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FUNCTIONS ASSIGNMENT

LI f(x) = 00D then f7(x) =
(A) NG (B) 2 &) (©) 6 (In x) &1 (D) 5x* (E) 6x°
X
2. What is the domain of the function f given by f(x) = -—~—’—r—2~:§i ?
—

(A) {x: x #3) B) {x: |x]£2) O {x: Ix| 22
(D) {x: [x| =22 and x # 3} (E) {x: x 22 and x # 3}

3. Which of the following functions has the fastest rate of growth as x—o0?

(A) y=x" — 50 (B) y= 547 (©) y=1Inx’ (D) y =(nx)”  (B) y =0

4. Let f and g be odd functions. If p, r, and s are nonzero functions defined as follows, which must
be odd?
L p(x)=/f(g(x))
. r(x) = f(x) + g(x)
Hi. s(x) = f(x)g(x)

(A) Tonly (B) II only (C) I'and I only
(D) II and I1I only (E) I, H, and 1

5. 4 cos (x + %) =
(A) 2./3 cos x — 2sin x (B) 2cos x — 2./3 sin x (C) 2005 x + 2./3 sin x
(D) 2\/§cosx + 2 sin x (E) 4cosx + 2

6. Which of the following does NOT have a period of n ?

(A) f(x) = sin (%x) " (B) f(x) = |sin x| : (©) f(x) = sin? x
(D) f(x) = tanx ’ (E) f(x) = tan’x

7. If f(x) = e sin x, then the number of zeros of f on the closed interval [0, 2n] is

(A) 0 (B) 1 (C) 2 (D) 3 (E) 4



g flnx — in(i) =2, then x =

) ®) © e (D) 2 (E) &2

9. 10 f(x) = - ;“_ - then the inverse function, /', is given by S W) =

A.X"l - x + 1 x
(A) = (B) — © 172 (D) () x

Lt

ANV

4 A 4

/0. The graph of y = f(x) is shown in the figure above. Which of the following could be the graph of
y = flxD?

(A) y ®)

/N

-

o

(D) - (®

- X {

oy ©)
L¢//
DA N N S /R T D T IR N
y\/
T ot X
1 4

/I, The fundamental period of 2 cos (3x) is

oE (B) 21 (C) 6n (D) 2 (E) 3



LIMITS ASSIGNMENT

b hm 15
Xy Inx
l . ’ (E) nonexistent
(A) 0 By () 1 D) ¢

2. The graph of which of the following equations has y = 1 asan asymptote?

(A) y =Inx  (B) y = sinx Q¥ = Oyy=2"5  ®y-=e

3. For x > 0, the horizontal line Yy = 2isan asymptote for the graph of the function J- Which of the following
statements must be true?

(A) f(0) =2

B) f(x) # 2 forall x >0
© (2 is undefined.

(D) &mz S(x) = oo

(E) lim f(x)=2

- -

, _{3x"— 4, forx =1
% Letf(x) = { 6x 5. forx |

Which of the following are true statements about this function?

L Iim f(x) exists.
X3

11 lim £(x) exists.

X3

HI (1) exists.

(A) None (B) Ifonly (C) I only (D) I and 11} () 111, and 111

—

5. Let f(x) be a continuous function that is defined for all real numbers y.

:) .

If f(x) = x) D when x” - Sy 4 6+ 0, what ig 1(3)7?
xSy 46 T

Ay 0 B) 1 <y 2 () 4 (£) 5



O a

6. The graph of a function f is shown above. Which of the following statements about f is false?

(A) f 1s continuous at x = a.
(B) f has a relative maximum at x = a.
(C) x = a 1s n the domain of f.

(D) hm f(x) isequal to lim f(x).

xat Xosa”
(E) hm f(x) exists.
X3l
) A b 2]
7. Find hm 05 i
o 30 AxT b 2y
) 2 i 3 .
Ay © 2 (¢ ; 3
(A) 5 (B) 5 (O 1 (D) 5 (&) 1
TN I S ) LR
8. Let g(x) = /}1":(]) B For what value of x does g(x) = 27
(A) x =1 (B) x =2 (G x=3 (D) x = 4 (E) x =5
9. For which of the following does lim f(x) exist?
x4
L y 1. ): L. vy
3
A' /1 o1
— - et » gt -
o 1 4 O] 1 4 * ol 1 4 *
Graph of f Graphof f Graph of f
(A) I only
(B) I only

(C) I only
(D) I and I only
(E) I and I only



i I —cosf .
e ]—?}O 2sin? 0

¢

(A) 0 B 4 © 1 (D) 1 (E) nonexistent

7/. If the graphof y = o has a horizontal asymptote y = 2 and a vertical asymptote x = —3,
/ x :
then a + ¢ =
A —5 ®) -1 © 0 D) 1 ) 5
. tan 3(x + h) — tan(3x) .
/2. The lim - i 1s
A0
(A) O (B) 3 sec? (3x) (C) sec? (3x) (D) 3 cot (3x) (E) nonexistent

AR
/0/ @ bNeSg ST

Graph of f

13. The graph of a function f is shown above. At which value of x is f continuous, but not differentiable?

ho h = 5. Which of the following must be true?
-
I. f 15 continuous at x — 2.
I1. f is differentiable at-x =
L. The derivative of f is continuous at x - 2

(A) Lonly

(B) Il only

(C) I and It only
(D) I and I only
(E) Il and I only

Xt gt
/S0 1w # 0, then himn s
L

(A) 'l\, (By =
P

(DY 0 (2} nonexistent
gl Ja’ ba- o



For all real numbers x and p, let f be a funchon such that f(x+ y)=

im 7% _
R0

(a) Find #(0). Jusufy your answer.
(b) Use the defintion of the denvative to find  £(x).
(c) Find F(x).

3

£+ £()+ 21y and such that

- Dgﬁnilim} of the Dermvathre




Derivative Theory

L If m f(x) = 7, which of the following must be true?

X3

I
H.
HI.

J is continuous at x =
/ 1s differentiable at x

fQ3)y=1

(A) None
(D) Iand III only

3.
= 3.

(B) II only
(E) L 11, and 111

Q. For all x in the closed interval [2, 5}, the function f has a positive first derivative and a negative second
derivative. Which of the following could be a table of values for f?

