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2018 Al Calculus Exam

1. People enter a line for an escalator at a rate modeled by the function r given by

r 3 Y
44— (1 — =) for 0<r<300
r(t) = (100)( 300) or
0 for ¢ > 300,

where r(¢) is measured in people per second and ¢ is measured in seconds. As people get on the escalator,
they exit the line at a constant rate of 0.7 person per second. There are 20 people in line at time ¢ = 0.

(a) How many people enter the line for the escalator during the time interval 0 < ¢ < 300 ?

(b) During the time interval 0 < 7 < 300, there are always people in line for the escalator. How many people
are in line at time # = 300 ?

(c) For ¢ > 300, what is the first time ¢ that there are no people in line for the escalator?

(d) For 0 << 300, at what time ¢ is the number of people in line a minimum? To the nearest whole
number, find the number of people in line at this time. Justify your answer.

Source: 2018 AP Calculus AB and BC Free-Response Questions
Copyright (© 2018 The College Board.
Reproduced with permission. http://apcentral.collegeboard.com.
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300 .
(a) Io r(t)dt =270 5. { 1 : integral
1 : answer

According to the model, 270 people enter the line for the escalator
during the time interval 0 < ¢ < 300.

300 300

(b) 20+ jo (r(t)=0.7) dt =20 + jo #(£) dt - 0.7-300 = 80 5. | 1+ considers rate out
" | 1 : answer

According to the model, 80 people are in line at time ¢ = 300.

(c) Based on part (b), the number of people in line at time ¢ = 300 is 80. 1 : answer

The first time ¢ that there are no people in line is

300 + g—(; — 414286 (or 414.285) seconds.

Source: 2018 AP Calculus AB and BC Free-Response Questions
Copyright (© 2018 The College Board. i3 Th
Reproduced with permission. http://apcentral.collegeboard.com. b INSTRUM
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(d) The total number of people in line at time ¢, 0 < ¢ < 300, is modeled by 1 : considers r(t) — 0.7 =0
20+ J.tr(x) dx — 0.7t - 1 : identifies 7 = 33.013
0 1 : answers
1 : justification
r(t)—0.7=0 = 1, =33.013298,1, = 166.574719
t | People in line for escalator
20
f 3.803
t, 158.070
300 80

The number of people in line is a minimum at time ¢ = 33.013 seconds,
when there are 4 people in line.

Source: 2018 AP Calculus AB and BC Free-Response Questions
Copyright (© 2018 The College Board.
Reproduced with permission. http://apcentral.collegeboard.com.
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2018 AP® Calculus Exam AB-1/BC-2: Technology Solutions and Problem Extensions

Part (a)

Given: a rate function, r(t) = R/(t).

We need to accumulate the change in R over the interval [0, 300].

In context: the number of people who enter the line for the escalator over the

time interval [0, 300].

300
/ r(t) dt = 270
0

2l 1.1 L3 *abl <
44. . 1 i
=" 1T00) "' 300
0,
300
r(!) dr
0

7
) ,0=£2300

TS ofi] |
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2018 AP® Calculus Exam AB-1/BC-2: Technology Solutions and Problem Extensions
Part (b)

Need to consider an initial condition, a rate in, and a rate out.

300 300
20 + / (r(t) —0.7)dt =20 + / r(t)dt — 0.7 - 300 = 80
0 0

41012 *abl < rao {111 B3
(2]
300 80.
20+j (+()-0.7)ar
0
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2018 AP® Calculus Exam AB-1/BC-2: Technology Solutions and Problem Extensions

Part (c)

At time ¢t = 300:

@ The number of people in line is 80.

@ There are no more people entering the line for ¢ > 300.

Therefore: first time there are no people in line:

80
300 + — = 414.286
* 0.7

t Done
n (f):=20+j (r(x)—o.?)dx

&
414.286

#1314 [1.5 BRI
1200 3
ls0
(414.296,0)
b 50 "45E
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Part (d)

The number of people in line at time ¢, 0, < ¢ < 300:

n(t) =20 —|—/0 (r(x) —0.7) dx

n'(t)=r(t)—0.7=0 = t; = 33.013, &y = 166.575

d1.3[1.4] 15 RIS

d:=zeros (r(r)— 0 .7,:)

{23.0133,166.575 }

33.0133

rao {1 F3

166.575

414 [15] 1.6 LIS
3
¥ f l{.\')=l‘ (‘(}
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Part (d)

Consider a table of values.

®ht B people |© D '

1 0 20.
2| 330133 3.80344
3| 166.575| 158.07

300 80.

Z oD

The number of people in line is a minimum at time ¢t = 33.013 seconds, and there
are 4 people in line at that time.
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2018 AP® Calculus Exam AB-1/BC-2: Technology Solutions and Problem Extensions

Example 1 Vertical Translation

People enter a line for an escalator at a rate modeled by the function r given by

2
t
r(t) = (1 — > e t/3%0 L 0.5, ¢ >0, where r(t) is measured in people per

150

second and t is measured in seconds. As people get on the escalator, they exit the
line at a rate modeled by the function s given by s(t) = 0.55 cos(v/t) + 1, t > 0,
where s(t) is also measured in people per second and ¢ is measured in seconds.
There are 100 people in line at time t = 0.

How many people enter the line for the escalator during the time interval
0 <t<2007

Is the number of people in line for the escalator increasing or decreasing at
time t = 2007 Justify your answer.
How many people are in line for the escalator at time ¢t = 3007

For 0 <t < 300, at what time ¢ is the number of people in line a minimum?
A maximum? Justify your answer.

For 300 <t < 500, show that that there is no time ¢ such that there are no
people in line for the escalator.

If the line for the escalator reaches 150 people, then a second escalator is
opened. Find the first time ¢ when a second escalator is opened.
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200
(a) / r(t) dt = 145.318
0

According to the model, approximately 145 people enter the line for the
escalator during the time interval 0 < ¢ < 200.

IBEIER =~ ekl B 1.7 (2.1 |22 DREIE rao {71163
v

Ky
" ot Done : £1()=r(x)
r(r):=(1—;)d- e 200 +0.5
150
s(0):=0.55- cos(\f7 )+1 Done 145.218
200 145.218 -5
(o) ar
0 b 50 ‘ 200
-0.5
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2018 AP® Calculus Exam AB-1/BC-2: Technology Solutions and Problem Extensions

(b) r(200) — 5(200) = —0.440 < 0

The rate at which people are leaving the line is greater than the rate at which
people are entering the line, at t = 200.

The number of people waiting in line is decreasing.

=k

(200)-s(200) -0.440221 |

(200,0.997)

[0.5

(200,0.557)

o 50 300

Al
|
o
n
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