Chapter 1:

Review of
Derivatives






1.1: The Power and Exponential Rules with the Chain Rule

In PreCalculus, we developed the idea of the Derivative geometrically. That is, the
derivative initially arose from our need to find the slope of the tangent line. In
Chapter 2 and 3, that meaning, its link to limits, and other conceptualizations of the
Derivative will be Explored. In this Chapter, we are primarily interested in how to
find the Derivative and what it is used for.

(x +h)—f(x)
Derivative—Def’n: f'(x) = lim ! ., /
h-0
—Means: The function that yields the slope of the tangent line.

(x)-f(a)
Numerical Derivative—Def™n: f'(a) = lim i
X —>a x - a

—Means: The numerical value of the slope of the tangent line at x = a.

Symbols for the Derivative

d
Yy £'(x) = "fprime of x" »'="y prime"
d
== ddex” Dy="d sub x"
dx
OBJECTIVES

Use the Power Rule and Exponential Rules to find Derivatives.
Find the Derivative of Composite Functions.

Key Idea from PreCalc: The derivative yields the slope of the tangent line. [But
there is more to it than that.]

The first and most basic derivative rule is the Power Rule. Among the last rules
we learned in PreCalculus were the Exponential Rules. They look similar to each
another, therefore it would be a good idea to view them together.



The Power Rule: The Exponential Rules:
d

— [pox]=px
d dx[e]e

d
d_[ax]zax. Ina

The difference between these is where the variable is. The Power Rule applies
when the variable is in the base, while the Exponential Rules apply when the
variable is in the Exponent. The difference between the two Exponential rules is
what the base is. e =2.718281828459..., while a is any positive number other than
1.

Ex 1 Find a) j—x[XS] and b) j—x[5x]

The first 1s a case of the Power Rule while the second is a case of the second
Exponential Rule. Therefore,

a) %[x5]25x4 b) %[sx} 5%In5

There were a few other basic rules that we need to remember.

Dx [constant] is always 0
Dy [ex] = (cn)xn-1

Dx [f(x)*+g(x)] = Dx [f(x)] + Dx [g(x)]

These rules allow us to easily differentiate a polynomial--term by term.



d
Ex2 y=3x2+ 5x+ 1; find d—y

dy—d[3 24+ 5x+ 1]
dx  dx * *

=3(2)x2~ 1+ 5(1)x=-1+1(0)

=6x+5

Ex3 f(x) =x2+4x— 3+ e*;findf '( x)

f'(x) =2x+ 4+ e~

Ex4 y=y/a'+ %—%+e4;findj—i
y=\/x73+ %—%+e4

=x3/2+ 4x_1/2—x3/4+ 84

d_y=2xl/2_ 2x_3/2— ix_l/4
dx 2 4

Note in Ex 4 that e4is a constant, therefore, its derivative is 0.
As we have seen, when the variable is in the Exponent, we use the Exponential
Rules. When the variable was in the base, we used the Power Rule. But what if
d
the variable 1s in both places, such as d_[( 2x—1) xz]? It is definitely an
X

Exponential problem, but the base is not a constant as the rules above have. The
Change of Base Rule allows us to clarify the problem:

d

d
E[( 2x—1) xz]zg[elen(Zx— l)]

but we will need the Product Rule for this derivative. Therefore, we will save this
for later.



d
Ex5 Ify=(x2+1)(x3—4x), find —.

dx

y =(x2+ 1)(x3—4x) =x>— 43 +x3—dx=x>-3x° —4x

d
2 sxtoox2-4
dx
x> —4x+6 dy
Ex6 Ify=—————, find —.

3/; dx
x2—4x+6 x’>—4x+6
y: =
Jx X3

5 8 _
d_y:_xz 3 —x 1/3_2x—4/3
dx 3 3

=X 4 re



1.1 Free Response Homework

Differentiate.