A [x] fx) ® [«] f&x)
2 7 2 7
3 9 3 11
4 12 4 14 -
571 16 5 16

(C) 111 only

O | x| f(®) D x| f(x) E) |x]| f(x
21 16 21 16 21 16
3] 12 3] 14 31 13
4 9 41 11 41 10
5 7 ] 5 7 51 7
y

3. The graph of the function J shown in the fi

horizontal tangents at the points (1, —1)

gure above has a vertical tangent at the point (2, 0) and
and (3, 1). For what values of X, =2 <x<4, is f not

differentiable?
(A) 0 only (B) 0 and 2 only (C) 1 and 3 only (D) 0,1, and 3 only (EY 0,1, 2 and 3
4. If £ 1s continuous for ¢ < x < b and differentiable for ¢ < v < b, which of the following could be
false?
S ) - fla) .
(A) f(c) = ’l”""})‘"’:""a‘~~ for some ¢ such that ¢ < ¢ < p. (D) f has a maximum value on a < x < b.

(B) f'(c) = 0 for some ¢ suchthat a < ¢ < b

(C) f bas a minimum value on ¢ < y <

~

“ fb

a

Fx) dx exists,



5. Let fix) = glh(x)), where A(2) = 3, h'(2) = 4, g(3) = 2, and g’(3) = 5. Find f'(2).
(A) 6
(B) 8
(C) 15
(D) 20
(E) More information 1s needed to find f7(2).

X 0 1 2
fy o k 2

6. The function f is continuous on the closed interval [0, 2] and has values that are given in the table

above. The equation f(x) = 5 must have at least two solutions in the interval {0, 2] if k =

‘ !
(A) 0 B) 5 (OGN (D) 2 (E) 3
y
A
) 3 0 i 7
Graph of f'

7. The graph of f’, the derivative of the function £, is shown above. Which of the following statements is true
about f ?

(A) fisdecreasing for -1 < x < 1.
{B) [ is increasing for—2 < x < 0.
(C) fisincreasing forl1 < x < 2.
(D) f has a local minimum at x = 0.

(E) f is not differentiable at x = ~l and x = L.

8. Let g be a twice-differentiable function with g’(x) > 0 and g”(x) > 0 for all real numbers x, such that
~ g(4) = 12 and g(5) = 18. Of the following, which is a possible value for £(6)?

(A) 15 (B) 18 ©) 21 (D) 24 (E) 27



g ion defined b
9. Let f be adifferentiable function with f(2) = 3 and f’(2) = -5, and let g be the function y

= xf(x i int where
= x f(x). Which of the following is an equation of the line tangent to the graph of g at the point w

(A) y =3x
B) y—-3=-5x-2)
€ y—-6=-5x-2)

D) y-6=-7(x-2)
(E) y -6 =-10(x - 2)

10. The function f has the property that f(x), f’(x), and f7(x) are negative for all real values x.’ Which of the
. ‘féﬂowing could be the graph of f?

B
(A) N B) y
3

9) X 0 mx

© y D) y
0 — X 0 - X
[
/ ~

1. Let f be a function that is

differentiable on the o
f(9) = -5, which of the fo}

pen interval (1, 10). If £(2) = =5, f(5) = 5, and
lowing must be trye?

L f has at least 2 ZEros.
II. The graph of f has

at least one horizontal tangent.
HI.  For some c,

2<c<s, fley = 3.

(A) None
(B) I only
(C) Tand II only

/2 Let f and g be differentiable functions with the fol

(1) g(x) >0 forall X
() f(0) = |
I h(x) = f(x)e(x) and h'(x)

owing properties:

= f(x)g'(x), then f(x) =
(A) [(x) (B) ¢(x)

(C) e (by 0 - (E) 1



/3. 1 [ is a differentiable function, then f’(a) is given by which of the following?
Lo L@ @)

h-o
. tim LG /(@)
C e X = a
m. im A= S0
X-a .
(A) 1 only (B) 1I only (C) 1and II only (D) Iand HI only (E) L 11, and III
£4-"x 13334 353637
f()]3.6913.9614.25[4.56|4.89
Let f'be a differentiable function that is defined for all real numbers x. Use the table above to estimate
(3.5 ’
(A) 03 (B) 1.8 ) 2.7 D) 3.0 (E).6.0
y

The graph of y = f'(x) is shown. Which of the following statements about the function f(x) are true?

L f(ois decreasing for all x between a and c.

1. The graph of fis concave up for all x between @ and c.

(A) Tonly (B) 11 only (& III_only (D) Tand 1} (BE) 1, 11, and 111
/G. Let fbe a twice-differentiable function whose derivative f'(x) is increasing for all x. Which of the
following must be true for all x?
L fly>0
I ffx)>0
HI. f"(x) >0
(A) 1only (B) Il only (C) Hlonly (D) Tand 11 (E) H and Ili



y

.
!

0

/

17. The graph of a twice-differentiable function f is shown in the-figure above. Which of the following is
true?

(A) f() < f() < f()
(B) f(1) <) <f'(H
(C) /(1) < f(1) < f(1)
D) £ < fA)y < f1(1)
(E) fr(1) <f(1) <f(1)

2

18. If f(x) = sin (g), then there exists a number ¢ in the interval% <x <3 that satisfies the
conclusion of the Mean Value Theorem. Which of the following could be* ¢ ?

’ 2n 3n « T I
(A5 (B) (©) D)= ®)
19, If g is a differentiable function such that g{x) < 0 for all real numbers x and if
f(x) = (x? = $g(x), which of the following is true?

(A) f has a relative maximum at x = -2 and a relative minimum at x = 2,

(B) / has a relative minimum at x = -2 and a relative maximum at x = 2.

(C) f bas relative minima at x = -2 apd at r = 2.

(D) f has relative maxima at v = -2 and at v = 2.

(E) It cannot be determined if / has any relative extrema.

20. Let f be a polynomial function with degree greater than 2. If @ # b and fa) = f(b) = 1, which of
the following must be true for at least one value of x between a and b ?

