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Question 1

(a)

(b)

(c)

(d)

300
'[0 r(t)dt =270

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

300 300
20+ [ 7 (r(1) = 0.7) di = 20+ " (1) di — 0.7-300 = 80

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

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

The first time ¢ that there are no people in line is
80

300 + 07 414.286 (or 414.285) seconds.
The total number of people in line at time #, 0 < ¢ < 300, is modeled by
t
20 + .[0 r(x) dx —0.7t.
r(t)—0.7=0 = 1, =33.013298, ¢, = 166.574719
t | People in line for escalator
20
4 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.
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where 1(¢) is measured in people per second and 7 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 7 = 0.

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

P () 0-2) & )

©

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

7(300) =210
290 - 210 =[80]
01210=290
EX;’:;‘?‘.’Z%T&E%’L’JZ?:’&LZ‘:?" of -4- Continue question 1 on page S.
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(c) For ¢ > 300, what is the first time r that there are no people in line for the escalator?

(t-300)(.7)-30=0

7k - 210-80-=0
JE=+290
fe= 412865 ]

—_—

(d) JFor 0 < r < 300, at what time 7 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.

= hotul pwole ¢ - ’ p
P PP 35- x Y= b | (€)
0 20
®) 1633'%35 1353?)(3)70“*
0= r(t)-.7 '
300 30
E=166.575
£=33,013

minimum ot hme £=33,013s

b0 )T pagp e o i |
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1. People enter a line for an escalator at a rate modeled by the function r given by ' 0" 4
7 . I ’
44— |1 — =—=| for 0 <1< 300 )’
r(r) = [100] [ 300] : 8(0 = Qo
0 for ¢ > 300, '

where r(¢) is measured in people per second and 7 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 7 = 0.
= e L PEIL

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

Q% aurz) (-5) = T4 Reole
’ enter Hue e Sor
Yoo eScalador during
Yoo Hme tnkerval 02 ¥ 2308

(b) During the time interval 0 < ¢ < 300, there are always people in line for the escalator. How many people
are in line at time ¢ = 300 ?
L)z ¢}
300 300 C)
20+ 104y =, 0.F 8k

Qo+ Do — o

kb b %;Boos@na-s,weé‘m Qo feople
N (i Loy dheeScaledor
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(¢) For > 300, what is the first time ¢ that there are no people in line for the escalator?

%r\ + 7 3&70/ ,4& (11 g‘(’ H My "} H[l"f\ “’L\.z/fC
Ol 1o Qeople in e Dor Hhe §3caledar 1572325

(d) For 0 <1< 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.

3 - @7 53.01306 A,
s (\ ‘fo 0 Lo+ 8@ P () — SO_O-?%

sy (-4 ) =07

ki §=33.013 Seoconds e 1S 0 Mitimary

0+ 3503 \V@OW() on ')’LuzeS(alawtof

authorizad copylng or reuse of
ypat of this page is itlegal.
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1. People enter a line for an escalator at a rate modeled by the function » given by

' 3 { 7
Yl—[1 = — <:<
1) = [100] [ 300] for 0 £1:<300
0 for ¢ > 300,

where 1(1) is measured in people per second and ¢ is measured in seconds As peop]e get on the escalator,

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

I I (R
()= 44(\00 (lﬁ—bou 3 ( o, ,300)

300 -

peope = J{; ‘x‘\'(wa)) (\~Joo\) dt
_T

Fq,opmf | SL700 9@013

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

300 200

e [0y s - ( [Tor a0)

b

@ 300 i 5 Rz \’7 4 2o0¢
\"lo i L 44 |uo & i 5;6’(: )At! B J ] a%
e 0
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(c) For 7 > 300, what is the first time ¢ that there are no people in line for the escalator?

b, eSS

yi€) = .0 + 72200

Theve one " paopis o hwo for e scalater
£irst ox ¥z L= op0,

(d) For O <t < 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.

2 red
ro()n-‘:LJ' - ex'7 = O
Yr(x)=o0 0.nd ohm"égj ine = dec

: £ N\
(® 44 (57 (1-30) =0
+= 50 JSec.
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AP® CALCULUS AB/CALCULUS BC
2018 SCORING COMMENTARY

Question 1
Overview

The context of this problem is a line of people waiting to get on an escalator. The function » models the rate at

3 7
which people enter the line, where r(¢) = 44(%) (1 - ﬁ) for 0 < ¢ <300, and r(¢) = 0 for £ > 300; r(¢)

is measured in people per second, and ¢ is measured in seconds. Further, it is given that people exit the line to get on
the escalator at a constant rate of 0.7 person per second and that there are 20 people in the line at time # = 0. In

part (a) students were asked how many people enter the line for the escalator during the time interval 0 < ¢ < 300.
A correct response demonstrates the understanding that the number of people entering the line during this time
interval is obtained by integrating the rate at which people enter the line across the time interval. Thus, this number

300
is the value of the definite integral I . r(t) dt. A numerical value for this integral should be obtained using a

graphing calculator. In part (b) students were given that there are always people in line during the time interval

