AP® PHYSICS B
2008 SCORING GUIDELINES

General Notes About 2008 AP Physics Scoring Guidelines

The solutions contain the most common method of solving the free-response questions and the
allocation of points for this solution. Some also contain a common alternate solution. Other methods of
solution also receive appropriate credit for correct work.

Generally, double penalty for errors is avoided. For example, if an incorrect answer to part (a) is
correctly substituted into an otherwise correct solution to part (b), full credit will usually be awarded.
One exception to this may be cases when the numerical answer to a later part should be easily
recognized as wrong, e.g., a speed faster than the speed of light in vacuum.

Implicit statements of concepts normally receive credit. For example, if use of the equation expressing a
particular concept is worth 1 point, and a student’s solution contains the application of that equation to
the problem but the student does not write the basic equation, the point is still awarded. However, when
students are asked to derive an expression it is normally expected that they will begin by writing one or
more fundamental equations, such as those given on the AP Physics exam equation sheet. For a
description of the use of such terms as “derive” and “calculate” on the exams, and what is expected for
each, see “The Free-Response Sections—Student Presentation” in the AP Physics Course Description.

The scoring guidelines typically show numerical results using the value g = 9.8 m/ s>, but use of

10 m/ s is of course also acceptable. Solutions usually show numerical answers using both values
when they are significantly different.

Strict rules regarding significant digits are usually not applied to numerical answers. However, in some
cases answers containing too many digits may be penalized. In general, two to four significant digits are
acceptable. Numerical answers that differ from the published answer due to differences in rounding
throughout the question typically receive full credit. Exceptions to these guidelines usually occur when
rounding makes a difference in obtaining a reasonable answer. For example, suppose a solution requires
subtracting two numbers that should have five significant figures and that differ starting with the fourth
digit (e.g., 20.295 and 20.278). Rounding to three digits will lose the accuracy required to determine the
difference in the numbers, and some credit may be lost.
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10 points total

(a)

(b)

3 points
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Question b

Process w 0 AU
A—-B 0 + +
B—C - + 0
C—A + - -

For correctly identifying the signs of all three variables (W, AU, Q) for process A—B
For correctly identifying the signs of all three variables (W, AU, Q) for process B—C
For correctly identifying the signs of all three variables (W, AU, Q) for process C—A

4 points

For a correct explanation of why zero work is done on the gas
Examples of correct responses include:

There is no area under the graph/curve.

There is no volume change.

The piston does not move.

W = —PAV, where AV =0.

W = 0 by definition in an isochoric/isovolumetric process.

For a correct explanation of why AU is positive
Examples of correct responses include:

For a fixed number of moles of a sample, an increase in pressure at constant
volume implies an increase in temperature, and an increased temperature
implies an increase in internal energy (AU is positive).

State B is on a higher isotherm than state A.

U= %nRT ;since T increases, AU is positive.

U= %PV; since P increases at a constant V, AU is positive.

A correct use of the first law of thermodynamics leading to AU being positive
(AU =0+W,but W=0so AU = Q; since Q is positive, AU must be
also).

For a correct explanation of why Q is positive
Examples of correct responses include:

If pressure increases and volume is constant, heat must be added to system.

If temperature increases and volume is constant, heat must be added to system.
A correct use of the first law of thermodynamics leading to Q being positive
(AU=0Q0+W,but W=0so AU = Q; since AU is positive, Q must be
also).

For stating the first law of thermodynamics, whether used correctly or not, OR for
correctly explaining all three variables without reference to the first law of
thermodynamics
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Question b (continued)

Distribution
of points
3 points
For correctly relating states B and C at a constant temperature, using either the ideal gas 1 point
law or Boyle’s Law
PV _ BcVe
= or PV =PV,
TB TC B'B c’c
For the correct substitution of the appropriate values 1 point
PB 5 atm 3
=By, = .001
Ve P8 (1 atm)(ooo m )
For the correct answer including units 1 point
Ve = 0.005 m’
Alternate solution Alternate points
For correctly relating states A and B at a constant volume, using the ideal gas law, to 1 point
determine the temperature 7
PAVA _ PBVB
TA TB
P, 5 atm
Ty = 2T, = |>——](400 K) = 2000 K
5= 2T, (Mm)( 00 K) = 2000
For realizing that 7. = T,; and correctly relating states A and C at constant pressure, 1 point
using the value of 7, and the ideal gas law or Charles’ Law to calculate V..
PAVa _ BcVe or Va _ Y
Ty Tc Ty T¢
I, Ty, _ ZOOOK) 3
Ve =7Va = 75V ‘(4001( (0.001 m?)
For the correct answer, including units 1 point
Vo = 0.005 m’

