FRQ’s AP Classroom Name

A GRAPHING CALCULATOR IS REQUIRED FOR THIS QUESTION.

You are permitted to use your calculator to solve an equation, find the derivative of a function at a point, or
calculate the value of a definite integral. However, you must clearly indicate the setup of your question, namely
the equation, function, or integral you are using. If you use other built-in features or programs, you must show
the mathematical steps necessary to produce your results. Your work must be expressed in standard
mathematical notation rather than calculator syntax.

Show all of your work, even though the question may not explicitly remind you to do so. Clearly label any
functions, graphs, tables, or other objects that you use. Justifications require that you give mathematical
reasons, and that you verify the needed conditions under which relevant theorems, properties, definitions, or
tests are applied. Your work will be scored on the correctness and completeness of your methods as well as
your answers. Answers without supporting work will usually not receive credit.

Unless otherwise specified, answers (numeric or algebraic) need not be simplified. If your answer is given as a
decimal approximation, it should be correct to three places after the decimal point.

Unless otherwise specified, the domain of a function f is assumed to be the set of all real numbers x for which
f(x) is a real number.

5. The rate at which cars enter a parking lot is modeled by E(7) = 30 + 5(t — 2)(t — 5)e™*?". The rate at
which cars leave the parking lot is modeled by the differentiable function L. Selected values of L(¢) are
given in the table. Both E(¢) and L () are measured in'cars per hour, and time ¢ is measured in hours after 5

A.M. (¢ = 0). Both functions are defined for 0 <t < 12.
b~ 10/~ T P <.€M

¢ 21519 |11 |12
(hours)
Hil) 15(40 |24 |68 |18
(cars per hour)

(@) What is the rate of change of E(t) at time ¢ = 7? Indicate units of measure.

houwr
£'() = G luS TR

“The yate o“’ cMhange o+ E®) ot £me t=27 (5 GluS cars per houer pf,r\/lou_r, +
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(b) enter the parking lot from time ¢t = O to time ¢ = 127 Give your answer to the nearest
whole number.

+\
1> !

§ Etr) gt = 520070
[*

To the nearesy Lhsle Vumier S0 Cors enber Fhe parkiog lot from Live t=0 o t=03%|

(c) |Use a trapezoidal sumlwith the four subintervals indicated by the data in the table to approximate
12

J L (t)dt using correct units, pxplain the meaning|of J' L(t)dt in the context of this problem.
2 2

12
SLU‘\‘*‘:* 35 E’g"’ "toj + H'J5['40'*9‘*:I+D"\5 oq+ Cz%l—f [- 4—‘,_ ft LK] 4\
2

~ ’B%S.g coxs
+\

‘§Lu=\a(-. cepresents Hhe Mumber of Cers Huat leave +he parking (ot Fom TAM (£=2) 4o sPm (£22).

2

(d) For0 <t < 6, 5 dollars are collected from each car entering the parking lot. For 6 <t < 12,8 dollars
are collected from each car entering the parking lot. How many dollars are collected from the cars
entering the parking lot from time t = 0 to time t = 12? Give your answer to the nearest whole dollar.

© 13
Cletel = 5 SElene + BSE(DAL = 3S30.1MO

° 4 © &

26 Slollivs wese collesked From tine £30 fo time £

Dellens

4+ To +he nearesy dollar,
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NO CALCULATOR IS ALLOWED FOR THIS QUESTION.

Show all of your work, even though the question may not explicitly remind you to do so. Clearly label any
functions, graphs, tables, or other objects that you use. Justifications require that you give mathematical
reasons, and that you verify the needed conditions under which relevant theorems, properties, definitions, or
tests are applied. Your work will be scored on the correcthess and completeness of your methods as well as
your answers. Answers without supporting work will usually not receive credit.

Unless otherwise specified, answers (numeric or algebraic) need not be simplified. If your answer is given as a
decimal approximation, it should be correct to three places after the decimal point.

Unless otherwise specified, the domain of a function f is assumed to be the set of all real numbers x for which

f(x) is a real number.

6. Consider the curve defined by 2x? + 3y — 4xy = 36

(@ Show that ﬂ = M
dx 3y-—2x
Prodect
~
g;' (Qy? + ‘5\41 - 4‘[—\(3 = ﬁ(&(o)
dy « Gy D%L( “l‘l""xp%L)‘:o *
& - = Yy -4
Y (G -dx) = Hy ~9x
gy _ 2(2v-2%)
orx 2 (3y -2¥)
+\
dy 2y
A T 3y-2x

(b)] Find the slope|of the line tangent to the curve at each point on the curve where x = 6.

2x2 +3y? —4xy =36

Pt (@, () |[seT
z - W-20 _ -8 _ 4
y:z(o\‘* 1y -4(@)y =3 % = e e 3
13 43yt -4y =36 @»
3\‘1-)‘4\‘ +30 O 1,}\‘ Q(O?C o"' Pre 4&% line ot :F;(n-} LCI, 3) (S Hi- +\
(- ¥y 1N=C
QRS A I I L - >
y=e or NF7 Ak |y 37
+\
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(c) Find the positive value of xjat which the curve has a vertical tangent line. Show the work that leads to

your answer, +\
- gy ——my
% 3y de avolefned  wnen 3y- 9% =0

Solvt S Slew o equations

PO INCN dyy = B
24-2x =0 _[=% ¥= i«

23 +3 (307~ wx(39 =30

(o + 340 - E¥)=3e3

G + U — 3y = 35
X W3
X2 g":}
x= *—JE)';‘T
W XK= 2z or x= VSt

(d) Let x and y be functions of time 7 that are related to the equation 2x2 4 3y% — 4xy = 36. At time

dx
t = 1, the value of x is 2, the value of y is -2, and the value of d_y is 4.]Find the value of d_ Iat time
X 4

t =1. Produck
a4 N
al olt(?x + 37~ "{X\A:jlt“s(o

,— )
=<\ L{X%* OY‘%‘L{%‘%\“ L{x%\é = O

xza [ t=l | y=-2 L =4
dx

(5 e (D) -4Z(-(3)-4=0
K.%ﬁ - 4R 4—8’3{& -232:=-0
l(.o-%g = H8+3

A g 32
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