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AP® CALCULUS AB/CALCULUS BC
2019 SCORING GUIDELINES

Question 1

5
(a) Io E(t) dt =153.457690 5. 1 : integral
| 1 :answer
To the nearest whole number, 153 fish enter the lake from midnight
to 5 AM.
b) — [ L(r) dr = 6.059038 I : integral
()mJ‘O (f) t=0. 2{ . egra
1 : answer
The average number of fish that leave the lake per hour from
midnight to 5 A.M. is 6.059 fish per hour.
(c) The rate of change in the number of fish in the lake at time ¢ is l:sets E(1)—L(t) =0
given by E(t)— L(t). 3: 4 1:answer

1 : justification
E(t)-L(t)=0 = t =6.20356

E(t)—L(t) > 0 for 0 <t < 6.20356, and E(¢) — L(t) < 0 for
6.20356 < t < 8. Therefore the greatest number of fish in the lake is
at time ¢ = 6.204 (or 6.203).

_ OR —

Let A(t) be the change in the number of fish in the lake from
midnight to ¢ hours after midnight.

A(0) = [ (E(s) - L(s)) ds
A(t)=E(t)-L(t)=0 = t=C =6.20356

t | A

0 0

C 135.01492
8 80.91998

Therefore the greatest number of fish in the lake is at time
t = 6.204 (or 6.203).

d) E'(5)-L'(5) =-10.7228 < 0 , .| 1+ considers £'(5) and L'(5)
1 : answer with explanation
Because E'(5) — L'(5) < 0, the rate of change in the number of fish

is decreasing at time ¢ = 5.
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1. Fish enter a lake at a rate modeled by the function E given by E(t) = 20 + 15sin (%) Fish leave the lake at

2
a rate modeled by the function L given by L(f) = 4 + 2017 Both E(f) and L(t) are measured in fish per

hour, and ¢ is measured in hours since midnight (¢ = 0).

N
(2) How many fish enter the lake over the 5-hour period from midnight (f = 0) to 5 AM. (¢ = 5) ? Give your
answer to the nearest whole number.

S R Ol
ety =13k

(b) What is the average number of fish that leave the lake per hour over the 5-hour period from
midnight =0)to 5 AM. (¢ =5) ? '
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(c) At Wha.t time ¢, for O’S t < 8, is the greatest number of fish in thé la%eé {1-15 Léf};q?g ajllize; 2t 0,—{— .wh. L'C,I[,}
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(d) Isthe rate of change in the number of fish in the lake increasing or decreasing at 5 AM. (z = 5) ? Explain

your reasoning.
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1. Fish enter a lake at a rate modeled by the function E given by E(¢) = 20 + 15sin (%) Fish leave the lake at
2 N
a rate modeled by the function L given by L(f) = 4 +2%1"". Both E(¢) and L(t) are measured in fish per
hour, and ¢ is measured in hours since-midnight (¢ = 0).
(a) How many fish enter the lake over the 5-hour period from midnight ( = 0) to 5 AM. (¢ = 5) ? Give your
answer to the nearest whole number.
= 2 H 5%
E ( _t) G\‘k 153.495%
o
, Ef‘) ‘\\\ &N Q_;"\)i”\( Ouer S-hoar ""\?Cﬁoj
)
(b) What is the average number of fish that leave the lake per hour over the 5-hour period from
midnight (¢ = 0) to 5 AM. (£ = 5) ?
L 20
0
::::th:’27?ﬁ|§%2‘§2?$|;§:7.ﬂ -4- Continue question 1 on page 5.
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(c) At what time #, for 0 < ¢ < 8, is the ga‘egfést rll_lﬂmﬁer of fish in the lake? Justify your answer.
E (4) - L L—t) =6 qﬁc‘- f\m.’l\jes £4 3n6 ) Yo )
t:@204
\ e S Al o FisminT e
Rere is the qréexast nuants
[ S
laxe ot dime  UT (. 10H hour
(d) Is the rate of change in the number of fish in the lake increasing or decreasing at 5 aM. (t = 5) ? Explain
your reasoning.
E(2)= L(5)= 11943
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1. Fish enter a lake at a rate modeled by the function E given by E(¢) = 20+ 15sin ( %) Fish leave the lake at
-a rate modeled by the function L given by L(r) = 4 + 2017 Both E (¢) and L(t) are measured in fish per
hour, and ¢ is measured in hours since midnight (t = 0).
(a) How many fish enter the lake over the 5-hour period from midnight (¢ = 0) to 5 AM. (£ =5)? Give your
answer to the nearest whole number.
s (. TE s ;
. / 4
Jo Q\D-f 1551 ( 3 )
Ve
£3.4638 3
\ ' oc 1!5 3 )
(b) What is the average number of fish that leave the lake per hour over the 5-hour period from
midnight ¢ =0)to 5 AM.(t =5)?
J‘S 0.1t
, Urr A >T30. aas
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(c) At whattime ¢, for 0 < ¢ < 8, is the greatest number of fish in the lake? Justify your answer. _%
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b
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(d) Is the rate of change in the number of fish in the lake increasing or decreasing at 5 AM. (f = 5) ? Explain
your reasoning.
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AP® CALCULUS AB/CALCULUS BC
2019 SCORING COMMENTARY

