AB Calculus Jan 6/2009 Name:

1. Find the derivative of f(x)=4x*+7x-5
A 4x+7 B. 4x+7 C. 8x+7 D. 8x2+7x E. none of these

2. Given f(x)=3x>—4x+5 find f'(x)
A. 5x+1 B. 6x+1 C. 5x—4 D. 6x-4 E. none of these

If = 3x3 —4x2 +5 find —
y
dx

A. 3x*—4x B. 3x-4x+5 C. 9x?—-8x  D. 9x?_8x+5 E. noneof these

Find L if y=-3x*+6x
dx

A. —6x+6 B. 9x+6 C. —x+7 D. —-6x E. none of these

5. Find f'(x) if f(x)=3

A. 0 B. 1 C. 3 D. 3 E. none of these
X
6. .. . .d
Given that r is any real number, determine d—(x )
x
A. ! B. ! C. (r—1x’ D. (r+1)x" E. none of these
7.
If f(x)=i then f'(x)=
x
A. _3 B. 3 C. -3x D. 3x E. none of these
x’ X
8. dy
Find == if y=2x
I y
A1 B. C. 1 D. 1 E.
— _ - — none of these
Jx v 2/x 2
9. If f(x)=+/x determine the value of f'(x) at ( 16, 4)
A. 1 B. _1 C. 1 D. 1 E. none of these
4 8 8
10. 1f f (x)=k\/; determine the value of the constant k so that f'(4)=6
A k=3 B. k=6 C. k=12 D. k=24 E. none of these

11. For the curve y=x" (k #0), the slope of the tangent is equal to 16k when x =2 Determine

the value of &
A 3 B. 4 C. 5 D. 8 E. none of these



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Given f (x)=i2 determine f'(x)
x

A. _10 B. _10 C. 3 D. S E. none of these
X x’ x? 2x
Given y=i3 determine L
X dx
A _3 B _3 C. 1 D 1 E. none of these
x’ x* 3x? 3x*

none of these

Which of the following represents the slope of the tangent to f(x) at x =2
A (2 B. f£(2) C. f'(x)=0 D. f'(x)=2 E. none of these

Given f (x)=l determine f'(x)

x
A. 1 B. 1 C. 1 D. 1 E. none of these
x’ x’ x X
If y=7 determine a
dx
A 0 B. 1 C. 7 D. 7 E. none of these
X

Evaluate the derivative of the function f(x)=3x’—-2x-1 at the point where x =0

A. ) B. -1 C. 1 D. 1 E. none of these

3

Evaluate the derivative of f(x)=2x"—-3x+2 at the point where x =2
A 3 B. 5 C. D. E.

= = 4 5 none of these
4 4

Given f(x)=(2x-3)* then f'(x)=
A. 4x B. 8x C. 4x-6 D. 8x-12 E. none of these

Given the function f(x)=+/2 determine f'(x)

A. B. C. 1 D.
0 —_—
2 N

none of these

-

If f(x)=6g(x) then f'(x) equals
A. 6g'(x) B. g'(x) C. 2'(6) D. 6 E. none of these



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

For what condition is f(x) increasing ?
A f(x)>0 B. f(x)<0 C. fl(x)>0 D. f'(x)<0 E. none of these

Find k such that the function f(x)=kx’+12x—4 has a critical point at x =4

A. k=-6 B. k=_§ C. k:é D. k=6 E. none of these

Determine all values of x such that the function f(x)=x’-3x"+5 is decreasing.
A x<2 B. x>2 C. 0<x<2 D. x<0 or x>2

Find the x-value of the point on the graph of y=x"—x where the slope of the tangent is 2
A. 05 B. 15 C. 2 D. 3 E. none of these

Find all values of x such that the function f(x)=2x’—3x? is increasing
A x<1 B. x>0 C. 0<x<1 D. x<0 or x>1

Give all values of x where the function f(x)=x’—3x+4 is increasing
A x>1 B. x<-1 C. -1<x<1 D. x<-1or x>1

At which of the following values of x is the function g(x)=x’—-4x* decreasing ?
Al x=-3 B. x=-1 C. x=2 D. x=4 E. none of these

If f'(x)=-6x determine all values of x such that f(x) is decreasing
AL x>0 B. x<0 C. -6<x<0 D. all real numbers

Determine the x-values of the critical points for the function f(x)=x’+3x*> —24x

A x=-4, x=2 B. x=4, x=-2 C. x=0, x=3.62, x=-6.62
D. x=0, x=3.62, x=6.62 E. noneof these

Determine all values of x such that the function f(x)=x*-18x"+8 is decreasing.
Determine all values of x such that the function f(x)=x*—-8x"—-9 is increasing.

a) Determine the x values of the critical points of f(x)=x*—8x’

b) For what values of x is f(x)=x*—-8x" decreasing

Given the function f(x)=2x"-3x"-12x+4
a) determine the coordinates of the critical points of f(x)

b) determine where f(x) is increasing



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

For the function f(x)= §x3 + %xz —6x, find the x-coordinate of the critical point where the

local minimum point occurs.
A -3 B. -2 C. 2 D. 3 E. none of these

Find the minimum value of the function f(x)=2x*-12x+6
A. =24 B. -12 C. 3 D. 6 E. none of these

Determine the minimum value of the function f(x)=3x’>—-12x+13
A0 B. 1 C. 2 D. 13 E. none of these

Determine the minimum value of the function g(x)=2x"—-12x+25
A0 B. 3 C. 7 D. 25 E. none of these

Determine the minimum value of the function y=3x*—-24x-7
A. -79 B. —55 C. 4 D. no minimum value

Find the maximum value of the function y=-13—-6x—x’
A. —40 B. -13 C. 4 D. 3 E. none of these

If y=2ax+bx’ and a and b are positive constants, determine the minimum value of y
A. a B. C. a 2 D. 3a 2

_a a _a _24 " none of these
b b b b

Determine the maximum value of the function f(x)=-2x>—-x+6
A. —0.25 B. 0 C. 5.625 D. 6.125 E. none of these

Find the minimum value of the function f(x)=2x*—-12x+25
A0 B. 3 C. 7 D. 25 E. none of these

If f(x)=x"+kx’ hasaminimum at x =1, then determine the value of the constant k

A -2 B._1 C. 1 D. 2 E. none of these

2 2

Determine the maximum value of the function f(x)=2-18x-3x’
A. -79 B. -3 C. 3 D. 29 E. none of these

What is the maximum value of the function f(x)=4+8x—x’
A. —4 B. 4 C. 12 D. 20 E. none of these



48.

49.

50.

51.

52.

53.

54.

55.

56.

o7.

58.

59.

Find the slope of the line tangent to the graph of f(x)= x*+3 at the point where x =-1
A 2 B. 1 C. 2 D. 4 E. none of these

Find the slope of the tangentto y=x—2x>+6 at ( 2, 6)
A 4 B. 6 C. 10 D. 20 E. none of these

Find the slope of the line tangent to the graph of y = x’—4x?+2 at the point where x =2
A. -10 B. -6 C. 4 D. -2 E. none of these

If y=-3x+1 istangent to the curve f(x) at x=a which must be true ?
A f(a)=-3 B. f(a)=1 C. f'@y=-3 D. fl(a)=1 E. none of these

Given the function f(x)=3x*—-4x+3 for what value(s) of x is the slope of the tangent

line equal to 2

A. 2 B. 1 C. 8 D. landl E. none of these
3

3

Determine the slope of the line tangentto y = 6 at (2, 3)
x

A, B. C. 3 D. 2 E. vone of these

Find the point on y =2x’ +6x—1 where the slope of the tangent line is 2
A. (-1,-5) B. (-1, 2) C. (1,7 D. (2,19 E. none of these

. . 1
Determine the slope of the line tangent to the graph of y=— at x=4
x

A. -16 B. 1 C. 1 D. 16 E. none of these

16 16

Find an equation of the line tangent to the graph of y=x’-3x>+3x+2 at (0, 2)
Al y=-3x+2 B. y=-2x+2 C. y=2x+2 D. y=3x+2 E. noneof these

At what point on the curve y = x*—4 is the tangent parallel to the line 6x+ y =4
A. (-3,22) B. (-3,5) C. (3,-14) D. (3,5 E. none of these

Determine the slope of the line tangent to the graph of f(x)= Jx at x=9

A. B. C. D. .
1 1 3 3 none of these
6 3 2

The line y =—4x+18 is tangent to the parabola y =ax* +bx at the point where x =3
If the parabola has a critical point at x =2 determine the value of a
A. —4 B. -2 C. -1 D. 2 E. none of these



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

What are the coordinates of the point on the graph of y = Jx where the slope of the tangent

.1
1S —

A. B. C. D. E.
i, 1 l, 4 16, 1 ( 16, 4) none of these
16 4 16 8

Determine the slope of the line tangent to the graph of y = x’ —x* at the point where x =2
A 2 B. 4 C. 8 D. 10 E. none of these

Determine the slope of the tangent line to  f(x) = _2 at the point where x =2
X

A. -2 B. 1 C. 1 D. 2 E. none of these

2

What is the slope of the tangent line to the graph of y=-x*+2x-3 at the point ( 2,-3)

A. -18 B. -3 C. =2 D. 8 E. none of these
What is the slope of the tangent line to the function y=3-x
A -1 B. 0 C. 2 D. 3 E. none of these

The equation of the normal line to the curve y=x*+3x’+2 at the point where x=0 is
A. y=x B. y=13x C. y=0 D. y:x+2 E. x=0

The line L is perpendicular to the parabola y =kx” at the point ( 1, 5) What is the equation

of L
A. y=10x-5 B. x+y=6 C. x+10y=51 D. 10x+3y=25 E. y=5x

If x+7y=29 is an equation of the line normal to the graph of f at the point ( 1, 4), then f'(1)=

A B. 1 C. 1 D. 7 E. _,

7 7 29

The line perpendicular to the tangent of the curve represented by the equation y = x* +6x +4

at the point (—2,—4) also intersects the curve at x =
A. _6 B. 9 c. 71 D. _3 E. 1
2 2 2

An equation of the line normal to the graph of y=x*—3x*+1 at the point where x=1 is
A, 2x-y+3=0B. x-2y+3=0C. 2x-y-3=0D. x-2y-3=0E. x-2y=0

An equation of the line normal to the graph of y=7x*+2x’+x*+2x+5 at the point where x=0 is

A. x+2y=10 B. 2x+y=10 C. 5x+5y=2 D. 2x-y=-5 E. 2x+y=-10



- Find the equation of the line normalto y=4x’+2x+9 at the point where x =1
A. 10x+y=-151 B. x+10y=151 C. x-y=9
D. 10x-y=-5 E. x-10y=151

. . 1 1
The coordinates of the point where the normal to the curve y = 3 X+ Py xX+x at x=1

intersects the y-axis are
A. B. C. D. E.
C5 R DR O B C-D B T
2 2 6 6 3

- The line normal to the curve y = x” at ( 2, 4) intersects the curve at x =

A, B. 5 C. 9 D. _, .3
2 4 2

- Find the value of x at which the normal to the curve y = x’+1 at x =3 intersects the curve again.

- The line normal to the function f(x)=4—-x" at x =—1 intersects the curve again. Find the

value of the function at that point.

x |-4|-3]=2]-1]o]1]2]3]4
g2 3]0 ]=3]=2[-1]0]3]2

The derivative g’ of a function g is continuous and has exactly two zeros. Selected values of
g' are given in the table. If the domain of g is the set of all real numbers, then g is decreasing
on which of the following intervals ?

A. —2<x<2 only B. —1<x<1 only C. x>-2

D. x>2 only E. x<-2orx>2

. Given the function shown on the right, how i

many of the following statements are true ?

Y
L f'(b)=0
IL f"(a)<0 | _\|\
IL f""(c)<0 A :'

IV. f(b)> 0
A. 0 B. 1 C. 2 D. 3 E. 4

/.

-v‘

. If y is a function of x such that y' >0 forall x and y"' <0 for all x, which of the following

could be part of the graph of f(x)
A. Y B Y C Y D E Y

S S N B
T 7 ™




79.

80.

81.

82.

83.

A I
Use the graph on the right for s
this and the next two questions. R
At which labelled point do both k/
P
2
L and a7y equal zero ?
dx dx* e y
5 >
A P B. 0 C. R D. s E. T
2
At which labelled point is % positive and d ';; equal to zero ?
A P B. 0 C. R D. s E. T
. ... dy ? )
At which labelled point is I equal to zero and —- negative ?
A P B. 0 C. R D. s E. T
y
4
4
D afix)
At which point on the graph of y = f(x)
is f'(x)<0 and f"(x)>0
B
A
o= x
A
A A B. B C. C D. D E. E

The graph of y = f(x) is shown in the diagram. 4

On which of the following intervals are Zx_y >0

2

and dy<0
dx

2

I a<x<b 1l b<x<c Il c<x<d

A. 1 only B. 1I only C. I only D. Tand 11 E. II and 111



84. ;y

The graph of a twice-differentiable function f
is shown in the figure on the right. Which of

¥

the following is true ?

d

A f< D<M B. fO<f"M<f'M) C. fM<fM<f"M)
D. f"M<fM<f'@ E. "< f'M<f@)

85. v
At which of the five points on the
graph in the figure at the right are

dy
dx

2
and Zx—‘f both negative ?

0

A A B. B C. C D. D E. E

86. 4y

The graph of the derivative of a twice
differentiable function f is shown in
the graph. If f(1) = -2 which of the 0

following is true ?

>

fQ<f' Q<12 B. f"Q)<f')<f®@ C. f'@Q<f@<r"Q2)
D. fQ)<f"@)<f'() E. f'Q<f"@<fQ

87. Ay
5 ZTEN
- D //

At which point on the graph of y = g(x) 1
on the right is g'(x)=0 and g"'(x)<0 ¢ X
. U R SN S

AN 1

B

o

(48]



88.

The graph of a function f is shown.
At which of the marked points are
both f’ and f" positive ?

A A B. B C. C

89. The graph of f is shown in the diagram and f is

twice differentiable. Which of the following has
the smallest value ?

L f(-1)
IL f'(-1)

L. f"(-1)

A. 1 only B. II only C.

90.

The graph of f is shown on the right
and f is twice differentiable. Which
of the following has the largest value

III only D.

I and 11 E. 1II and 111

£0), £(0) or f"(0)

A £(0)
D. £(0)and £'(0)

B. f(0)
E. £(0) and £"(0)

91.
The graph of g, a twice-differentiable function

is shown in the diagram. Choose the correct order
for the values of g(1), g'(1) and g"(1)

A g<g'M<g"®) B.
D. gM<g)<g"®) E.

gM<g'"M)<g@
cannot be determined

C. "o

N

C. g"M<g)<g'(M)



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Derivatives of y=e and

y=Inu

If f(x)=Inx’ then f"(3)=
A. 1 B. 1 C. 3
3

If y=e“(x—1) then »"(0)=
A 2 B. -1 C.o

D.1

" none of these

E. none of these

The domain of the function defined by f(x)=1In(x’ — x —6) is the set of all real numbers x

such that

A x>0 B. 2<x<3

D. 2<x<3 E. 2>x or x>3

Find y" given y=ln(x\/x2+1)

A. . X B. 1 C. 2x*+1
+ - et T

x2+1 xvxt+1 xvx?+1

log, x=

A. _logbx B. logxb C. —lngb

If f(x)=2e"+e* then f'"'(0)=

A 10 B. 8 C. 6

If ¥ =2x+1 then g'(x)=
A1 B. 2

22x+1)

If f(x)=(x+1)'=e* then f'(3)=
A -5 B. -3 C. o
Simplify: In2+In5-In8-Inl15=

A. B. C.
—In12 In12 In7—-1n23

Let f(x)=In(x*-x—-6)
a) the domain of f(x) is
b) find f(5)

c) find f'(-3)

C. 22<x or x>3

D.  2x?+1
x(x*+1)

e2x+

D. [
—In

1

1

12

J

E.

none of these

E. none of these

In(2x +1)

In(-16)




103.

104.

105.

106.

107.

108.

109.

110.

111.

If y=f(x)=x"+Inx then y

B.

3x*Inx+x?2

Solve: log, x* =9

A.

1 B.

1, 1
4 X
33

If f(x)=xInx, then f"'(e)=

A.

If

If

If

A.

1 B.

e

X

2

0

et = x—l then g(x) -

x —
xlnx-2x

xInx
ln(x2 -1)

,_

B.

lnx—ln(1j=2, then x=

X

2xe” B.

If y=In[(x+1)(x+2)], then

A. 1
—+(x+2)
x+1

D. x+1
x+2

Solve: 2x=7"t"e?

A 3 B.

" xInx-In(x*-1)

)

dy

dx

1
e
dy _
dx
x(x+2e*
B.
E.

6

What is x when 6=¢>*

A.

6
e

5

B.
6—In5

C. 3°
C. 1
e
Inx
2

C. xe*(x+2)

5Iné6

D.

3x*+xInx " none of these
+3° E. 3
il E 2
e2 e3

C. (x=2)Inx

E.

2e e2

2x+e” E. 2x+e
C. 1
(x+1)(x+2)

10 E. 14
mi  E &

5 e’



112. In, 10 =

A B. 1 C. D. E.
In,, e e e 10(Ine)

In, e

113. The tangent to the curve of y=xe™ is horizontal when x is equal to

A. B. C. D. 1

0 1 -1 " none of these

e

114.
Find Z—y for y=Invx*+4

X
A. X B. 2x C. X D.

x'+4 Vx*+4 x*+4

115. Find an equation for the tangent line to the graph of f(x)=In(x*-1) at the point where

1 .
— none of these
x

x=2
A. 4x-3y=8 B. 4x-y=8-In3 C. 4x-3y=-1
D. 4x-3y=8-In27 E. none of these

116. 1f f(x)=e?*, then f¥(x)=

A. 16¢7 B. 16e™* C. —8e™ D. 8¢ E. —16¢™
117. oo b
If log,(3 )=E, then b=
A. 1 B. 1 C. 1 D. 3 E 9
9 3 2
118. Find d_y’ if y=xIn’x
dx
A. 2 B. C.
3n” x 3In* x 3xIn’ x+1n’ x
X
E.
3Inx+1) none of these
119. Ins
If y=e , then b _
u du
A i B. C. Ins D. E.
e : o 2e2 1 0
u u
120. . : x? :
What is the slope of the tangent line to the curve y =1In - at the point where x =2
x"+1
A. | B. 2 C. 4 D. 3 E. 2
3 7 5 9



121.

122.

123.

124.

125.

126.

127.

128.