1. f(x)=x2+3x—4

1
2. f(t)=z(t4+8)
4, y=5e¢*+ 3
1
6. g(x) =x24+ —
2
_3/.2 3
8. u=+/t“+ 2/t
10. y=eXtl41

3. y=x_2/3
4
5. v(r) =—amur3
X2+ 4x+3
7. y=
N
A
9. z=——+ Be”Y
y10
11. If f(x) =3x7— 5x3+ 3, find f'(x)
12. I R e
dx | 7
13. i—x6—3 O x7 + 5% :
dx | 3/ %5
14, |t 1a Y3048
dx | 3
d -
15, —|x=1)yx
ymICRDNED
d -
— 1(+2 5
7. — (x2—4x+3)4/x ]
d ¢ 2 3
18 —-[(42+1)(37°+7)]




d (4y3-2y*-5y d (vi-dv+7
19, — 20, —|————

dy Yy dv 2)

d [ Tw?—4w+1 d [ 5w?-3w—4
21. 22.

dw 53 dw

1.1 Multiple Choice Homework

L If f(x)=x", then f(4)=

a) -6 b)) -3 ¢ 3 d) 6 e)

2. The derivative of \/— — ! 1S
xx

a) lx_% _ x_% b) lx_% + ix_/s

2 2 3
C) lx_% _ ﬂx_% d) —lx_% + ix_%

2 3 2 3
R A

2 3




1 1
3. Given =—+—, find ’(x
F()= Lo L na ()
1 2 2 2 2 2
a - b - C ———
) 2x° X ) XX ) x* X
1 2 1 2
d -t — e — -
) 2x° X’ ) 2x7 ¥’
4. If f(x) =e>* 4+ x4 thenf'(1)=
a) e +1 b) S5e*+ 4 c) Se’+1
d) 10e+4 ¢) 10e°+ 4
5. If & is the function defined by A(x) =e>*+ x+ 3,then A'( Q) is

2 b)) 4 ¢ 5 d 6 e 8




1.2: Composite Functions and the Chain Rule

The Chain Rule is one of the cornerstones of Calculus. It applies to any composite
funtion.

Vocab:
Composite Function--A function made of two other functions, one within the

other. For Example, y=+/ 16x— x3, y=sinx3, y=cos3x, and
y=(x2+ 2x—5) 3. The general symbol is f{g(x)).

Ex 1 Given f(x) =cos™1x, g(x) =x2—1,and h( x) =+/ 1+ x2, find a)
F(8(/2)). D h(g(1)),ande) f(A(g(1))).

) g(/2)=(/2)21=Lsof(g(\/2))=f (1) =cos~!(1) =o0.
b)  g(1) =050 h(g(1)) =h(0) =/ 1+02=1.

¢c) g(1)=0and h(g(1))=h(0) =+/1+0%2=1,50
F(h(g(1))) =f (1) =cos~!(1) =0

OBJECTIVE

Find the Derivative of Composite Functions.

How do you find the derivative of these composite functions? There are two (or
more) functions that must be differentiated, but, since one is inside the other, the
derivatives cannot be taken at the same time. Just as a radical cannot be distributed
over addition, a derivative cannot be distributed concentrically. The composite
function is like a matryoshka (Russian doll) that has a doll inside a doll. The
derivative is akin to opening them. They cannot both be opened at the same time
and, when one is opened, there is an unopened one within. You end up with two
open dolls next to each other.




) d
The Chain Rule: E[f(g(x) ) ]=f'(g(x)) -g'(x)

If you think of the inside function as equaling u, we could write The Chain Rule
like this:

dy d
Sy=rw]=5-%

The Chain Rule is one of the cornerstones of Calculus. It can be embedded within
each of the other Rules, as it was in the introduction to this chapter. So the Power
Rule and Exponential Rules in the last section really should have been stated as:

The Power Rule: The Exponential Rules:
du
— Joul= uy ——
d a ax 1=
—[u"]=nu"-1. —
dx dx d . 0l du
dx[a ]=(a%- Ina) .

where u 1s a function of x.

