AP® CALCULUS AB
2008 SCORING GUIDELINES (Form B)

Question 1

Let R be the region in the first quadrant bounded by the graphs of y = Vx and y = %

(a) Find the area of R.
(b) Find the volume of the solid generated when R is rotated about the vertical line x = —1.

(c) The region R is the base of a solid. For this solid, the cross sections perpendicular to the y-axis are
squares. Find the volume of this solid.

The graphs of y = Vx and y = % intersect at the points
(0,0) and (9, 3).

9
(@) j (J} - %) dx = 45 1 : limits

0 3: < 1:integrand
OR 1 : answer

3
.[0 (3y —y2) dy =45

3

(b) EJ ((3y +1)% - (y2 + 1)2) dy 1 : constant and limits
0 20 4: < 2:integrand
- % — 130.061 or 130.062 | - answer

3 2\2 1 : integrand
— =8.1 2:
©) I 0 (3y Y ) dy =38 { 1 : limits and answer
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CALCULUS AB Feem B \
SECTION II, Part A | A5
Time—45 minutes , A’,

Number of problems—3

A graphing calculator is required for some problems or parts of problems.

. Do not write beyond this border.
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Continue problem 1 on page 5.
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Do not write beyond this border.
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CALCULUS AB
SECTIONII, Part A } B;
Time—45 minutes
Number of problems—3

A graphing calculator is required for some problems or parts of problems.
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Do not write beyond this border.

Work for problem 1(b)
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A graphing calculator is required for some problems or parts of problems.

Do not write beyond this border.

Work for problem 1(a)
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Do not write beyond this border.

Work for problem 1(b)
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AP® CALCULUS AB
2008 SCORING COMMENTARY (Form B)

Question 1

Sample: 1A
Score: 9

The student earned all 9 points.

Sample: 1B
Score: 6

The student earned 6 points: 3 points in part (a), 1 point in part (b), and 2 points in part (c). The student presents
correct work in parts (a) and (c). In part (b) the student has the correct limits and constant but rotates R about the
line x = 0 instead of x = —1. As a result, the student earned only 1 point.

Sample: 1C
Score: 4

The student earned 4 points: 3 points in part (a), no points in part (b), and 1 point in part (c). The student presents
correct work in part (a). In part (b) the student makes several errors. Although the constant is correct, the limits
are incorrect, so the student did not earn the first point. The student attempts to rotate about x = —1 but has
incorrect values in the integrand, so the response did not earn the integrand or answer points. In part (c) the
student has the correct volume for cross sections drawn perpendicular to the x-axis and earned 1 point.
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AP® CALCULUS AB
2008 SCORING GUIDELINES (Form B)

Question 2

2
For time 7 > 0 hours, let r(¢) = 120(1 — 1 ) represent the speed, in kilometers per hour, at which a

car travels along a straight road. The number of liters of gasoline used by the car to travel x kilometers is
modeled by g(x) = 0.0Sx(l - e_x/z).

(a) How many kilometers does the car travel during the first 2 hours?

(b) Find the rate of change with respect to time of the number of liters of gasoline used by the car when
¢t = 2 hours. Indicate units of measure.

(c) How many liters of gasoline have been used by the car when it reaches a speed of 80 kilometers per

hour?
2 1 : integral
(a) I r(t) dt = 206.370 kilometers 2: { fiegra
0 1 : answer
dg _dg dc.  dx _ : i
(b) T d dar r(t) 3 {2 : uses chan'l rule'
1 : answer with units
dg| _dg
ul T -r(2)
=2 x=206.370
= (0.050)(120) = 6 liters / hour
(c) Let T be the time at which the car’s speed reaches 1 : equation r(t) = 80
80 kilometers per hour. 4 : < 2: distance integral
1 : answer
Then, »(7) = 80 or 7' = 0.331453 hours.
At time 7, the car has gone
T
x(T) = | | (1) di =10.794097 kilometers
and has consumed g(x(7")) = 0.537 liters of gasoline.
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Work for problem 2(c)

Do not write beyond this border.
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Work for problem 2(c)
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Work for problem 2(a)
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AP® CALCULUS AB
2008 SCORING COMMENTARY (Form B)

Question 2

Sample: 2A
Score: 9

The student earned all 9 points.