What is the slope of the tangent line to the curve y=In(x*+1) when x=3

A 1 B. 3 C. 1 D. 1 E. 3
10 10 5 15 5
The derivative of f(x)=In(x’+2x+1) is
A. 2x B. 2 C. 1 D. 1 E. 2x+3
x*+2x+1 x+1 x*+2x+1 x+1 x?+2x+1
If f(x)=In(x+4+e>) then f'(0)=
A2 B. 1 C. 1 D. 2 .
= — - — nonexistent
5 5 4 5
If 6y=3e* then y'=
A 1, B. C. D. E.
—e 3ex 3e2x 6ex er
2
If f(x)=x"Inx’ then f'(x)=
A. B. ,. C. D. E.
3x+Inx’ 3x(1+Inx?) — 2x 2xIn3x’
If y= "D e & _
dx
A. B. C. 1
Lin(x?-4x+7) x-2 —_—
€ Nx?—4x+7
D. x—2 E. .
- Ix—4 TIn(x"-4x+7)
Vx?—4x+7 (2x=4)e
Given the equation y = 3e>* what is an equation of the normal line to the graph at x =In2
A. 2 3 B. 2 3 C. 3 3
=—(x—In2)+— =—(x+In2)—— =——(x—-In2)+—
y=3 ( ) 2 y=3 ( ) 2 y=-3 ( ) 2
D. E.
y=—%(x—ln2)—% y=24(x-In2)+12

The equation of the normal line to the graph of y = e** at the point where % =2 is

A. B. C.
y=—%x—1 y=—%x+1 y=2x+1

D. E.
y=—l(x—m)+2 y=2[x—¥j+2



129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

. dy 6
Find — for y=In(5—x
i y=In( )

A. 1 B. 6 C.

D.
G2 o —6(5-x)° 6(5— x)°

The slope of the line tangent to the graph of y=In(x?) at x=e is
A 1 B. 2 C. 4 D. 1

e’ e’ e’ e*

If log, 2“=% then a=
A 2 B. 4 C. 8 D. 16

The slope of the line tangent to the graph of y=1In [%J at x=4 is

A. 1 B. 1 C. 1 D. 1
8 4 2
If f(x)=log,x and g(x)=>b", then f(g(x))=
A B. x C. b D. p~
Simplify: Ine* =
A 4 B. 10 C. 4(In10) D.
If y=In(x*) then y'=
A. 1+Inx B. yd+lnx) C. x+Inx D. y(x+Inx)
If f(x)=x*Inx then f'(x)=
A 2 B. x+2Inx C. 2xInx D. 1+2xInx
Simplify:  2Ine™ =
A. 10x B. sz C. 25x2 D. ele

If f(x)=e" and g(x)=Inx then the derivative of y = f(g(x)) at x=e is
E.

A o B. 2, C. 2e D. 2

If f(x)=e™* then f'(3)=

A. 8x2 B. 88x2+1 C. 16xe8x2 D. 16xe8x2+1

E.

E.

" none of these

32

log b

4e

xInx

x+2xInx

undefined

8x* +1)e*™



141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

— T 1-x T ox-1 T (1-x)

If f(x)=xIn(x*) then f'(x)=

B. C. D. E
In(x?)+1 In(x*)+2 In(x?)+ 1 iz 1
x X x
d 3
—(ne)=
dx( )
A. 1 B. 3 C. 3y D. : E _:s
e e
The slope of the line tangent to the graph of y = InVx at (e’, 1)is
A Q2 B. 2 C. 1 D. 1 E. 1
2 e’ 2¢° 2e e
If f(x)=e™ then f'(x)=
A. . B. : C. . D. E.
e3l"x ize}lnx 6(lnx)e31nx 5x4 6x5
X
If f(x)=In(x") then f'(e*)=
A 2 B. 3 C. 2e D. 3¢? E. none of these
If y=e™ then d ‘,}: (the n™ derivative of y with respect to x) is
A nle* B. nte™ C. ne™ D. n"e* E. n"e™

The equation of the tangent to the curve Iny=3x"+6x at the point where x =0 is

B. . D. E.
y=6x+1 y=6x+6 c y=6xy+6 y=6—x+6 none of these
y
dy
y=x(Inx) en I
A. 3(nx) B. (Inx)2x+Inx) C. (Inx)2+Inx)
D. (Inx)2+xInx) E. (Inx)(Q+Inx)
If f(x)=3xInx then f'(x)=
A. D. 3 E

3+In(x?) B. 1+In(x?) C. 3 3 =

% |-



151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

d 1
—In|[ — =
dx x -1

A. 1 B. 2x C. 2x . 3
> > > 2x" —-2x
x -1 x -1 x -1

If f(x)=+e’™+1 then f'(0)=
A. _ﬁ B. Q C. ﬁ D. 1
2

2 4

If f(x)=e"Inx then f'(e)=
A ettt B. e +e C. e+e D. e +1

2

d’y
If y=In(3x+5) then =
y=In( ) ™

2

A. 3 B. 3 C. 9 D. -9
3x+5 (B3x+5)* 3x+5)* Bx+5)

The slope of the line normal to the curve y =xe* at x=-1 is

A. 0 B. 2 C. e D. e

e 2

If x=% when x=logyx then y=
A. 1 B. l C. 1 D. 5
4 2

2x-2x°

(B3x+5)*

undefined

If f(x)=e" and g(x)= 1 then the derivative of f(g(x)), evaluated at x =2 is
X

A e B. /o C. e D.

€
2 4 4 2

If the function f(x)=In(x*—1) then SD-f6) _

' -f16)

A. —8In2 B. —8In24 C. -12In2 D. —-12In24
If f(x)=x¢" then f'(x)=
A. B. C. D. e

x‘e” xle*! e*(ex +x°) xery) (e+x)

xe*
2

If y=x-1 and x>1 then &nzy)z
A. B. 1 C. 1 D. 1

0 R -

E.

Je

—-6In24

x‘e"(x+e)

C(x-1)



161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

The slope of the line normal to the curve y = xe* at x=1 is

A. 4 B. e C. 1 D. 4 E.
e - -—— — 4e
e 4 4e e
If f(x)=1+In(x+2) then f'(x)=
A. o2 B. ¢*1-2 C. 142 D. ¢t 42 E. none of these

If f(x)=xInvx whatis f'(x)=

A ln\/;+% B. o Colr D whg E. lnﬁ
If y=e* then d(ny) _

A g B. . Co D. \ . E ;x

If f(x)=In(x’-¢€) then f'(1)=

A0 B. 1 C. 2 D. e E. undefined

Write the equation of the line perpendicular to the tangent of the curve represented by the
equation y=e*"' at x=10
A. 1 B. 1 C. D. 1 E.

y=——x y=——x+e y=ex+e y=—x+e y=ex
e e e

The second derivative of f(x)=Inx at x=3 is

A. 1 B. 1 C. 1 D. 1 E. 2
3 9 9 3
Find the equation of the line tangentto f(x)=2x+2e* at x=0
A y=4x+2 B. y=2x+2 C. y=4x D. y=4x-2 E. y=—3x+2
Find y"” for y=xInx-3x
A. B. C. D. E.
l—3 1+Inx Inx-2 1 l—2
x x x
If f(x)=e* then f'(x)=
A. o B. . C. I D. o E. 1 »
—_ 2 _eX _2 _ex
x x X X

If f(x)=InVx then f"(x)=
A. 2 B. 1 C. 1 D. 1 E. 2

5100
~

x?2 2x? 2x 2x



72. 3 ex_2
If f@) ==+ 5= then (D)=
A. ’ B. 3 C. 5 D. 7 E. 3+e
2 2 2
173 2 dy
If y=In(e™ +10) then —=
y=In( ) i
A. B. C. - D. - E.
"y L e 2 o L
e’ +10 e’ +10 e’ +10

174. The function f defined by f(x)=e>* +6x*+1 has a horizontal tangent at x =
A. —0.144 B. —0.150 C. -0.156 D. -0.162 E. —0.168

175.

53-!00

The graph of the derivative of the function
f 1is shown in the diagram. If £(0)=0
then which of the following is true ?

3 2 4 1
A fED<FED< "D B fED<'ED< D Co fIED< (=D < f(-D)
D. f"-D<f-D<f'-) E f'D<f'(-D<f(-1)

176. ;
The graph of the twice differentiable function y=N0
f(x) is shown in the graph. Which of the
following statements is true ?
0 \i/ -
A fQ<f'<f'Q2) B. f)<f'2)<f'(2) C. f'<f@<r"Q®
D. f(2)<f"?)< f(2) E. ff@Q)<f2)<f'(2)
177.
Simplify: __In16 =
3In4—-3In2
A. In2 B. 2 C. In2 D. 4 E. none of these
In8 3

178. Find the equation of the line perpendicular to the line tangent to f(x)=In(3-2x) at x=1
A y=-2x+1 B. y=1x+1 C. y=1l(x-1) D. y=1(x+1) E. y=-2x+2



179.

180.

181.

182.

183.

184.

185.

186.

187.

Implicit Differentiation — used when it is very difficult or impossible to isolate the

variable y in terms of x Involves lots of chain rule/product rule operations.

dy
If xy+y=3 then —=
y+y I
A —y B. C. 3 D. E
A 0 — — -)
1+x y 1+x
If x+y=xy then d_y=
dx
A. 1 B. y-1 C. 1-y D Xt y-1 E. 2—xy
x-1 x-1 x-1 y
dy
If y>~2xy=16 then —=
y y Ix
A. X B. y C y D y E 2y
y—Xx xX—y y—Xx 2y—x xX—y
2 3 . dy
If x*+xy+y =0 thenintermsof x and y, d_=
X
A 2x+y B. x+3y? C. -2x D. —2x E.  2x+y
x+3y’ C 2x+y 1+3)° x+3y’ x+3y° -1
If x*-2xy+3y’=8 then d_y=
dx
A. 8+2y-2x B. 3y—x C. 2x-2y D. 1 E. y—x
6y-2x y—x 6y—2x 3 Jy—x
Find L if x’+y*=-2xy
dx
A. B. 1 C. xX—-y D. xX+y E. _x+2y
x+y xX—y X
Find y' if y*-3xp+x’=7
A. 2x+y B. 3y—2x C. 2x D. 2x E.
— none of these
3x-2y 2y—-3x 3-2y y

Given y is a differentiable function of x, find % for x’—xy+y’=1

A.

3x’ B. 3x'-1 C. y-3x D. 3x*+3y’—y E. 3x?+3)’
x-3y° 1-3y° 3y’ —x x X




188.

189.

190.

191.

192.

193.

194.

195.

196.

If y>’=x+y’ then y'=

A. B. 1 C. 2x D. 1 E. 1

1+3)° R — 2 2

2y-3y° 33—y 2y(1+y7) 2y(1+3y°)

Find L for 2x* +xp+3y* =0

dx
A. 4x+ B. 4x+ C. D. 4x+6 E.

_IXTy _AxXTy 4x+y+6y Xroy none of these

x+6y 6y —-X

Given y is a differentiable function of x, find L for 3x*—=2xy+5y° =1

dx
A 3x+ B. -3x C. D. 3x+4 E.
Y - 3x+35y Y none of these
x—=Sy Sy—-x X
dy
If x>+y’=x"y" then —=
y y Ix
A. 2x+3y*-3x%)y’ B. 2x°y+3x7y? —2x C. 3x’y’ —2x
2x°y 3y’ 3y’ —2x’y
D. 3y’ -2x’y E. 6x’y—2x
3x’y’ -2x 3y’
dy
If xp>—y*=x"-5 then —=
y =y I
3y' —2xy 3y' —2xy 2y-3y° 2y-3y° Xy
3 3 . dy
If x’4+3xy+2y’ =17 theninterms of x and y E=
A-_x2+y B-_x2+y C-_x2+y D-_x2+y E._ x>
x+2y° x+y x+2y 2y’ 1+2)°
Find a for e’ =xy
dx
C. D. - E.
Inx+Iny Xty ald y-x Y
xy xX+y y xXy—Xx
Find y" if Inxy=x+y
A. B. C. D. - E.
¥ et a4 il At 4 none of these
X 1-xy X —Xxy
Find y' if xe’+1=xy
A. 0 B. y-e C 4 D e’ " none of these

y
xe’ —x e —x xe’ -1



197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

Consider the curve x+ xy+2y”> =6 The slope of the line tangent to the curve at the point

(2, 1is
A 2
3

B.

3

The equation of the tangent to the curve 2x*—y* =1 at the point (=1, 1) is
C. 4y+5x+1=0

A y=-x

D. x-2y+3=0

B. y=2-x
E. x—4y+5=0

If y>—2xy=21 then Zx_y at the point ( 2,-3) is

B.

3 C.

5

2

5

D.

3
8

The slope of the curve y* —xy—3x =1 at the point ( 0,—1) is
B. -2 C. 1

A -1

D. 2

E. 3

What is the slope of the line tangent to the curve 3y* —2x*> =6—2xy at the point ( 3, 2)

B.

4 C.

9

7

9

D.

6

7

E. 5

3

The slope of the line tangent to the graph of 3x*+5Iny=12 at (2, 1) is

If y=In(x*+y*) then the value of %} at the point ( 1, 0) is
D.

B.

B.

12 C.
5

1 C.
2

5

12

1

D.

12

2

E.
-7

undefined

Consider the curve 5x—xy+ y* =7 The slope of the line tangent to the curve at the point

B.

-1 C.

0

If y’+xy=6 whatis ii_tlic) at the point (-1, 3)

A. 0
A 12
5
A. 0
(1, 2)is
A =2
A. 3
5

B.

3 C.

7

3

7

D.

D.

1

3
5

E. 2

| &

The equation of the line tangent to the curve y* —2x—4y=1 at (-2, 1) is

Ay

x—-1

B.

—y=-x-3 C.

3y

x+1

D.

Sy

—-x+3 E. noneof these



207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

If xy’ +2xy =8 then at the point (1, 2) ' =

A. 5 B. 4 C. 1 D. 1
2 3 2

If 7=xy—e” then @9 _
A. B. C. xp D. —
x—e’ y—e* ye +y -y
x—xe” X

Which is the slope of the line tangentto y*+xy—x*>=11 at ( 2, 3)

A. 5 B. 0
2 8 7

C. 1

D. 4

E. 0
E. ye? +y
x+xe”
E. o
7

The slope of the line tangent to the curve 3x> —2xy+ y*> =11 at the point ( 1,-2) is

A. 1 B. 0 C. 1 D. 5
6 3

E- 10

Find an equation of the tangent line to the graph of x*>+2y* =3 at the point ( 1, 1)

A. X 1 1
y—-l=——(x-1) y+l=—-(x+1) y-1l=—(x-1)
2y 2 2
x+2y=3 " none of these
2 2 . dy .
Suppose x“ —xy+ y~ =3 Find T at the point ( a, b)
X
A a-2b B. b-2a C. a-2b D. b-2a E. b+2a
2a—b 2b—a 2a+b 2b+a 2b+a
dy
If (x—y)'=yp*—xy then ==
(x—p)y =y —xy e
A 2x-y B. 2x-y C. 2x-y D. 2x+3y E. undefined
2y—x 2x X X

The slope of the line tangent to the graph of In(x+ y)= x* at the point where x =1 is

A. 0 B. 1 C. e-1 D. 2e-1

E. e-2

The slope of the line tangent to the graph of In(xy)= x at the point where x=1 is

If e¥=Inx then ﬂ=
dx
A 1 B. 1-xpe” C. 1-xy D. xy-1
eY xlev xe” x’e”

E. 1-e
E. 1-xy
xZexy



217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

The curve defined by x°+xy—y* =10 has a vertical tangent line when x =

1 B. C.
0 or _E 1.037 2.074

The slope of the line tangent to the curve y*+(xy+1)’ =0 at ( 2,-1) is

A. 3 B. 3 C.0
2 4

2.096

The curve 3y*—3xy+2x’ =7 has vertical tangents when

A x=y B. 2x=y C. x=2y

If e¥ =2 then atthe point (1, In2) Z—y=
X

A. —In2 B. 2In2 C. In2

The slope of 9x—4xIlny=3 at ( %, 1) is

B. C.
9—-4In3 5 6

If 2x’+3xy+e’ =6 whatis y' when x=0
A. —0.896 B. 0.896 C. 1.792

2

If y*-3x=7 then :ley=

2

A -9 B. 3 C.

4y° 2y 3

If a point moves on the curve x* + y* =25, then, at (0, 5), e is

A. B. C.

0 1 _5
5
dzy
If y>~3x=7 then s
A. _6 B. -3 C. 3
7y’ y
dy 2 d’y
If —=41-y°, then =
dx dx*
A. B. C. y
—2y —y —

D. 3
4
D. —2¢
D. 27
4
D. -1.792
D. -3
»
dzy
2
D. 1
5
D. 3
2y
D.
y

2.154

N | W

—4In2

9+4In3

Ty

nonexistent

4y

N | -



227.

228.

229.

230.

231.

232.

x | f(x)] fi(x)] g(x) | g'(x)
The table gives values of f, f', g and g’ at selected 11 6 5 3 )
values of x If h(x)= f(g(x)) then A'(AQ)= 1 3 -3 1
31 1 -2 2
A 5 B. 6 C. o9 D. 10 E. 12
If f(x)= 4 " and g(x)=2x then the solution set of f(g(x))=g(f(x)) is
x—
A1 B. 5 C. 3 D. -1, 2 E. l’ 5
3
Let f and g be differentiable functions such that
Sf)=2 f')=3 fl2)=—4
g)=2 g)=-3 g'@2)=5
If h(x)= f(g(x)) then Ah'(1)=
A -9 B. -4 C. 0 D. 12 E. 15

If f and g are twice differentiable and if h(x)= f(g(x)), then A"(x)=

A fg)[g' ()] + f(g(x)g" (x) B f(g(x))g'(x)+ £'(g(x))g"(x)
C e[g™]” D. f"(g(x))g"(x)

B f(g(x)

Let f and g be differentiable functions such that
f=4, gM=3, f'G=-5
ff=-4, gM=-3, £g'B)=2
If h(x)= f(g(x)) then A'(1)=
A -9 B. 15 C. o0 D. -5 E. -12

The function F is defined by
F(x)=G[x+G(x)]

where the graph of the function G is shown

on the right. . //
The approximate value of F'(1)= |
x
D "
1 2 3 4 4] B 7 8
A. B. C D. E
7 2 ) 1 _2
3 3 3



233. The graphs of functions f and g are

234.

235.

shown on the right. If A(x)= g[f(x)] Siy [ ] Sfy [ ]

which of the following statements are & \ fx) 43( g(x)

true about the function A 3 3 /

I. h(0)=4 2 2

II. A is increasing at x =2 1 — 1

III. The graph of A has a horizontal ﬁ :

tangent at x = 4 o1 2 3 4 5 o0 1 2 3 4 5

A. 1 only B. 1I only C. I and 11 only

D. II and 111 only E. LI and 111

The composite function 4 is defined by A(x)= f [ g(x)] where f and g are functions whose
graphs are shown below.

3 | K3
e 3 fx) 3 g(xl)
P, 2 2
X T~ 4 &
T T 10 2 3 4 TR 0 ? i

The number of horizontal tangent lines to the graph of 4 is
A 3 B. 4 C. § D. 6 E. 7
The graphs of functions f and g are s
shown at the right. If A(x)= f [ g(x)] , sh’ | 51° |
which of the following statements are 4 \ f(x) / & £(x)—
true about the function A 3 \ 3

L. h(2)=5 2 2

II. A is increasing at x = 4 1 1
III. The graph of A has a horizontal i i

1 2 3 4 5 W0 1 2 3 4 5

tangent at x =1
A. 1 only B. II only C. III only
D. I and 111 only E. LI and 111



236.

237.

238.

239.

240.

The second derivative of the function f is given
by f"(x)=x(x—a)(x—b)’ The graph of f"
is shown in the diagram. For what values of x \

_y=f"(x)

does the graph of f have a point of inflection ? & ,

A. 0andaonly B. 0andm only C. band jonly D. 0,a and b

The graph of y = f(x) on the
closed interval [ 2, 7] is shown.

How many points of inflection

does this graph have on this interval ?

