AP® PHYSICS B (Form 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/s2 , but use of

10 m/s2 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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Question 6

10 points total

(a)

(b)

4 points

Apply the ideal gas law to pairs of points, recognizing that nR is the same at all three
points.

For example, comparing points 1 and 2 and points 1 and 3

For correct use of the ideal gas law at points 1 and 2, with correct substation of values

BV _ BV,

= ,with V, = V.
T1 T2 1 2
3
L (300 K)(500 x 10° Pa)
B 100 x 10° Pa
For the correct temperature at point 2
T, = 1500 K
For correct use of the ideal gas law at points 1 and 3, with correct substitution of values
BV, _ BV, .
—— =—=—= with P, = P,
T] T3 1 3
-4 3
- ny, _ (300 K)(6.0 x107* m*)
Vi 1.0x107™* m?
For the correct temperature at point 3
2 points

Approach 1: Calculate the area enclosed by the triangular path
For recognition that the magnitude of the work done on the gas in one cycle is equal to
the area enclosed by the triangular path
1
Wor = 2 (Vi = )(P, - B)
For the correct answer
_1 4 3 3
Wir = 5 [(6.0-1.0)x 107 m* ][ (500 - 100) x 10° Pa |

tot

W,,, =100]J

tot
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(b)

(c)

(d)
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Question 6 (continued)

Distribution

of points
(continued)

Approach 2: Calculate the work done on the gas in each of the three processes and take
the sum

For recognition that the work done on the gas is equal to the sum of the work done in 1 point
each of the three processes

Wor =Wina + Wy 3+ W,
For a correct computation of the numerical value
Wino = =R (V, = V), but V; =V, s0 W, =0

500 + 100) x 10* Pa
A B 2) ][(6.0 ~1.0)x10™* m* | = -150 J

1 point

Wy, = =Py (V; = V) = —(100 x 107 Pa)[(Lo - 6.0)x107* m3] =+507
W, =450
W, =W, +W, 3 +W, ,, =0-150J+501 = -100J

Note: The minus sign was not necessary since the question asks only for the amount of
work; the sign is asked for in part (c).

1 point

For indicating that the work done on the gas in one complete cycle is negative 1 point

3 points

For an application of the first law of thermodynamics to process 1 — 2, recognizing 1 point
that the work done from point 1 to point 2 is zero

AU =0+W

0=AU-W

Q=AU

For a correct expression for Q from point 1 to point 2, with correct substitution of 1 point
values

0 =%nRAT _3

5(0.0040 mol)(8.31 J/mol-K)(1500 K — 300 K)

For the correct answer

1 point
0=601]J
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B6A

P (x 10° Pa)

f
5001 2

1001 I 3

F——t———+—— ¥ (x 10~4 m°
O 20 40 6.0 ( )
6. (10 points)
A 0.0040 mol sample of a monatomic gas is taken through the cycle shown above. The temperature T, of state 1
is 300 K. N Sp
—vf‘:' = C&'Ys*élvx* A‘kn:u. (S/&m{\ Mae C‘\{LLC
(a) Calculate T, and 5.

Pooow® ;= BT, (500107 tDE00K) 1500 K
-_— ‘_.;: - —— - e e e D - ‘

Ti Tl > i UOO"‘Q% ?C\X )

oY s BT 600300k

TR, 3 v, VO™ Wy T \, 300 ¥

{(b) Calculate the am%unt of work done on the gas in one cycle.
Wen 7 -RANEACE b - 3 or e 1 gy foons
- oo x 1o (’Qj
w, = -10)

(¢) Is the net work done on the gas in one complete cycle positive, negative, or zero?

Positive \/Negative Zero
(d) Calculate the heat added 10 the gas during process 1-52.
:\1._\#'.“- \JU\VW‘ <

AU = ’f’;v‘\ﬁﬁi = f(o.o&\()wu\\)(%. %%‘L\)(\guok— Jat:¥
- 803
A= QR AV bt WO
A G
DRI

GO ON TO THE NEXT PAGE.
-14-
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B6B
P (x 103 Pa)

[ 3
5001

l(X,)J' 1 3

—t—t—+—+—+— V (x 1074 m°?
0 20 40 60 ™)
6. (10 points)

A 0.0040 mol sample of a monatomic gas is taken through the cycle shown above. The temperature 7; of state 1
1s 300 K.

(a) Calculate 7, and T3.
PVRT 5 Ta= P (Q)owo”)( h_‘l°">; (504 ~ 1500 Ik
"R (o.00¢)(8.21)
T2 =02 - (looye®)(Groe™) | s~ (ks
o R -
[0.004)(E:51)

(b) Calculate the amount of work done on the gas in one cycle.

W)= —pb\/“ SV =0 ok stoff:) porr =>2 2 Wli& T
W2z —PVg 5 — (S00VIeD(5NO DY aBr Wy = -250 T

Woo O™y -—(100+w"’7(~§‘l‘l°’") > 5073
9 Wz WirwieWs o 0-2350 ¥SO= ~zouYy

(c) Ts the net work done on the gas in one complete cycle positive, negative, or zero?
Positive t/” Negative Zero

(d) Calculate the heat added to the gas during process 1 —2. e ,—lD
- &>a§}>bﬂ’
ML - @+ 7 (200 )
= @@y

GO ON TO THE NEXT PAGE.
-14-
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B6C
P (x 10° Pa)

500%E 2

1004 1 3

Lty (x 10 m°®
0O 20 40 60 )

6. (10 points)

A 0.0040 mol sample of a monatomic gas is taken through the cycle shown above. The temperature 7; of state 1
is 300 K.

(a) Calculate 7, and 73.
Soox 103 x 1 x 1577

Pv \
— = Consfant =
T,
v 100x\0% x Pl v 3o T?— Ta= |S00 K
o Pz\f:x_ i 100103 x £l 07
= z & T3 Tz= 1800 K
(b} Calculate the amount of work done on the gas in one cycle.
1500 - (1500 4202) = ©
(c) Is the net work done on the gas in one complete cycle positive, negative, or zero?
Positive Negative X Zero
(d) Calculate the heat added to the gas during process 1—2.
p=mcC A€
GO ON TO THE NEXT PAGE.
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Question 6

Sample: B6A
Score: 10

All parts are answered correctly, so full credit was given. The work in part (b) is calculated by finding the area
of the triangle in the PV diagram.

Sample: B6B
Score: 6

Part (a) is correctly solved using the ideal gas law directly, and all 4 points were awarded. Part (b) uses
approach 2, and 1 point was awarded for recognizing that the work done during the cycle is equal to the sum
of the work done in each of the three processes. However, the work going from state 2 to state 3 is calculated
incorrectly. One point was awarded for the correct choice in part (c). The first law of thermodynamics is
applied incorrectly in part (d), so no credit was given.

Sample: B6C
Score: 4

Full credit was given for part (a). No relevant work is performed in parts (b) and (d), and the choice made in
part (c) is incorrect.
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