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1. f(x)=4e" —x+6 7. y = 6 cos 2x
f(x) = 4e" —1+0 = 4e" — 1 ¥ = 6(—sin 2x)(2) = —12 sin 2x
£(0) = 4¢* —1=4(1)-1=3 ¥’ = =12 cos 2x(2) = —24 cos 2x
" = —24(—sin 2x)(2) = 48 sin 2
Tangent line: y — 10 = 3(x — 0) Y ( v)(2) o
y=3x+10 ¥ = 48 cos 2x(2) = 96 cos 2x
So, the answer is D. W = 96(—sin 2x)(2) = —192 sin 2x
© = 192 cos 2x(2) = —384 cos 2
2. Evaluate each graph. Y cos 2x(2) cos £x
A: The graph appears to be f(x) = —2x, so So, the answer is B.
(x) = 2. 32) - s(27 -
f(x) g B2 -s(27) _ 106 78 28 6
B: The graph appears to be f(x) = x°, so 32-27 32-27 05
f'( x) = 3x2 So, the answer is C.
C: The graph appears to be f(x) = x?, so 9. 2y = 3xy + x* = 4
S(x) = 2x. PE A L S
D: The graph appears to be f(x) = x,s0 f/(x) = 1. dx dx
x4 60 Y = o 43
Because f(x) = -2 is negative for all values of x, the ( rroy ) T ATy
answer is A. dy ~(2x - 3y)
- 2
3 6x* — 3x° + 5x° dx (—3x + 6y )
) 7= X3 dy _ 2x — 3y
=6x-3x* +5 dx  3x — 6)?
dy =6 — 6x So, the answer is B.
dx
2 10. V = 7r'h
- o) f)
So, the answer is D. dt dt dt
. . . 5 2 dr
4. The function A(x) =|2x — 5| is continuous at x = 3. =zxr-—+ 2rh$
o ]2x -5 N PR a1 dn 1
Because lim -——— im ——0:, When &8 =29 _ 1 49 andr =
w2 X = (52)  woiatx — (5/2) i o a ,and r ,
the function is not differentiable.
So, the answer is A LA z (4)2 : + 2(4)(9) 1
) . dt 2 3
5. £(x) sin x = 327 cubic centimeters per second.
- f(x) = —

So, the answer is D.
, x%(cos x) — sin x(2x X cosx — 2sinx
f (X) - ( ) ( ) -

(x2 )2 x3

So, the answer is C.

6. y=8x+3=(8x+3)"

2

, 1 —3/4
Y= —(8x+3) 8 = —
4 )@ (8x + 3)"*

So, the answer is A.

© 2017 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.
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11. iYou
2 ,_‘25 m
T @ o
-
30 oo
¥ + 257 = y?
2x@ +0 = Zyd—y
dt dt
Yy _x&
dt ydt

After 3 seconds, x = 30(3) = 90 meters and y = ~/90* + 25% = ~/8725.

d 90
Because ax = 30 meters per second, LA (30) = 28.906 meters per second.
dt dt /8725

So, the answer is B.

3 2, 3

12. s(t) = - +26* + 3
s(t) = =3 + 4t

s(@) - s(0) [ 247 + 3] [0+ 2007 + 3] 5

Average velocity = = == =_8
& Y 4-0 4 4
s’(¢) = -8

—3t* + 4t = -8

0=232-4:r-8

4 + /112
6
t = 2.431seconds (¢ = —1.097 is not in the domain.)

=

So, the answer is D.
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13. (a) f(x) = 3¢
f(x) = 3¢ (4x) = 12xe”

(b) Graph f'(x) = 12xe* using a graphing utility.
Use the intersect feature or the root/zero feature
to find f'(x) = 2.

So, x = 0.158.

(c) Tangentline: y — 0 = f '(c)(x - %)

1
= 12xe | x — —
g ( 2)

Find x when y = 3¢*°.

3¢ = 12xe (x - lj
2

oot

0=4x* —2x -1

,_.
Il

T 2(4
Lo 22
8
1+-/5
X =

4
So, the tangent line intersects the x-axis
at x = 0.809 and x = —0.309.
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1 pt: answer

1pt:sets f'(x) = 2
2 pts: P s ( ) .
1 pt: answer (usmg calculator—no work)
Notes: The answer must be rounded to at least three

decimal places to receive the answer point. Avoid
premature rounding in any intermediate steps.

To ensure the desired accuracy in the answer, solve

12xe* =2 numerically, perhaps using the intersect

feature or the root/zero feature. Avoid using the trace
feature because the desired level of accuracy may not
be obtained without zooming in sufficiently.

An incorrect answer from part (a) may not be
imported to part (b).

2 pts: represents an equation of the tangent line
usingm = f'(x) = 12xe? (showing this
in the next step is sufficient)
6 pts: |2 pts: represents the intersection of this tangent line
with f [sets 3¢ equal to 12> (x - %):|

2 pts: answers (using calculator —no work)

Notes: The answers must be rounded to at least three
decimal places to receive the answer points.

To ensure the desired accuracy in the answers, solve
2 2
3e¥ = 12xe* (x - %) orsolve 3 = 12x(x - %)

numerically, perhaps using the intersect feature or
the root/zero feature. Avoid using the trace feature
because the desired level of accuracy may not be
obtained without zooming in sufficiently.