0 <t <300 and were asked to determine the number of people in line at time # = 300. A correct response should
take into account the 20 people in line initially, the number that entered the line as determined in part (a), and the
number of people that exit the line to get on the escalator. It was given in the problem statement that people exit the
line at a constant rate of 0.7 person per second, so the number of people that exit the line to get on the escalator can
be found by multiplying this constant rate times the duration of the interval, namely 300 seconds. In part (¢) students
were asked for the first time ¢ beyond ¢ = 300 when there are no people in line for the escalator. Because no more
people join the line after # = 300 seconds, and people exit the line at the constant rate of 0.7 person per second,
dividing the answer to part (b) by 0.7 gives the number of seconds beyond ¢ = 300 before the line empties for the
first time. Adding this quotient to 300 produces the answer. In part (d) students were asked when, during the time
interval 0 < ¢ < 300, is the number of people in line a minimum, and to determine the number of people in line (to
the nearest whole number) at that time, with the added admonition to justify their answer. The Extreme Value

t
Theorem guarantees that the number of people in line at time ¢, given by the expression 20 + Io r(x) dx —0.7t,

attains a minimum on the interval 0 < ¢ < 300. Correct responses should demonstrate that the rate of change of the
number of people in line is given by »(¢) — 0.7. Solving for 7(z) — 0.7 = 0 within the interval 0 < ¢ < 300 yields

two critical points, ¢, and #,, so candidates for the time when the line is a minimum are ¢t = 0, ¢, ¢,, and ¢ = 300.

1]
The number of people in line at times #; and #, is computed from 20 + Jol r(x) dx —0.7t; and

t
20 + '[ 02 r(x) dx — 0.7t,. The answer is the least of 20, these two computed values (to the nearest whole number),

and the answer to part (b), together with the corresponding time ¢ for this minimum value.

For part (a) see LO 3.3B(b)/EK 3.3B2, LO 3.4A/EK 3.4A2, LO 3.4E/EK 3.4E1. For parts (b) and (c), see LO
3.4A/EK 3.4A2, LO 3.4E/EK 3.4E1. For part (d) see LO 1.2B/EK 1.2B1, LO 2.3C/EK 2.3C3, LO 3.3B(b)/EK
3.3B2, LO 3.4A/EK 3.4A2, LO 3.4E/EK 3.4EI. This problem incorporates the following Mathematical Practices
for AP Calculus (MPACs): reasoning with definitions and theorems, connecting concepts, implementing
algebraic/computational processes, building notational fluency, and communicating.

Sample: 1A
Score: 9

The response earned all 9 points: 2 points in part (a), 2 points in part (b), 1 point in part (c), and 4 points in
300
! t

3 7
44(—) (1 - —) dt. The response earned the

part (d). In part (a) the response earned the first point for f 100 300

0
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AP® CALCULUS AB/CALCULUS BC
2018 SCORING COMMENTARY

Question 1 (continued)

second point for the answer 270. In part (b) the response earned the first point for —210 on the right side of the
response area. The response earned the second point for the answer 80. In part (c) the response earned the point
for the answer 414.286. What appears to be a fourth digit of 5 is not a digit but the letter s for seconds. Units are
not required to earn any points in this question. In part (d) the response earned the first point for 0 = r(¢) — .7 in

line 2. The response earned the second point with # = 33.013 in line 4. The response earned the third point for the
boxed information. What appears to be a fourth digit of 5 is not a digit but the letter s for seconds. The response
earned the fourth point for the candidates test demonstrated with the table. The expression for the function p,
identified as “total people,” supports how the values at 33.013 and 166.575 are produced.

Sample: 1B
Score: 6

The response earned 6 points: 2 points in part (a), 2 points in part (b), no point in part (c), and 2 points in part (d).
300

3 7
44(L) (1 - L) dt. The response earned the second

In part (a) the response earned the first point for f 100 300

0
300
point for the answer 270. In part (b) the response earned the first point with the term — _[0 0.7 dt. The response

earned the second point for the answer 80. In part (¢) the response did not earn the point because what is presented

3 7
is incorrect. In part (d) the response earned the first point in line 2 with the equation 44 (ﬁ) (l - ﬁ) =0.7.

The response earned the second point with ¢ = 33.013 in line 3. The response did not earn the third point for the
answers because 3.803 is not rounded to a whole number. The response did not earn the fourth point because it
does not have a complete justification.

Sample: 1C
Score: 3

The response earned 3 points: 1 point in part (a), 2 points in part (b), no point in part (c), and no points in part (d).
300

3 7
In part (a) the response earned the first point for f 44(%) (1 - ﬁ) dt. The response did not earn the
0

second point because 56700 is incorrect. In part (b) the response earned the first point with the term

300
_(Jo (0.7 a’t)) in line 1. The response earned the second point for the answer 80. In part (c) the response did not

earn the point because what is presented is incorrect. In part (d) the response did not earn the first point with any
of the equations presented. The equation at the top right “rate enter — rate exit = 0 is too formulaic and not
specific to the question. The response does not identify # = 33.013 and did not earn the second point. As a result,
the response is not eligible to earn the remaining 2 points.
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