0 k m

b

E. b,jand k

A. One B. Two C. Three D. Four

The diagram shows the graph of

the derivative of a function f

X
How many points of inflection >
. . 0 N
does f have in the interval shown ? VL_ y= £ /_\/

A. none B. one C. two D. three

The function f is defined on the closed interval
[—2, 3] The graph of y= f'(x) is shown in
the diagram. Which of the following describes
the relative extrema of f and the points of

inflection of the graph of f

1 relative minimum and 2 points of inflection
2 relative minima and 1 point of inflection

1 relative minimum and 1 point of inflection

moowpy»

1 relative maximum and 1 point of inflection

E.

four

1 relative minimum, 1 relative maximum and 1 point of inflection

The function f is defined by f'(x)=(x—2)’(x—7)’ The graph of f has an inflection point

where x =

A. 4 only B. 7 only C. 2and4only D. 2and7only E.

2, 4and 7



241.

The function defined by f(x)=(x—1)(x+2)* has inflection points at x =

A. -2 only B. —1 only C. 0 only D. -2 and 0 only E. —2 and 1 only
242.  For some key values of x, the values of f(x), X -8|-6|—-4|-2| 0| 2| 4
f'(x), and f"(x) are given in the table. The f(x) 0|l 5| 0|=2|-4|-6|-4

243.

244.

245.

246.

247.

248.

equation of the tangent to the curve y = f(x) flx)| 4| 0|—4|-2-1| 0] 1

at the point of inflection shown in the table is: f'x)y|-2(-6|-2| 0| 1| 4| 3

A y=4x B. y=4x+8 C. y=-6x+24 D. y=-2x-6 E. y=—x+3

Which of the following statements are true about the function f if its derivative f' is defined
by f'(x)=x(x—a)’ where a>0
I. The graph of f is increasing at x =2a
II. The function f has a local maximum at x =0
III. The graph of f has an inflection point at x =a
A. 1 only B. I and 11 only C. 1 and 111 only
D. 1I and 111 only E. LI and 111

If f'(x)=x’(x+2)* then the graph of f has inflection points when x =

—2 only B. 0 only C. —2 and 0 only
D. E.
—2 and —g only -2, —g and 0

If f'(x)=-5(x—3)"(x—2) which of the following features does the graph of f(x) have ?
A. alocal minimum at x =2 and a local maximum at x =3

a local maximum at x =2 and a local minimum at x =3

a point of inflection at x =2 and a local minimum at x =3

a local minimum at x =2 and a point of inflection at x =3

moow

a local maximum at x =2 and a point of inflection at x =3

A function f(x) exists such that f"'(x)=(x—2)*(x+1). How many points of inflection does

f(x) have ?
A. none B. one C. two
D. three E. cannot be determined

f(x)=x>-3x" has a point of inflection at

9

Il
118
o
=
Il
(YL

E.  There is no inflection point

The graph of y=2x’+5x>-6x+7 has a point of inflection at x =

A 5 B. C. 5 D. 5 .
—- 0 -= = ~2
3 6 2



249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

The number of inflection points in the curve f(x)=x*—4x* is
A 0 B. 1 C.2 D.3 E. 4

An equation of the line tangent to y = x’ +3x*+2 at it's point of inflection is
A. y=—-6x-6 B. y=-3x+1 C. y=2x+10 D. y=3x-1 E. y=4x+1

If the graph of y=x"+ax’+bx—4 has a point of inflection at ( 1,—6), what is the value of b
A -3 B. 0 C. 1 D. 3
E. It cannot be determined from the information given

1

2

1
Y

At what value of x does the graph of y= have a point of inflection ?

x* x
A 0 B. 1 C. 2 D. 3 E. atnovalue of x

What is the value of k such that the curve y=x’ _k has a point of inflection at x =1
x

A k=2 B. k=-2 C. k=3 D. k=-3 E. none of these

The curve y=x°+10x*—5 has points of inflection at x =
A. 0and-8 B. 0and -6 C. -8 only D. -6 only E. 0 only

The curve y=1-6x"—x* has inflection points at x =
A 13 B. 1 C. _1 D. +1 E. none

The slope of the line tangent to the curve f(x)=x"+3x> —24x+4 at the point of inflection is
A =27 B. -15 C. 30 D. 32 E. none of these

The curve y=3x*-8x’+6x*—1 has points of inflection at x =

A. 1 only B. —1 only C. -1 and _% D. —1and 1 E. 1 and %

The equation of the line tangent to the curve f(x)=2x"—3x? at the point of inflection is
A y=0 B. y=x C. y=—x D. 3x-2y=1 E. 6x+4y=1

An equation for the line tangent to the curve f(x)=—-x'+12x+5 at the point of inflection is
A. 12x-y=3 B. y-12x=3 C. 12x-y=5 D. y-12x=5 E. 12x-y=35

The curve y =3x* —5x* +3x—2 has a point of inflection at
A. (-1,-13) only B. (0,-2) only C. (1,-1) only
D. (1,-1) and ( 0,-2) E. noneof these



261.
If the graph of f(x)=2x"+ L3 has a point of inflection at x = —1 then the value of & is
x

A. =2 B. -1 C. o D. 1 E. 2

262. The function y=x"*+bx*+8x+1 has a horizontal tangent and a point of inflection for the

same value of x What must be the value of b
A. —6 B. -1 C. 1 D. 4 E. 6

263. How many points of inflection does the graph of y=2x°+9x°+10x* —x+2 have ?
A. none B. one C. two D. three E. four

264. If the graph of y=x*+ax*+bx—8 has a point of inflection at ( 2, 0), what is the value of b
A 0 B. 4 C. 8 D. 12

E. the value of b cannot be determined from the given information

265. What is the x-coordinate of the point of inflection on the graph of y = xe*
A -2 B. -1 C. 0 D. 1 E. 2

266. What is the x-coordinate of the point of inflection of the graph of y = x*+3x*—45x+81
A -9 B. -5 C. -1 D. 1 E. 3

267. What are the x-coordinates of the points of inflection on the graph of the function
f(x)=3x*"-4x’+6

B. C. D. E.
0 only % only 1 only 0 and % 0 and 1

268. Given the function h(x)=6x>—8x*+2, at what x value(s) is/are the inflection point(s) ?

A. B. C.
x=i x=0 and x=§ x=0
9 9
D. .
x=0,x=i and x=§ E x=0 and x=i
9 9 9
269. How many inflection points does 3x*—5x* —9x+2 have ?
A0 B. 1 C. 2 D. 3 E. 4
270. ) ) ) ) . 2 2
What is the x-coordinate of the point of inflection on the graph of y = gx -2x"+7
A 1 B. 1 C. 5 D. 13 E. 17
3 3

271. What is the x-coordinate of the point of inflection for the graph of y=x"+3x* -1
A -2 B. -1 C. 0 D. 1 E. 2



272.

273.

274.

275.

276.

277.

278.

279.

280.

A particle moves along the x-axis so that its position at time ¢ is x(¢f)=2¢t"—7¢+3
(x in cm and ¢ in seconds). What is the velocity (in cm/sec) at time ¢ =2 seconds ?
A -6 B. -3 C. 1 D. 4 E. none of these

A particle moves along the x-axis according to the function x(¢)=¢>—4¢+3, where x
(metres) is the position of the particle at time # (seconds). At what time ¢ does the particle

have a velocity of 6 m/s

A 1 B. 2 C. 5 D. 8 E. none of these
A particle moves along the x-axis so that its position at time ¢ is x(f)=3¢ +2¢*+7 where
x is in meters and ¢ is in seconds. Find the velocity at #=2 seconds.

A. 26 m/s B. 39 m/s C. 2ms D. 44 mss E. none of these
A particle moves along the x-axis according to the position function x(#) =2’ —6¢* +9
where x is in meters and ¢ is in seconds. Find the value(s) of # when the particle is stationary.
A =0 B. =2 C. t=0,t=-2 D. t=0,t=2 E. noneof these
A particle moves along the x-axis so that its position at time ¢ is x(f)=¢>—2¢+5 where x
is in centimeters and ¢ is in seconds. At what time is the particle's velocity 4 cm/s

A t=1 B. =3 C. t=6 D. =13 E. none of these
An object moves along the x-axis so that its position at time tis x=¢'—3t+5 where x is

in meters and ¢ is in seconds. At what time(s) is its velocity 5 m/s
A t=1 B. =4 C. t=7 D. t=0 or 3 E. noneof these

A particle moves along the x-axis according to the position function x(#)=2¢> —6¢ +1
where x is in meters and ¢ is in seconds. For what values of ¢ is the particle moving to the
right ?

A -1<t<1 B. t<-1o0or t>1 C. allvaluesoft D. novalues of t

The position of an object moving in a straight path is given by x(¢) = k> +12¢, where x is
in meters and ¢ is in seconds. Find the value of k if the velocity of the object is 4 m/s when

t =2 seconds.
A -12 B. -6 C. 3 D. -2 E. none of these

A particle moves along the x-axis according to the position function x(¢£)=¢ —4t*+3
(x in meters, ¢ in seconds). Determine the velocity in m/s at ¢t =-2
A. =21 B. 4 C. 28 D. 31 E. none of these



281.

282.

283.

284.

285.

286.

287.

288.

289.

A particle moves along the x-axis according to the position function x(f)=¢*—¢ (x incm,
t in sec). Determine the time ¢ (in sec) when the velocity is 12 cm/s
A 05 B. 4 C. 65 D. 23 E. none of these

As a particle moves along the x-axis, its distance from the origin is given by x(¢) = 3¢* — 47+ 10

where x is in meters and ¢ is in seconds. At what time is the velocity 14 m/s

A. B. . D. E.

% S 2s c 3s 5s none of these
An object moves so that its distance in metres, at time ¢ seconds, is given by f(¢). What does
f'(2) represent ?
A. the velocity at time 2 s B. the time when the velocity is 2 m/s
C. the time when the distance is 2 m D. the distance at time 2 s
As a particle moves along the x-axis, its distance from the origin is given by x=¢>—6¢+5
At what time ¢ (in seconds) is the velocity of the particle zero ?
A. 2seconds B. 3seconds C. 5seconds D. 6seconds E. noneof these
A particle moves along a line according to the distance function s(z) = 2¢° —21¢* + 60t +13

During the time interval from #=1 to =12, how many times does the paticle reverse its

direction of movement ?

A0 B. 1 C. 2 D. 3 E. 4
A particle moves along the x-axis so that at time ¢ >0 its position is given by
x(t) =2t —21¢* + 72t -5 At what time ¢ is the particle at rest ?
t=1 only B. t=3 only C. t=% only
t=3 and t=% E. t=3 and t=4
The position of a particle moving along a straight line at any time ¢ is given by
s(t)=t"+4t+4 What is the acceleration of the particle when ¢ =4
A0 B. 2 C. 4 D. 8 E. 12
A particle moves along the x-axis so that at any time ¢ its position is given by x(¢) =te™
For what values of  is the particle at rest ?
no values B. 0 only C. l only D. 1 only E. 0 and l
2
A particle moves along the x-axis so that at any time #>0 its position is given by

x(t)=¢" -3t =9t +1 For what values of ¢ is the particle at rest
A. novalues B. 1 only C. 3 only D. 5 only E. 1and 3



290. A particle starts at time ¢ =0 and moves along a number line so that its position, at time >0
is given by x(¢) =(¢—2)’(¢—6) The particle is moving to the right for
A. 0<t<5 B. 2<t<6 C. t>5 D. >0 E. never

291. 2
The formula x(¢)=Inz+ :—8 +1 gives the position of an object moving along the x-axis during

the time interval 1<¢<5 At the instant when the acceleration of the object is zero, the velocity is

A. 0 B. 1 C. 2 D. 1 E. undefined

3 3

292. Which of the following must be true about a particle that starts at # =0 and moves along a
number line if its position at time 7 is given by s(¢) = (¢ —2)’(t —6)
I. The particle is moving to the right for #> 5
II. The particleis atrestat =2 and £=6
III. The particle changes direction at ¢ =2
A. T only B. 1II only C. 1III only
D. I and 111 only E. none

293. A particle starts at time =0 and moves along a number line so that its position, at time #> 0,
is given by x(¢) = (t—2)(t—6)’ The particle is moving to the left for
A t>3 B. 2<t<6 C. 3<t<6 D. 0<¢<3 E. t>6

294. The position function of a moving particle on the x-axis is given as s(t)=¢'+¢> -8t for
0<7<10 For what values of ¢ is the particle moving to the right ?
A t<-2 B. >0 C. r<¢ D. 0<¢<4 E. >4
295. A particle is moving along the x-axis. Its position at time ¢>0 is e*” What is its

acceleration when #=2
A e B. 1 C. 0 D. -1 E. —e

296. A particle is moving along the x-axis. Its position at time #>0 is ln(Zt% +1) What s its

speed when =4
A. 201 B. 3.06 C. 0.353 D. 4.63 E. 7.81

297. A particle moves along the x-axis so that its position at time ¢ is given by

x(t) =41 —33¢* +30¢ +12, where ¢ is measured in seconds and x is measured in meters.
a) Determine the velocity, in m/s, of the particle at time #=2 seconds

b) Determine the time(s), in seconds, when the particle is stationary

298. A particle moves along the x-axis such that its distance from the origin is given by
x(t) =2t> + 60t where x is in centimeters and ¢ is in seconds. When the particle's velocity

1s 72 cm/sec, determine its distance x(#) from the origin.



299. A particle moves along the x-axis so that its position at time ¢ is x(¢)=4¢> —21¢* + 30¢
where ¢ is measured in seconds, and x is measured in meters.
a) Determine the time(s) when the particle is stopped.

b) Determine when the particle is moving to the left

300. A particle moves along the x-axis so that its position at time ¢ is x(f) =2t =5t —4¢+3
(x in cm and ¢ in seconds.)
a) At what time(s) is the particle stationary ?
b) At what time(s) is the particle moving to the left ?

301. Given the function f(x)=x’-3x+5 determine
a) the equation of the tangent line at x =2

b) the x-values where the slope of the tangent line is equal to 0

302. A particle moves along the x-axis so that its position at time ¢ is x(¢) =2z —9¢* +12¢
(x in cm and ¢ in seconds)
a) Determine the time(s) when the particle is stopped

b) Determine the velocity of the particle at time #=3 seconds

303. A particle moves along the x-axis so that its position at time # is x(¢)=4¢* —21¢* +18¢+3
where # is measured in seconds and x is measured in meters.
a) Determine an equation for the velocity function
b) Determine the velocity at time =2

¢) Determine the time(s) when the particle is stationary

304. A particle moves along the x-axis in such a way that its position at time # is given by
x(t)=3t" =161 +24¢> for —5<¢t<5
a) Determine the velocity and acceleration of the particle at time #
b) At what values of ¢ is the particle at rest ?
¢) At what values of # does the particle change direction ?

d) What is the velocity when the acceleration is first zero ?
305. A particle moves along the x-axis in such a way that its position at time # for # > 0 is given
1
by x(¢) = gt3 —3t* +8t

a) Show that at time ¢ = 0, the particle is moving to the right.

b) Find all values of ¢ for which the particle is moving to the left.
¢) What is the position of the particle at time =3

d) When ¢ =3, what is the total distance the particle has traveled ?



AB Calculus Jan 6/2009 Name:

1. Answer is C. Difficulty = 0.96 K

Find the derivative of f(x)=4x’>+7x-5

f'(x)=8x+7

2. Answer is D. Difficulty = 0.95 U

Given f(x)=3x’—4x+5 find f'(x)

£ =

3. Answer is C. Difficulty = 0.93 U

If y=3x3—4x2+5 find d_y
dx

L 33x")-42x0)+0=[9x"=8x ]

4. Answer is A. Difficulty = 0.89 U

Find L if y=-3x"+6x
dx

Y 32x)+61x") =

dx
5. Answer is A. Difficulty = 0.84 K
Find f'(x) if f(x)=3
f'x=[0]
6. Answer is A. Difficulty = 0.79 K

. . . d .
Given that r is any real number, determine E(x )




7. Answer is A.

Difficulty = 0.69 U

If f(x)= then f'(x)=

-1

f(x)=

=3x

% |w || w

Fx)=3-1x7)=| -

8. Answer is A.

Difficulty = 0.64 U

. dy .
Find — if =2\/;
dx y

y=2Jx=2x"

y=23x"?)=

1
Ix

9. Answer is C.

Difficulty = 0.63 U

If f(x)=+x determine the value of f'(x) at ( 16, 4)

f()=VJx=x

Fi(x) =1

_1
_x2=
2

1
'(16) = —— =
f'(16) 2716

1
2x
1
8

10. Answer is D.

Difficulty = 0.46 H

If f(x)= kv/x determine the value of the constant k so that f'4)=6
F(x)=kJx = kx?

_1 k
! =kl 2y = ——
f(x)=k(3x?) e
k
’4 =—=6 ’4=6
@ 2a A C)

=6

h=n]

k
4




11. Answer is C.

For the curve y = x* (k #0), the slope of the tangent is equal to 16k when x =2
Determine the value of &

yr = kxk—l
¥(2) = k(2)*" =16k
2)"'=16
(2)k—1 = 24
k-1=4

12. Answer is B.

Given f (x)=i2 determine f'(x)

X
F)==5x"
X
Fi(0)=5(-2x")=| -2
X

13. Answer is B.

Given y=i3 determine L

X
1
y i

-3

dy

Foaxt=| =
dx

14. Answer is B.

3
2

Find y' if y=x

<

Il
N | W

=
Y

Il
N | W

15. Answer is A.

Which of the following represents the slope of the tangent to f(x) at x =2

slope of the tangent at any point x is  f'(x)
slope of the tangent at x =2 is f'(2)




16. Answer is A.

Given f(x)= 1 determine f'(x)
x
fx)=T=x
X
e =-txt=| -
x

17. Answer is A.

If y=7 determine —
dx

by _
——=[0]

18. Answer is A.

Evaluate the derivative of the function f(x)=3x”—2x-1 at the point where x =0

f'(x)=32x)-2-0=6x-2

f(0)=6(0)-2=[ —2|

19. Answer is D.

Evaluate the derivative of f(x)=2x"—-3x+2 at the point where x =2

fl(x)=22x)-3=4x-3
F'@)=42)-3=[5]

20. Answeris D.

Given f(x)=(2x-3)* determine f'(x)

f(x)=4x"-12x+9 <« or use chain rule if you know it

fi(x)=

21. Answer is A.

Given the function f(x)= J2  determine f'(x)

fl(x)=[0]

22. Answer is A.

[If f(x)=6g(x) then f'(x) equals

| =6 )= 6




23. Answer is C.
For what condition is f(x) increasing ?

| y= f(x) isincreasing = f'(x) is positive <« MUST know !!!