Sample: 2B
Score: 6

The student earned 6 points: 2 points in part (a), no points in part (b), and 4 points in part (c). The student presents
correct work in parts (a) and (c). In part (b) the student attempts to use the chain rule but does not put together the
correct pieces necessary to answer the question.

Sample: 2C
Score: 3

The student earned 3 points: 2 points in part (a), no points in part (b), and 1 point in part (¢). The student presents
correct work in part (a). No points were earned in part (b). In part (c) the student sets »(¢) = 80 and earned the

first point. Since the student does not solve the equation for ¢, the response did not earn the remaining points.
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AP® CALCULUS AB
2008 SCORING GUIDELINES (Form B)

Question 3

Distance from the
river’s edge (feet)

Depth of the water (feet) 0 7 8 2 0

A scientist measures the depth of the Doe River at Picnic Point. The river is 24 feet wide at this location.
The measurements are taken in a straight line perpendicular to the edge of the river. The data are shown
in the table above. The velocity of the water at Picnic Point, in feet per minute, is modeled by

v(t) =16 + 2sin(v7 +10) for 0 <7 <120 minutes.

(a) Use a trapezoidal sum with the four subintervals indicated by the data in the table to approximate the
area of the cross section of the river at Picnic Point, in square feet. Show the computations that lead
to your answer.

(b) The volumetric flow at a location along the river is the product of the cross-sectional area and the
velocity of the water at that location. Use your approximation from part (a) to estimate the average
value of the volumetric flow at Picnic Point, in cubic feet per minute, from ¢ = 0 to ¢ = 120
minutes.

(c) The scientist proposes the function f, given by f(x) = 8sin(%), as a model for the depth of the

water, in feet, at Picnic Point x feet from the river’s edge. Find the area of the cross section of the
river at Picnic Point based on this model.

(d) Recall that the volumetric flow is the product of the cross-sectional area and the velocity of the water
at a location. To prevent flooding, water must be diverted if the average value of the volumetric flow
at Picnic Point exceeds 2100 cubic feet per minute for a 20-minute period. Using your answer from
part (¢), find the average value of the volumetric flow during the time interval 40 < ¢ < 60 minutes.
Does this value indicate that the water must be diverted?

+ + +2 2+
(a) © 3 7) -8+ (7 5 8) -6+ (8 7 ) -8+ ( 7 0 -2 1 : trapezoidal approximation
=115 ft?
b) [ 115v(r) I : limits and 1
(b) mIO v(t) dt : limits and average value
3 . constant
= 1807.169 or 1807.170 ft*/ min 3:

1 : integrand
1 : answer

24 (x 3 5 [ 1:integral
© |, 8s1n(ﬁ) dx = 122230 or 122.231 ft 2_{

1 : answer
(d) Let C be the cross-sectional area approximation from 1 : volumetric flow integral
part (c). The average volumetric flow is 3:{ 1:average volumetric flow
60 .
2L0J‘4o C-v(t)dt =2181.912 or 2181.913 ft3/min. 1 : answer with reason

Yes, water must be diverted since the average volumetric flow
for this 20-minute period exceeds 2100 ft? / min.
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Distance from the
river’s edge (feet)

Depth of the water (feet) 0 7 8 2 0

Work for problem 3(a)
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Continue problem 3 on page 9.
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Do not write beyond this border.
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Work for problem 3(c)
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—7/

Work for problem 3(d)
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- %J (16+ 250 () ) d# )-(1 > 3011

“19PI0Q STU1 DUOA2Q 91Lim jou O

(22.23009

60 |
— .[4 (164 26in( Fho ) )t

u

= 21%,9]253 (ff)g/mn >aloofj)3/m:n
Thus, water must be  Jdiverted.

