AP Calculus - Free Response Unit 6 Free Response #2
Solutions File

#1a (004883

AP Scoring Rubric
(a) Midpoint Riemann sum 1s [ 1 ow(S) +v(15) +v(25) ++(33)
10-[v(5) + v(15) + v(25) + v(35)] 3.4 1:answer
=10[9.2+7.0+2.4 +4.3] =229 l 1 : meaning with units

The mtegral gives the total distance in miles that the
plane flies during the 40 minutes.

Actual Solution Receiving Full Credit

| Work for problem 3(a) ‘
: j-re:{- 25
OveOL=10((5) + f(19)+ (25 + (425 )
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#1b

AP Scoring Rubric

(b) By the Mean Value Theorem, v'(7) = 0 somewherein | [ 1:two instances
the interval (0, 15) and somewhere in the interval © 7| 1:justification
(25, 30). Therefore the acceleration will equal 0 for at
least two values of 7.




Actual Solution Receiving Full Credit
0&)=0
bR
on e (ntenols {57 and [25,2]
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#1c

AP Scoring Rubric

(¢) f'(23) = —0.407 or —0.408 nules per minure’ | : answer with units

Actual Solution Receiving Full Credit
| =) £ 7
f'&)=gsm=lo + 3:}0605 To
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F'(E%)’ ’ljlﬂfﬂﬂﬁ’}m { mlqg €058y
[(23) -|-.408 iles per minske? |

#1d

AP Scoring Rubric

_ , a0 - limits
(d) Average velocity = Lj ) di = ; %mn )
4070 31 1 :mtegrand
= 5.916 miles per minute | : answer




Actual Solution Receiving Full Credit
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| Work for problem 3(d) | Slm

b +C0S(€ho) + 35 [1Huo)t

40-0

\3= 51_0_25(:: . 5079

= 5.1 miles pey (
minoke

]

Cm&nﬂfjﬁ N

Oueiase-¥=—f )12
—Ho-o—
;-1.311—@.______—__
—Ho—
- 033 mies "

#2a (2009 AB1)

AP Scoring Rubric
1 : answer

8§—17

vty V8 =w(T) _ . 2 )
(a) a(75)=v(75)=——=-01 uuleslfunnute ‘ 2: { 1 - units

Actual Solution Receiving Full Credit

Work for problem 1(a) V8=V ()

a (9.5)= \y'(98) = F-;-—;‘“ = 0.2-03% % -o_|

. &f’?»';): -0 m‘lAml

#2b

AP Scoring Rubric

4

s 12
®) | . |v(#)| dt is the total distance, in miles, that Caren rode 5- { 1 : meaning of integral

during the 12 nunutes from 7 = 0 to 7 = 12. 1 - value of mtegral

fo o dr = [ Pvieyde = [ vtey i [ vty e

=02+02+14=128 nules




Actual Solution Receiving Full Credit

| Work for problem 1(b) | Flvoldt = 0.2 40.2 4 0. 1T+ 0.346.240. 05 + LoD+ 2.)
= 1.3 miles

(" 0] 4t =5 e Hotal dixtance ot Garon
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#2c
AP Scoring Rubric
(c) Caren turns around to go back home at time ¢ = 2 minutes. _ { 1 : answer
This 15 the time at which her velocity changes from positive " |1 reason

to negative.

Actual Solution Receiving Full Credit
She fums aound ob £ =2 mnuieS beguge Aot T Whren
her vedodihy charmges Lrom posthve fo nagatint.

#2d

AP Scoring Rubric
A 12 .

(d) | o w(t) df =1.6; Larry lives 1 6 miles from school [ 2 : Larry’s distance from school
e i 1:integral
|0 v(r) dt =1.4; Caren lives 1.4 miles from school. 3-4  1-value
Therefore, Caren lives closer to school. | 1 :Caren’s distance from school
and conclusion

Actual Solution Receiving Full Credit
4
jf- W) db = j Tan(Te)dt = b

The drvtonce  Hom Lowm's house 4 siheol 0 [-Bwi
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#3a (006 AB3)

AP Scoring Rubric
@) 2(4)=[ f(r)di=3 [1:8(4)
354 1 3g(4)
g’(4) = f(4)=0 1 1:27(4)

g'(4) = f'(4) = =

Actual Solution Receiving Full Credit

Work for problem 3(a)

#3b
AP Scoring Rubric
(b) g has arelative minimum at x =1 [ 1:answer
because g’ = f changes from negative to positive at " | 1 :reason

x=1.




Actual Solution Receiving Full Credit

Work for problem 3(b)
hag o relakive minimum &Y
d@! Y t 6: @:@":7 X=\ \acause C)'(_x) :{(x)chan%ﬂ.s
Mo Hgef WO hegakive to pasitive Gt
X= |
#3c
AP Scoring Rubric
(¢) g(0) =0 and the function values of g increase by 2 for ‘ 1:2(10)
every increase of 5 in x.
4: < [(1:g(108)

g(10) =2g(5) =4

£ -

338015 g'(108)
l 1 : equation of tangent line

1

05 108
2(108) = [ " f(e)yde+ [ (1)

=2lg(5)+g(3)=4

0

g'(108) = f(108) = f(3) =2

An equation for the line tangent to the graph of g at
x=1081is y —44 = 2(x—108).

Actual Solution Receiving Full Credit




'x) = £0x)
Work for problem 3(c) 036‘5 (;) - 5 (—()() d\X

W g(s5)=1 and B s pavisdic W) o peried \enofi of
5, Ve 3(,\0\ =4 ' S
. 6[.\0%)=2

obtnoﬁ):f?(x} A x =]E
2 (10x)= £LI08) =2

{(-ud= 2(x-108) |

#4a .(2012 AB6)
AP Scoring Rubric
(a) wt)= cos(%r] =0 = r=319 ) _|J 1 : considers v(t}) =0

“711: mterval
The particle 135 moving to the left when v(7) < 0.
This occurs when 3 <7 < 9.

Actual Solution Receiving Full Credit
6. For 0 €t £12, a particle moves along the x-axis. The velocity of the particle at time ¢ is given by

vr) = cos{%r]. The particle 1s at positdion x = =2 attime ¢t = 0. < (D)==2

{a) For 0 £t £ 12, when is the particle moving to the left?

Cos(FHD)=0 winen x=3 %=1

% 9
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#4b

AP Scoring Rubric

]
(b) ||:| [v(t)| dt 1 : answer

s y ‘ cosle t\\ o\

#4c
AP Scoring Rubric
(c) a{r}:—%sm(% ] 3_{1:.::{!_]
' " | 2 - conclusion with reason
a(4) = —%sﬁ {ZT”’) = —% <0

i
v(4) = ccs(“—;r} = —% <0

The speed is increasing at time 7 = 4, because veloeity and
acceleration have the same sign.

Actual Solution Receiving Full Credit
(c) Find the acceleration of the particle at time 7. [s the speed of the particle increasing, decreasing, or neither at

1)

time ¢ = 4 7 Explain your reasoning.

Aly= v D) = ~S(ER) < 2| ~ Fsgint
s ' Jz _arJ3
o) = se (BD= - (F) - -5

()= oS Lq’é:) = 1’;
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#4d

AP Scoring Rubric
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3= { 1 : uses nitial condition

Actual Solution Receiving Full Credit

(d) Find the position of the particle at lirnrg_r t=4
A= g
w0z Seos(RREE au-T i
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