Ex 2 %[( 4x2— 2x — 1) ]0]

%[(‘W—h— 1) 10]=10(4x2— 2x— 1) °(8x—2)
=20( 4x2—2x— 1) °(4x—1)



Ex3 ~[o4]

dx

d
d_[€4x2]=e4x2- 8x = 8xeH’
Ix

d
Ex4 If y=1/16x— x3, find d—y

X
y=4/16x—x3 =(16x— x3) />
dy

1 _
=5 (16r-7) Y2 16 3x2)
(16— 3x2)

- 2( 16x—x3) %

In this case, the \/7 is the / function and the polynomial 16x — x3is the g. Each
derivative is found by the Power Rule, but, as 16x — x3 is inside the \/7 , 1t 18
inside the derivative of the \/7 .

d
exs S G )5+ 7]
i N(EENRS e (IR

=%((x2+ 1)5+7) 75224 1) 420
Sx( x2+ 1) 4

((x241)5+7) "%

As opposed to PreCalculus and Algebra, Calculus does not stop with the Algebraic
approach to most topics. We will also explore the graphical, numerical and verbal
approaches. Here is a numerical view of derivatives:

10



1.2 Free Response Homework

10.

11.

12.

%[x3+ 4x — 7[]_7

F(x) =Y 14 2x+x3, find £'(x)

f(x) =§/(l+ 2x + eX)3,ﬁndf'(x)

X

If f(x) =(x3+ 2x) 37, find f'(x).

If g(2) =3and g'(2) =—4, find f'(2) if f(x) =e(8(0)),

4
f(x) =, [4- gxz;findf'(\/?)

d
E[\/?)xz— 4x + 9J
y=\7/x3— 2x ;find%

If f (x) =eV o=, find f'( x)

d
y=evVx, find <.
dx

v(t) =\/ (E(;) + 3t)3/7— 4], find v'(1).

v(1) :i/ C(7t)+4t2)5/7— 1, find v'(1).

11



1.2 Multiple Choice Homework

1.

If f(x) =cos?(3—x),then f'(0) =

a) — 2co0s3 b) — 2sin3cos3 c) 6c0s3

d) 2sin3cos3 e) 6sin3cos3
d

2. Ify:(x4+4) 2 then Tiz

a)  2(x4+4) b (4x3)2 o) 2(4x3+4)
d)  4x¥( x4+ 4) ) 8x3¥(x4+4)

3. Ifh(x) =[f (x) 1%¢(x) and g(x) =3, then i’ (x) =

a)  2f'(x)g'(x)

b)  6f"(x)f(x)

c) g () () PP+2f (x)f'(x)g(x)

d) 2 (x)g(x) +g' () [f(x)]?

e) 0

12



Which of the following statements must be true?

d e d
— Jer+3=—r— L —
dx 2+/e*+ 3 dx

d 2 8 6
I1I. —(6x3—7r+ \3/x8——)=18x2+ — x5+ —
dx x3 3 x4

I only b) IT only

(53x%) =6xIn5( 535%)

c) IIonly

d) I and III only e) I, 1T, and III

13



1.3: Trig, Trig Inverse, and Log Rules

Trigonometric--Defn: "A function (sin, cos, etc.) whose independent variable
represents an angle measure."

Means: an equation with sine, cosine, tangent, secant,
cosecant, or cotangent in it.

Logarithmic--Defn: "The inverse of an exponential function."
Means: there is a Log or Ln in the equation.

—-sinu]—(cosu) d_u dr 1=( )d_”
e L I o Leseu |=( = escucotu) —-
% Leosu]=(—sim) 9 2 [ecu]= ) &
o Leosu | =(—sinu) —- o Lsecu |=(secutanu) —
d r du dr du
n _tanu] (sec u) e dx | cotu | ( csc u) dx

Note that all these Rules are Expressed in terms of the Chain Rule.