7/
END OF PART A OF SECTION 1I
IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON
PART A ONLY. DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.
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river's edge (feet)
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Work for problem 3(c)
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r\ S(x) OKX = | 122131 3quane fert

Work for problem 3(d)

Do not write beyond this border.
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_ - END OF PART A OF SECTION Il
IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON
PART A ONLY. DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.
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Distance from the
river’s edge (feet)

Depth of the water (feet) 0 7 8 2 0
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Continue problem 3 on page 9.
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Work for problem 3(c) 24

Work for problem 3(d)
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“.___ENDOFPARTAOESECTIONN

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY CHECK YOUR WORK ON
PART A ONLY. DO NOT GO ON TO PART B UNTIL YOU ARE TOLD TO DO SO.
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AP® CALCULUS AB
2008 SCORING COMMENTARY (Form B)

Question 3

Sample: 3A
Score: 9

The student earned all 9 points.

Sample: 3B
Score: 6

The student earned 6 points: 1 point in part (a), no points in part (b), 2 points in part (c), and 3 points in part (d).
The student presents correct work in parts (a), (c), and (d). In part (b) the student does not produce an integral,
which is needed in order to find the average value of volumetric flow.

Sample: 3C
Score: 3

The student earned 3 points: 1 point in part (a), no points in part (b), 2 points in part (c), and no points in part (d).
The student presents correct work in parts (a) and (¢). In part (b) the student does not produce an integral to find
the average value and thus did not earn any points. In part (d) the student also does not produce an integral and
did not earn any points. Although the student’s statement that the water “must be diverted” is true, the student
does not present enough correct calculus work leading up to the answer to earn the answer point.
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AP® CALCULUS AB
2008 SCORING GUIDELINES (Form B)

Question 4

3
The functions f and g are given by f(x) = joxw +¢* dt and g(x) = f(sinx).

(a) Find f’(x) and g’(x).
(b) Write an equation for the line tangent to the graph of y = g(x) at x = 7.

(c) Write, but do not evaluate, an integral expression that represents the maximum value of g on the
interval 0 < x < z. Justify your answer.

@) f'(x)=3y4+(3x) .. { 2: f(x)
g'(x) = f'(sin x) - cos x

= 3,/4 + (3sin x)* - cos x

(b) g(z)=0, g'(x) = -6 5. [ 1:g(x) or g(n)
Tangent line: y = —6(x — ) " | 1: tangent line equation

(c) For0<x<m, g'(x)=0 onlyat x = % 1:sets g'(x)=0
z

3.0 1: justifies maximum at 5

1 : integral expression for g(%)

3
g(£)=f V4 + 1% dt > 0
2 0
The maximum value of g on [0, 7] is

Lj\/4 + 2 dr.
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CALCULUS AB
SECTIONII, Part B
Time—45 minutes

Number of problems—3

No calculator is allowed for these problems.
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Work for problem 4(a)

"

N e
5&[ f0j41t J&]
3 [atdg

jo- A el

————_—"-_—

TS ]}1—‘\3:#1

+(x)

AR}

X

3107 100 01

Work for problem 4(b)

Jl(ﬂ) : 3w T [ qmer

= 3 [aeaw

-3 (1)
2 -b
ﬂ(ﬁ} : -f(smn’)
= Pl
- 0

E@ua)‘i'm

at x=F :
n: _L(l«TI)

ol 40"](’”? g

-10-

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

Continue problem 4 on page li.



4 B 4

CAL

'S Y KR IE

CULATOR ALLOWED

Work for problem 4(c)
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GO ON TO THE NEXT PAGE.

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



A oMo W

NO CALCULATOR ALLOWED B
413

CALCULLUS AB
SECTION I, Part B
Time—45 minutes
Number of problems—3

No calculatoi' is allowed for these problems. '
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Work for problem 4(a)
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Work for problem 4(b)
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Continue problem 4 on page 11.
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Work for problem 4(c)
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CALCULUS AB H ¢
SECTION II, Part B

Time—45 minutes
Number of problems—3

No calculator is allowed for these problems.'