24. Answer is B. Difficulty = 0.72 U

Find % such that the function f(x)=kx*+12x—4 hasa critical point at x =4
£1(x)=0
f(x)=2kx+12
f'(d)=2k(4)+12=0
8k =-12
k=_12_| _3
8 2
25. Answer is C. |Difﬁculty — 058U
Determine all values of x such that the function $£tx)
f(x)=x’-3x"+5 is decreasing. .
f(x)=negative !
f'(x)=3x>-6x=0 (parabola opening up) :
3x(x—2)=0 x
m <« zeros of f'(x) I
f'(x) is negative on interval 0<x<2 so },'(x)
f(x) is decreasing on the interval 0 < x <2

26. Answer is B.

Find the x-value of the point on the graph of

y=x"—x where the slope of the tangent is 2

y=2

4y fl

e
(=5}
.

oW

Y =2x-1=2 y=x'-x
2x=3 $H=6r-63 [ 3 3]
"4 X
x=3 =i-t= L LN IEY L s
£ R f :
At the point (3,2) the slope of the tangent m =2 2
[l ¢

X

b

N
(=]



27. Answer is D.

Find all values of x such that the function

f(x)=2x"-3x" is increasing

£(x)>0

f'(x)=6x"-6x=0

6x(x-1)=0

x=0|x=1 <« zerosof f'(x)

Function is increasing if f'(x)>0

<« opening up

£(x)>0
x<0
ey

f(x)increasing

or x>1
ot

£(x)>0

f(x)increasing

28. Answer is D.

f(x)=x"-3x+4

Give all values of x where the function

is increasing

f(x)=3x"-3=0
3(x*-1)=0
3(x-1)(x+1)=0

<« opening up

x=1|x=-1 <« zerosof f'(x)

Function is increasing if f'(x)>0

£'(x)>0
x<-1
%r_/

f(x)increasing

£'(x)>0
or x>1
C )

f(x)increasing

Difficulty = 0.54 U

-

l « f(x)increasing

7N

B 4 N pd
f(x)increasing - / I l\ 'r'
| Difficulty = 0.53 U
S .\
T T % 1
F(x)>0>—7F T
" -‘\ ,'I &« f(x)increasing
f(x)increasing - 2 \J
' -: : x
>
JRIED 23 405




29. Answer is C. Difficulty = 0.50 U

At which of the following values of x is the 4 A

function g(x)=x’—4x’ decreasing ?

g'(x)=3x"-8x=0 <« opening up

X
x(3x-8)=0 £ 4 P f‘\ 20 4 ts"
3 N !

x=0|x=% &« zerosof g'(x h
3 g (x) ] e g(x)<0
Function is decreasing if g'(x)<0 Ay
3 T 1
g'(x)<0 'l (" I
8 « g(x) decreasing

0<x<3 &

g(x)decreasing {
)

is only point where g(x)decreasing

[~
puiy
=)

30. Answer is A. |Difﬁcu1ty =045 H

If f'(x)=-6x determine all values of x T

such that f(x) is decreasing
%—J

F1(x)<0 4
Function is decreasing if f'(x)<0 '
A .
Example f(x)= 3x*+4 K ] \(— f(x) decreasing
x
f'(x)=—6x<0 <« divide by - 4 — 5 4 i >
-0 = & L & D
negative 6 and change direction of inequality x g \
£1(x)<0 2 |
— N ! .
x>0 / v f(x)<0
H—J 4 I‘ l
f(x)decreasing { |I

31. Answer is A.

Determine the x-values of the critical points for the function f(x)= x’ +3x* —24x

f(x)=x"+3x"-24x
f'(x)=3x2+6x—24=0
X’ +2x-8=0
(x+4)(x—-2)=0

x=—4 | x=2 <« x-values of the critical points




32.

33.

34.

Determine all values of x such that the function

f(x)=x"-18x* + 8 is decreasing.

f(x)=x*-18x+8
f'(x)=4x’-36x=0
4x(x*-9)=0
4x(x-3)(x+3)=0
x=-3 ‘ x=0 ‘ x =3 <« critical numbers

fl(x)=4x(x-3)(x+3)<0

Determine all values of x such that the function

f(x)=x*-8x*-9 is increasing

f'(x)=4x’-16x=0
4x(x*—4)=0
4x(x-2)(x+2)=0

|x=0| ‘ |x=2| ‘ |x=—2| < critical numbers

f'(x)=4x(x-2)(x+2)>0 « f(x) increasing

Graphof f'(x)

y=f(x)

S ; /
3 E X

x<-3 or D<x<3

LO
o0
wQ

y= ./’( .\)

TR

2o f(x) is increasing on

(u]
Y

0

[}
)

|

or

-2<x<0 ar x>2

a) Determine the x values of the critical

points of f(x)= x*—8x’

b) For what values of x is f(x)=x*-8x’

decreasing ?

fl(x)=4x’-16x=0
4x(x*—4)=0
4x(x—-2)(x+2)=0

k=0 [[x=2]|[x=—2]

fl(x)=4x(x-2)(x+2)<0

f(x) is decreasing for:

(S 1]

-2 0

or

—2<x<0 or x>2




35.

Given the function f(x)=2x"—3x*—12x+4, | [p) determine where f(x) is increasing.

a) determine the coordinates of the critical points Sketch graph f'(x) = x* —x—2

f(x)=6x"-6x-12=0 f(x) is increasing whenever
x'-x-2=0 fl(x)=x*-x-2>0
(x=2)(x+1)=0 x<-1 or x>2

|x = 2| ‘ |x = —1| « critical numbers
f(2)=22)'-3(2) -12(2)+4=-16
fED=2(-1) = 3(-1) - 12(-D)+4 =11
Critical points are ( 2,—16) and (-1, 11)

36. Answer is C. Difficulty = 0.49 U

For the function f(x)= %x3 + %xz —6x, find the x-coordinate of the critical point where the

local minimum point occurs.

f"(x)=2x+1  (at critical numbers)
2 f"(=3)=2(-3)+1=-5
f(xX)=x"+x-6=0 At x=-3 f(x)is concave down — Max
(x+3)(x-2)=0 "'(2)=2(2)+1=4+5

x=-3 | x=2 < critical numbers | At f(x) is concave up —

f'(x)=§(3x2)+§(2x)—6(1)

37. Answer is B. Difficulty = 0.46 U

Find the minimum value of the function f(x)=2x"-12x+6

f(x)=2x—12x+6 f"(x)=4 (positive) F(x)=2x*-12x+6

"(xX)=4x—-12=0 .. at critical number x =3
S =dx HEIUIET X221 r3)=2(3) - 12(3)+6
4x=12 there is a minimum 7] .
Critical number > x=3 (concave up) (3= =12 |« minimum value
38. Answer is B. [Difficulty = 0.45 U

Determine the minimum value of the function f(x)=3x>—-12x+13

fl(x)=6x-12=0
6x=12
Critical number — x =2
f"(x)=6 (positive)
". concave up

f(x)=3x*-12x+13
£(2)=3(2) —12(2) +13 =[ 1 | < minimum value
Vertex of parabola ( 2, 1)

Parabola opens up so minimum value is 1




39. Answer is C. Difficulty =0.43 U

Determine the minimum value of the function g(x)=2x"—-12x+25

fl(x)=4x-12=0
4x=12
Critical number - x =3
f"(x)=4 (positive)
.. concave up

f(x)=2x"-12x+25
£(3)=2(3)* -12(3)+25=[ 7 | <~ minimum value
Vertex of parabola ( 3, 7)

Parabola opens #p so minimum value is 7

40. Answer is B. Difficulty = 0.43 U

Determine the minimum value of the function y=3x*—-24x-7
fl(x)=6x-24=0
6x =24
Critical number > x=4
f"(x)=6 (positive)

‘. concave up

f(x)=3x"-24x-7
f@)=3(4) -24(4)-7= « minimum value
Vertex of parabola ( 4,—55)

Parabola opens up so minimum value is —55

41. Answer is C. Difficulty = 0.41 U

Find the maximum value of the function y=-13—6x—x’
y=-2x-6=0
-6=2x

Critical number > -3 =x

y=—x"-6x-13

P(=3)=—~(=3)" = 6(-3)-13=
Vertex of parabola (-3,—4)

Parabola opens down so maximum value is —4

y'"'=-2 (negative)

*. concave down

42. Answeris C. Difficulty = 0.38 H

If y=2ax+bx" and a and b are positive constants, determine the minimum value of y

2
Parabola opening up y(x)=2ax+bx

. B 2
Yy =2a+2bx=0 y —%)=2a(—£j+b(—gj
2bx=-2a b b
a _2 2 2 2
xX=—— y=49)= L
b b b b
Find coordinates of vertex
. . . 2
and y-value is minimum Vertex | — % , — %

[ S———

minimum




43. Answer is D.

Difficulty =0.31 U

Determine the maximum value of the function f(x)=-2x>—-x+6

fi(x)=—4x-1=0
-1=4x
Critical number - —§=x
f"(x)=—-4 (negative)

.. concave down

44. Answeris C.

f(x)=-2x"—x+6
f(=H==-2(-1) = (-1)+ 6 =| 6.125 | < maximum value
Vertex of parabola (-1, 6.125)

Parabola opens down so maximum value is 6.125

Find the minimum value of the function f(x)=2x"—-12x+25

f'(x)=4x-12=0
4x =12
Critical number - x =3
f"(x)=4 (positive)
.. concave up

45. Answer is A.

f(x)=2x"-12x+25
£(3)=2(3)* —12(3) + 25 =] 7 | « minimum value
Vertex of parabola ( 3, 7)

Parabola opens up so minimum value is 7

4y

o

If f(x)=x"+kx’ hasaminimumat x =1,

then determine the value of the constant &

R

o

f'(x)=4x"+2kx =0
4(1)° +2k(1) =0
4+2k=0

2k =4

46. Answer is D.

f(x)=x*-2x* has alocal minimum at ( 1,—1)

Mo

-

T
o
g==
'
=
I,..—l-"'—"'
'
=
<
~
1A=
Py
A==
.
o
P
<F

o

[45]

=

an

Determine the maximum value of the function f(x)=2-18x-3x’

f'(x)=—6x—-18=0
-18=6x

Critical number > -3 =x
f"(x)=—-6 (negative)

.. concave down

f(x)=2-18x—-3x"
f(=3)=2-18(=3)-3(-3)* = < maximum value
Vertex of parabola (-3, 29)

Parabola opens down so maximum value is 29




47. Answer is D.

What is the maximum value of the function f(x)=4+8x—x’

f'(x)=-2x+8=0
8=2x

Critical number > 4= x
f"(x)=-2 (negative)

*. concave down

f(x)=4+8x-x"
f@=4+84)-(4) = < maximum value
Vertex of parabola ( 4, 20)

Parabola opens down so maximum value is 20




48. Answer is A. Difficulty = 0.74 U

Find the slope of the line tangent to the graph of f(x)=x’+3 at the point where x =—1

f(x)=x*+3
fl(x)=2x
fl=1)=2(-1)=

49. Answer is A.

Difficulty =0.71 U

Find the slope of the tangentto y=x'—2x"+6 at ( 2, 6)

y'(x)=3x"-4x
Y(2)=32) -42)=12-8=[4 |

50. Answer is C. Difficulty =0.71 U

Find the slope of the line tangent to the graph of y=x*—4x”+2 at the point where x =2

y'(x)=3x*-8x

Y(2)=3(2)-8(2)=12-16=

51. Answer is C. |Difficulty = 0.70 H]

If y=-3x+1 istangent to the curve f(x) at x=a which must be true ? |

y=-3x+1 is tangent to the curve f(x) at x=a

slope=—-3 then derivative of f(x) atx=a mustbe f'(a)=-3

52. Answer is B. Difficulty = 0.69 U

Given the function f(x)=3x*—4x+3 for what value(s) of x is the slope of the tangent

line equal to 2

f'(x)=6x—-4=2 <« slope
6x=6




53. Answer is C.

Difficulty = 0.68 U

Determine the slope of the line tangentto y =

at (2, 3)

y(x)=

y@)=-

54. Answer is A.

Find the point on y=2x*+6x—1 where

the slope of the tangent line is 2

Y'(x)=4x+6=2« slope
4x=2-6
When x=-1
y(x)=2x>+6x-1
= 2(=1)? +6(-1)=1=-5
*. at point| (—1,-5)

slope of the tangent line = 2

55. Answer is B.

6
X
6

V) =6(-1x7) = -
X

=6x"

X

2

6 6 3

2F 4 | 2

Difficulty = 0.62 U

d
N
-

(=]

[a ]

=

f‘_,—n—'
(35 o

=g}

| Difficulty = 0.61 U

Determine the slope of the line tangent to the graph of y = 1 at x=4
x

p) ==
X

Y =—lx? ==
X

2

1 1

@ | 16

y)=-




56. Answer is D. [Difficulty = 0.59 U]

Find an equation of the line tangent to the graph of y=x’-3x*+3x+2 at (0, 2)

y(x)=x"-3x"+3x+2 At point ( 0, 2) slope m=3

y'(x)=3x"-6x+3 so tangent lineis| y=3x+2
¥Y'(0)=3(0)’-6(0)+3=3

57. Answer is B. Difficulty = 0.54 H

At what point on the curve y = x’—4 is the tangent parallel to the line 6x+ y=4
When x=-3
. _ 2

Line 6x+y—46 ) y(x)=x"—-4 P(x)=x*—4
y=—-6x+ '(x)=2x=—6<m
. ) Y(-3)= (3 —4=5

slope of line m =—6 —> 2x=-6 _ o
=3 At point | (=3, 5) | tangent line is
parallel to the line 6x+ y=4
58. Answer is A. |Difﬁ culty = 0.53 U

Determine the slope of the line tangent to the graph of f(x)= Jx at x=9

59. Answer is B. |Difficulty = 0.41 H

The line y=—4x+18 is tangent to the parabola y=ax’+bx at the point where x =3
%,—/ g

slope=—4 V'(3)=—4

If the parabola has a critical point at x =2 determine the value of a

¥ (x)=0 y'(2)=0
Point of tangency ( 3, 6) At critical point ( 2, ?) Solve system
y(x) = ax* + bx y(x)=ax’ +bx 6atb=—4| 6a 38 =4
Y'(x)=2ax+b y'(x)=2ax+b 4a+b=0 —4a>K =0
y'3)=2a3)+b=-4 y'(2)=2a2)+b=0 - 2a=—4
6a+b=—4 da+b=0 —




60. Answer is D.

Difficulty = 0.46 H

1

s —

What are the coordinates of the point on the graph of y = Jx where the slope of the tangent

oy

y(x)=

=X

Y

Y(x)=—x

N | -

61. Answer is C.

o N1
k.

x??ﬁl

Il
[
=)}

When x=16
y(x)=+/x
y(16) =16 =4 => (16, 4)

At point | ( 16, 4) | on the graph of y = Jx

the slope of the tangent is 1

Determine the slope of the line tangent to the graph of y = x’ —x* at the point where x =2

62. Answer is C.

y(x)=3x>-2x

Y(2)=3(2)-2(2)=

Determine the slope of the tangent line to  f(x) = _2 at the point where x =2
x

63. Answer is C.

flry=—2=—2x"
X

Fi(x)=-2-1x7) =2

oy 2 _2_
f(2)—(2)2—4

X
1
2

What is the slope of the tangent line to the graph of y=—x*+2x-3 at the point ( 2,-3)

64. Answer is A.

Y(x)=-2x+2

Y(2)=-22)+2=[ -2

What is the slope of the tangent line to the function y=3-x

y(x)=3—-x

y(x)=

The original function is a straight line with slope —1




65. Answer is E.

The equation of the normal line to the curve y = x*+3x’+2 at the point where x =0 is

Point of tangency/normal | Slope of tangent at x =0

y=x4+3x3+2 y=x4+3x3+2
y(0)=2 Yy =4x’ +9x’
(0, 2) y'(0)=4x"+9x> =0 <« horizontal tangent at x =0

Slope of normal is undefined at x = 0 < Vertical line

66. Answer is C.

The line L is perpendicular to the parabola y =kx* at the point ( 1, 5) What is the equation

of L
y= kx* y= 52 SlOpelof nofrmal isl -k
5= k(1)2 ¥ =10x Equation (? normf
S=k Y (1)=101) =10 Slope = "%¢ - =1 _»=3

run 10 x—1
10y—-50=—x+1

x+10y=51

Slope of tangent at the
point ( 1, 5) is 10

67. Answer is A.

If x+7y=29 isan equation of the line normal to the graph of f at the point ( 1, 4), then f'(1) =|

Yoy 1)=7 « slope of hen x =1
S fM)=T« t t =
Slope of normal =—1 at the point ( 1, 4) ;o S10pe OF tangent whel X

Slope of tangent =7  at the point ( 1, 4)

68. Answer is B.

The line perpendicular to the tangent of the curve represented by the equation y = x* + 6x+4
at the point (—2,—4) also intersects the curve at x =

; Normal curve intersection
y=x*+6x+4 Equation of normal

_ly_ 5=y
Yy =2x+6 _-1_y+4 >X—=5 x2+6x+4
Y'(=2)=2(-2)+6=2 s +28 x+22 0=x"+6.5x+9
=—=X-
— tangent m = 2 at point (-2,—4) Y 0=2x"+13x+18
2y=-x-10

— normal m =—1 at point (-2,—4) 0=(2x+ 9)(x +2)

y=—1x-5

x=—2||x==-2




69. Answer is D.

An equation of the line normal to the graph of y=x*—3x>+1 at the point where x =1 is
y=x'-3x*+1 Equation of normal at ( 1,-1)
' dx’—6 y=x'-3x"+1 Sl rise 1 y+1
'?_4’13 21 L | Y= =30 +1=—1 P n T2 x-1
y()=4dy -6(1)=- Point of tangency ( 1,—1) 2y+2=x-1
Slope of tangent to — ' 1 Cx42p+3=0
graph at x =1 Slope of normal is m = Py
x—2y-3=0

70. Answer is A.

An equation of the line normal to the graph of y=7x*+2x’+x’+2x+5 at the point where
x=0 1is

' —_1
y=Tx+2x’ +x* +2x+5 Point/slope (0, 5)  m=—3

E i f 1
y = 283 +6x2 4+ 2x 42 quation of norma
rise —_1 _y-5

"0)=2 Slope =——= < -
¥ P run 2  x-0

2y—-10=—x

Slope of tangent m = %

Slope of normal m = -1

71. Answer is B.

Find the equation of the line normal to y=4x"+2x+9 at the point where x =1
y=4x"+2x+9 -1 y-15
" — 42 Slope=—=
Y =8x+2 y=4x"+2x+9 10 x—1
y'M)=81)+2=10 y()=4(1)" +2(1)+9=15 10y—150=—x+1
tangent m =10 Normal at point (1, 15) m =—34 x+10y =151
atx=1
normal m = —<;

72. Answer is C.

. : 1 1
The coordinates of the point where the normal to the curve y=—x"+—x>+x at x=1

intersects the y-axis are

y=—x+ % x*+x Point/slope (1, §)  m==3 | Intersects the y-axis (x=0)

32 Equation of normal 6x+18y—39=0
y=x"+x+1

rise -1 y-1 18v =139
Sl = = 6 y
YyO=1)+1)+1=3 ope run 3 x-1 6y=13
Slope of tangent m =3 Jy—-E=—x+1 pon
6
Slope of normal m = —5 18y—-33=—-6x+6

Point | (0, £

6x+18y—39=0




73. Answer is C.

The line normal to the curve y = x* at ( 2, 4) intersects the curve at x =

2 Point/slope (2, 4) m=-1 )
y=x Eauats ¢ | Normal intersects the curve
' quation of norma
y _2x 2: =—l 9
Y(2)=2(2)=4 Slope = 7is¢ _~1_y—4 R
Ope_run_ 4 x-2 X' =—ix+3
Slope of tangent m = 4 5
4y—-16=—x+2 4x" =—x+18
Slope of normal m = — 4 L )
y=—ux+5 4x"+x-18=0
(x+9)(x=2)=0
x=—3|x=2

7a. Find the value of x at which the normal to the curve y = x*+1 at x =3 intersects the curve again.

