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2

@ | R(t)dt = 6IRE) + RO) + R(S) + RE)
= 6104+ 11.2+113+102]
= 258.6 gallons

This is an approximation (0 the total flow in
gallons of water from the pipe in the 24-hour
period.

Yes;

Since R(0) = R(24) = 9.6, the Mean Value
‘Theorem guarantees that there is . t, 0 < ¢ < 24,
such that R/(t) =

(€) Average rate of flow
= average value of Q(t)

1M
=351, wUR+B-

=10.785 gal/hr or 10.784 gal/hr

(units) Gallons in part (a) and gallons/hr in
part (c), or equivalent.

1 R(3) + R(9) + R(15) + R(21)
answer

: explanation

: answer

MVT or equivalent

limits and average value constant
: Q(t) as integrand

+ answer
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Your answer.

1 answer

:%Er(x)dx

Trapezoidal approximation for ['7(x) ds: *] 1+ trapezoidal sum
+answer

_ 100493 | 93470 , 70462, 62455

A= 200 DR O

Average temperature = %A = 75.6875°C

2

J:T'(x) dx = T(8) - T(0) = 55~ 100 = value

‘The temperature drops 45°C from the heated end of the wire to the + meaning
other end of the wire.

45°C

Average rate of change of temperature on [1, 5] is 20=93 = _: two slopes of secant lines

+answer with explanation

Average rate of change of temperature on (S, 6] is 62j ;0 -

No. By the MVT, 7*(c)) = ~5.75 for some ¢, in the interval (1, 5)
and T'(c;) = -8 for some ¢, in the interval (5, 6). It follows that
T must decrease somewhere in the interval (c,, ¢;). Therefore 7
is not positive for every x in [0, 8].

Units of °C/em in (a), and °C in (b) and (c) 1+ units in (a), (b), and ()

‘Copyright ©2005 by Callege Board. Allrights reserved.
Visit apeentral collegeboard.com (for AP professionals) and www.collegeboard com/apstudents (for AP students and parents).
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91s increasing on [~2, 3] and decreasing on (3, 4). + interior analysis

Therefore, g has absolute minimum at an endpoint analysis.

endpoint of [~2,4]. ot sl
: answer

Since g(~2) = —6 and g(4) =

the absolute minimum value is 6.

One; z=1 choice of z = 1 only

On (-2,1), ¢"(z) = f(z) >0 : show (1,(1)) is  point of inflection

On (1,2), ¢"(z) = f'(z) <0 : show (2,9(2)} is not a point of inflection
On (2,4), ¢"(c) = f'(z) <0

Therefore (1,9(1)) is a point of inflection and
(2,9(2)) is not.
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1997 ABS/BCS
Solution

@ g()=[roa

(b) g(x) has a relative maximum at x =2
because g'(x) = /(x) changes from the positive
to negative at x=2

© g@)=r-1

£(3)=r0)=

(d) graph of g has points of inflection with x-coordinates x =0 and x = 3

because g"(x) = f'(x) changes from the positive

to negative at x = 0 and from negative to positive at x =3
or

because g'(x) = / (x) changes from increasing

to decreasing at x =0 and from decreasing

to increasing at x =3
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90 = [ 10d = Fa+2) +9(3)
9= 1) =2 e
S@ == e

90 Ly @00 = frwa
- anawer

= ize@+ar ?)

There are two values of c. 1: answer of 2

We need £ = /() = f(c 1+ reason

The graph of  intersects the line y = - Noto: 1/2 if answer is 1 by MVT
places between 0 and 3.

z=2adz=5 liz=2andz=5only
because ¢’ = f changes from increasing to 1+ justification

decreasing at z = 2, and from decreasing to (ignore discussion at & — 4)

increasing at z = 5.
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2 e B v o = 10 i





image1.png
<« C' A | [) www.deeringmath.com/Calculus/calculusbc/fullySortedAP_Practcie/AP%20Free%20Response%20Sorted-1.pdf w| =
calculatORR - Home [[T] CMAPP - WCPSS i Email WA NCEdCloud [ Draw Function Grap... [ PowerTeacher PB wepssmath /Wake .. [ AP Free Response (3 Other bookmarks

Apps

AP Free Response Sorted-1.pdf 99 /181

AB-3 / BC-3 1999

3. The rate at which water flows out of a pipe, in gallons per hour, is R(t)
given by a differentiable function R of time ¢. The table above (gallons per hour)
shows the rate as measured every 3 hours for 2 24-hour period.