L f(x)=0
I f(x)=0
L f"(x)=0

(A) None (B) T only (C) T only (D) 1and I only (E) 1, 11, and 111

/. The function f iscontinuous for -2 < x < 1 and diffemntiable for -2 < x < 1. If f(-2) = =5 and f(l) = 4,
which of the following statements could be false?

(A) There exists ¢, where -2 < ¢ < 1, such that fle)y = 0.
(B) There exists ¢, where —2 < ¢ < 1, such that f(c)y=0.
(C) There exists ¢, where —2 < ¢ < 1, such that flc) = 3.

(D) There exists ¢, where —2 < ¢ < 1, such that f(c) = 3.

(E) There exists ¢, where ~2 < ¢ < 1, such that f(c) 2 f(x) for all x on the closed interval -2 < x <L



v A
w W
b

2
9. At x =3, the function given by f(x) = {6’; o

(A) undefined

(B) continuous but not differentiable
(C) differentiable but not éontinuous
(D) neither continuous nor differentiable

(E) both continuous and differentiable

O fom e - ——

8 b

3. The graph of y = f(x) is shown in the figure above. On which of the following intervals are g—X >0
d’ x
and d—xiz’ <0?

I a<x<b

H b<x<c¢

OI. ¢ <x <d

(A) Ionly (B) II only (C) I1I only (D) Iand I (E) Il and I1I



The First and Second Derivative

. e dy 4 a9
For the graph shown, at which powmntisittrue that e < 0 and e 07

(A) A (B) B (©)y C Dy D (F) E

2.1 f(x) = x V2x — 3, then f{xy =

\) Ix - 3 D) —x + 3
A) o Dy
( Jax - 3 J2x - 3
V25 3 oo -3
]
(&) o
J2x 3

- How many critical points does the function f(x) = (x + 2)° (x — 3)* have ?

(A) One (B) Two " (C) Three (D) Five (E) Nine
. What i1s the mmimum value of f(x) = x I x?

) - © 0

(B) —1 (E) f(x) has no mimimum value.

© -!

- If the denvative of f 1s given by f'(x) = ¢* — 3x”, at which of the following values of x does f
have a relative maximum value?

(A) —0.46 (B) 0.20 (C) 0.91 (D) 0.95 (E) 3.73
Mo+ v = 10, then when v = 2, dy =
ey
(A B) 2 (©) 2 B 5
. The function f has first derivative given by f'(x) = . Jx 5 - What is the x-coordinate of the inflection
+x+x

point of the graph of f ?
(A) 1008 (B) 0.473 © o (D) -0.278 (E) The graph of f has no inflection point.



8. Let y be a differentiable function with -, 0 for all x. For which of the following values of y is it true

{ax
that d yo = Sd In y?
dx dx
i
1 y = 2
H. y=12
. y=4
(A) tonly (’B) Il only (C) Ml only (D) Tand I (E) I and 111
y

¥ y

3
v =)
— Y=

-y =g -y =h'(x)
| / Y I K“* ““““\vo N P

9. The graphs of the derivatives of the functions f, g,
f. &, or h have a relative maximum on

and h are shown above. Which of the functions
e open nterval a < x < h 7

(A) f only
(B) g only
(C) & only
(D) f and g only
(E) f, g, and h

10. What 1s the instantaneous rate of change at x = 2 of the function [ given by f(x) = x:: ]2 ?
(A) 2 ®) (© 1 D) 2 ®) 6
11. At what value of x does the graph of y = ;]2 - x]; have a point ofinﬂeciion?
(A) 0 (B) 1 (©) 2 (D) 3 (E) At no value of x
12. Letf(xj = tan" ! x. Find f'(2).
(A) %r (B) ; (C) ; (D) ;%fz | (F) Undefined
13 Let £ be a function defined for all yeal numbers x If )y = ’t\;} then [ s decreasing on the
interval
(A) (0, ) (BY (oo, oy (Cy (-2, 4) (D) (2, c0) (1) (2. o)

14. Let f be a differentiable function such that f(3) = 2

Cand f'(3) = S If the tangent line to the graph
of fat x =3 is used to find an approximation to a zero of /. that approximation is
(A) 04 {B) 05 {C)y 26

(D) 3.4 (E) 55



e

- - x -
7S, Let g be the function given by g(x) = J;) sm(zz)dt for -1 < x < 3. Op which of the foﬂowing intervals is g

decreasing?
(A -1<x<0 D) 1772 < x < 2,507
B)o<x<1772 (E) 2802 < x <3

(C) 1253 < x < 2171

16. A particle moves along the x-axis so that at any time t > 0, its velocity is given by v(r) = 3 + 41 cos(0.91).
- What is the acceleration of the particle at time ¢ = 4 7

(A) —2.016 (B) -0.677 (C) 1.633 (D) 1.814 (E) 2.978

17. Find an equation of the line tangent to the graph of y ,.,’,;;:’S,

sl x o= 3
X5 6

. —- ¥
(A) Sx +y =18 (B

n

X =y =42 (C) Sx 3y =24 (D) x ~ Sy = 12 (F) x + y =6
(8161 (x) = In(x + 4 + e™), then £(0) is

(A) “%’ B) % (C)V;If D) % (E) nonexistent

19. I f(x) = ln‘)(2 -1 l then f'(x) =

2 2
(A) }xz = 1 (D) ;Xl
2x i
(B) T}'g“:lhl () — -
2 lx I
(© xr 1

20. Let f(x) = x> — 12x. Which statement about this function 15 false?
(A) The function has one inflection point.
(B) The function is concave upward for x > (.
(C) The function has two relative extrema.
(D) The function is mncreasing for values of x between — 2 and 2.

(E) The function has a relative minimum at x = 2.

M

=f"(x)
5 y

[
¥
e

21. The second derivative of the function f is given by f7(x) = x(x — a)(x — b)?. The graph of f” is shown
above. For what values of x does the graph of f have a point of inflection?

