Remains the same
Justify your answer.
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B5 C2

Suppose that in a different process 1800 joules of work is done on the ideal gas at a constant temperature.
{c}v‘ Determine the change in internal energy of the gas during the process.
h b\ = Q % ad
AWs O+ 1900

OB

B = \300 %pv\\tﬁ

(d) Which of the following correctly describes the energy transfer by heating, if any, between the gas and its
surroundings? ;

Energy is transferred into the gas. - Energy is transferred out of the gas.

There-is no energy transfer by heating.
Justify your answer.

When o Q&5 3 he:fteE oy s sady ound g
e *cgm;z@-e:‘cu re o\ lecrease  unAW  bnerea e
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AP® PHYSICS B
2013 SCORING COMMENTARY

Question 5
Overview

This question evaluated students’ understanding of a system containing an ideal gas. This question
required students to understand thermodynamics beyond a simple familiarity with equations, as they were
asked to explain the interrelationships among work on the gas and temperature, pressure and volume of
the gas. In the second portion of the question, temperature was held constant for the gas while work was
done on it. This part required students to understand the relationships among temperature, internal
energy, work, and heat.

Sample: B5-A
Score: 9

This is a well-organized response and almost earned full credit. Part (a) has the correct answer with units.

Parts (b)(i), (b)(ii), and (d) have selected the correct choices and have acceptable justifications. Part (b)(iii)

earned 1 point for correctly selecting “Increases” but the justification was insufficient (there is no mention
of the dependency of pressure on temperature). Part (c) has a correct answer.

Sample: B5-B
Score: 6

Parts (a), (b)), (b)(ii), and (c) earned full credit. No credit was earned in parts (b)(iii) and (d) for selecting
the wrong choices. (Note: the justifications for parts (b)(i), (b)(ii), (b)(iii), and (d) were not considered if the
wrong answers were selected.)

Sample: B5-C
Score: 3

Full credit was earned in part (a). Credit was not earned in part (b)(i) because “Decreases” was not
selected. One point was earned in part (b)(ii) for correctly selecting “Increases”, but the justification was
insufficient (the student needed to indicate that the total internal energy increases for temperature to
necessarily increase). One point was earned in part (b)(iii) for correctly selecting “Increases”, but the
justification was insufficient (there is no mention of the dependency of pressure on temperature). No credit
was earned in parts (c) and (d).
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