Question 1
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

In this problem, fish enter and leave a lake at rates modeled by functions £ and L given by

2
E(t) =20+ lSsin(%t) and L(¢) = 4 + 2", respectively. Both E(¢) and L(t) are measured in fish per hour,

and ¢ is measured in hours since midnight (¢ = 0).

In part (a) students were asked to find the number of fish entering the lake between midnight (¢ = 0) and 5 A.M.
(t = 5) and to provide the answer rounded to the nearest whole number. A response should demonstrate an
understanding that a definite integral of the rate at which fish enter the lake over the time interval 0 < ¢ < 5 gives

5
the number of fish that enter the lake during that time period. The numerical value of the integral Io E(t)dt

should be obtained using a graphing calculator.

In part (b) students were asked for the average number of fish that leave the lake per hour over the 5-hour period
0 <t < 5. A response should demonstrate that “number of fish per hour” is a rate, so the question is asking for
the average value of L(¢) across the interval 0 < ¢ < 5, found by dividing the definite integral of L across the

5
interval by the width of the interval. The numerical value of the expression %J.o L(t) dt should be obtained using

a graphing calculator.

In part (c) students were asked to find, with justification, the time ¢ in the interval 0 < ¢ < 8 when the population
of fish in the lake is greatest. The key understanding here is that the rate of change of the number of fish in the
lake, in number of fish per hour, is given by the difference E(¢) — L(¢). Analysis of this difference using a

graphing calculator shows that, for 0 < ¢ < 8, the difference has exactly one sign change, occurring at

t = 6.20356. Before this time, E(z) — L(¢) > 0, so the number of fish in the lake is increasing; after this time,
E(t) — L(t) < 0, so the number of fish in the lake is decreasing. Thus the number of fish in the lake is greatest at
t = 6.204 (or 6.203). An alternative justification uses the definite integral of E(¢z) — L(¢) over an interval

starting at ¢ = 0 to find the net change in the number of fish in the lake from time ¢ = 0. The candidates for when
the fish population is greatest are the endpoints of the time interval 0 < ¢ < 8 and the one time when

E(t) — L(t) = 0, namely ¢ = 6.20356. Numerical evaluation of the appropriate definite integrals on a graphing
calculator shows that the number of fish in the lake is greatest at = 6.204 (or 6.203).

