CollegeBoard AP

AP® Calculus AB
2010 Scoring Guidelines

The College Board

The College Board is a not-for-profit membership association whose mission is to connect students to college success and
opportunity. Founded in 1900, the College Board is composed of more than 5,700 schools, colleges, universities and other
educational organizations. Each year, the College Board serves seven million students and their parents, 23,000 high schools, and
3,800 colleges through major programs and services in college readiness, college admission, guidance, assessment, financial aid
and enrollment. Among its widely recognized programs are the SAT®, the PSAT/NMSQT®, the Advanced Placement Program®
(AP®), SpringBoard® and ACCUPLACER®. The College Board is committed to the principles of excellence and equity, and that
commitment is embodied in all of its programs, services, activities and concerns.

© 2010 The College Board. College Board, ACCUPLACER, Advanced Placement Program, AP, AP Central, SAT, SpringBoard
and the acorn logo are registered trademarks of the College Board. Admitted Class Evaluation Service is a trademark owned by
the College Board. PSAT/NMSQT is a registered trademark of the College Board and National Merit Scholarship Corporation.
All other products and services may be trademarks of their respective owners. Permission to use copyrighted College Board
materials may be requested online at: www.collegeboard.com/inquiry/cbpermit.html.

Visit the College Board on the Web: www.collegeboard.com.
AP Central is the official online home for the AP Program: apcentral.collegeboard.com.


https://www.collegeboard.com/inquiry/cbpermit.html
https://www.collegeboard.com
https://apcentral.collegeboard.com

AP® CALCULUS AB
2010 SCORING GUIDELINES

Question 1

Thereis no snow on Janet’ s driveway when snow beginsto fall at midnight. From midnight to 9 A.M., snow
accumulates on the driveway at arate modeled by f(t) = 7te™! cubic feet per hour, where t is measured in
hours since midnight. Janet starts removing snow at 6 A.M. (t = 6). Therate g(t), in cubic feet per hour, at
which Janet removes snow from the driveway at time t hours after midnight is modeled by

(@
(b)
(©)

(d)

0 for0<t<6
g(t)=4125 for 6<t<7
108 for 7<t<9.
How many cubic feet of snow have accumulated on the driveway by 6 A.M.?
Find the rate of change of the volume of snow on the driveway at 8 A.M.

Let h(t) represent the total amount of snow, in cubic feet, that Janet has removed from the driveway at time
t hours after midnight. Express h as a piecewise-defined function with domain 0 <t < 9.

How many cubic feet of snow are on the driveway at 9 A.M.?

(@

(b)

(©)

(d)

6 U
[2F(t) ot = 142274 or 142.275 cubic fext 2. { 1:integral
0 1: answer
Rate of changeis f(8) — g(8) = —59.582 or —59.583 cubic feet per hour. 1: answer
h(0)=0 1:h(t)for0O<t<6

3:91:h(t)for6<t<7

t t
For 0<t <86, h(t)=h(0)+J.09(S)dS:0+J.OOdS=O' 1:h(t)for7<t<9

For 6 <t <7, h(t)=h(6) +Itg(s) ds = 0+jt125ds= 125(t — 6).

For 7<t<9, ht +j s) ds = 125+J'108ds 125 + 108(t — 7).
0 for 0<t<6
Thus, h(t) =<125(t - 6) for 6<t<7

125+108(t —7) for 7<t<9

. 1:integral
Amount of snow is j , (1) dt - h(9) = 26.334 or 26.335 cubic feet. 3:{1:h(9)
1: answer
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Question 2

t
(hours)
E(t)
(hundredsof | O 4 13 21 23
entries)

A z00 sponsored a one-day contest to name a new baby elephant. Zoo visitors deposited entriesin a specia box
between noon (t = 0) and 8 P.M. (t = 8). The number of entriesin the box t hours after noon is modeled by a

differentiable function E for 0 <t < 8. Valuesof E(t), in hundreds of entries, at varioustimes t are shown in
the table above.