(A) 0and a only (B) 0 and m only (C) b and only D) 0,a and b (E) b,j,and k



. o 3 X et el 9
2?2 What are all values of x for which the function f defined by fx) = (x? ~ 3)e* is increasing”
" (A) There are no such values of x.
((B; x <} and x > 3 (E) All values of x
(C) 3 <x <l

(D) 1 <y <3

T~

g Y
a O

\b

23 The graph of f is shown in the figure above. Which of the following could be the graph of the
derivative of f?

(A) y (B) ¥

a 0 ; /1) ! a 0

b
\I
© ,r (D) _
wm#L,X ) e X
a~ 0 b a o b
7
7. Let f be the function givenby f(x) = 2xe*. The graph of f is concave down when
(A) x < =2 B) x> -2 (©) x < -1 D) x > -1 (B) x <0
25. e 2
(Ay 2° 7! (B) 2%~ Hx

(C) 2% 1n2 D) 2* YIn2

26. What is the slope of the line tangent to the curve 3y? — 22

= 6~ 2xy at the point (3, 2)?
4
(GYRY (B) )

7 6 5
Dy @5 @3
27. Let f be the function defined by f(x) = x> + x If g(x) =

F7'(x) and g2) = L, what is the value of g*(2) 7
WE o ®F © o4 @



281 flx) = an(2x), then f (g}

(A) 3 (B) 243 (C) 4 (D) 43 (E) 8

e

A f(X) = ’2‘} , then f'(x) P

‘ 2x - § I

(A) 1 D) 6@37*)
e?X(1 — 2x) eX(2x — 1)
®) ) ¢2x D

30. Let f be the funcuon given by f(x) = 2¢4*. For what value of x is the slope of the line tangent to

the graph of f at (x, f(x)) equal 10 3 7

(A) 0.168 (By 0.276 (C) 0.318 (D) 0342 (E) 0.551

31. Find the derivative of cos® 2x_
(A) —sin’ 2x (D) =3 cos® 2x sin 2x
(B) 6 cos” 2x (E) ~6cos’ 2x sin 2x
(C) 6 cos? 2x sin 2x

32. Letf(x) = x* + x. Find the value of ;f ") atx = 2.
X

1 ! o 1
(A) 6 (B) P (C) 21 D) 6 (E) 81

33 Let f bp the function gichhy flx) = 37" and let g be the function given by g(x) = 6x' At what
value of x do the graphs of f and £ have parallel tangent lines? ' o ‘

(A) ~0.701
(B) ~0.567
(C) ~0.391

34 'Two particles are moving along the x-axis. Their positions are given by x, (1) = 2t% — 5¢ + 7 and
x,(1) == sin 21, respecn\fcly. it a(r) gnd a,(t) represent the acceleration functions of the particles, find the
numbers of values of 1 in the closed interval [0, 5] for which a (1) = a,(1).

(A) O (B) 1 ()2 (D) 3 (E) 4 or more

35. Which of the following is an equati i |
. s juation of the line tangent 1o the ra ) =Xt 2y
at the point where f(x)y =17 ’ Braph of 0=t

(A y = 8xr — 5
By v=xy47
(C) y=x4+ 0763
D)y y=x-0122

(E) v=1x- 2146



~




Derivative Applications

I. An equation of the line tangent to the graph of f(x) = x(1 — 2x)* at the point (I, ~ D is

Ay = -Tx +6 B) y = —6x + 5 Oy = —2x + 1
D)y =2x -3 By p =7x — 8

2 At what point on the graph of v = =x7 15 the tangent line parallel to the line 2x — 4y = 3 7

\ / s

W (53) ® (54) @ (1)) ® (1.3) (F) (2.2)

3. The absolute maximum value of f (x) = x*> — 3x? + 12 on the closed interval [—2, 4]
occurs at x =

(A) 4 (B) 2 O 1 (D)o (E) -2

4. The maximum acceleration attained on the interval 0 < 1 < 3 by the particle whose velocity is given

by v(z) =1 = 307+ 121 + 4 is

(A) 9 ®B) 12 (C) 14 M) 21 (E) 40

5. A particle moves along the x-axis so that at time ¢+ > 0 its position is given by x(¢) = 26> — 21t + 72r — 53.
At what time 't 1s the particle at rest?

(A) t =1 only (D)I:Bandt:%
B) t =3 onl
® d (B r=3and: = 4
(C)t:%only

T,
6. The slope of the line normal to the graph of y = 2 In (sec x) at x = 2

(A) -2 (D) 2

(B) “% (E) nonexistent
Lo

©) 5

7.. A particle moves along a line so that at time 1, where 0 < 1 < 7, its position is given by
2

! . ) . . ,
sty = —4dcost — 5 + 10. What is the velocity of the particle when its acceleration
18 zero?

(A) —5.19 (B) 0.74 (C) 1.32 (D) 2.55 (E) 8.13



8. The radius of a circle is increasing at a constant rate of 0.2 meters per second. What is the rate of increase in the
area of the circle at the instant when the circumference of the circle is 20z meters?

2y,
(A) 0.047 m~“/sec (D) 207 m 2/sec

(B) 04r m?%/sec
(E) 1007 m?/sec

(C) 4n m?/sec

9. A dog heading due north at a constant speed of 2 meters per second trots past a fire hydrant at'7 = 0 sec.

(A) 3.2 m/sec (BY 3.6 m/sec (C) 4.0 m/sec (D) 4.4 m/sec (E) 4.8 m/sec
Z
¥y -
X
) . . dz dc _ _dy .
10. The sides of the rectangle above increase in such a way that 7 1 and @ 3 e At the instant
when x = 4 and y = 3, what is the value of %? ?
(A) 3 (B) 1 © 2 D) /5 ) 5
i1 A railroad track and a road cross at right angles. An observer stands on the road 70 meters south of th
crossing and watches an eastbound train traveling at 60 meters per second. At how many meters per
second is the train moving away from the observer 4 seconds after it passes through the intersection?
(A) 57.60 (B) 57.88 (C) 5920 (D) 60.00 (E) 67.40
7201t y = 2x — 8, whatis the mimmum value ol the product xy ?
(A) —106 (B) -8 (C) 4 (M o (k) 2

7 3. Find the approximate value of x where f(x) = x> — 3Vx + 2 has its absolute minimum.

