AP® PHYSICS B
2009 SCORING GUIDELINES (Form B)

General Notes About 2009 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.

Generaly, double penalty for errorsis 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 alater part should be easily recognized aswrong, 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 one 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
guestion 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 3
15 points total Distribution of points
@) 3 points
For a meaningful use of the correct expression for flow rate, Av (e.g., an attempt to 1 point
substitute for volume and speed)
For relating the flow rates at points A and B 1 point
Apvp = Agug
va = Agug/Ay = (050 %107 m?)(8.2 m/s) /(10 x 107 m?)
For the correct answer 1 point
vy =41 m/s
(b) 5 points
For applying Bernoulli’s equation to this situation 1 point

1 1
Py + pOya + Epvi = B; + pgyg + Epvé

1

Pa= Ps +p9(yg — Ya) + EP(UE - U/ZA)

For using atmospheric pressure (1.0 x 10° Pa) for the pressure at point B 1 point
For correctly substituting values for y, and yg 1 point
For correctly substituting values for v, and vg consistent with the work in part (a) 1 point
Py = (1.0x10° Pa) + (1000 kg/m®)(9.8 m/s?)(0.50 m - 0)

1 2 2
+ (1000 kg/m®)([82 mysf? - [41 m/s[’)
For correct units for the answer 1 point

P, = 1.3x10° N/m? (or Pa)

(© 2 points
For correctly relating the initial speed and the maximum height 1 point
v? = vy? +2a(x - %) OR %mv2 = mgh
vé = 2gh
h=v3/2g = (82 m/s)*/2(9.8 m/?)
For the correct answer with correct units 1 point
h=34m

© 2009 The College Board. All rights reserved.
Visit the College Board on the Web: www.collegeboard.com.



AP® PHYSICS B
2009 SCORING GUIDELINES (Form B)

Question 3 (continued)

Distribution of points
(d) 5 points

For correctly analyzing the vertical motion with constant acceleration, to find the time 1 point
for the water to reach maximum height

v =1vy+at

0=vg +0t

For the correct vertical component of speed 1 point

t = vg, /9= vgSinb/g

For correctly analyzing the horizontal motion with constant speed 1 point

X = UBX(Z'[)

For the correct horizontal component of speed 1 point
Ugy = Vg COSO

X = vg C0SO (2 SINO/g) = 203 cosOsing /g

x = 2(8.2 m/s) c0360°sin60°/(9.8 m/sz)

For the correct answer with units 1 point
x = 59m (or5.8 musing g = 10 m/s?)
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B-3A-1

Ground Level = W B WO R

3. (15 points)

An underground pipe carries water of density 1000 kg/ m® to a fountain at ground level, as shown above. At ‘

point A, 0.50 m below ground level, the pipe has a cross-sectional area of 1.0 x 10~ m? . At ground level, the
pipe has a cross-sectional area of 0.50 x 10~* m”. The water leaves the pipe at point B at a speed of 8.2 m/s.

(a) Calculate the speed of the water in the pipe at point A.

o rode Ts corstnt. 5 =AM=Aw
|. X = 0.5X10 o B.2m4%
Va=4lmts

(b) Calculate the absolute water pressure in the pipe at point A.
i Tegyit 2eU = Pteaust $0%
(=t ComtH g, —SOU
=6, o)+ Vo
Py = lo0okg s lom/- 9 +-losoky/ip- (824Dt + .00

=G000 K3 /s H25 215 kg /ms* SESIN
=)30.215 Kk
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B-3A-2

- (c) Calculate the maximum height above the ground that the water reaches upon leaving the pipe vertically at
ground level, assuming air resistance is negligible.