(8) Usethe datain the table to approximate the rate, in hundreds of entries per hour, at which entries were being
deposited at time t = 6. Show the computations that lead to your answer.

8
(b) Use atrapezoidal sum with the four subintervals given by the table to approximate the value of % j o E(t) dt.

8
Using correct units, explain the meaning of % _[ o E(t) dt interms of the number of entries.

(c) At8P.M., volunteers began to process the entries. They processed the entries at arate modeled by the function
P, where P(t) = t3 — 30t? + 298t — 976 hundreds of entries per hour for 8 <t < 12. According to the model,
how many entries had not yet been processed by midnight (t = 12) ?

(d) According to the model from part (c), at what time were the entries being processed most quickly? Justify
your answer.

(@ E'(6) = w = 4 hundred entries per hour 1: answer
18 .
(b) §Io E(t) dt = 1: trapezoidal sum
1, EO)+E(2) . EQ2)+E(5) . EG5)+E7) . ET7)+E@®)) | S| L approximaion
§2 2 + 3 2 +2 2 +1 2 ]_:meanmg
=10.687 or 10.688
8
%Io E(t) dt isthe average number of hundreds of entries in the box
between noon and 8 P.M.
12 1:i
() 23~ [ P(t) dt = 23-16 = 7 hundred entries 2: { Integra
8 1: answer
(d) P’(t) =0 whent =9.183503 and t = 10.816497. 1:considers P’(t) =0
t P(t) 3: 4 1:identifies candidates
8 0 1 : answer with justification
9.183503 | 5.088662
10.816497 | 2.911338
12 8
Entries are being processed most quickly at time t = 12.
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Question 3

There are 700 people in line for a popular amusement-park ride
when the ride begins operation in the morning. Once it begins
operation, the ride accepts passengers until the park closes 8 hours
later. While there isaline, people move onto theride at arate of
800 people per hour. The graph above shows therate, r(t), at

which people arrive at the ride throughout the day. Time t is
measured in hours from the time the ride begins operation.

People per Hour

(8 How many people arrive at theride betweent =0 andt =37

Show the computations that lead to your answer.
(b) Isthe number of people waiting in lineto get on the ride

increasing or decreasing between t = 2 and t = 3 ? Justify
your answer.

Time (hours)

(c) Atwhat time t isthelinefor the ride the longest? How many people arein line at that time? Justify your
answers.

(d) Write, but do not solve, an equation involving an integral expression of r whose solution gives the earliest
time t at which thereis no longer aline for theride.

3 _ 1000 + 1200 . 1200 + 800 _ . [ 1:integral

@ Ior(t) dt =2 > + 5 = 3200 people 2: {1 . answer

(b) The number of people waiting in lineisincreasing because 1 : answer with reason
people move onto the ride at arate of 800 people per hour
andfor 2 <t <3, r(t)> 800.

(© r(t)=800onlyatt=3 1:identifiest =3
For 0<t<3 r(t)>800. For 3<t<8, r(t)<800. 3: < 1: number of peoplein line
Therefore, thelineislongest at time t = 3. 1:justification
There are 700 + 3200 — 800-3 = 1500 people waiting in line
atimet = 3.

t 1: 800t

(d) 0:700+j0r(s) ds — 800t 3:4 1:integra

1: answer
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Question 4

-

9. 6)

0

Let R betheregion in thefirst quadrant bounded by the graph of y = 2Vx, the horizontal line y = 6, and the

y-axis, as shown in the figure above.

(@ Findtheareaof R

(b) Write, but do not evaluate, an integral expression that gives the volume of the solid generated when R is
rotated about the horizontal line y = 7.