(A) —45 B) 2 (©) 0 (D) 0.5 () 2.5

x} x? 4x Y oy
14. Let f(x) = ¢ 2 e s I'hen fhas a local minimum at x =
A) —2 B) - 2 \ 2 . L
(A) (B) R © 3 (D) 1 (E) 2

7'5. The volume of a cylindrical tin can with a top and a bottom is to be 167 cubic inches. If a mi»tmum
amount of tin is to be used to construct the can, what must be the height, in inches, of the can?

(A) 272 ®) 2.2 (©) 24 (D) 4 (E) 8



16 Let f(x) = Yy the rate of change of f at ¢ -

17,

¢ as twice s rate of change at x 1. then ¢ —
(A) t’ (B 1 (Cy 4 (D) | (Y !
L | RE b

The top of a 25-foot ladder is sliding down a vertical wall at a constant rate of 3 feet per minute.

When the top of the ladder is 7 feet from the ground, what is the rate of change of the distance
between the bottom of the ladder and the wall?

7 .

(A) g feet per minute D) ; feet per minute
7 .

(B) Y feet per minute (E) % feet per minute

7 . .
(O 2 feet per minute

1 8. The radius of a circle is decreasing at a constant rate of 0.1 cemimetcr‘per second. In terms of the

circumference ', what s the rate of change of the area of the circle, in square centimeters per
second?

L (0.)C
(A) —(0.2nC © =5
B) —(0.1)C (D) (0.1’ C

19.

The radius of a circle is increasing at a nonzero rate, and at a certain instant, the rate of increase in the

area of the circle is numerically equal to the rate of increase in its circumference. At this instant, the
radius of the circle is

(A) B) ; © 2 D) 1 (E) 2
y

2
Line ¢ is tangent to the graph of y = x — —5%6 at the point O, as shown in the figure above.

(a) Find the x-coordinate of point O .
(b) Write an equation for line ¢ .

2
. X . . . N
¢) Suppose the graph of v = x — -=— shown in the fi ure, where x and y are measured in feet,
pp grap ) 00 g Y

represents a hill. There is a 50-foot tree growing vertically at the top of the hill. Does a spotlight
at point P directed along line ¢ shine on any part of the tree? Show the work that leads to your

conclusion.



Bldg

70
ft

Tee
Bldg

30
ft

A tightrope is stretched 30 feet above the ground between the Jay and the Tee buildings, which are
50 feet apart. A tightrope walker, walking at a constant rate of 2 feet per second from point 4 to
point B, is illuminated by a spotlight 70 feet above point 4, as shown in the diagram.

(a) How fast is the shadow of the tightrope walker’s feet moving aloﬁg the ground when she is midway

between the buildings? (Indicate units of measure.)

(b) How far from point A is the tightrope walker when the shadow of her feet reaches the base of the

Tee Building? (Indicate units of measure.)

(c) How fast is the shadow of the tightrope walker’s feet moving up the wall of the Tee building when
she is 10 feet from point B ? (Indicate units of measure.)

BN Let h be a function defined for all £ = 0 such that h(4) = —3 and the derivative of h is given

2~
T forall z = 0.

by R'(z) =

(a) Find all values of z for which the graph of h has a horizontal tangent, and determine

whether A has a local maximum, a local minimum, or neither at each of these values.

Justify your answers.

(b) On what intervals, if any, is the graph of h concave up? Jﬁstify your anéwer.

(c) Write an equation for the line tangent to the graph of h at = = 4.

(d) Does the line tangent to the graph of h at z = 4 lie above or below the graph of h for

z > 47 Why?

ol

N\

A(x)

Let A(x) be the area of the rectangle inscribed under the curve y = e“2x2

O

and (x, 0), x = 0, as shown in the figure above.

(a) Find A(1).

X

with vertices at (—x, 0)

(b) What is the greatest value of A(x) ? Justify your answer.

(c) What is the average value of A(x) on the interval 0= x=<27



Integration Theory

1. Suppose fand g are even functions that are continuous for all x, and let a be a real number.

Which of the following expressions must have the same value?
L] e+ g de

2] 1760 + g0l d

(¢

HI. r f(x)dx + f 'g(.x) dx

(A) land lTonly  (B) land lllonly (C) Il and Hlonly (D) L 11, and 11 (E) None

[

-1 0 I 2\3_—? *
1l

2 Th\ P f iecewicelinear § 1 i - 1
4@ graph of a piecewise-linear function f, for ~1 < x < 4, is shown above. What is the value of
f Slx)ydx? =
-1
(A) 1 (B) 2.5 ©) 4 D) 55 E) 8

b b ‘
30f f f(x)ydy = a+ 2b. then } (f(x) + 5ydy -

« Ta

(AY a v 2h + 5 (By Sb — Ser (Y 7h — da (Y 7h — Sa (1Y 7b ~ 6

2

4 If the definite integral | ¢* : : . ) )

and th . gra jo e dfr is first approximated by using two mscribed rectangles of equal width
en approximated by using the trapezoidal rule with n = 2, the difference between the two

approximations is

(A), 53.60 (B) 30.51 (C) 27.80 (D) 26.80 (E) 12.78



4 4
5. If a trapezoidal sum overapproximates Jo f(x) dx, and a right Riemann sum underapproximates jo f{x)dx,

which of the following could be the graphof y = f(x)?

y y
(A) (B) ® 7
Al 4 41
N 3 3t
N\ 2 2t
l” 1 1"
X X
0 0 54
i 1 2 3 4 o 1 2 3 4
© Y ® 1
44 NI
3_\ 31 /
| \ 21 ,
11 1 )
b X S S
ol T 5 4 ol 1 2 3 4
S P 2 3 50
6. The expression 0 ({;6 + \/;0 + \/;6 + o F \/5‘(5 ts a Riemann sum approximation for
i SN
(A) f = dv N
. V50 (D) [ Vv dy
‘! Nt
(B)J \ﬁd,\ h

| -
o (F) gaf Vv vy

| o 3]
o \/ X
(©) 55 f Vs

7. The regi i
gions A, B, and C in the figure above are bounded by the graph of the function S and the x-axis. If the
area of each region is 2, what is the value of f (f(x) + Ddx? |
_3 :

(A) =2 (B) -1 (O 4 D) 7 (E) 12

500 560
8. j} (I3 = 1N dx + [ (1% = 13%) gy —

A) 0.00 ) 3
(A) 0.000 (B) 14.946 (C) 34.415 (D) 46.000 * (E) 136.364
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Barrels per Hour
A

=
e
b
&
~J
e

Hours

9. The flow of oil, in barrels per hour, through a pipeline on July 9 is given by the graph shown above.

Of the following, which best approximates the total number of barrels of oil that passed through the
pipehine that day?