Point/slope (3, 10) m=-1
y=x"+1 ] pe ( ) % | Intersects the curve again
'~ Equation of normal
yo=ax l+x’=y y=-1x+8&
Y(3)=2(3)=6 Slope =8¢ _ 71 _»~-10 S
= = = = —= — 1 63
Slope of tangent m = £ " rum 6 x-=3 e =zt
11 6y—60=—-x+3 6+6x" =—x+63
Slope of normal m = —¢ el ) B
y=—cXx+% 6x +x-57=0
(6x+19)(x-3)=0
x=—2|x=3

75. The line normal to the function f(x)=4—-x" at x =—1 intersects the curve again. Find the

value of the function at that point.

Point/slope (-1, 3) m=-1
fl)=4-x Equationpo fliormal) ? Intersects the curve again
fl(x)=-2x 4o s
FED=-2-D=2 | sipe="2¢ _Z1_r=3 ey =T
Ope_run_ 2 x+1 4-x'=-1x+2
Slope of tangent m = 2 )
2y—-6=-x-1 8-2x"=-x+5
Slope of normal m = —1 1 X i
y=—7Xx+3 0=2x"-x-3
0=02x-3)(x+1)
fG)=4-@y =221  [xo3]|xmut




76. Answer is A.

Difficulty = 0.52

¥

A 4 y /
x |-4|-3|-2|-1/0|1]2|3]|4 5
gx)|2(13]0|-3|-2|-1({0[3]|2
The derivative g' of a function g is continuous
and has exactly two zeros. Selected values of \ / \ /
g' are given in the table. If the domain of g is M
the set of all real numbers, then g is decreasing b . i
on which of the following intervals ? \
2(x) is decreasing whenever
gx)<0 > | -2<g<2
77. Answer is E.
Given the function shown above, how many Y
of the following statements are true ?
L f'(b)=0
IL. f"(a)<0 H _\|\ b /
1L f"(c)<0 - - \.E./ .
IV. f"(b)>0

L f'(b))=0 M True, minimum point, horizontal tangent
II. f"(a)<0 M True, concave downwards

I f"(c)<0 M True, concave downwards

IV. f""(b) >0 M True, concave upwards

78. Answer is B.

If y is a function of x such that ' >0 for all
x and y" <0 forall x, which of the following
could be part of the graph of f(x)

y'>0 - f(x) increasing

y'<0 > f(x) concave downwards

" f(x) = increasing and concave downwards

Y
|

/

f(x)

/O



79. Answer is C.

Use the graph on the right

for this and the next two questions.

At which labelled point do both

Point @ — inflection point fits

80. Answer is D.

At which labelled point is Zx_y

dzy

positive and a

equal to zero ?

dy

dzy

2

Point — function increasing

and inflection point

81. Answer is E.

At which labelled point is %

2

Point — maximum point

2
L and d—’f equal zero ?
Ix
dy .
— =0 — horizontal tangent
dx
d’y . .
o =0 — possible change concavity

I = positive — function increasing

=0 — possible change of concavity

equal to zero and ~- negative ?
d .
D _p — horizontal tangent
dx
d’y .
- = negative — concave down
dx




82. Answer is A.

P g

At which point on the graph of y = f(x)
is f'(x)<0 and f"(x)>0 D afx)

f'(x)<0 — function decreasing

f"(x)>0 — concave upwards '
Point — function decreasing/concave up A\

83. Answer is B. Difficulty = 0.59

The graph of y = f(x) is shown in the diagram.| »

On which of the following intervals are % >0

2

and dy<0
dx

2

I.a<x<b 1II b<x<c Il c<x<d [

d L .
Ey >0 — function increasing

) = Open interval = | IL b<x<c

d’y
de

<0 — concave downwards

84. Answer is D. Difficulty = 0.33

The graph of a twice-differentiable function f
is shown in the figure on the right. Which of 4y

the following is true ?

fM=0 — x-intercept
f'(1) = positive — function is increasing

¥

f"() = negative — function is concave down 1

L)< D < 4

negative zero positive




85. Answer is B

At which of the five points on the
graph in the figure at the right are

L

2
and Zx—{ both negative ?

d . o .
L4 negative — function is decreasing
dx
d’y . .
S negative — function is concave down 0

Point B — function is decreasing/concave down

86. Answer is A.

The graph of the derivative of a twice A
differentiable function f is shown in
the graph. If f(1) =-2 which of the

following is true ?

New twist — be careful !!!
f"(2) > 0 (positive) <« concave up

f'(2) =0 (zero) < minimum point

f()=-2and f value is decreasing
between 1< x <2 until minimum point
f(2) <=2 (negative)

fQ)<f'@<f"Q)

87. Answer is E. 4y

[45]

At which point on the graph of y = g(x) TN

N

on the right is g'(x)=0 and g''(x)<0 D

g'(x)=0 <« horizontal tangent C

o
Y=

g"'(x)<0 « concave down

Point is the only point AN

.
o
A=

Y

N

L5



88. Answer is E.

The graph of a function f is shown.
At which of the marked points are
both f’ and f"' positive ?

S’ positive <« function increasing

[ positive <« concave up

Point is the only point

89. Answer is A.

The graph of f is shown in the diagram and f is
twice differentiable. Which of the following has
the smallest value ?

L f(-D

IL. f'(-1)

L. f"(-1)

I

f(=)=0

90. Answer is A.

— x-intercept *** smallest value

II. f'(-1) = positive — function increasing

IIL. f"'(—1) = positive — concave upwards

The graph of f is shown on the right
and f is twice differentiable. Which

of the following has the largest value

f(0), f'(0) or f"(0)

f(0)=0

f'(0) = negative — function decreasing

91. Answer is D.

— x-intercept

f"(0) = negative — function concave down
. f(0) has the largest value

The graph of g, a twice-differentiable function
is shown in the diagram. Choose the correct order
for the values of g(1), g'(1) and g"(1)

gM)=0
2"(1) = negative — function decreasing

— x-intercept

g2"'(1) = positive — function concave up

£ <glh<g)

negative

positive

/ ) "
y
A
£
- o
J
g




92.
Derivatives of y=e" and y=Inu
e o Ldu _w
Y7 Y wdx

93. Answer is A.

If f(x)=Inx’ then f"(3)=

f(x)=3Inx

Fi=2 =3
X

£ =31 =3
X

P s |
f®=37=3

94. Answer is D.

If y=e*(x-1) then »"(0)=

y' =e*(1)+(x—1)e* <« product rule
Yy =e*d+x-1)e* = xe*

y'=xe*+e*(1)=e"(x+1) <« product rule second time

y'(0)=e"(0+1)=

95. Answer is E.
The domain of the function defined by

f(x)=In(x* — x—6) is the set of all

real numbers x such that

f(x)=In(x*-x-6)
(x+2)(x=3)>0

x=-2|x=3 < endpoints

| —2<x or x>3 |
Sketch parabola, to get intervals

96. Answer is D.

Find y' given y= ln(x\/ x'+ 1)

y=Inx+In(x’+1)* <« log rules
y=Inx+1ln(x*+1)

R | ,Zx 1[x2+1J X (x)_ 2x* +1

=t = — + —
Y X Z(x2+1) x\x*+1) (X*+D\x x(x*+1)




97. Answer is A.

log, x =

log, *=log,L=log, x~ =| —log, x | <« log shortcuts

98. Answer is A.

If f(x)=2e"+e** then f''(0)=

fl(x)=2e*+e**(2)
f(x)=2e" +2e**(2)
f'(x)=2e" +4e’*(2)=2e* + 8¢

fl!l(o) — 2e0 + 862(0) —

99. Answer is B.

If e =2x+1 then g'(x)=

g(x)=In(2x+1) <« Inboth sides

2
2x+1

g'(x)=

100. Answer is B.

3
2

If f(x)=(x+1)7=e* then f'(3)=

fl()=3(x+1) —e* °2x)=3Jx+1-2xe" "’
f'3=33+1-23)e"*=3-6=

101. Answer is A.

Simplify: In2+In5-In8-Inl15=

10 1

=In—=mn12" =] —In12 |

8(15) 12

1
In(2)(5)-In8—In15= ln§0—ln15 =1In




102.

Let f(x)=In(x’—-x-6)
a) the domain of f(x) is
b) find f(5)

¢) find f'(-3)

f(x)=In(x*-x—-6)
(x+2)(x-=3)>0

x=-2|x=3

a) the domain of f(x) is |x<—2 or x>3|

b) find f(5)=In(5*-5-6)=

c¢) find f,(x)=22x——1
x'—-x—6

oy 2=3)-1 T

A 3)_(—3)2—(—3)—6_ 6

103. Answer is C.

If y=f(x)=x"+Inx then y'=

f'(x)=| 3x* +l
x

104. Answer is D.

Solve:  log, x* =9

x*=9" <« exponentiate both sides base 9

(x*)* =(9°)* <« exchange exponent order to square root first

x=(9 =9y =3y =[ +3" |

105. Answer is C.

If f(x)=xInx then f''(e)=

fl(x)= x(lj +Inx(1)=1+Inx <« product rule
x
" 1 -1
[f(x)=0+—=x
x

" — -1
fr=-1xt ==
X

fm(e) =| -




106. Answer is E.

X

g(x) _
If e¥"'=—

x—

then g(x)=

X

< In both sides

g(x)=In—;
x —_—

g(x)=Inx*—In(x’* -1)=| xInx—In(x* 1)

107. Answer is C.

Difficulty = 0.64

If lnx—ln(l]=2, then x=
X

108. Answer is C.

Difficulty = 0.88

If y=x’¢" then b _
dx

y =x'e* +e*(2x)=| xe*(x+2) | « product rule

109. Answer is E.

If y=In[(x+1)(x+2)], then Zx—y=

y=In(x+1)+In(x+2) <« logrules
d_ 1 1
dx x+1 x+2

110. Answer is E.

Solve:  2x = 7"

2x=(7")F"")
2x=(7)4)
2x =28




111. Answer is D.

|What is x when 6=e"

In6=dne " <« Inboth sides

In6 _ Sx
5 %
In6
— =X
5

112. Answer is B.
In, 10 =

1

In e

In, 10 = < log shortcut

113. Answer is B.

The tangent to the curve of y = xe ™ is horizontal when x is equal to

y' =x(—e*)+e *(1) <« product rule

y'=—xe*+e ™ =e*(1-x)=0 « looking for critical numbers

e'x;tO‘

Critical number x =1 with horizontal tangent

114. Answer is C.

Find % for y=In+x’+4

y=In(x"+4) = %ln(x2 +4)

A Zx ) | _x
y_,z/ x+4) | X +4

115. Answer is D.

Find an equation for the tangent line to the graph of f(x)=In(x*>—1) at the point where
x=2
Slope of tangent Point of tangency Equation of tangent at ( 2, In3)
2 rise 4 —In3
f(x):ln(xz—l) f(x)=ln(x _1) m—n=§=yx_2
Flxy=—2% f@ =@’ -D=In3 4x-8=3y—3In3
x)= . =
x’-1 point —> (2, In3) dx—3v=§—In3’
oy 22 _4 d
f@=27173 4x-3y=8-1n27




116. Answer is B.

If f(x)=e?*, then f¥(x)=

f1(x)=-2e7
f”(x) — 4e—2x
f”l(x) — _se—Zx

£O0=

117. Answer is E.

If log,(3")=—, then b=
b

N | S

log, 3" =
blog, 3 =

hlog,3 _

B

log, 3=

[SH Y | S

118. Answer is E.

Find L if y=xIn’x
dx

y=xIn’ x = x(In x)’ <« rearrange exponent, means the same
1
y' = X (3)(In x)* ™ +(nx)*(1) <« product rule

y' =3(nx)’ +(n x)*

y' =| In* x(3+Inx)

119. Answer is E.

Inu

If y=e , then —=
u

=1
u u <« In shortcut




120. Answer is D.

2
at the point where x =2

What is the slope of the tangent line to the curve y =In
x +1

121.

1
=Inx’-InVx*+1= Zlnx—Eln(x +1)

122.

123.

124.

221 _E X
y X ,Z x (x*+1
2 2 2 3
2)== 1--=| =
Yo 2 (2%1) 5 |5
Answer is E.
What is the slope of the tangent line to the curve y =In(x’+1) when x=3
, 2x
x*+1
, 23) 6 |3
3 | =
YO =5 T 10|
Answer is B.
The derivative of f(x)=In(x’+2x+1) is
, 2x+2 2 ) 2
X)= = =
S = E e (AT (x+1) | x+1
Answer is A. Difficulty = 0.44
If f(x)=In(x+4+e>*) then f'(0)=
, 1-3e™
X)=——7
S x+4+e™
1-3¢° 1-3 2
'O = = = —_——
ALY 0+4+e’ 0+4+1 5
Answer is E.

If 6y=3e* then y'=

_ 1,2«
y=3e€

1 2x(2) -




125. Answer is B.

If f(x)=x"Inx’ then f'(x)=

2

fo)=x2(3x

3
X

126. Answer is D.

f'(x)=3x+6xInx=3x(1+2Inx)=

] +Inx*(2x) <« product rule

3x(1+Inx?)

dy

Lin(x*-4x+7)

If y=e then

1
Ja-(x*—4x+7)2

y=+

<« simplify logs

Y= —dx+ ) A (x-2)=

Vx'—4x+7

x—2

127. Answer is A.

Given the equation y = 3e™>* what is an equation of the normal line to the graph at x =In2

-2x

y=3e
y' =3(e)(-2)=—6e*

272

y'In2)=—6e" = —6¢

Slope of tangent = —2

2

Slope of normal = 3

p(In2)=3e"? =3¢ =3(1)=2

128. Answer is B.

-6 =3

S1

rise

Point on curve ( In2, 2

2 y-3

ope =
run

3 x—In2

3y—-2=2(x-1n2)

3y=2(x-In2)+73

9
3(4)

y=§(x—ln2)+

2 3
=Z(x-In2)+=
y3(x )4

The equation of the normal line to the graph of y = e’ at the point where

L

=2 1is

y=e*
y' =2 =2 <« given
e =1
2x=In1=0
x=0
y(0)=e*” =1 « point ( 0, 1)
Slope of tangent =2 <« given

Slope of normal =—1

Point on curve ( 0, 1)

rise -1 _y-1

Slope = — —
P run 2 x-0
2y-2=—x
2y=—x+2
y=——x+1




129. Answer is B.

. dy 6
Find — for y=In(5—-x
I y=In( )

y=6In(5—x) <« log shortcut
_6C=D _| 6
¥ 5-x x-=5

130. Answer is B.

The slope of the line tangent to the graph of y=In(x?) at x=e* is

y=2Ilnx

131. Answer is D.

If log, 2° =% then a=
a
alog, 2= 1 <« log rule
1 . .
log, 2= 1 < divide both sides by a

2=a' <« exponentiate both sides base a then 4” power both sides

132. Answer is B.

The slope of the line tangent to the graph of y=1In (%) at x=4 is

y=Inx-In2

133. Answer is B.

If f(x)=log,x and g(x)=»b" then f(g(x))=

f(g(x))=log,(b*) = tog; b~ = « log rule



134. Answer is A.

Simplify: Ine* =

Ine* = Ine’ =|z| < log rule

135. Answer is A.

If y=In(x*) then y'=

y=xlnx « rearrange by log rule

V' =x(1)+(nx)1) <« product rule

y'=[1+Inx

136. Answer is E.

If f(x)=x*Inx then f'(x)=

f'(x)=x’ (l) +1Inx(2x) < product rule
x
f(x)=

137. Answer is A.

Simplify:  2Ine™* =

2Ine™ = 24ne™ =2(5x) =

138. Answer is C.

If f(x)=e" and g(x)=Inx then the derivative of y = f(g(x)) at x=e is

y=f(g(x)=e*Y =™ =™ =x* « composite function and log rules

y=x
y'(x)=2x

y(e)=

139. Answer is A.

If f(x)=e™* then f'(3)=

f(x)=e" =™ =x?  « and log rules
f(x)=x*

f'(x)=2x

r'®=203)=L6]

140. Answer is D.

8x2+1

If y=e then —=
Y dx

yl — eSx2+1 (16x) — 16xe8x2+1




141. Answer is A.

d 1
—1In =
dx [l—x)

i111( L ):i[m—ln(l—x)]:[o— -1 }: L
dx 1-x) dx (1-x) 1-x

142. Answer is B.

If f(x)=xIn(x*) then f'(x)=

f(x)=2xInx <« log rules

1
f'(x)= Zx(—) +Inx(2)=2+2Inx=| 2+In(x’) | <« product rule
x

143. Answer is B.

d
—(ne’) =
dx(e)

d 3x _i _
_(ne )—dx(sx)—

144. Answer is C.

The slope of the line tangent to the graph of y=1In Jx at (e’, 1)is
y=InJx=Inx*=1lnx
o1
Y 2x
, 1
y(e', )= 20
145. Answer is E. Difficulty = 0.30
If f(x)=e™ then f'(x)=
f(x)= MY = @ 6
f1(x)=
146. Answer is B.
If f(x)=In(x") then f'(e’)=
f(x)=xInx « log rules

fl(x)= x(l) +Inx(1)=1+Inx <« product rule
x

fle)=1+4me’ =3 |




147. Answer is E.

d" o . .
If y=e€"™ then ”:) (the n™ derivative of y with respect to x) is

yl =enX(n)=nenx
yl! — nx (n) — nlenx
Y= nze”" (n)=n’e™ < observe pattern

£ (x) =

148. Answer is A.

The equation of the tangent to the curve In y=3x”>+6x at the point where x =0 is

_ 2
Iny=3x"+6x Equation of the tangent through ( 0, 1)

3x246x

y=e 2 <« exponentiate bozth sides base e Slope = rise _ 6 _ y-1

yrzesx+6x(6x+6)=(6x+6)e3x+6x run 1 x—=0
¥'(0) = (6(0) + 6)e3(0)2+6(0) —6 y—-1=6x
P(0) =¥ _ 1 point (0, 1) y=6x+1

149. Answer is C.

dy
If y=x(Inx)* then —=
y=x(Inx) i

y' = %[Z(In x)' (i)] +(nx)*(1) < product rule

¥y =2Inx+(nx)’ = | (Inx)(2+In x)

150. Answer is A.
If f(x)=3xInx then f'(x)=

fl(x)=3 {\x\ [i) +(In x)(l)} « product rule

f'(x)=3[1+Inx]=3+3Inx=| 3+In(x’)

151. Answer is B.

—ln(
x? =1

Lin| =L nt- i -1y ]=0- X o 2
dx x’ -1 dx (x"-1) x -1




152. Answer is C.

If

f(x)=+e** +1 then f'(0)=

f()=e* +1=(*" + 1)% < rearrange

fl(x)= %(ez" +1)2(e**)(Z) < power rule and chain rule twice

2x
, e
fo=—
ve ™ +1
ez(o) _

Fioy=— L(
T vl

).

153. Answer is A.

If f(x)=e"Inx then f'(e)=

X

f’(x)=exl+(lnx)(e")=e—+ex In x
X X

e’ —
fley=S+eme’ =[ete |
e

154. Answer is D.

< product rule

2

If y=In(3x+5) then flx{ =
3
= =33x+5)"
¥ 3x+5 ( )
-9
"=3(-1)(3Bx+5)7B)=| ——
YI=3DExO=| G

155. Answer is E.

The slope of the line normal to the curve y = xe* at x=-1 is

Slope of normal (negative reciprocal) =

y(x)=xe”
y'(x)=xe* +e*(1) <« product rule
Y1) =D+ = LR
e e 1
-1

<« slope of tangent

<« undefined !!!