() Region R isthe base of asolid. For each y, where 0 < y < 6, the cross section of the solid taken

perpendicular to the y-axis is a rectangle whose height is 3 times the length of itsbasein region R. Write,
but do not evaluate, an integral expression that gives the volume of the solid.

o 4 9 1:integrand
@ Area:jo(6—2«/§) dx:(6x—§x3/2) =18 3:{ 1: antiderivative
x=0 1: answer
() Volume = z[ (7~ 24x)° - (7~ 6)%) dx 3: { 2 Integrand
o " | 1: limits and constant

2

() Solving y = 2Vx for x yields x = Y 3. {2 : integrand

a
2 2 1: answer
Each rectangular cross section has area {3—]( y J =

6
_ (T34
Volume = . T dy
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Question b

3,3

(-7.-1) 1 (5.-1)
Graph of g’

The function g is defined and differentiable on the closed interval [-7, 5] and satisfies g(0) = 5. The graph of
y = g'(x), thederivative of g, consists of asemicircle and three line segments, as shown in the figure above.

(& Find g(3) and g(-2).

(b) Find the x-coordinate of each point of inflection of the graph of y = g(x) ontheinterval -7 < x < 5.
Explain your reasoning.

() Thefunction h isdefined by h(x) = g(x) —%xz. Find the x-coordinate of each critical point of h, where

—7 < x < 5, and classify each critical point as the location of a relative minimum, relative maximum, or
neither a minimum nor a maximum. Explain your reasoning.

@ 0@ =5+] grod=5+T2 3L, 1:uses g(0) = 5
~ 3:41:9(3)
g(-2) :5+Iozg’(x) dx=5-rx 1:9(-2)

(b) Thegraphof y = g(x) haspointsof inflectionat x =0, X = 2, 5. { 1:identifiesx=0,2,3
and x = 3 because g’ changes from increasing to decreasing at " | 1: explanation
x=0 and x = 3, and g’ changes from decreasing to increasing at
X=2.

1: h(x)

1:identifies x = v2, 3

1 : answer for v2 with analysis
1: answer for 3with analysis

© (X =g(x)-x=0=g(x)=x
Ontheinterval -2 < x < 2, g/(x) = V4 - x?. 4
Onthisinterval, g’(x) = x when x = V2.
The only other solutionto g’(x) = x is x = 3.
h(x)=g'(x)— x>0 for 0< x<~2
h(x)=g'(x)-x<0forv2 < x<5
Therefore h has arelative maximum at x = 2, and h has neither
aminimum nor amaximumat x = 3.
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dy

dx

Question 6

2
= xy° also satisfy d_g/
dx

dy _

3 wi -
o =Y with f(1) = 2.

y*(1+3x%y?). Let y = f(x) bea

(8 Write an equation for the line tangent to the graph of y = f(x) at x =1.

(b) Usethetangent line equation from part (a) to approximate f(1.1). Giventhat f(x) >0 for1< x <11 is
the approximation for f(1.1) greater than or lessthan f(1.1) ? Explain your reasoning.

(©)

Find the particular solution y = f(x) withinitial condition f (1) = 2.

(@

(b)

(©

Y g

f'(1) = & o 5, =

An equation of the tangent lineis y = 2+ 8(x —1).

f(1.1) = 28

Since y = f(x) > 0 ontheinterval 1< x < 1.1,
2

d_;/ = y*(1+3x°y?) > 0 onthisinterval.

dx

Therefore on theinterval 1< x < 1.1, the line tangent to the
graphof y = f(x) at x =1 liesbelow the curve and the
approximation 2.8 islessthan f(1.1).

dy .3
dx_xy
J%dyzjxdx

y

1 X
A

1 1 _ 5
—2'22—74'03(:— 8
N

D_ 2

4
) = 2 5

5-4x2 2
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1: (1
1: answer

2: {
5 { 1: approximation
" | 1: conclusion with explanation

: separation of variables
: antiderivatives

: constant of integration
: usesinitia condition

: solvesfor y

ol
N e

Note: max 2/5 [1-1-0-0-0] if no
constant of integration
Note: 0/5 if no separation of variables
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