{A) 500 (B) 600 (C) 2,400 (D) 3,000 (E) 4,800

k
10.0f | (2kx = x2dx = 18, then k =
0
(A) -9 (B)y -3 <) 3 D) 9 (E) 18
. o 2
1. Using the substitution 1 = 2x + 1, Jo V2x + 1 dx is equivalent to

1 gy2 '
B T S Y Y (O

i2. If £ and g are continuous functions, and jf >0 ~ .
muj; R S(x) for all real numbers X, which of the following

-

] j:f(x)g(x) dx = ( f:f(X) dx)( [ et dx)

B b b
nJ (f(x} + g(x)) 2 =70 dr + [ gin) a

ut [ /700 dx = /ffﬁi}l&

(A) Tonly (B) II only (O) 11 Ohly (D) 1I and 111 only (E) 1, 11, and I

13. Evaluate j(cosx — 2y dx.

!
2

{/\) “ ST X ’ Ay

e 4 O
(D) siny - 207 ¢ C
(B} sin x '1'()?‘ b
2 () ~cosy - ’ ey
) smx - 202 4 ¢ Z



y = flx)
b </

{ -

y = gi{x)

—

7 4. The area of the shaded region in the figure above is represented by which of the following integrals?

(A) I (S ) = 1g ()ydx D) ;: (f (x) — g(x))dx

c ¢ ¢
B) §, S (x)dx ~ J, & (x)ax (E) fb (€0) = fGNdx + | (/) ~ g(x))ax

© [ 6() = £ ()

rx 2 5 7 8

lf(x) 10 | 30 40 20

75. The function f is continuous on the closed interval [2, 8] and has values that are given in the table

above. Using the subintervals [2, 5], [5, 7}, and [7, 8], what is the trapezoidal approximation of

8
J fx)ydx ?
2

P

(B) 130 (WC) 160 (D) 190 ‘ (Ey 210

Assume that f(x) is a one-to-one function. The area of the shaded region is equal to which of the follow-
ing definite integrals?

[ jﬂ{ 00 3 dy
8}

-0

1. f [f(x) 3] dx
4

3
me [ oy
H

(A) lonly (B) Honly (C) Hlonly (D) and Il (E) 1l and 111



3 2 3
(A) Q?_%‘_L)ﬂ + C (D) ‘?Lxﬂgil_})_ +C
x2+ 1 X’ L 2xY .
B) = T C E) T +73-+x+C
3
(©) (353 + x)2 +C
1 du _
18 For x > 0, (;f;)dxu
(A) 1 +C B 8 2
e ();;";3+C (C) In(lnx) + C
In(x?) In x)2
®) "5 4 ¢ € &0 ¢

3
/9 Let F(x) be an antiderivative of Qn—;—)— If F(1) =0, then F(9) =

(A) 0.048 (B) 0.144 (C) 5.827 (D) 23.308 (E) 1,640.250

& 0. Which of the following are antiderivatives of f(xX) = sin x cos x?

sin'x
LoF =5
. F(x) = CO;""'
ML Py = 008(2x)
4
(A) 1 only o
(B) 1l only

(C) HI only
(D) 1 and 111 only
(E) I and 1 only

b
21 I f is a linear function and 0 < @ < b, then f S(x)ydx =

a

[

(A) O (B) 1 (©) %[3 D) b~ a () b—a
22. An antidenivative for XET»ZI—;—:E 18

(A) —(x* = 2x +2)7? (D) Arcsec (x — 1)

(B) In(x? ~ 2x +2) (E) Arctan (x — 1)




d (¢ . 3
3. jo sin(1®) dr
A) -cc)s(xé)
. [ XA x dx

Siits

3
(A) %(3x2 + 524+ C

D) 36

1
x2+ 52+ C.

Z

(B) sin(x3)

©) sin(xé)

3
(B) }‘(hz + 52+ C

(D) 2x sin(x3)

(E) 2x sin(x®)

1
© Tl-z—(:wcz +5)2 +C

i
(E) 3Gx? + 52 + C

el

X

s

dS. Let f(x) = J h(t) dr, where h has the graph shown above. Which of the following could be the

a
graph of f7?

{(A) Y
ij
a4 0 b c
() ¥
} /\+
o () /;7 &
\\‘, ,,./
X
RG . (;,{E f(; cos(2nu) du 18
(A) 0 (B) 217{ sin X

(B) v

()

a O ¢
() {
a O] M C

©) il’xt cos (2nx)

(D) cos (2nx)

o & b IS

(E) 2n cos(2nx)



L7 On the closed interval [2, 4], which of the following could be the graph of a function f with the property that
=17
s J f(eyde =1

Ay Y ®B) ¥ B 7
al 4} 4
3 ]! 3
2 24 2
1 1. 1
o 1 2 3 4 o 1 2 3 4 o0 1 2 3 +°°
< 7 o 7
4} 41
3} 3
2 2}
1} 1
o 1 2 3 4 ° o0 1 2 3 4

1
[
i
i

1

] -
|
O

-%_,

o4
s

8. The graph of [ s xhown in the figure above It [ f(xYydy =23 and F'(x) = [(x), then
F3y - 1) =

{(A) 03 (B 1.3 (C) 33 (D) 4.3 (E) 53



/\\;’ =f'(x)

0 hN X

9. The graph of f”, the derivative of /. 1s the line shown in the figure above. If £(0) = 5, then @) =
A D B)3 {O) 6 (D) 8 (B) 11

3
30. If f is a continuous function and if F'(x) = f(x) for all real numbers x. then [ f(2x)dx =

1

(A) 2F(3) — 2F(1)

B lF 3) —-lF(l)

(B) 5 F(3) = 5

(C) 2F(6) — 2F(2)

(D) F(6) — F(2)

(B) SF(6) - 1 F(2)



Differential Equations

i % = ky and k is a nonzero constant, then y could be
(A) 2ek0y " (B) 2k (C) ek + 3 (D) kty + 5 (E) %kyz +%

2. A puppy weighs 2.0 pounds at birth and 3.5 pounds two months later. If the weight of the puppy

during its first 6 months is increasing at a rate proportional to its weight, thefi how much will the
puppy weigh when it is 3 months old?