Work for problem 4(a)

3
fy & e ae = avmey

C)|(x) = {'ind) = Va3 s}

Work for problem 4(b)

()= £ (snT0) = fo)=0. (5,00
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a' (10 =L e = 34+ (0} = 6

U\fC:(o(Y"@

\,3: 6y -bTC
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Continue problem 4 on page 11.
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AP® CALCULUS AB
2008 SCORING COMMENTARY (Form B)

Question 4

Sample: 4A
Score: 9

The student earned all 9 points.

Sample: 4B
Score: 6

The student earned 6 points: 4 points in part (a), 2 points in part (b), and no points in part (c). The student presents
correct work in parts (a) and (b). In part (c) the student tries to argue from a geometric point of view, but the
initial premise is incorrect, so no points were earned.

Sample: 4C
Score: 4

The student earned 4 points: 2 points in part (a), 2 points in part (b), and no points in part (c). In part (a) the
student has a correct f'(x) but makes a chain rule error in finding g'(x) so earned just 2 of the 4 points. In
part (b) the student finds g(7) correctly and finds a value for g'(7) based on the incorrect answer in part (a).

The student combines these values to form a tangent line equation, earning both points in part (b). The student’s
work in part (c) did not earn any points.
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AP® CALCULUS AB
2008 SCORING GUIDELINES (Form B)

Question 5

Let g be a continuous function with g(2) = 5. The graph
of the piecewise-linear function g’, the derivative of g, is (1 7.1

shown above for =3 < x < 7.
(a) Find the x-coordinate of all points of inflection of the
graph of y = g(x) for -3 < x < 7. Justify your

answer.

(b) Find the absolute maximum value of g on the
interval =3 < x < 7. Justify your answer.

(c) Find the average rate of change of g(x) on the

interval -3 < x < 7.

(-3,-4)

Graph of g’

(d) Find the average rate of change of g’(x) on the interval -3 < x < 7. Does the Mean Value Theorem
applied on the interval —3 < x < 7 guarantee a value of ¢, for =3 < ¢ < 7, such that g”(c) is equal
to this average rate of change? Why or why not?

(a) g’ changes from increasing to decreasing at x = 1; 5 { 1 : x-values

g’ changes from decreasing to increasing at x = 4. 1 : justification

Points of inflection for the graph of y = g(x) occur at
x=1and x = 4.

(b) The only sign change of g’ from positive to negative in 1 : identifies x = 2 as a candidate
the interval is at x = 2. 3: < 1 :considers endpoints
1 : maximum value and justification

g(—3)=5+_[2_3g'(x)dx=5+(—i)+4zﬁ
g(2)=5
8(7)=5+J27g'(x)dx:5+(—4)+%:%

The maximum value of g for -3 < x <7 is %

3 15
© g(7) g(3)_2"2 __3 5. { 1 : difference quotient
- (-3) 10 5 " | 1: answer
@ £ (7) g(=3) el G N | 1 : average value of g’(x)
-(-3) 10 2 2: .
1 : answer “No” with reason

No, the MVT does not guarantee the existence of a
value ¢ with the stated properties because g’ is not

differentiable for at least one pointin =3 < x < 7.
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Work for problem 5(c)
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Work for problem 5(a)
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Continue problem 5 on page 13.
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Work for problem 5(c)

AN 3\ .
—_ =. 2 j
1—F — T =leé
Mewale, 9= j\ﬂ-L‘H_?L_
=S4+
=3
2",

g

Work for problem 5(d)
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() o
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o pointe 3 Tutleotim  Hwst hat  t'ce)-0
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Work for problem 5(b)
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AP® CALCULUS AB
2008 SCORING COMMENTARY (Form B)

Question 5

Sample: bA
Score: 9

The student earned all 9 points.

Sample: 5B
Score: 6

The student earned 6 points: 2 points in part (a), no points in part (b), 2 points in part (c), and 2 points in part (d).
The student presents correct work in parts (a), (c), and (d). In part (b) the student does not identify x = 2 asa
candidate, so the first point was not earned. The student finds the value of g(-3) but does not find the value at

the other endpoint, so the second point was not earned. The student did not earn the justification point since the

work is not sufficient to state that % is the maximum value.