(d) Calculate the horizontal distance from the pipe that is reached by water exiting the pipe at 60° from the
level ground assuming air resistance is negligible.

v ycomporert s Vsinbo =" 10ms

? k # z_mwt 15 V&560=4l m/s

Uloglom/s € =0

!
t= 2,@"7;1 sy -

2= 1,42 seconds
'Hﬁc dietance ‘Hk, y 8 (am_ponaf el n |42 Secords [
A Amfs « [ 425ccons =5.62m
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Ground Level g PR A N

3. (15 points)
An underground pipe carries water of density 1000 kg/ m® to a fountain at ground level, as shown above. At

point A, 0.50 m below.ground level, the pipe has a cross-sectional area of 1.0 x 10~ m? . At ground level, the
pipe has a cross-sectional area of 0.50 x 10™ m?. The water leaves the pipe at point B at a speed of 8.2 m/s.

(a) Calculate the speed of the water in the pipe at point A.

Ay-Va= M Vs |
Do ¥mE A YA = O S X0 mI X 8y

Vg = g M/q _
(b) Calculate the absolute water pressure in tl'le Ipipe at point A.
PePagn+ P
= 0¥ Tat (og,h/ i
= 1o* Tart (Jossx (0% 0.5) P
= [WS X6 Ta.
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(c) Calculate the maximum height above the ground that the water reaches upon leaving the pipe vertically at
ground level, assuming air resistance is negligible.

Z?Jl < L/.{)- V;"

zx(-ao%),(.-_ 0~ (g,u‘%y-
A=3-3m

(d) Calculate the horizontal distance from the pipe that is reached by water exiting the pipe at 60° from the
level ground, assuming air resistance is negligible.

/

Vy S § s X sabo

L A
.OIR :V,('_t=3'_‘u%, Xgoste X 0. Fs= 2. Flm
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by Y
P g g
- e T8 \I’f 5 0 i
# o} SO - L
Ground Level g i B v

3. (15 points)

Pr; (000 AM}

An underground pipe carries water of density 1000 kg m? to a fountain at ground level, as shown above. At

point A, 0.50 m below ground level, the pipe has a cross-sectional area of 1.0 x 107* m?. At ground level, the
o p-_.—---""'_-'_-__ﬁ
pipe has-a cross-sectional area of 0.50 x 10~* m?. The water leaves the pipe at point B at a speed of 8.2 m/s.

(a) Ca\l}culate the speed of the water in the pipe at point A.
W = Az\j&
\p@pSWD ﬁﬂl
= )2
(X))
wls wis

(b) Calcylatc the abs %e water pressure in the plpe at point A.

p- P@wg\m

p- LXeo® + w@«OC‘i.@Zo‘s’)
> 1.0YAK0® pa

!
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(c) Calculate the maximum height above the ground that the water reaches upon leaving the pipe vertically at
ground level, assuming air resistance is negligible.

V=%.2 \M(
2 ad= s~

2042)(0) = ¥ 0}’5" ~(3)°
2(-98)(D)- -(82)°
D- -(8:2)°
(49D

5, 43)
~ Zld wakor

(d) Calculate the horizontal distance from the pipe that is reached by water exiting the pipe at 60° from the
level ground, assuming air resistance is negligible.

Sin (60) "%—
S (p0°)= B2Iwmle
B wzf\ |
RNy
~®q ubes M

‘{3'-'- 8:2 (
q. °6Wlf$2 0.85k73 S

Coe (60%)= X

q Lllo%g (e,
A= L{ Y27 wle
U:: "'

U. 12477 wls: f%ezmg

V- 2.9b woker
0oouk U J@‘&F‘“
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Question 3

Sample: B-3A
Score: 15

This response earned the maximum points available. It is very well organized and closely follows the scoring
guideline.

Sample: B-3B
Score: 8

Part (a) earned all 3 points, but part (b) earned no points because the student uses the wrong approach.
Part (c) earned 2 points. Part (d) earned only 3 points. The equation for the horizontal distance does not use
double the time to maximum height, and the answer is incorrect.

Sample: B-3C
Score: 4

In part (a) the response uses the given areas as if they are radii and lost the point for the answer. Part (b)
received no points because the wrong approach is used. Part (c) is correct and received both points. In

part (d) most of the equations used are incorrect. For example, the response starts out with sin60° = O/ H

(i.e., opposite over hypotenuse) and then substitutes the given speed for the wrong side of the triangle.
Despite all the work presented, the response thus earned no points for part (d).
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