(A) 4.2 pounds (B) 4.6 pounds (C) 4.8 pounds (D) 5.6 pounds (E) 6.5 pounds
&2 - _ . _
3.1 Y and y = —-— when x = 2, what is y when x = 47
1 . 1 ! 3 !
(A) 3 (B) 5 ©) 9 (D) 3 (E) 9
y
)
VAN~~~ —— /]
VAN SN—— At —— /|
VAV AN\ N ~—d—— /| |
VP VAWNSN—t4+—~7/ | ]
PVt AvN~4+—7 1111
T W /0 I I 1 0 N
T AN 2 I I I
P b Y ANN—F+—7 1T L 1]
vy N~—F—~7 111
VAV NN~ /]
VAN ~N~—d———r /[
VAN~ s/

4. Shown above is a slope field for which of the following differential equations?

2 3
dy x dy _ x* dy _ x> oy & X ® Do
W =7 (B)dx"yz © =5 D == dx 2
5. The acceleration of a particle moving along the x-axis is a(f) = 12t — 10.
At = 0, the velocity 1s 3.
At = 1, the position is x = 4.
Find the position at 1 = 2.
(A) 2 B) 4 )y 5 o 6 B 7

. . . dy . ) .
& Population v grows according to the equation =~ = ky, where k is a constant and r is measured in

dr

vears. If the population doubles every 10 years, then the value of k is

(A) 0.069 (B) 0.200 (C) 0.301 (D) 3.322 (£) 5.000






SRR ——

velocity of the particle 1s ~2 For what value of 1 will the velocity of the particle be zero?

7. Atume £ > 0, the acceleration of a particle moving on the x-axisis a(t) =+ sint. At 1 = Q. th
(A 1.02 (B) 1.48

. €

(C) 185

(D) 2.81
8. If the second derivative of f is given by /"(x)

(E) 3.14
= 2x — cos x, which of the following could be f(x)?
x?
(A) 3 +cosx — x + 1

(D) x* —sinx + 1
3
(B)%~cosx—x+l

-

(B) x> + sinx + 1
(C) x* + cosx — x + 1

q If% = 2y?andify = — 1 when x

I, thenwhenx = 2,y =

() -3 ®) -3 © 0 ) 1 ®) 3

, ,
/0. Suppose air is pumped into a balloon at a rate given by r(r) = Q_H_EI_L ft’/sec for 1 = 1 sec. If the volume of
the balloon is 1.3 f® att = 1 sec, what 1s the volume of the balloon at 1 = 5 sec?

(A) 2.7 £ - (B) 3.0f° (C) 3.3 (D) 3.6 ft° (E) 3.9

11. The acceleration of a particle moving along the x-axis at time ¢ is

given by a(¢) = 61 — 2. If the
velocity is 25 when 1 = 3 and the position is 10 when ¢

= 1, then the position x(¢) =
A) 917 + |

28;312‘2[4.4 \'(D)[3._,2+91m20

© ;3 ~ 12+ 4 +6 (E) 360 — 412 — 77t + 55

12. The rate of change of the volume, V, of water in a tank with respect to time, ¢, is directly proportional to the

square root of the volume. Which of the following is a differential equation that describes this relationship?
(A) V(1) = kvt av _ k
) dt

N2
B) V(1) = kJV

® Y~
© Wk

weigh when he was 11 months old?

(A) 125 pounds (B) 135 pounds (C) 145 pounds (D) 155 pounds (E) 165 pounds






AP Calculus AB—6 .

2005
Consider the differential equation & = _g_x_-
dx ¥y
(2) On the axes provided, sketch a slope field for the given differential equation at the Y
twelve points indicated. -7
(Note: Use the axes provided in the pink test booklet.) v )
(b) Let y = f(x) be the particular solution to the differential equation with the initial 1 .
condition f(1) = ~1. Write an equation for the line tangent to the graph of f at (1, -1) A
] o . e ey
-and use it to approximate £ (1.1). o !
(¢) Find the particular solution y = f{(x) to the given differential equation with the initial o :
condition f(1) = —1. ' ’ 2

1989 AB 6

Oil is being pumped continuously from a certain oil well at a rate proportional to the amount of

e . ody . .. . .
oil left in the well; that is. —{— = kv, where y is the amount of oil left in the well at any time 7.
dr :

Initially there were 1,000,000 gallons of oil in the well, and 6 years later there were 500,000
gallons remaining. It will no longer be profitable to pump oil when there are fewer that 50,000
gallons remaining,

(a) Write an equation for y. the amount of oil remamning in the well at time 7.

(b) At what rate is the amount of oil in the well decreasing when there are 600,000 gallons of oil
remaining?

(¢) In order not to lose money, at what time 7 should oil no longer be pumped from the well?

‘ Let P(2) represent the number of wolves in a population at e ¢ years, when £ > 0. The population :
| P(#) 15 mcreasing at arate directly proportional to 800 — P(f), where the constant of proporhionality is k. ;
() 1f P(0)= 500, find P(t) in terms of ¢ and £ ‘
L () If P(2)- 700, find &

. (¢) Find i ().

1992 AB 6

Attime s, t >0, the volume of
radius.