Sample: bC
Score: 4

The student earned 4 points: no points in part (a), 3 points in part (b), 1 point in part (c), and no points in part (d).
In part (a) the student does not identify the correct values for the points of inflection. The student presents correct
work in part (b). In part (c) the student uses the fact that the average rate of change is the average value of g'(x)
and presents a correct integral. The student makes an error in calculating the value of the integral so earned only 1
of the 2 points. In part (d) the student has an incorrect result for the average value of g'(x), so the first point was
not earned. Although the student declares that “[t]he Mean Value Theorem . . . can not guarantee a value of ¢”
with the stated properties, the response includes the incorrect statement that “the rate of change is not
continuous.” Thus the student did not earn the second point.
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AP® CALCULUS AB
2008 SCORING GUIDELINES (Form B)

Question 6

Consider the closed curve in the xy-plane given by

(a) Show that d—i =

x2+2x+y4+4y:5.

—(x+1)
de 2(y’ +1)

(b) Write an equation for the line tangent to the curve at the point (-2, 1).

(c) Find the coordinates of the two points on the curve where the line tangent to the curve is vertical.

(d) Is it possible for this curve to have a horizontal tangent at points where it intersects the x-axis?

Explain your reasoning.

(a)

(b)

(©)

(d)

2x+2+4y3%+4%=0

3o\ D - 5
(4y +4)dx 2x -2
Q_—2(x+1) _ —=(x+1)

A 4(y+1) 2(37 +1)

dy

dx

—-(—2+1) 1

oy 20+ 4

Tangent line: y =1+ %(x +2)

Vertical tangent lines occur at points on the curve where
y3 +1=0(or y=—-1)and x # —1.

On the curve, y = —1 implies that x> +2x+1-4=35,
sox=—4orx=2.

Vertical tangent lines occur at the points (—4, —1) and
(2,-1).

Horizontal tangents occur at points on the curve where
x=-1and y # -1.

The curve crosses the x-axis where y = 0.

(-1 +2(-1)+0* +4-0%5

No, the curve cannot have a horizontal tangent where it
crosses the x-axis.

1 : implicit differentiation
1 : verification

1 : slope
1 : tangent line equation

l:y=-1

1 : substitutes y = —1 into the
equation of the curve

1 : answer

1 :works withx = —lor y =0
1 : answer with reason
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Work for problem 6(a)
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Work for problem 6(b)
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Work for problem 6(c)
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Work for problem 6(d)
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Work for problem 6(a)
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A~

J ) =0 e
2 37” y2 =°

e Lj:f‘. X

o s %—' Wre e o\ t l\r\C

1\

L/

-
Work for problem 6(d)~]

/U?/ becour U AoES pot Loth Cle A anis

"JopI0q STy} puoAaq UM JOU O(J

GO ON TO THE NEXT PAGE.

-15-

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



AP® CALCULUS AB
2008 SCORING COMMENTARY (Form B)

Question 6

Sample: 6A
Score: 9

The student earned all 9 points.

Sample: 6B
Score: 6

The student earned 6 points: 2 points in part (a), 2 points in part (b), no points in part (c), and 2 points in part (d).
The student presents correct work in parts (a), (b), and (d). In part (c) the student does not present y3 = —1, so the
response did not earn any points.

Sample: 6C
Score: 4

The student earned 4 points: 2 points in part (a), 1 point in part (b), 1 point in part (c), and no points in part (d).
The student presents correct work in part (a). In part (b) the student makes an error in calculating the slope so did
not earn the first point. The student uses the incorrect slope and gives a tangent line equation, which earned the
second point. In part (c) the student earned 1 point for finding y = —1, but the response does not substitute the

value of y in the original equation, so no additional points were earned. In part (d) the student presents an answer
without any supporting work, so no points were earned.
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