An incorrect answer from part (a) may be imported
to part (c) to earn the first four points (but not the
answer points).
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4. (@) lim

(b) lim

h—0

© lm

(d) lim

h—0

sin(x + h) — sin x

h
. sinxcosh + cosxsinh —sinx
= lim
h—0 h
. |sinxcosh — sin x sin A
= lim|———— 4+ cosx
h—0 h h

= lim {sin X(Mj + cos x(l)}
h—0 h
= }113}) (sm x(0) + cos x)

= lim cos x = cos x
h—0

Yawh - Y| REH) + R )R
h (3x+h)2+ 3x+h)(\3/;)+( )2
i (\3/x+h)3—(i/;)3 ]

= lim — _

R () - ()

= lim 3 : 2
h=0 (\3/): +h) + (\3/): + h)(i/;) + (\3/;)
1
T 2B 4 BB g 2
1
= 3x72/3

N6+ h —4(N16 + h + 4 i (16 + h) — 16
h 16+ h + 4 =0 h(N16 + h + 4)
= lim h

=0 h(x/lé Y h+ 4)

1

= lim ———

h=0 /16 + h + 4
1 1

Ji6+4 8

1 _1
. 5=-5-h 1
= 5211133)5(5+h) n
:hm_il
h=0 5(5 + h)
1
55+ 0)
1
T

1 pt: expands sin(x + h)

1 pt: manufactures the special limits
3 pts: sin & . _cosh—1
and lim ———

lim
h—0 ) h—0 h

1 pt: answer with analysis

Note: A question requiring the use of such

a trigonometric identity or these special
limits is unlikely on the free-response section
of the AP Exam.

1 pt: scales numerator and denominator
2 pts: by strategic factor

1 pt: answer with analysis

1 pt: scales numerator and denominator
2 pts: by strategic factor

1 pt: answer with analysis

1 pt: manufacturers a common
2 pts: denominator

1 pt: answer with analysis

Note: A question involving such limits as these four
(i.e., evaluating the limit definition of the derivative) is
unlikely on the free-response section of the AP Exam.
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15. (@) h(x) = /) 2 pts: uses the Quotient Rule to compute /'(x)
g(x) 3 pts: '
( )f'(x) f(x)g'(x) 1 pt: answer
7 g x -
Mx) = 2 Leavi () = (=3)(=2) .
[g(x)] Note: Leaving the answer as 5 is
() = 2(2)1'(2) - f(2)£'(2) perfectly acceptable and, in fact, recommended. It is
[g(z)]z not necessary to simplify the answer on a free-response
question. Students are encouraged to not simplify
_ () - (=3)(=2) answers on the free-response questions to avoid the
52 risk of making arithmetic mistakes.
-
25
) Jj(x) = f(g(x) 3ot {2 pts: uses the Chain Rule to compute /'(x)
pts:
J(x) = f'( g( x)) g(%) 1 pt: answer
72) = 1(2(2)g(2) Note: Leaving the answer as (7)(-2) is perfectly
_ f’( 5)(_ 2) acceptable and, in fact, recommended. It is not
necessary to simplify the answer on a free-response
= (7)(-2) question.
=-14
(©) k(x) =/ (x) 3ot 2 pts: uses the Chain Rule to compute &'(x)
s:
, 1 , P 1 pt: answer
K(x) = (%)
21 (%)

. 1 .
Note: Leaving the answer as —= - 7 is perfectly

1 24

g (5) B 2./ f (5) / (5) acceptable and, in fact, recommended. It is not
necessary to simplify the answer on a free-response
= 1. 7 question.
24
7
4
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16. (a) (i) Because v(r) > 0 when 0 < ¢ < 1 and
4.4 < t < 5, the particle is moving upward
on the intervals (0, 1) and (4.4, 5).
(i) Because v(¢f) < 0 when 2 < ¢ < 4.4, the
particle is moving downward on the interval
(2, 4.4).
(iii) Because v(f) = 0 when 1 < ¢ < 2, the particle

is at rest on the interval (1, 2).

(b) (i) When ¢ = 0.75, the slope of the line of
v(¢) = —2. So, the acceleration of the particle
is —2 feet per second squared.
(i1)) When ¢ = 4.2, the slope of the line of
v(t) = 5. So, the acceleration of the particle

is 5 feet per second squared.

17. (a) g(x) = f(x) - tanx + kx
g(x) = f(x) - tanx + sec’ x - f(x) + &

V4 RV
Because tan E and tan 7 are undefined

T kY4
and sec? 3 and sec? > are undefined,

the derivative of g will fail to exist when

xzzandxzzr,
2 2

(®) g'(x) = f(x)- tanx + sec” x - f(x) + &k
g'(% = f'(%] - tan % + (sec %} : f(%] + k
6 = (-2)(1) + (V2) (4) + &
6=6+k
k=20

2 pts: (i) answers with explanation, where v(7) > 0

4 pts: {1 pt: (ii) answer with explanation, where v(f) < 0
1 pt: (iii) answer with explanation, where v() = 0
Notes: Though open intervals are desired, open or
closed intervals would generally be accepted here.
For (i) and (ii): Because the zero of v(¢) on the interval
[4, 5] is being determined visually from the given
graph, any -value in the interval [4.3, 4.5] would be

acceptable for this zero. (Using exactly ¢ = 4.4 in the

answers is not required.)

2 pts: (i) answer with analysis (computes slope of
this line segment)

5 pts: 12 pts: (i) answer with analysis (computes slope of
this line segment)

1 pt: units for both (i) and (ii)

Note: Leaving the answers in unsimplified forms, such
2-0 3-(-2

and (-2)
0-1 5-4
in fact, recommended. It is not necessary to simplify
the answers on a free-response question.

as , is perfectly acceptable and,

3 pts: uses the Product Rule to compute g’(x)
7 pts: 2 pts: answers
2 pts: justification (explaning tan x and/or sec x
are undefined here)

1 pt: sets up correct equation
2 pts:

1 pt: answer (solves for k)
Note: Leaving the answer as
2
k=6- (—2) tan% - (sec %) (4) is perfectly

acceptable and, in fact, recommended. It is not
necessary to simplify the answer on a free-response
question.
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