At 1= 0, the radius of the sphereis 1 and at r = 15, the radius is 2. (The volume V of

a sphere is increasing at a rate proportional to the reciprocal of its

4 a sphere
with radius ris V - A.{ P )






Integration Applications

I. A particle moves along the x-axis so that at any time ¢ > 0, its acceleration is given by a(t) = ln(l + 2I). If the

velocity of the particle is 2 at time ¢ - 1, then the velocity of the particle at time 1 = 2 is

(A) 0462 (B) 1.609 (C) 2.555 (D) 2.886 (E) 3.346
2. The rate of change of the altitude of a hot-air balloon is given by r(f) = > — 42 + 6 for O <t S 8. Whi?h of
the following expressions gives the change in altitude of the balloon during the time the altitude is decreasing?
A 3514 () di
&) j}.sn "
8
®) [ rna
2.667
© [ rwar

D 3514 Vd
tydar
(D) 1.572 r(

2667
(E) jo (1) di

3. A particle with velocity at any time ¢ given by v(r)

= ¢! movesina straight line. How far does the
particle move from ¢ = 0 10 1 = 27

3
(A) e — 1 (B) e — 1 (€) 2e (D) ¢2 (E) §

f __cosf
0 w/l + sin @

(A) ~2/2 - 1 B) —2/2 ©) 2/2 (D) 2(/2 — 1) (E) 2(/2 + 1)

5. V {mph)

- ‘} 1 (hours)

A bicychist rides along a strarght road starting from home at 1

0. The graph above shows the bicychst’s
velocity as a function of ¢, How far from home is th

1e bicyelist after 2 hours?

{AY 173 miles (B) 10.5 miles (Cy 175 miles () 18 miles (F) 20 mules



6.

. 1 . .
The area of the region enclosed by the curve y = 71, the x-axis, and the hnes x = 3 and

x = 41is ’

2 . 3 g .
(A) 356 (B) In % (€) In (D) In5 (E) In 6

Lot

7. What is the average value of y = x2Nx? + 1 on the interval [0, 217

8.

10.

11

13

A (B)

. 2
26 %‘i ) 2 (D) %‘- (E) 24

1

4 tam X
i' gf';“ (IX 1S
0 cos™X

(A) 0 B) 1 {Cye—1 (D) ¢ (E) e + 1

3
j’ X dx =
2 x? + 1

i
(A) %ln% (B) Lin?2 (€) In2 (D) 21n 2 (E) 1in's

1
Let R be the region in the first quadrant enclosed by the graph of y = (x + 1)}, the line x = 7,

the x-axis, and the y-axis. The volume of the solid generated when R is revolved about the y-axis
is given by

»

7 2 7 ! 2 2
(A) jo (x + 1) dx (B) 2 jo xix + 1) dx (€) n jo (x + 1)° dx

] 2 ] 7 R
(D) 2n jo (x + 1) dx (E) n jo (' = 1P dy

The area of the region enclosed by the graphs of y = x and y = x2=3x +3is

" 3 (B) 1 (©) D) 2 ®

. . 7 ) .
0 <k <« 5 and the area under the curve v = cos x fromx = k to x = 5 I8 0.1, then k=

L

(A)y 1471 (By 1.414 (Cy 1.277 (Dy 1.120 (E) 0.436

I the region enclosed by the y-axis, the hine y = 2

) Cand the curve y = VY is revolved about the
y -axis, the volume of the sohid generated s

30n :
(A {41 (B) tor 16w L1t
3

4 (© (1) () 1



&

74. A pizza, heated to a temperature of 350 degrees Fahrenheit (°F), is taken out of an oven and placed in a 75°F
: S - ~0.4 N .
room at time ¢ = O minutes. The temperature of the pizza is changing at a rate of —110e™" "' degrees Fahrenheit
per minute. To the nearest degree, what is the temperature of the pizza at time ¢ = 5 minutes?

(A) H12°F (B) 119°F (C) 147°F (D) 238°F (E) 335°F

) 2 (B) ©F D) tm2 (B) ~In2

0 8

76, The base of a solid is a region in the first quadrant bounded by the r-axis, the y-axis, and the line
X+ 2y =8, as shown in the figure above. If cross sections of the solid perpendicular to the x-axis are
semicircles, what is the volume of the solid?

(A) 12.566 (B) 14.601 (C) 16.755 (D) 67.021 (E) 134.041

77. What is the average value of » for the part of the curve y = 3x — x? which is in the first quadrant?

- 5 o 3 9 9
(A) —6 (B) —2 (© 5 (D) 3 (E) 5

4

18. j} Ix — 3 dx =
Ay -3 ®) 3 © 3 (D) 3 (E) 5

79. The volume of the solid obtained by revolving the region enclosed by the ellipse x? + 9y? = 9 about
the x-axis is

(A) 2r . (B) 4n (C) 6n (D) 97 (E) 12n

2. What is the area of the reg

o1 1n the first quadrant enclosed by the graphs of y = cosx, y = x
the y-axis? ’

and

(A) 0.127 (B) 0.385 () 0400 (D) 0.600 (E)y 0.947

2 The base of a solid is the region in the first quadrant bounded by the y-axis, the graph of y = tan"'x, the
horizontal line ¥y = 3, and the vertical line x - I.F ’

) or this solid, each cross section perpendicular to the x-axis is
a square. What is the volume of the solid?

(A) 2.561 (B) 6.612 (C) 8.046 (D) 8.755 (E) 20.773



o

. Let R be the shaded region bounded by the graphs of y = Vx and y = ¢™>* and the vertical line x = 1,
as shown 1in the figure above.

(a) Find the area of R.
(b) Find the volume of the solid generated when R is revolved about the horizontal line y = 1.

(c) The region R is the base of a solid. For this solid, each cross section perpendicular to the x-axis is
a rectangle whose height is 5 times the length of its base in region R. Find the volume of this solid.
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7 i The temperature outside a house dunng a 24-hour penod 1s given by

- where #'(t) 1s measured m degrees Fahrenhert and § 1s measured in hours.

(a) Sketch the graph of #° on the gnd to the nght

VIAEY oo
(b) Find the average temperature, to the nﬁarest ! :
degree Fahrenheit, between 1= 6 and 3= Eogof b E e A B

. {c) An ar conditioner cooled the house whenever the E : :

:' outside temperature was at or above 78 degxees LT Y :
Fahrenhet. For what values of ¢ was the ar : f :
conditioner coohng the house? &l S ,

. {d) The cost of cooling the house accumulates at the . :
rate of $0.05 per hour for each degree the outside By S s A b
temperature exceeds 78 degrees Fahrenheit. What ¢ b 12 18 2
was the total cost, to the nearest cent, to cool the Time In Howss
house for this 24-hour penod? Chek here to wiew lareer fonre

Integral as Accumulator