156. Answer is A.

If x=5 when x=log, x then y=

logs 1
1_logy « log rule
2 logy
logy =2log:
log y = log(3)’

y=3)'=

<« cross multiply

ENE

157. Answer is B.

If f(x)=e" and g(x)=— then the derivative of f(g(x)), evaluated at x=2 is
x
f(x)=e"

flg(x)=e

1

dif(g(x»= Felx?)="%
X X

1

d —e? —Je
Ee=5=|

158. Answer is A.

If the function f(x)= In(x*-1) then M =

f' D=1
f(x)=In(x*-1) 4
f(D-f(5) In48-In24 In# In2
, 2 ; = =—H-—"-=
f1=— fO-re& - s-% 0 w3
159. Answer is E.
If f(x)=x‘" then f'(x)=
fl(x)=x€¢" +e*(ex" )= x€e* +e“ex"" = xe* + x'e**' <« product rule
fl(x)=x"e"(x+e)= xXe(xte)

X




160. Answer is E.

d*(ny) _

2

If y=x-1 and x>1 then

Iny=In(x-1) <« In both sides
dx x—-1
d*(In y)
'

-1

~(x-1)" = =

161. Answer is C.

The slope of the line normal to the curve y = xe® at x=1 is

y'(x)=xe* 3x*)+e* (1) <« product rule
slope of tangent — y’a)= (l)e(')3 G+ eV = e(3)+e=4e
-1
4e

slope of normal — negative reciprocal

162. Answer is A.

If f(x)=1+In(x+2) then f7'(x)=

y=1+In(x+2)

x=1+In(y+2)
(x-1)=In(y+2)
eV =y42
e -2=y
fr@=e -2

163. Answer is A.

If f(x)=xInyx whatis f'(x)=

f(x)=xln\/;=xlnx7=%xlnx <« In rules

1 1 1 1
f(x)= %[x(—)+ln x(l)] = %[1+ln x] = E+ Inx? = E+ InVx | « product rule
x




164. Answer is A.

If y= ¢*” then d(in y) =
dx

Iny=dne™
In y =4x’

d(In y) =

dx

165. Answer is C.

If f(x)=In(x’—e*) then f'(1)=

2x—2e*"

f()=—F—
X —e

2(1)=2eM  2-2¢* 2
ra=20m2 222 fji
e

R A

166. Answer is B.

Write the equation of the line perpendicular to the tangent of the curve represented by the
equation y=¢e*" at x=0
y =™ Equation of the normal at point ( 0, e)
' _ 0+1 . _ _
y(0)=e"" =e Slope=”se=—1=y e
Slope of tangent = e run e x-0
2
-1 ey—e =-Xx
Slope of normal = — )
e ey=—x+e
y(o) — eO+1 =e 1
Point of tangency ( 0, e) y=— xte

167. Answer is B.

The second derivative of f(x)=Inx at x=3 is
fl=t=x
X

" - -1

flx)=—x7=—
X
-1 -1

" 3 — — I

) 3y




168. Answer is A.

Find the equation of the line tangent to f(x)=2x+2e"

at x=0

f(x)=2x+2e"
fl(x)=2+2¢"
(0)=2+2¢"=4

Point (0,2) m=4

Line —» |y=4x+2

169. Answer is D.

Find y" for y=xInx-3x

Y =x(3)+Inx(1)—-3 <« product rule

y'=Inx-2
yu= l
x

170. Answer is A.

171.

If f(x)=e* =e* then f'(x)=

fl)=e (-1t =| %

X

Answer is B.

If f(x)=In+/x then f"(x)=

f(x)=Inx*=1Inx

=i L=l
rert{1)-1s

" 1 - -1
S (x)=5(—1x )= 7
172. Answer is C. Difficulty = 0.88
N ex—2
If f(x)=(x-1)*+ then f'(2)=

==+ (e

(2 =%/(2—1) +%e2_2 = %+%e" =




173. Answer is C.

2 dy
If y=In(e™” +10) then —=
y=In( ) i
. e (<21 B —2te™"
e +10 | e +10

174. Answer is B.

The function f defined by f(x)=e’* +6x"+1 has a horizontal tangent at x =

fl(x)=3¢"*+12x=0

x =[-0.1563834]

Flati Flotz Flotz LT KOO

~V1E3e(3EI 1 2R amin= -2

M= amax=1

wHa= necl=1

“My= Ymin=-18

“Ne= Ymax=16

“NE= Yacl=1 - -

wNe= wres=1 -1CEZAZY Y¥=0

175. Answer is B.

The graph of the derivative of the function
f is shown in the diagram. If £(0)=0
then which of the following is true ?

CAREFUL !!! — graph of f'(x)
f'(x) always positive <« f(x) is always increasing
f(0)=0 <« givenpoint ( 0, 0) on f(x)
f(=1)<0 <« f(x) always increasing and through ( 0, 0)
f'(-1)=1 <« point (-1, 1) on f'(x) graph
f"(=1)=0 <« horizontal tangent on f'(x) graph

fED<0 < f"(-D=0 < f'(-D=1
| e -~ S R . ”

negative

zero

positive

53-!0&




176. Answer is A.

e ]

The graph of the twice differentiable function

f(x) is shown in the graph. Which of the Q
following statements is true ?

f(2) = negative — below x-axis 0 \i/ -

f'(2)=zero — horizontal tangent

f"(2) = positive — concave upwards

fQ)< f'2)< f"'Q2)
negative zero positive

177. Answer is D.

In16
Simplify: ———— =
P S n4—3m2
Inl6 2"  4In2  4Ha2 | 4
3In4-3In2 3In2°-3In2 6In2-3In2 342 | 3

178. Answer is C.

Find the equation of the line perpendicular to the line tangentto f(x)=In(3-2x) at x=1

f(x)=In(3-2x) 1
— Point (1, 0) m=—
f(x)=—— 2
3-2x rise 1 y-0
-2 Normal line — slope = =—=
)= =2 run 2 x-—1
3-2(1) 2y=x-1
1
Slope ofnormal:E y=1(x-1)

179.

Implicit Differentiation — used when it is very difficult or impossible to isolate the

variable y in terms of x Involves lots of chain rule/product rule operations.

180. Answer is A.

dy
If xy+y=3 then —=
yT)y

xy+y=3

xy'+y+y' =0

y’[x+1]=—y
oy _ =y
dcx  x+1




181. Answer is C.

dy
If x+y=xy then E=
1+y' =xy'+y
y-xy'=y-1
y(1-x)=y-1
,_y-1_| 1=y
=1—x= x-1

182. Answer is C.

dy
If ?_2xp=16 then —=
y y e
2yy’—2[xy’+y]=0
2yy'-2xy'=2y
2y'(y—x)=2y
, 2
2y (y-x)=——2 4

2Ap-x) | y-x

183. Answer is A.

d

If x*+xy+y’=0 thenintermsof x and y, g _

xX+xp+y =0

2x+[xy'+y]+3y2y’=0

2x+xy'+y+3y"y' =0
y'[x+3y2:|=—2x—y

dy 2x—y | 2x+y

dx x+3y° x+3y’

184. Answer is E.

dy
If x*=2xy+3y*=8 then —=
y+3y l

2x—2[xy'+y]+6yy'=0
2x-2xy'—2y+6yy'=0
y’[6y—2x]=2y—2x

dy 2y-2x _ 2(y—-x) _

y—x

dx 6y-2x 23y—x)

3y—x




185. Answer is B.

Find L if x*+y*=-2xp
dx

2x+2yy' = —2[xy’+y]
2x+2yy' =-2xy' -2y
2" +2xy' =-2y-2x
YV (2y+2x)=-2(y+x)
y =220
Ao

186. Answer is B.

Find y' if y’-3xp+x*=7

2yy'—3xy'—3y+2x=
y’[2y—3x]

’

y:

187. Answer is C.

Yy =3xy+x’=7
2yy’—3[xy'+y]+2x=

0
0

=3y-2x

3y—2x
2y-3x

Given y is a differentiable function of x, find Y ofor ¥ —-xy+y’ =1

3x2—[xy’+y]+3y2y’=0
X —xy' —y+3y"y' =0

y’[3y2—x]=y—3x2

dy y-3x’

dx  3y*-x




188. Answer is B.

If y’=x+y’ then y'=

2y’ =1+3y%y
2yy'=3y'y' =1
y[2y-3y*]=1
.1
YT ay3y

189. Answer is A.

Find Zx_y for 2x* +xy+3y* =0

4x+[xy’+y]+6yy'=0
xy'+6yy'=—4x—y
y[x+6y]=—4x-y

,__4x+y

x+6y

190. Answer is B.

Given y is a differentiable function of x, find % for 3x’-2xy+5y* =1

6x—2[xy’+y]+10yy'=0
6x—2xy'—=2y+10yy'=0
y'[10y-2x]=2y-6x
r_ 2y—3x)
2(Sy—x)

dy _y-3x
dx Sy—x

191. Answer is C.

dy
If x>+’ =x"y’ then —=
d d dx

2x+3yy' =x*2y" + y*(3x?)
3’y —2x’yy =3x7y" —2x
Y3y -2x’y)=3x"y’ -2x

.| 3x7y'—2x
Y 3y’ —2x’y




192. Answer is A.

dy
If xpt—y’=x*—5 then —=
Yy -y /

[nyy’+y2]—3y2y'=2x—0
2xyy’ —-3y*y' =2x-)"
V' Qxy-3y")=2x-y’

. 2x-)’ B y=2x

C2xp-3y° |3y —2xy

193. Answer is A. Difficulty = 0.66

If x*+3xy+2y’=17 thenintermsof x and y %=

X’ +3xy+2y° =17
3x2+3[xy'+y]+6y2y'=0
3x7+3xy'+3y+6y*y' =0

y’[6y2 +3x]=—3x2 -3y

dy_—3x2—3y_—,3/(x2+y)_ x*+y

dx  6y*+3x ZQ2y+x) | x+2)°

194. Answer is E.

Find L for e’ =xy

e’y =xy'+y
e’y —-xy'=y
Y -x)=y

-X xXy—x




195. Answer is D.

Find y' if Inxy=x+y

Inx+Iny=x+y

’

—+L=1+y’

Xy

L’_y'= 1

y x
y’(%‘1)=x—_1

X

=y

A2

196. Answer is B.

]=

X—Xxy

Find ' if xe’+1=xy

[xeyy'+ey:|+0=[xy'+y]
xe'y'—xy'=y-e’

y'[xey —x:l =y—e’

197. Answer is C.

(2, 1)is

Consider the curve x+ xy+2y* =6 The slope of the line tangent to the curve at the point

1+[xy'+y]+2(2)yy'=0
1+xy'+y+4yy'=0
Vi(x+4y)=-y-1
y_—y—1
x+4y
-1-1

y'(2,1)

T2+41) 6

-2




198. Answer is A.

The equation of the tangent to the curve 2x’—y* =1 at the point (-1, 1) is
2x* -yt =1 Equation of tangent at (-1, 1)
3, Slope of tangent at (-1, 1) vise -1 _1
4x—4yy=0 X Slopez—z—z—y
4x=4y"y' V== run 1 x+1
. y y—-1=-1x-1
=y , -1
= y y'(-1, 1):(1)3 =-1 y=—x
199. Answer is E.
2 dy . .
If y —2xy=21 then I at the point ( 2,-3) is
2yy’—2[xy'+y] =0
2y’ =2xy'-2y=0
Y(@2y-2x)=2y
Ay y
y — —
Z(y-x) y-x
-3 -3 |3
! 2, —3 = =—=| —
V=375 5
200. Answer is A.  Diagram is to help in the learning process only !
The slope of the curve y* —xy—3x=1 at the 13‘ y =
int (0,—-1) i )4
point ( ) is 7
2y’ -[x'+y(1)]-3=0 -
2y’ —xy'=y=-3=0 7
'[2y-x]=p+3 : /-
y \.‘\ j :.
r_ y+3 ; :
“2y-x ( 0,—1)9““3
dy -1+3 2 -
Zo,-np=— """ == | _1| 5
dx( ) 2(-1)-0 -2
m=-1
AN

-
[na]




201. Answer is B. Diagram is to help in the learning process only ! Difficulty = 0.58

What is the slope of the line tangent to the curve - _R 18‘ y
3y’ —2x"=6-2xy atthe point ( 3, 2) N\

3" -2x*=6-2xy
6yy’—4x=—2[xy’+y]
6yy' —dx=-2xy'-2y st o
6yy'+2xy'=4x-2y _
2y'By+x)=22x-y) -
y_2x-y

(441

Y=

]
Il
O &

[4]

_3y+x o
_23)-2
3(2)+3

y'(3,2)

.
[=a]
v

202. Answer is A. Diagram is to help in the learning process only !

The slope of the line tangent to the graph of 4y
3x+5Iny=12 at (2, 1) is -

3x’+5Iny=12

6x+52 =0
y y
6xy+5y'=0 5

, —6x
y = y

5 \( 2,1)

-62)1) | 12 10 3 of LI s 1
5

———

Y=

(2, =




203. Answer is D.

If y=In(x’+ y*) then the value of % at the point ( 1, 0) is

y=ln(x2+y2)
, 2x+2y
Yy ="
x'+y
Y(xX*+y)=2x+2y
Y(x*+y)-2y'=2x
Y(xX*+y =2y)=2x
, 2x

Y _x2+y2—2y

Y1, 0=—r 20

1) +(0)' =2(0)

204. Answer is B.

Consider the curve 5x—xy+ y* =7 The slope of the line tangent to the curve at the point ( 1, 2) is

5—[xy’+y]+2yy'=0

5-xy'—y+2p'=0
2yy' - xy'=y-5
YQy-x)=y-5

, -5
y = Y
2y—x
2-5 3
"1,2)= =—=| —1]
Y= 173
205. Answer is A. Diagram is to help in the learning process only !
If y*+xy=6 whatis L at the point (-1, 3) ‘F'\ 1'9‘ i
y +xy I p , AN
Y +xy=6 T
2yy'+[xy'+y]=0 S
o A
2y’ +xy'+y=0 -1, e
._‘:-:_ x
y[2y+x]=-y < ; 7 3 it
y’ B 2y+x = m= —‘E
y 5 ‘\ 5
, -3 -3
YL 3= =) —
2(3)+(-1) 5 N
1 A




206. Answer is A.

The equation of the line tangent to the curve y*> —2x—4y=1 at (-2, 1) is
y' -2x-4y=1 .
Point (-2, 1) and slope m=-1
2yy'=2-4y'=0 :
'Qy—4)=2 Stope = "¢ - 71 _»~1
Y&y B run 1 x+2
Y= 2 - 1 y—-1l=—-x-2
2y-2) y-2
1 y=-x-1
"2, )=——=-1
Y2 =173
207. Answer is B.
If xy* +2xy=8 then at the point (1, 2) y'=
[nyy’+y2}+2[xy'+y]=0
2xpy' + ' +2xp +2y =0
Y Q2xy+2x)=-2y—)’
,_2y-Y
2xy+2x
, -2(2)-(2) -4-4 -8 4
Y(,9=—2D-@)_-4-4_8_| 4
2(D)(2)+2(1) 4+2 6 3
208. Answer is D.
If 7=xy—e” then @ _
dx

0=[xy'+y]—exy[xy'+y]
Xy

O=xy'+y—xy'e? — ye
ye? —y=y'(x-xe”)

x(1-¢eY)

_—yd=e”) yEe-1)_ ye" -y _ y

x(1-¢e")  x—xe”




209. Answer is C.

Which is the slope of the line tangent to y*+xy—x*>=11 at ( 2, 3)

2yy’+[.x;y’+y]—2x=0
2" +xy'=2x—-y
YQ2y+x)=2x-y
, 2x-—
y="2
2y+x
_20)-G) _
23)+(2)

O | ==

y'(2,3)

210. Answer is D.

The slope of the line tangent to the curve 3x* —2xy+ y*> =11 at the point ( 1,-2) is

32x)-2[xy'+y]+2py'=0
6x—-2xy'—2y+2yy'=0
2y'(y—x)=2y-6x
,_ 2(y—-3x) y-3x
S 2y-x)  yox
(-3 -5 [5

-2)-1) -3 |3

y'( 1’ _2)




211. Answer is D.

Find an equation of the tangent line to the graph

Diagram is to help in the learning process only !

Y=

Ay
of x*+2y*=3 atthepoint (1, 1) | l
1
x’+2y'=3 "2
2x+22y)y'=0 "
2x+4yy'=0 4 (LD
I__Z_x__i 0\ S
4y 2y d
1 1
' 1 - _
y(1, 1) e ;
Line with slope m =—1 through point (1, 1)

Slope =18 _ 1 _y-1
run 2 x-1
2y-2=-x+1

2y=—x+3

212. Answer is B.

=7

Suppose x*—xy+y’=3 Find Zx_y at the point ( a, b)

2x—[xy'+y]+2yy'=0
2x—-xy'—y+2yy'=0
y’[2y—x]=y—2x

dy _y-2x
dx 22y—x
D (a, by=| 22
dx 2b—a




213. Answer is C.

If y_

(x—y)'=y*—xy then

2x—y)'A-y) =2y —[xy" + y]

2x—2xy’—2y+\2)>’;\<=\2}3<—xy'_y

-2xy'+xy'=—y+2y-2x

-xy'=y-2x
-2x 2x—
y’=y _ y
-Xx x

214. Answer is D.

The slope of the line tangent to the graph of In(x+ y)

= x” at the point where x =1 is

In(x+y)=x"
1 ’
*y =2x
(x+y)

Find point of tangency where x =1

1+y' =2x(x+y)
Y =2x"+2xy-1
y'A,e-1)=2(1)" +2(1)(e-1)-1

Y(Le-1)=[2e-1]

215. Answer is A.

In(x+ y)=x’
In(1+ y)=1
1+y=e'

y=e—1 —point (1, e—1)

The slope of the line tangent to the graph of In(xy)= x at the point where x =1 1is

Inx+Iny=x In(xy)=x
! x=1-> In(y)=1
1.7 _4 )
x y=e
i_l_l Point —» (1,e)
y x
, 1-1
Y(1,€)=8(T)=@




216. Answer is B.

If e¥ =Inx, then d_y=
dx
1
eV |xy'+y|l=—
[0’ +y]=—
r_X X 1
xy'e? + ye? =—
x
1 1-xye™
xye? =——pe? =V
X X
, | 1—xpe”
V= x’e”

217. Answer is C.

The curve defined by x* 4+ xy— y*> =10 has a vertical tangent line when x =

2
Vertical tangent y' = —y=3x undefined

2 ' ' x_2y=0
2wy =
3x +[xy +y] w=0 x=2y
3 +xy +y-2p'=0 1oy
2
' 2
y[x—Zy]=—y—3x 4 xp—p =10
yoym3 X+ x(2)—(2)} =10
x=2y I
X +=—-"—=10
2 4
4x° +2x*—x" =40

4x° +x*—-40=0




218. Answer is D. Diagram is to help in the learning process only ! Difficulty = 0.58

The slope of the line tangent to the curve K
Y +(xp+1y’ =0 at(2,-1)is
Y +(xp+1y° =0
2yy'+3(xy+1)2[xy'+y+0]=0 -
2y +3x(xy+1)2y +3p(xy+1) =0 T .
, N — 1 p—
y [2y+3x(xy+1)2:| =-3y(xy+1)° 0] 5 0 /*‘#F- K
- 2,_1
3Gy l) )
y 2y+3x(xy+1) s
, -3(-1)(2(-1) +1) 3
(21 = EDRED D) n-?
2-D+32)2-D+1) [ |- S
B 3(_1)2 B é 16
-2+ 6(-1)’ 4
219. Answer is C.
The curve 3y’ —3xy+2x’ =7 has vertical tangents when
32y -3[xy' + y]+23@x*)=0
(27 [xy y] (3x7) Vertical tangent — y' = undefined
6yy' —3xy' =3y+6x’=0 2
y_YT2XT
y'(6y—-3x)=3y—6x y = 2y—x = undefined
,_By-2x) 2y-x=0
AQ2y-x) y=x
-2x’
y=2
2y—x
220. Answer is A.
x : dy
It e” =2 then at the point (1, In2) o =
e”[xy'+ y1)]=0 « product rule
xy'e” + ye® =0
r_ e —
y = yxy =—y
xe x
Yam2)y=""2_["m2




221. Answer is D.

Diagram is to help in the learning process only !

