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AP® CALCULUS AB
2008 SCORING GUIDELINES (Form B)

Question 6

t

(sec) 0 15 25 30 35 50 60
1)

- =30 [ 20 | <14 | -1

(# /sec) 20 3 2 1 0 0 10
ar)
(ft /secz) 1 5 2 1 2 4 2

A car travels on a straight track. During the time interval 0 < ¢ < 60 seconds, the car’s velocity v, measured in
feet per second, and acceleration a, measured in feet per second per second, are continuous functions. The table

above shows selected values of these functions.

(8) Using appropriate units, explain the meaning of [ [+(¢)| d in terms of the car's mtion. Approximate

[7'1%0)] d using a trapezidal approximation with the three subltervals desermined by the tabl.

(b) Using appropriate units, explain the meaning of I:oa(t) dt in terms of the car’s motion. Find the exact value

of ]:"a(z) a.

(¢) For 0 <t < 60, must there be a time ¢ when W) = -5 ? Justify your answer.
(d) For 0 < ¢ < 60, must there be a time ¢ whea a(f) = 0 ? Justify your answer.

& [ Iv{e)]dr is the distance in foet thatthe cer travels
from ¢ = 30 secto ¢ = 60 sec.
Trapezoidal approximation for j: )] a :
A= %(14 +10)5 + %(10)(15) +-;-(1o)(10) =185 ft

() [ ate) dt is the car's change in velocity in fsec from
t =0 secto t =30 sec.
30 30 ,
jo a(f) dt = jo v'(¢) dr = v(30) - v(0)
= =14 - (-20) = 6 ft/sec

(c) Yes. Since v(35) = —10 < -5 < 0 = ¥(50), the IVT
guarantees a ¢ in (35, 50) so that W1) = -5.

(d) Yes. Since W0) = ¥(25), the guarantees a ¢ in
(0, 25) so that a(t) = v(t) = 0.

Units of ft in (8) and f/sec in (b)

2_{l:explamﬁon
“11:value

2_{l:explmlation
“11:value

_{l:v(35)<-5<v(50)
"1 1: Yes; refers to IVT or hypotheses

2_{l:v(0)=v(25)
" | 1 Yes; refers to MVT or hypotheses

1 : units in (a) and (b)
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AB-3 / BC-3 1999
3. The rate at which water flows out of a pipe, in gallons per hour, is t R(?)
given by a differentiable fanction R of time ¢. The table above (hours) | (gallons per hour)
shows the rate as measured every 3 hours for a 24~hour period. 0 2.6
(a) Use a midpoint Riemann zs‘uln with 4 subdivisions of equal 3 10.4
length to approximate / R(t) dt. Using correct units, explain 6 10.8
themeaningofyourmgmintermsofwmﬂow. l: ;;:
(b) Is there some time ¢, 0 < t < 24, such that R'(t) = 07 Justify 15 u:s
your answer. . 18 10.7
{c) The ratalof water flow R(t) can be approximated by 2 102
Q)= % (768 + 23t — £8). Use Q(t) to approximate the 24 0.8

average rate of water flow during the 24-hour time period.

Indicate units of measure.

(a) / * Rit)dt = B[R(S) + R(9) + R(15) + R(21))
y = 6[10.4 +11.2+11.3+10.2)
= 258.6 gallons

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

(b) Yes;

Since R(0) = R(24) = 9.6, the Mean Value
Theorem guarantees that thereisa t, 0 < ¢t < 24,
such that R'(t) = 0.

(c) Average rate of flow
s average value of Q(t)

1 21
=5 -ﬁ(768+23t—t’)d¢
]

= 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)
8 { 1: answer
1: explanation

3 1: answer
1: MVT or equivalent

1: limits and average value constant
8 { 1: Q(t) as integrand

1: answer

1: units



AP® CALCULUS AB

2005 SCORING GUIDELINES
Question 3
Distance
x (cm) 0 1 5 6 8
Temperature
T(x) (°C) 100 93 70 62 55

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

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

(b) Write an integral expression in terins of T'(x) for the average temperature of the wire. Estimate the average temperature
of the wire using a trapezoidal sum with the four subintervals indicated by the data in the table. Indicate units of

(c) Find J:T'(x)dz, and indicate units of measure. Explain the meaning of j:l"(x)dx in terms of the temperature of the

(d) Are the data in the table consistent with the assertion that 7"(x) > 0 for every x in the intorval 0 < x < 8 ? Explain

your answer.

(@

®)

©

@

T(8)-T(6) S5-62 7
$-6 -~ 2 = ¢m

= [ROF

Trapezoidal approximation for J:T(x) de:

_100+93 93 + 70 70+62 . 62+55
A-2|+24+2|+22

Average temperature = -;—A = 75.6875°C

[ 7(x) de = 7(8) - 7(0) = 55 - 100 = ~45°C
The temperature drops 45°C from the heated end of the wire to the
other end of the wire.

.. 7093
Average rate of change of temperature on [1, 5] is 57

Average rate of change of temperature on [5, 6} is 62:;0 =-§,

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

= =5.75.

Units of °C/cm in (a), and °C in (b) and (c)

1 : answer
| I:-;-fT(x)dx
3: 1 : trapezoidal sum
1 : answer
{I:vnlue
2 .
1 : meaning

2_{1 : two slopes of secant lines
" | 1 : answer with explanation

1 : units in (a), (b), and (c)
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AP® CALCULUS AB
2005 SCORING GUIDELINES

Question §

A car is traveling on a straight road_ For 0 < ¢ £ 24 seconds, the car’s
velocity v(t), in meters per second, is modeled by the piecewise-linear

function defined by the graph above.

(8) Find j’:‘v(r) dt. Using comrect units, explain the meaning of L"v(z) a.
(b) For each of v’(4) and v/(20), find the value or explain why it does not

exist. Indicate units of measure.

U]
2 4, 20)

b

5
£
5

-

(16,20)

o ¢ 8 171622
Time (seconds)

(c) Let a(r) be the car’s acceleration at time ¢, in meters per second per second. For 0 < ¢ < 24, write a

piecewise-defined function for a(r).

(d) Find the average rate of change of v over the interval 8 < r < 20. Does the Mean Value Theorem guarantee
avalue of ¢, for 8 < c < 20, such that v'(c) is equal to this average rate of change? Why or why not?

@ [0 =1()20)+ a2)20)+ L8)c20) =
The car travels 360 meters in these 24 seconds.
(®) v'(4) does not exist because
OO 1) - w4)
i (=5) - 500- pm (=3)
V(20) = 5 = -5 e’
(c) 5 if0<e<sd
a(')= 0 ifd4<t<i6

--;- f16<1 <24
a(r) doesnotexistat ¢ =4 and ¢ = I6.

The average rate of change of v on [8, 20] is

A |5

20-8

@

No, the Mean Value Theorem does not apply to v on

[8, 20] because v is not differentiable at ¢ = 16.

360 : value

: meaning with units

:v'(4) does not exist, with explanation
:v/(20)
: units

:ﬁndsmvalms.o,-g
: identifies constants with correct intervals

2. { 1 : average rate of change of v on [8, 20)
" | 1: answer with explanation
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