() Use a midpoint Riemann sum with 4 subdivisions of equal
2

length to approximate / R(t)ds. Using correct units, explain
the meaning of your answer in terms of water flow.

(b) s there some time t, 0 < ¢ < 24, such that R'(t) = 07 Justify
your answer.

(¢) The rate of water flow R(t) can be approximated by
Q)= % (768 + 23t — £2). Use Q(t) to approximate the
average Tate of water flow during the 24-hour time period.
Indicate units of measure.

2

(@) [ R(t)dt = 6[R(3) + R(9) + R(15) + R(21) 1: R(3) + R(9) + R(15) + R(21)
o

[10.4+11.2+113+10.2) 34 1: answer

= 258.6 gallons 1: explanation

This is an approximation (0 the total flow in
gallons of water from the pipe in the 24-hour
period.

(b) Yes; | 1: answer
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Question 3

Distance
x (cm)

Temperature
() (cC) |10 | 3 [ ™ | & | 55

o |1 5 6 8

A metal wire of length 8 centimeters (cm) is heated at one end. The table above gives selected values of the temperature:
7(x), in degrees Celsius (°C), of the wire x cm from the heated end. The function T is decreasing and twice
differentiable.

(@) Estimate T(7). Show the work that leads to your answer. Indicate units of measure.

(6) Write anintegral expression interms of 7(x) for the average temperature of the wire. Estimate the average temperature
Ofthe wire using a rapezoidal sum with the four subintervalsindicated by the data i th tabl, Indicate units of
measure

(© Find j:r(;) d, and indicate units of measure. Explain the meaning of [17"(x) d i terms of the temperature ofthe
wire,

(d) Are the data n th table consistent withthe assrtion that 7°(x) > 0 for every x in the interval 0 < x < 8 ? Explain
your answer.

I(®)-T(6) _55-62

® F5 -3

- -Zncjem 1 answer

®) %J:T(x] & ET(x) &

1 : trapezoidal sum
1: answer

Trapezoidal approximation for Er( x) d:

100493, 93+70 , 70+62, 62455
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AB-5 / BC-5

5. The graph of the function 4, consisting of three line segments, is
given above. Let g(x) = / o

(a) Compute g(4) and g(~2).

(b) Find the instantaneous rate of change of g, with respect to z, at
z=1

(€) Find the absolute minimurm value of g on the closed interval
[-2,4]. Justify your answer.

() The second derivative of g is not defined at z = 1 and z = 2,
How many of these values are z-coordinates of points of
inflection of the graph of g? Justify your answer,

@ 90 /f(c)4(=;+1+;—;

a-0= [ ar=
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The graph of the function / consists of a semicircle and two line segments as shown
above. Let g be the function given by g(x) = "n' Syt .
(a) Find g(3).

(b) Find all the values of x on the open interval (~2,5) at which g has a relative
maximum. Justify your answer.

(€) Write an equation for the line tangent to the graph of g at x=3

(d) Find the x-coordinate of each point of inflection of the graph of g on the open
interval (~2,5). Justify your answer.
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Question 5

Let f be a function defined on the closed interval [0,7). The graph of

Draw Functon Grap... [l PoverTescher 75 wepsemath /Wake . [} AP Free Response

J, consisting of four line segments, is shown above. Let g be the

function given by o(e) = [ (0)d.

(a) Find g(3), ¢'(3), and ¢"(3)

(b) Find the average rate of change of g on the interval 0 < z < 3.

(¢) For how many values ¢, where 0 < ¢ <3, is g'(c) equal to the
average rate found in part (b)? Explain your reasoning,

(4) Find the z-coordinate of each point of inflection of the graph of
g on the interval 0 < z < 7. Justify your answer.

g(ﬁ):f:/(z).zz=%(4+27=3 1:g(3)
/@) = 1 =2 e
) = 1) = 1:4"3)

93) = 9(0) % f: o

11 1 1: answer
= ize@+ar ?)

(c) There are fwo values of [ 1: answer of

( L) - o0) = [ 0

N &

| =
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