1+y2

1. od
The slope of 9x—4xIny=3 at( 3’ 1) 1s : _-_____:],
P
9x—4xIny=3 4
9—4[xl+lnyi|=0 f
y I
: #C5D x
9=4x2 +4Iny 1 . g I >
y
9y=4xy'+4ylny :'
9y—4yln y =4x)' 3
= 2y=dyiny -’,,,;-’4_7
4x dgl L L
, 9(1)—4(1)In(1
(2 1) = 2D =4O )
4(3)
9-40) 9 3 27
’l,l = =—X—=| —
VACRY)) 5 e
222. Answer is A. Diagram is to help in the learning process only !
If 2x’+3xp+e’ =6 whatis y' when x=0
2x° +3xy+e’ =6
When x=0 6x* +3[xy'+ y]+e’y =0
2x* +3xp+e’ =6 6x’+3xy'+3y+e’y =0
3
2(0) +3(0)y+ey=6 y'(3x+ey)=_3y_6x2
e’ =6 , —3y—6x7
y=Iné6 © 3x+e’
oint ( 0, In6 - - 2 _
point ( ) (0, Ingy= 3106 61(?) _3In6 o ooss
3(0) + "
223. Answer is A.
2
If ﬂ=1+y2 then d{—
dx
y=1+y
Y =042y =2y(y) =2y + ")
—_—




224. Answer is D.

2

d'y .
If a point moves on the curve x4+ y2 = 25, then, at (0, 5), dx{ 18
X +y'=125 W' ==x
2x+2pp' =0 [ +yy']=-1
2yy' =-2x )y =-1
,_ Ax_ «x ,_—1=0")
Zy y
0 -1-(0)°
YO, H=-2-0 - v, 5=1—0_
5 5
225. Answer is E.
2
If y>~3x=7 then 42
dx
y =3x=7
2yy'=3=0 «y' =5
[ +yy]-0=0
2"+ 2y'y'=0
y" = _zy'y' = _(%)(%) = _9 Xl: _9
2y T ay* y | 4y

226. Answer is B.

Difficulty = 0.25

dy 2 d’y
If —=,/1-y°, then =
dx dx?

¥ ==y
2 1 2\ '
y =5(1—y)2(—2yy)

I (S N 4
y'= r=———=|—y|
Za-yH: oy




227. Answer is D. |Difficulty = 0.79 |

The table gives values of f, f', g and g’ at selected x | fX)] fl(x)] gx)| g
values of x If h(x)= f(g(x)) then A'(1)= -1] 6 5 3 -2
H(x)= f'(g(x)g'(x) 13 |3 [-1] 2
H(1)= f'(gM)g'(D) S|t |21 2] 3
K= f'-1[2]
K()=5[2]=
228. Answer is A.
If f(x)= 4 and g(x)=2x then the solution set of f(g(x))=g(f(x)) is
x—
s
2x—-1 x—1
4 _ 8
2x-1 x-1
16x—-8=4x—-4
12x=4
=1
229. Answer is D.
Let f and g be differentiable functions such that
Sa)=2 =3 f'2)=-4
g)=2 g1)=-3 g'@2)=5
If h(x)= f(g(x)) then HK'@Q)=
W (x)= f'(g(x)g'(x)
H1)= f'(g)g'M)
H)=£'@)[-3]
K (1) =-4[-3]=
230. Answer is A. |Difﬁculty =0.60 |

|If f and g are twice differentiable and if h(x)= f(g(x)), then h'(x)=

h(x) = f(g(x)),
H(x)= f'(g(x)g'(x)=[f'(g(x)][g'(x)] < product rule
h'(x)= f'(g(x)g"(x)+ f"(g(x)g'(x)g'(x)

H'(x)=| f'(g(x)g"(x)+ £ (g(x)[g'(x)]




231. Answer is B.

f)=4,

If h(x)= f(g(x)) then A'(1)=

Let f and g be differentiable functions such that
g)=3,
ff=-4, gM=-3, gG)=2

f'3)=-5

H(x)= f'(g(x))g'(x)
K@) = f'(gM)g'M) =

232. Answer is E.

@)= f'3)=3)=(-5)(-3)=

The function F is defined by
F(x)=G[x+G(x)]

on the right.
The approximate value of F'(1) =

where the graph of the function G is shown

F(x)=G[x+G(x)]

F'(1)=G'[4](-1)
F)=3(-D=| -

W

233. Answer is D.

F'(x)=G'[x+G(x)](1+G'(x))
F'(1)=G'[1+GM]A+G'(1)
F'(1)=G'[1+3](1+(-2))

true about the function A
I. h(0)=4
II. A is increasing at x =2

tangent at x =4

The graphs of functions f and g are
shown on the right. If A(x)= g[ f (x)]

which of the following statements are

III. The graph of & has a horizontal

L h(0)=g[f(®]=g[5]=0
H(x)=g'[ f(0)]f'(x)

=

False =4

IL /'(2)=¢'[ ] f'2)=g'[1](-3) =-2(-1) = positive
h is increasing at x=2 M h2)>0

L K@) =g'[f@]f@=g[2]D=01)=0
The graph of h has a horizontal tangent at x =4 h4)=0

Y=

5‘1’

4

3

2 7

;

U 1 3 5
5?\” 7 T
4\ f(x) g(x)
3

o X
. 2 3 > 1 2



234. Answer is D.

The composite function 4 is defined by h(x)= f [ g(x)] where f and g are functions whose

graphs are shown below.

3 | 3 |
3 f(x) 3 g(x)
y \2 2
x \\ // :
TR N1 7 5 & R R o 1 2 3 4

The number of horizontal tangent lines to the graph of & is
h(x)= f(g(x))
h(x)= f'(g(x))g'(x)=0 <« horizontal tangent

fl(gx)=-2)—>x=-2,-4
fl(g(x)=1)— x=0,3.4

}[x=—3,0,2]=0

x=-2,—-4
x=0,34

x =0 is duplicated [ ][x = —3,0,2] =0 « EI horizontal tangent lines

235. Answeris D.

The graphs of functions f and g are
shown at the right. If h(x)= f [ g(x)] , 5fy | 5*" |
which of the following statements are 4 \ f(x) 4 \ g(x)—
true about the function A 3 3

L. h(2)=5 2 \ 5

II. A is increasing at x = 4 1 '
III. The graph of A has a horizontal - ﬁ i

tangent at x =1 1.2 3 45 01 2 3 4 5

L hQ2)= f[g(2)]= f[4]=3#5 E False

H(x)= f'[g(x)]g'(x)

K@) = f'[e@®]g'@) = f'[1](-1) = (-1)(-1) = positive
II. hisincreasingatx=4 M True 4'(4)>0

K1) = f'[gM]e' M= f[3](0)=(1)(0)=0

III. The graph of A has a horizontal

tangentat x=1 M True A'(4)=0




236. Answer is A.

The second derivative of the function f is given
by f"(x)=x(x—a)(x—b)’ The graph of f"
is shown in the diagram. For what values of x
does the graph of f have a point of inflection ?

Point of inflection definition

when f''(x) changes sign

Difficulty = 0.39

a and O because graph of f'"(x) changes sign

v .
(crosses x-axis)

o .3
, |
' —y=x
51—
14
51—
41 0 /
i
i
1[‘

Y=

—

F——
® e an

—_—
i S

D HN N B

237. Answer is C.

The graph of y = f(x) on the
closed interval [ 2, 7] is shown.

How many points of inflection
does this graph have on this interval ?

Points of inflection occur where the

concavity changes; marked on the

0 k m b

=

Ay A
' B T 1
e y=x
yes o
y' = 3x2 '::, :'
"' =6x cross i '.',7 '
»'(0)=0 V3l
« Yes (0,0) %4
Inflection points " 10' 3 13
y=x' '
yl — 4x3 Z
y" =12x* bounce 4
' (©0)=0 )
(0,0) No —> 6
| |
N down !
|
|
: down |
| |
! i 5

graph on the right with a vertical line.
points of inflection



238. Answer is E.
The diagram shows the graph of

the derivative of a function f
How many points of inflection

does f have in the interval shown ? min.,

F@>05 1 N £7x) <0

Be very careful !!!
Inflection points — concavity changes sign

— on f'(x) graph occur at horizontal tangents

— x-values of dashed lines !!! ‘J

— on this graph, EI inflection points

239. Answer is B.

The function f is defined on the closed interval
[—2, 3] The graph of y = f'(x) is shown in
the diagram. Which of the following describes

the relative extrema of f* and the points of
inflection of the graph of f

On a derivative graph
— f(x) minimum occur when f'(x) changes
from negative to positive
— f(x) maximum occur when f'(x) changes
from positive to negative
— f(x) inflection points occur when slope f'(x)=0
So the f(x) graph would have 1 minimum

and 2 inflection points

y=r(x)

min

w



240. Answer is C.
The function f is defined by i
f'(x)=(x-2)"(x=7)’ The graph of f

has an inflection point where x =

f1()=(x=2}(x=7 >
f(x)=(x=2)"3(x=7)+(x=7)*2(x-2)
f(x)=(x=2)(x=7)"[3(x-2)+2(x-7)]
f(x)=(x=2)(x=7)*[3x—6+2x—14]
f(x)=(x=2)(x=7)"[5x-20]
(%) =5(x=2) (x=4)'(x=7)°
f"(x) degree 4 with a bounce atx =7 and cross at |x=2,4
inflection points
Answer could be estimated from the y = f'(x) graph
241. Answer is B.

The function defined by f(x)=(x—1)(x+2)* has inflection points at x =
f(x)=(x=1)(x+2) « y= f(x) degree 3 (maximum of one inflection point)
f(x)=(x=1)(x*+4x+4)
f(x)=x"+3x*-4

f'(x)=3x"+6x
f'(x)=6x+6=0
6x=-6
Inflection number
242. Answer is D.

For some key values of x, the values of f(x), x -81|—6|—4 ) ol 2| 4

f'(x), and f"'(x) are given in the table. The xvlue

equation of the tangent to the curve y = f(x) fx) | 0 510 yi%‘ . 46|

at the point of inflection shown in the table is: flix)| 4] o]—4 =2 1] o] 1

Inflection number — x = -2 slope
f'x)|-2|-6|-2 0 1| 4| 3

(f"(x) changes sign)

change
concavity

Inflection point - f(-2)=-2 > (-2,-2)
Slope at (-2,-2)— f'(-2)=-2
Slope at (—2,—-2) and m =-2 — Slope = rnse _ _—2= y+2
run 1 x+2
y+2=-x—-4

y=—x—6'




243. Answer is B.

Which of the following statements are true about & .
e y y=r 4
the function f if its derivative f* is defined by
f'(x)=x(x—a)’ where a>0 /
x
I. The graph of f is increasing at x = 2a . »
@
II. The function f has a local maximum at x =0 \/
III. The graph of f has an inflection point at x =a

Sketch graph of f'(x) and look at zero's
Zerosat x=0, a <« degree 4 (no bounces)
I. The graph of f is increasing at x =2a M True
f'(x)>0 — f(x)isincreasing
II. The function f has a local maximum at x=0 B True

at x=0 f'(x) changes from positive to negative

III. The graph of f has an inflection point at x =a [ False

at x=a f'(x) changes from negative to positive

g
minimum

which cannot be an inflection point

244. Answer is D.
If f'(x)=x’(x+2)" then the graph

of f has inflection points when x =

by p y=F®

' W3 2
f'(x)=x"(x+2)" « product rule _2

|
wnles

=

F(x)= x*2(x+2) +(x+2)*3x? + i
F(x) = 2x  (x+2) + 3x2(x + 2) \/
()= X" (x+2)[2x+3(x+2)] '

f”(x) — xl—bounce (x + z)l—crass (sx + 6)1—crass

Inflection points (concavity changes)

occur at | x =2,—-%




245. Answer is E.

If f'(x)=-5(x-3)"(x—-2) which

of the following features does the graph
of f(x) have ?

Sketch the graph of y = f'(x) with zero's
at x=2, 3 and end behaviour N\
f(x)=—=5(x - 3)2-bounce (x _ gyteros
— f(x) local maximum at x =2 because
f'(x) changes from positive to negative
— inflection point at x = 3 because
slope of f'(x)=0

(another inflection point at x = 2.3)

246. Answer is B.

A function f(x) exists such that f"'(x)=(x—-2)’(x+1)

How many points of inflection does f(x) have ?

SketCh f”(x) = (x — Z)Z_bo""”e(x + l)l—cmss

247. Answer is B.

f(x) has point of inflection when x =-1

f"(x—a)=0 <« inflection point if and only if

f"(x) changes signat x =a (no bounce)

Y=

F Y
Y =
i\/:i
‘}’ y=f (x)
f + + -
\21 2

f(x)=x"-3x" has a point of inflection at
w2 _ 2.3
J(x)=x"-3x Inflection number 3
’ — 2 _ 9 2
;Htx; 2x 18x 0 Interval | —o<x <4 3<XxX<©
X)=s&s—l1ox= " " "
ST | 0=+ S )=-
2=18x
) f(x) | Concave up | Concave down
==X
9
Possible Inflection number There is 1 inflection point (concavity changes once) at

O =




12
— 2
x—i\/;

Possible Inflection numbers

248. Answer is C. N
The graph of y=2x’+5x>-6x+7 hasa Fa 8
point of inflection at x = ! \\39 :'J
y=2x"+5x"—6x+7 .’I
¥ =6x*+10x—6 ;
Y'=12x+10=0 A
12x=-10 L}k
x=-3 :'J -
Graph is concave down for x < -2 : ';U t ﬁ
and concave up forx >—3 I
. «—y"=12x+10
Graph of y" =12x+10 changes sign atx =—2 \ Y B
249. Answer is C.
The number of inflection points in the curve  f(x)=x*—4x" s
f(x)=x*-4x’
F1(x)=4x° —8x Inflection numbers ~ — \@ 2
f(x)=12x*-8=0 Interval —oo<x<—\/§ —J3<x<,? \/§<x<oo
12x* =8 [0 | f'ED=+ f'(0)=— =+
x’=23 f(x) Concave up | Concave down | Concave up
There are 2 inflection points (concavity changes twice)

An equation of the line tangent to y = x’+3x" +2 atit's point of inflection is

250. Answer is B.
— 13 2 _ .3 2
y=x :r3x +2 y=x +33x +22 V' =3x 4 6x
.)f’=3x +6x y(—i)=(—11) +32(—1‘)‘ +2 Y(=1) = 3(=1)’ + 6(1)
Yy =6x+6=0 y)=-1+3+2= Y(-1)=3-6=-3
6x=-6
Slope of tangent =-3
x=-1 Point of inflection (-1, 4) .
" _ o Slope:@:i:y—ql
3) (0) = positive w1 x+1
¥ (=2) = negative y—4=-3x-3
y=-3x+1

x = —1 is inflection number




251. Answer is B.

If the graph of y = x’ +ax’ + bx—4 has a point of inflection at ( 1,—6), what is the value of b

y=x"+ax’+bx—4

y' =3x"+2ax+b

252. Answer is C.

y'=6x+2a
y'M)=6(1)+2a=0 <« point of inflection
2a=—6
a=-3

y=x'-3x+bx—4 point at ( 1,—-6)
—6=(1)"-3(1)"+b(1)-4
~6=1-3+b-4

Difficulty = 0.40

1 1 . : .
At what value of x does the graph of y=-——— have a point of inflection ?
x° x
1 1
y=—F-——=x 2_x7 x=%0
x° x

P

6 12

XX

12x* = 6x°
12x*-6x° =0
6x'2-x)=0
M 2=x

Possible Inflection number

253. Answer is C.

Note this is not a polynomial graph, it is not
defined when x =0
, 6 12 6x-12
y = =

xt X

6(1)—12
ity = S0

xS

= negative

-12
y'@) =2

= positive

Concavity changed at x =2

What is the value of k such that the curve y= x’ — L3 has a point of inflection at x =1

y=x3_£=x3_kx—l
X
y =3x"+kx
2k
y'=6x-2kx" =6x—?
2k
"1)=6(1)- =0
y ()= 6(1) O’
6-2k=0




254. Answer is D.

The curve y=x"+10x* -5 has points of inflection at x =

y=x"+10x*-5 ‘
' 5t + 407 Inflection numbers -6 0
Yy =x +4Ux

205" (x4.6)— 0 S'@) [ == =+ [ 0=+
f(x) | Concave down | Concave up | Concave up

x=0|x=-6 . . . .
There is 1 inflection point (concavity changes once)

Possible inflection points
b when

255. Answer is E.

The curve y=1-6x"—x"* has inflection points at x =

y =—12x-4x’
y'=-12-12x7
y'=-12(1+x*)=0

No solution, therefore inflection points.

256. Answer is A.

The slope of the line tangent to the curve f(x)= x’ +3x* —24x+4 at the point of inflection is

f()=x"+3x"-24x+4 f'(x)=3x"+6x—24
f'(x)=3x"+6x-24 F(=1) = 3(=1)? + 6(=1)— 24
f'(x)=6x+6=0 f'(—1)=3—6—24=
6(x+1)=0
x=-1
Inflection point

257. Answer is E.

The curve y=3x*—8x"+6x’—1 has points of inflection at x =

Yy =12x" - 24x* +12x
y'=36x"—48x+12=0
3x’—4x+1=0 < parabola opening up with zero's at x=1, 1
Bx-1D(x-1)=0 - y= f"(x) must change sign twice.

x=1|x=1

Inflection numbers




258. Answer is E.

The equation of the line tangent to the curve f(x)=2x"—3x” at the point of inflection is
\ ; f'(x)=6x"—6x
JEIZ20 23 p =20 -30° fB=60) ~63)=3-3=-3
'(x)=6x"—6x

o 12x_gog | T2 36Y Slope = = ¥*2
F=2x=6=0 1 py o1 sy 2 x-)

12x=6 i ) L _ 3

ol Inflection point ( 3,—3 2y+1=-3x+3

2 4y+2=-6x+3

Inflection number
6x+4y=1

259. Answer is D.

An equation for the line tangent to the curve f(x)=—-x"'+12x+5 at the point of inflection is

f(x)=-x’+12x+5| f(x)=—x*+12x+5 | Equation for the line tangent at ( 0, 5)
IR T _ . _
f(x)=-3x"+12 f(0)=5 Slope=ﬂ=2=y 5
f"(x)=-6x=0 ( 0, 5) inflection point run 1 x
x=0 Fl(x)=-3x*+12 y-3=12x
Inflection number £ (0)=12 y—12x=5

260. Answer is C.

The curve y=3x" —5x*+3x—2 has a point of inflection at

y=3x"-5x"+3x-2

y’:15x4_20x3+3 y=3x5—5x4+3x—2
y"=60x°—60x>=0 y1)=31)° -51)* +3(1)-2
60x*(x-1)=0 y)=3-5+3-2=-1
Inflection point | ( 1,—1)
=0

Inflection number at x =1 (no bounce)




261. Answer is E.

If the graph of f(x)=2x" +£ has a point of inflection at x = —1 then the value of & is
x

f(x)=2x"+kx™"
f'(x)=4x—kx’
2k

f(x)=4+2kx> =4+?