Another method is to use the ideal gas law to calculate Ty, set 7. = T, and once
again use the ideal gas law to calculate V..
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5. (10 points) W-F A\/
A 0.03 mol sample of helium is taken through the cycle shown in the diagram above. The temperature of state A
is 400 K. : e
(a) For each process in this cycle, indicate in the table below whether the quantities W, 0, and AU are
positive (+), negative (—), or zero (0). W is the work gone oy the helium sample.
Process w Qo AU fu? ,.f(“ T
A8 | o | + | ¥ v
B—~C - | ~+ 0
(b) Explain your response for the signs of the quantities for process A—B. ' ) _
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N TO THE NEXT PAGE.

©2008 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.

«11-



P (atm) B5B

4
5t B
4.-
31 ;Isotherm
2--
1T A C
o og v V™)

5. (10 points)

A 0.03 mol sample of helium is taken through the cycle shown in the diagram above. The temperature of state A
is 400 K.

(a) For each process in this cycle, indicate in the table below whether the quantities W, O, and AU are
positive (+), negative (-), or zero (0). W is the work done on the helium sample.

Process w Q AU DU = QW
A—B 9] - =

B—~C — + O L= -Pov
C—A + - +

(b) Explain your response for the signs of the quantities for process A—B. ) L.
Tn  pocess A2 B, werk s 20 becdow thare is e drange YA
a W pressuee iciueses , vieat il need 4o B drown

@ . use . .
ou&j o;\({a‘“ Zﬁ‘ (\/\& AU s ﬁqa' bec2use S \A’D‘k S fero 9"‘\
Au= Q,
Tn process B-DC, werk 15 neg. bezwe  Are v B positive  dremqe o vilume,
G s pos eC3ue den.ns Hais  Vodhereal  prcess, eyt mew added 4o
k,q_‘, -ﬂ‘ -{1}.\. C‘Aﬂ'bﬁ‘l’/ > A is 2250 Velzyvt AN Qal-\.,_rf‘.\b( Pmass
hes e dnenge  w inkw el enesgy,
TA proCess C=>A, wok s PD“*‘.\"' becauge thee s 2 neg. Clsy\.sa_ w vo[w,
@ s qeo betzuse et needs o bt removed Cronn fla 25, and AV
. &y N
22 pos T ecpage  Hu  work done i3 Snb{-er than e hert  emaved
(c) Calculate V.

Ta-=
’PS\JB . (Pc\,c b= Te
——— ———

i K

GO ON TO THE NEXT PAGE.
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5. (10 points)

B5C

A 0.03 mol sample of helium is taken through the cycle shown in the diagram above. The temperature of state A

is 400 K.

(a) For each process in this cycle, indicate in the table below whether the quantities W, @, and AU are
positive (+), negative {-), or zero (0). W is the work done on the helium sample.

Process w Q AU
ASB_ 0 | x | T
B-C + — r—
C—4 — O -—

(b) Explain your response for the signs of the quantities for process A—B.

. ol
TV V4 NG Lo uadas 0.\10-1'5'1&( W 50 e W

(c) Calculate V..
\9'\[: nRkRT
(D= (103)(83)(H0P)
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Question 5
Overview

The intent of this question was primarily to determine students’ ability to interpret a pressure versus
volume graph and secondarily to determine their ability to correctly use the ideal gas laws for specific
thermodynamic processes. Parts (a) and (b) investigated understanding of different forms of energy and
their roles in thermodynamic processes, including understanding of the specific relationships among work,
internal energy, and heat. Part (c) focused on the ideal gas law.

Sample: B5A
Score: 10

Full credit was awarded for each part of this problem. All processes are correctly characterized in part (a).
In part (b) it is correctly indicated that no work is done in the isovolumetric process, the change in internal
energy is correlated to the increase in temperature, and the first law is used to explain why heat is added.
In part (c) the ideal gas law is used to find the temperature at point B; this temperature is equated to the
temperature at point C, allowing the volume at point C to be determined, again using the ideal gas law.

Sample: B5B
Score: 6

Only 1 point was awarded for part (a), as only process B — C is correctly characterized. Only 2 points were
awarded for part (b), as W is explained correctly, and the 1st law is stated, but the signs for Q and
AU are incorrect. Full credit was awarded for part (c), which is solved using the ideal gas law.

Sample: B5C
Score: 2

Only 1 point was awarded for part (a), as only process A — B is correctly characterized. One point was
earned in part (b) for correctly explaining why zero work is done, but no additional work is performed. No
credit was earned for part (c), as the ideal gas law at state C was used with an incorrect temperature; this
was a common mistake.
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