AP Calculus - Free Response

Unit 6 #1
Solutions File
#1a (00583
AP Scoring Rubric
345 3 S5 _ &Y 7 )
(a) ﬂg‘; - g{o) i 3 8= —%Z'C‘jmu 1 : answer
Actual Solution Receiving Full Credit
| Woek for probles 3(a) |
| L% - 6L -

1) E——— =:-3.5 /e

1 -_C. - ';:l
#1b
AP Scoring Rubric

Ly o F el B v g

®) 5], 7(x) Lt 5|, T(x) ds
g C . .
Trapezoidal approximation for _[ “T(x) dv: L EHapezoidal sum
o [ 1:answer
100 + 93 93 + 70 70 + 62 62 + 55
A= 3 1+ 5 -4+ 3 14+ 5 -2
Average temperature = %_4 =5 6875°C
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8
(c) .[u T'(x) dc=T(B) =T(0) = 55 -100 = —45°C . [ 1:value

The temperature drops 45°C from the heated end of the wire to the

| 1 ; meaning
other end of the wire.
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’ —— < T . 70-93 _ . e .
(d) Average rate of change of temperature on [1. 5] is S ~5.75. 5 { I : two slopes of secant hines
61 _ 70 ~ " | 1 : answer with explanation
Average rate of change of temperature on [3, 6] is ;._ q = -8.
No. By the MVT, T'(¢;) = =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 (¢, e, ). Therefore T”
is not positive for every ¥ in [0, 8].

Units of *C/cm m(a), and “C in (b) and (¢)

1 :units m (a), (b), and (¢)
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#2a (2008 ABB3)
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(0+7) (7+8) (8+2) (2+0) o . T
(a) 7 8+ 7 6+ > 8+ > 2 1 : trapezoidal approximation
=115 ft’
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[ ‘Work for problem 3(a) —[

arrroxrmaf o O'F area  using ‘fnrazp dq' sum
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1 120 . ..
2 5y : average v
(b) 120.[0 115v(r) dt 1 : limits and average value
- - 3/ . . constant
=1807.169 or 1807.170 ft°/ min 3: i -
1 : integrand

1 : answer
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(©) JO 3“3111( 4)fh = 122.230 or 122.231 ft*

45 J integral
"1 1: answer
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(d) Let C be the cross-sectional area approximation from "1 : volumetric flow integral

part (c). The average volumetric flow is

" 3: 4 1:average volumetric flow
ij' C-v(r)dr =2181.912 or 2181.913 ft*/ min. 1
20J 40

1 : answer with reason

Yes, water must be diverted since the average volumetric flow

- . - i .
for this 20-minute period exceeds 2100 ft*/ min.
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AVemgc vatlve ot volume‘fﬂc Flow Jur;ng 40<s4< €0
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Thus, waTer must be  Jiverted. )

7/




#3a (2010 AB3)
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3 1000 +1200 , 1200 + 800
(a) jur'{rjdr:’_’,- . +

1 : mtegral

= 3200 1 2:
2 peopie { 1 : answer
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(b) The number of people waiting in line 1s increasing because 1 : answer with reason
people move onto the ride at a rate of 800 people per hour
and for 2 <t < 3, r(t) > B00.
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(c) r(t)=2800 onlyatr=3 1 :1identifies r = 3
For 0 <t <3, r(r) >800. For 3<1t<8, r(r)< 800. 3: 4 1:number of people mn line
Therefore, the line 1s longest at time ¢ = 3. 1 : justification

There are 700 + 3200 — 800-3 = 1500 people waiting in line
at time f = 3.
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| Work for problem 3(c) J
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[ 1:800¢
a |
(d) 0=700+ | 0:-(53 ds — 800t 3:4 1:integral
| 1:answer
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#4a . (2006 ABB4)

AP Scoring Rubric
(a) f(22)= % = —3 calories/min/min 1: f’(22) and units
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(b) f is increasing on [0, 4] and on [12, 16]. [1:/ on (0.4)
N 3 : s [ has ¢ xatr=2 ;
On (12.16). f(¢) = 15 9_| =3 Since £ has 4- ) I : shows /" has a max at ¢ ; on {(? 4)
16-12 2 | 1:showsfor12 <r <16, f(z) < f(2)
constant slope on this interval. | i muywes

on (0.4). f'(r)= —%rg + 37 and

L) = —'—_:r +3 =0 when ¢ = 2. This is where [~

has a maximum on [0. 4] since f” >0 on (0. 2)
and /"< 0 on (2. 4).

On [0, 24], f is increasing at its greatest rate when

tad

t =2 because f(2)=3> =
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(c) I;Sf(f) dt = 6(9) + %(4)(9 +15) + 2(15) . { 1 : method

. : | 1: answer
= 132 calories
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Brv i
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15
= q(!z-—bl-r-!;_[&'l'ﬁ)(u.—tz]-l- 15 (1§1b)
5% it 20= 132 color er
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18
(d) We want % [6 (f(f)+ec)dt=135. o { 1: setup
This means 132 + 12¢ = 15(12). So. ¢ = 4. 1 :value of ¢

OR

132 5w
= 11 calories/min.

Currently. the average is

Adding ¢ to f(r) will shift the average by c.
So ¢ = 4 to get an average of 15 calories/min.
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Bore S'Q]"ﬁh:j ¢ thv-ngtd, nvrmat teloges in Bé‘téfﬁ'
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