2k

-1

4-2k=0
4=2k

fl(-1)=4+

0 <« x=-1 atinflection point

262. Answer is A.

same value of x What must be the value of b

The function y = x*+bx* +8x+1 has a horizontal tangent and a point of inflection for the

—8—4x’ -12x’
2x 2
y=x'+bx"+8x+1 —16—8x° =-24x°
—8—4x’ -16=-16x"
Y =4x’ +2bx+8=0 —>b=—"_""_ x
2x 1=x"
~12x° _
y'=12x*+2b=0  —>b=—"" 1=xHM
2 ~12(1)°
”=T=

263. Answer is C.

How many points of inflection does the graph of y=2x°+9x° +10x* —x+2 have?

¥y =12x° +45x* +40x° -1

' =60x*+180x +120x"

y' =60x*(x*+3x+2)

yn = 60x2=baunce (x + 1)1=cr0ss (x + 2)1=cmss

»" (crosses the x-axis twice — changes sign) — points of inflection at x = —1 and x = -2



264. Answer is D.
If the graph of y = x*+ax’+bx—8 has a point of inflection at ( 2, 0), what is the value of b

'=3x*+2ax+b
Vo= ax e y=x'+ax’ +bx—8 < point ( 2, 0)

y'=6x+2a . 2
"(2)=6(2)+2a=0 0=(2)"+(=6)(2)" +b(2)-8
—_ a —
g 24=2b
2a =-12

=51~

265. Answer is A.

What is the x-coordinate of the point of inflection on the graph of y = xe*

y=xe*
Yy =xe* +e”
y'=xe " +e*+e*
y'=xe*+2e  =e*(x+2)=0
e’'(x+2)=0

ex;tO‘

266. Answer is C.
What is the x-coordinate of the point of inflection of the graph of y = x*+3x* —45x+81

y=x"+3x"—45x+81
y' =3x"+6x-45
y'=6x+6=0

6x=—6

Inflection number

267. Answer is D.

What are the x-coordinates of the points of inflection on the graph of the function

f(x)=3x"-4x*+6

fl(x)=12x" —12x7
f"(x)=36x"-24x=0
12x(3x-2)=0

x=0 ‘x=

<« x-coordinates of the points of inflection

(M)




268. Answer is A.

Given the function h(x)=6x’—8x*+2, at what x value(s) is/are the inflection point(s) ?

h(x)=6x"-8x"+2
K (x)=18x*—-16x
h'(x)=36x-16=0

36x=16
4
xX=—
9

Inflection number

269. Answer is C.

How many inflection points does 3x*—5x*—9x+2 have ?
y=3x"-5x-9x+2
Interval | —0o<x <0 0<x<2 2<x<
Y =12x* —15x -9 Skl Bt kil S kb
J=36x—30x=0 = y yEh=+] y@)=- | yd)=+
6x(6x—5)= 0 y concave up | concave down | concave up
x(6x—-5)=
—0’75 Both x =0 and x = ¢ have changes in concavity so
x=0|x=2
¢ there are 2 inflection points

270. Answer is B.

What is the x-coordinate of the point of inflection on the graph of y = %xs -2x*+7

2
y==x"-2x*+17
3
y =2x"—4x

y'=4x-4=0
4x=4

271. Answer is B.

What is the x-coordinate of the point of inflection for the graph of y=x’+3x* -1

y=x'+3x*-1

y =3x+6x
y'=6x+6=0
6x=-6




272. Answer is C. |Difﬁcu1ty =0.78 U

A particle moves along the x-axis so that its position at time ¢ is x(¢)=2¢>—7t+3

(x in cm and ¢ in seconds). What is the velocity (in cm/sec) at time #=2 seconds ?

x(t)=2t"-T7t+3
v(i)=x'(t)=4t-17

v(2)=4(2)-7=

273. Answer is C. |Djfﬁcu1ty =0.76 U

A particle moves along the x-axis according to the function x(¢)=¢*—4¢+3, where x

(meters) is the position of the particle at time # (seconds). At what time ¢ does the particle

have a velocity of 6 m/s

x(t)=1t"—4t+3
v(t)=2t-4=6
2t=10

274. Answer is D. |Difﬁcu1ty =0.75U

A particle moves along the x-axis so that its position at time ¢ is x(f) =3¢’ +2¢* +7 where

x is in meters and ¢ is in seconds. Find the velocity at # =2 seconds.

x()=38+2+7
v(t)=9t* +4¢
v(2)=9(2)' +4(2)=36+8=[d4 ms |

275. Answer is D. |Difficulty = 0.71 U

A particle moves along the x-axis according to the position function x(¢)=2¢'—6t> +9

where x is in meters and ¢ is in seconds. Find the value(s) of # when the particle is stationary.

x(1)=2t-6t*+9
v(t)=6t>—12t =0 <« particle is stationary
6t(t—2)=0

t=0|t=2



276. Answer is B. Difficulty = 0.69 U

A particle moves along the x-axis so that its position at time ¢ is x(f)=¢>—2¢+5 where x

is in centimeters and ¢ is in seconds. At what time is the particle's velocity 4 cm/s

x(t)=1t"-2t+5
v(t)=2t—2=4 <« velocity 4 cm/s
2t=6

277. Answer is B. Difficulty = 0.69 U

An object moves along the x-axis so that its position at time ¢ is x=¢>—3¢+5 where x is

in meters and ¢ is in seconds. At what time(s) is its velocity 5 m/s

x(t)=t"-3t+5
v(t)=2t-3=5 <« velocity S m/s
2t=8

278. Answer is B. | Difficulty = 0.51 H

A particle moves along the x-axis according to the position function x(¢) =2t —6¢+1

where x is in meters and  is in seconds. For what values of # is the particle moving to the

right ?
x(t)=2-6t+1 v(t) = 6t* -6
v(t)=6t"-6=0 Parabola opening up with
6t> =6 zeros of t=+1
=1 moving to the right means v(t) >0
t=+1 | x<—-1 orx>1 |

279. Answer is D.

The position of an object moving in a straight path is given by x(¢) = kt* +12¢, where x is

in meters and ¢ is in seconds. Find the value of k if the velocity of the object is 4 m/s when

t =2 seconds.

x(t)=kt* +12t

v(t)=2kt+12

v(2)=2k(2)+12=4 <« velocity of the object is 4 m/s
4k = -8




280. Answer is C.

A particle moves along the x-axis according to the position function x(¢)=¢'—4¢*+3

(x in meters, ¢ in seconds). Determine the velocity in m/s at ¢t = -2

x()=t-4t" +3
v(t)=3t" -8t

v(-2) = 3(-2) - 8(-2) = 12+ 16=

281. Answer is C.

A particle moves along the x-axis according to the position function x(z)=¢*—¢ (x incm,

t in sec). Determine the time ¢ (in sec) when the velocity is 12 cm/s

x()=t*—t
v(t)=2t-1=12 <« velocity is 12 cm/s
2t—-1=12
2t=13

282. Answer is C.

As a particle moves along the x-axis, its distance from the origin is given by x(¢) = 3¢* —4¢+ 10

where x is in meters and ¢ is in seconds. At what time is the velocity 14 m/s

x(t)=3t" -4t +10
v(t)=61—4=14 <« velocity 14 m/s
6r=18
t=3

283. Answer is A.
An object moves so that its distance in metres, at time ¢ seconds, is given by f(¢). What does
f'(2) represent ?

Position function - f(¥) < position at any time ¢
Velocity function - f'(x) <« velocity at any time ¢
Velocityat t=2— f'(2)

284. Answer is B.

As a particle moves along the x-axis, its distance from the origin is given by x(¢)= ¢’ —6¢+5

At what time ¢ (in seconds) is the velocity of the particle zero ?

x()=t*—6t+5
v(t)=2t—6=0 <« velocity of the particle zero
2t=6




285. Answer is C.
A particle moves along a line according to the distance function s(¢)=2¢' —21¢* + 60z +13
During the time interval from =1 to #=12, how many times does the paticle reverse its

direction of movement ?

s(t)=21 —21¢* + 607 +13
v(t)=6t> —42t+60 = 0
t*=7t+10=0
t-2)(t-5=0
t=2|t=5 <« Twice ininterval from =1 to =12

286. Answer is E. Difficulty = 0.67

A particle moves along the x-axis so that at time #> 0 its position is given by

x(t)=2t"—21¢* +72t -5 At what time ¢ is the particle at rest ?

X'()=6t>—42t+72
X'(t)=6t—42t+72=0 <« at rest
£ -7t+12=0

t-3)t-4)=0

287. Answer is B.

The position of a particle moving along a straight line at any time ¢ is given by

s(t)=t* +4t+4 What is the acceleration of the particle when ¢ =4

st)y=t"+4t+4
v()=s"()=2t+4
a(t)=s"(t)=2

a(4)=s"(4) =

288. Answer is C.

=2t

A particle moves along the x-axis so that at any time # its position is given by x(¢) = te

For what values of ¢ is the particle at rest ?

x(t)=te™
v(t)=t(-2e)+e =0
e (<2t +1)=0
-2t+1=0 1

e #0 « particle at rest when ¢ = J
1_ t
2




289. Answer is C. Difficulty = 0.74

A particle moves along the x-axis so that at any time ¢ >0 its position is given by

x(t)=1> -3¢t -9t+1 For what values of ¢ is the particle at rest

x()=1 =3t -9t +1
v(t)=3t"-6t-9=0 <« atrest

' =2t-3=0
(t=3)t+1)=0
=

290. Answer is C.

A particle starts at time ¢ =0 and moves along a number line so that its position, at time ¢ > 0

is given by x(¢) = (¢—2)’(t—6) The particle is moving to the right for

x(2)>0
xX'(6)=(-2) +({-6)3(t-2)’ n=2 _
x'(t)=(t-2)"[(t-2)+3(t—6)] Y Y
x'(t)=(t—2)"[t-2+3t-18] inte'rval ?<t<2 2’<t<5 ’t>5
x'(£) = (¢~ 2)* [4¢ - 20] xX'(t) | X(M)=-16 | x'(3)=-8 | x'(6)=64
¥ () =4(t-2)'(t-5)=0 direction | left left | [right
critical > E’E

291. Answeris C.

2
The formula x(¢z)=Inz+ ;_8 +1 gives the position of an object moving along the x-axis during

the time interval 1<¢<5 At the instant when the acceleration of the object is zero, the velocity is

YO =v=1+L
t 9
1 ¢
, -1 1 v(t)=—+—
V)=a)=—+g=0 t 9
L R e
9 ¢
=9
1<t<5 > t=3




292. Answer is A.

Which of the following must be true about a particle that starts at £ =0 and moves along a
number line if its position at time ¢ is given by s(¢) = (¢ —2)’(t - 6)

I. The particle is moving to the right for #>5

II. The particle is atrestat #=2 and £=6

III. The particle changes direction at # =2

s(t)=({t-2)’(t-6)

SO =t-2)>+(-6)3(t-2)
=(t-2)*[(t-2)+3(¢-6)]

v(t)=(t—2)*[t—2+3t-18]
=(t-2)*[41—20]=4(t—2)"[t-5]

293. Answer is D.

A particle starts at time ¢# =0 and moves along a number line so that its position, at time ¢ 2 0,

is given by x(¢) =(t—2)(t—6)’ The particle is moving to the left for

X'®)=t-2)3(t-6) +(-6)’
x'(t)=(t-6)’[3(t-2)+(t-6)]
x'(t)=(t-6)’[3t-6+1—6]
x'(t)=(t—6)*[41-12]
x'(t) =4(t—6)* [ - 3]

Sketch graph

294. Answer is E.

The position function of a moving particle on the x-axis is given as s(¢)=¢" +¢* -8t for
0<z<10 For what values of ¢ is the particle moving to the right ?

Y (£)>0

s(t)=0 +1 -8t¢
v(t)=3t>+2¢-8
v(t)=(t+2)(3t—4)

If #>4 then the velocity is positive and the particle is moving to the right !
3 yisp p g g




295. Answer is B.

A particle is moving along the x-axis. Its position at time #>0 is e’ What is its
acceleration when ¢ =2

s(t)y=e""
v(t)=e"'(-1)=—€""
a(t)y=e""

aQ)=e"?=¢"=

296. Answer is C.

297.

298.

A particle moves along the x-axis so that its position at time # is given by
x(t) = 4t> — 33t + 30t + 12, where ¢ is measured in seconds and x is measured in meters.
a) Determine the velocity, in m/s, of the particle at time ¢#=2 seconds

b) Determine the time(s), in seconds, when the particle is stationary

a) x(t)=4r 33t +30¢r+12

() = 12¢* - 66¢ + 30
¥(2)=12(2)* = 66(2)+ 30 =| —54 m/sec |

is

b) v(t)=12t"-66t+30=0 <« particle is stationary
26 —11t+5=0
QRt-1)(-5)=0
t=1|t=5
A particle moves along the x-axis such that its distance from the origin is given by

x(t)= 2t + 60¢t where x isin centimeters and ¢ is in seconds. When the particle's velocity

72 cm/sec, determine its distance x(#) from the origin.

x(¢) = 2¢* + 60t x(1)=2t" + 60t
v(t) =4t + 60 =72 x(3)=2(3)>+60(3)=18+180 =198
47 =12 Distance x(¢) from the origin when its velocity is 72 cm/sec
t=3 is | 198 cm to the right | of the origin.




299. A particle moves along the x-axis so that its position at time ¢ is x(z) = 4¢’ —21¢* + 30¢

where ¢ is measured in seconds, and x is measured in meters.
a) Determine the time(s) when the particle is stopped.

b) Determine when the particle is moving to the left

a) x(t)=4r -21£ +30¢
v(£)=12¢> — 42t +30=0 <« particle stopped
26* -7t +5=0
Qt-5)t-1)=0

t=3||lt=1

b) v(t)=12" —42¢+ 30 <« parabola opening up with zero's of 1 and 2.5

12¢7 — 42t +30< 0 < v(¢) negative (moving left) | 1<¢<$

Solution:

Consider graph of position function x Consider sign of x’

or

x =47 =217 +30¢ X =6(2-5)(t-1)<0 « +mark
I r
| 1 :

4
| \ 4
!
: —
1 2
| | \ /3
\
5 Ve
1 3 N
decreasing = moving left x" < (0 = moving left

. particle is moving left when

l<t< « 7 mark

b | o



300.

301.

(> in cm and ¢ in seconds.)
a) At what time(s) is the particle stationary ?

A particle moves along the x-axis so that its position at time ¢ is x(¢)=2t —5¢* —4t+3

b) At what time(s) is the particle moving to the left ?

a) x(0)=2t -5 —41+3
v(t)=x'(t) = 61" —10¢ — 4
v(t)=6t> —10f—4 =0 <« stationary
3t -5t-2=0
GBt+1)(-2)=0

t=—1% ‘ t=2

6> —10t—4< 0 <« moving left
Sketch parabola opening up with zeros

t =—1, 2 and parabola is negative when

1
—-3<t<2

(x in cm and ¢ in seconds)

A particle moves along the x-axis so that its position at time ¢ is x(¢)=2¢’ —9¢* +12¢

a) Determine the time(s) when the particle is stopped
b) Determine the velocity of the particle at time #=3 seconds

a) f(x)=x'-3x+5
f'(x)=3x*-3
f'(2)=3(2)’-3=9 «slope

f2)=2-32)+5="7
point of tangency ( 2, 7)

b) f'(x)=3x*-3=0 <« slope=0
3x’=3
x'=1

| x = 1]

Slope =

Equation of the tangent line

_rise 9 _y-7
run 1 x-2
y—7=9x-18




302.

A particle moves along the x-axis so that its position at time ¢ is x(¢)=2¢’ —9¢* +12¢
(x in cm and ¢ in seconds)
a) Determine the time(s) when the particle is stopped

b) Determine the velocity of the particle at time #=3 seconds

a) x(8)=2t—9¢* +12t b) Velocity of the particle at £=3 seconds
vO)=x'()=6-18¢t+12 - v(t) = 61" — 181 +12
v(t)=6t>—18t+12=0 < stopped v(3) = 6(3) —18(3)+ 12
' =3t+2=0 |v(3)=12cm/sec|
(t=1)(t=2)=0
t=1||[t=2

303. [z particle moves along the x-axis so that its position at time ¢ is x(¢f) =4 —21¢> +18¢+3

where ¢ is measured in seconds and x is measured in meters.
a) Determine an equation for the velocity function.
b) Determine the velocity at time ¢ =2

¢) Determine the time(s) when the particle is stationary.

a) x(t)=41> -21¢> +18t+3

v(t)=12¢> — 42t + 18 | <« first derivative
b) v(2)=12¢"—42t+18=12(2)’ —42(2)+18 =
c) v(t)=12t"—42t+18=0 <« particle is stationary
2t —T7t+3=0
2t-1)(t-3)=0

t=7 ‘ t=3




304. [a particle moves along the x-axis in such a way that its position at time ¢ is given by
x(t)=3t" —161’ +24¢* for —5<t<5

a) Determine the velocity and acceleration of the particle at time ¢

b) At what values of ¢ is the particle at rest ?

c) At what values of # does the particle change direction ?

d) What is the velocity when the acceleration is first zero ?

@ v=521278 - 4807 +48r = 126(F7 — 4t + 4) = 12¢(r - 2)°
at

.

a=20=36" 96t +48 =12(3 —8r + 4) = 12(3r—2)(r - 2)

at
(b) The particle 1s at rest when v=0_ This occurs when =0 and r=2.

(c) The particle changes direction at + =0 only.

(d) a=0 when t=— and t=2. The acceleration 1s first zero at =

|t

(=]

\ ) E




305.

A particle moves along the x-axis in such a way that its position at time ¢ for # > 0 is given
1
by x(¢) = gt3 -3¢* +8t

a) Show that at time ¢ =0, the particle is moving to the right.

b) Find all values of ¢ for which the particle is moving to the left.
¢) What is the position of the particle at time #=3

d) When ¢ =3, what is the total distance the particle has traveled ?

(a) v=£=r2—6r—8
dt
v(0) =8> 0 and so the particle 1s moving to the right at f = 0.

(b) The particle is moving to the left when v(7) = t*—6t+8= (t—-4H(r-2)<0.
Therefore the particle moves to the left for 2 <r<4.

(©) Attimer=3, x= %(3)3 ~3(3)> =8(3)=6.

(d) The particle changes direction at 7= 2.
x(0)=0

2 2
x(2) = %(2)3 -3(2)"+8(2) =?°

x(3)=6

Distance = (+(2) = x(0)) = (+(2) - ¥(3) = 5+ 5= =
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