In part (d) students were asked whether the rate of change in the number of fish in the lake is increasing or
decreasing at time ¢ = 5. A response should again demonstrate the understanding that the rate of change of the

number of fish in the lake is given by the difference E(#)— L(¢), and whether this rate is increasing or decreasing
at time ¢ = 5 can be determined by the sign of the derivative of the difference at that time. Using a graphing
calculator to find that E'(5) — L'(5) < 0 leads to the conclusion that the rate of change in the number of fish in
the lake is decreasing at time ¢ = 5.
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AP® CALCULUS AB/CALCULUS BC
2019 SCORING COMMENTARY

Question 1 (continued)

For part (a) see LO CHA-4.E/EK CHA-4.E.1, LO LIM-5.A/EK LIM-5.A.3. For part (b) see LO CHA-4.B/EK
CHA-4.B.1. For part (c) see LO FUN-4.B/EK FUN-4.B.1. For part (d) see LO CHA-3.C/EK CHA-3.C.1, LO
CHA-2.D/EK CHA-2.D.2. This problem incorporates all four Mathematical Practices: Practice 1: Implementing
Mathematical Processes, Practice 2: Connecting Representations, Practice 3: Justification, and Practice 4:
Communication and Notation.

Sample: 1A
Score: 9

The response earned 9 points: 2 points in part (a), 2 points in part (b), 3 points in part (c), and 2 points in part (d).

5
In part (a) the first point was earned with the definite integral J-O E(t) dt, and the second point was earned with
5
the answer 153. In part (b) the first point was earned with the definite integral Jo L(t) dt. The second point was

earned with multiplying the integral by % and with the answer 6.059 that is accurate to three decimal places. In

part (c) the first point was earned with the equation E(¢) — L(¢) = 0 in line 1 on the left. The sentence “[a]t time

t = 6.204, the greatest number of fish in the 8 hour period are in the lake” in lines 3 and 4 would have earned the
second point without additional information. The second point was earned with the restatement “so the number of
fish in the lake is greatest at # = 6.204 hours” in lines 7 and 8. The third point was earned with the statements
“because E(t)— L(t) is positive from ¢ = 0 to ¢ = 6.204” and “ E(¢) — L(t) is negative from ¢ = 6.204 to

2
t = 8”in lines 4, 5, and 6. In part (d) the response earned the first point in line 1 with 16 + 15sin (ﬁ) — 2017

6
%(16 + 15sin(%t) - 20'”2) , which is equivalent to E'(5) — L'(5).
1=5

The second point was earned with “decreasing” and the explanation, “[s]ince the derivative of E(¢) — L(¢) at

which is equivalent to E(¢) — L(¢), and

t =5 is negative” in the concluding sentence.

Sample: 1B
Score: 6

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

5
In part (a) the first point was earned with the definite integral Io E(t) dt, and the second point was earned with
5
the answer 153. In part (b) the first point was earned with the definite integral '[0 L(t) dt. The second point was

earned with multiplying the integral by % and with the answer 6.059 that is accurate to three decimal places. In

part (c) the first point was earned with the equation E(¢) — L(¢) = 0 in line 1. The second point was earned with

“[t]here is the greatest number of fish in the lake at time ¢ = 6.204 ” in lines 3 and 4. The third point was not
earned because the statement “changes signs (+) to (—)” and ¢# = 6.204 in lines 1 and 2 only provides evidence
that there is a relative maximum at # = 6.204 rather than an absolute maximum on the interval 0 < ¢ < 8. In
part (d) no points were earned because there is no mention of E'(5) and L'(5), and the answer of “increasing” is

incorrect.
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AP® CALCULUS AB/CALCULUS BC
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Question 1 (continued)

Sample: 1C
Score: 3

The response earned 3 points: 2 points in part (a), 1 point in part (b), no points in part (c), and no points in
5
part (d). In part (a) the first point was earned with the definite integral jo (20 + 15sin (%t)) dt, and the second

point was earned with the answer 153. The crossed-out work is not scored. In part (b) the first point was earned

5 2
with the definite integral Io (4 + 201 ) dt. The second point was not earned because the integral is not multiplied

by %; the answer is incorrect. In part (c) no points were earned because there is no equating of E(¢) — L(¢) to 0,

and there is no declaration of an absolute maximum value nor a justification. In part (d) no points were earned
because there is no mention of E'(5) and L'(5), and the answer of “Increasing” is incorrect.
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