OBJECTIVES

Find Derivatives involving Trig, Trig Inverse, and Logarithmic Functions.

14



d
Ex 1 ;( sin3x)

d
. 3 _3 a2
SIn-x ) =3S1IN“XCOSX

Ex 2 %[sin(xs) ]d

E[Sin( x3) |=cosx¥( 3x2)

=3x2 cosx3

Ex 3 %[1n4x3]

d _ e
3[1114)&]—4)(3 12x

3

X
We could have also simplified algebraically before taking the derivative:

Of course, composites can involve more than two functions. The Chain Rule has
as many derivatives in the chain as there are functions.

d
Ex4 — 34
I ( sec”3x )
d 43,4
;( sec33x4) =5sec*3x4( sec3x4tan3x?) ( 12x3)

=60x3secd3x4tan3x4

15



d
Ex 5 Eln( COS\/;)

%ln( cos\/;) = ; ( — sinxl/z) (%x_ 1/2)

cosx Y2
1
= — tanx l/z(zx_ 1/2)

1

7y /2

General inverses are not all that interesting. We are more interested in particular
TRANSCENDENTAL inverse functions, like the Ln. Another particular kind of
inverse function that bears more study is the Trig Inverse Function. Interestingly,
as with the Log functions, the derivatives of these Transcendental Functions
become Algebraic Functions.

Inverse Trig Derivative Rules
dr . 1 d ; 1
d—x_sm_lu]=—-Du d—_CSC_1“_=—'Du
1—u? o ||/ u?—1
d ¢ -1 d ¢ - 1
T COS_IM]= —- D — Sec—lu = . D
dx J1-u2 " dx - o ulu?=1 !
d ¢ | ] 1 D d -1, -1
— -y |= . —|cot™u|= :
dx [tan™ "u 241 u dx L a2 u
d
L [ian—12,4
Ex 6 o [tan 3x ]
d
—|tan~ 13x4|=—F - (12x3
dx[ ] (3x4)2+1 ( )
B 12x3
x84 1

16



General Inverse Derivative

d 1
T Ir-1 —
V'] £l ]

Ex 8 If f(x) =x2+2x+3, g(x) =f ~1(x),and g( 1) =2; find g'( 1).

F/(x) =2x+2->f"(g(x)) =2[g(x) 1+2

I |
-l gl

d
—lrin]= g'(x)

1
g' (1) =———==2|g(1) |+2=6
fle(n] : ]



1.3 Free Response Homework

Find the derivatives of the given functions. Simplify where possible.

1. y =sin4x
3. (1) =31+ tan
5. y=a’+ cos3x
7. f(x) =cos(Inx)
9. f(x) =log, (2+ sinx)
1. y=sin—1(e¥)
13.  y=tan~( \/;)
15.  y=tan—1x2 find y’
d
17. —_ xZ4 2x
o ( 3e )
19 i( 3 16 3)
: dx \/ 16+ x
21, If g(x) =In( x2+ 16), find g'( x)
().
d
23. —(1
T (In( secx) )

18

14.

16.

20.

24.

y=4secx?
4. f(60) =In( cosh)
y=cos( a3+ x3)

f(x) =3/ Inx
10.  f(x) =log,(1-3x)

d

12. E( sin~( e3x))

eeor1(2))

1
y=cot~ 1(—)— tan~ 1x
X

d

18. E( 3cos(x2+ 2x) )

e 1(262)

If £ (x) =(x2+ 1) 72 find

y=cosx? find y’



25.  f(x)=In(x2+3),findf'(x) 26.  g(x) =In(x2—4x+4),
find g'( x)
27.  h(x) =~/x2+ 5, find h'( x) 28.  F(x)=4/3x2— 6x+ 1, find
F'(x)
29.  y=sin~ l( cosx) , find L/ 30. vy =Si1’l( COS™ lx) , find
Y
d d
31. ;( Setan(7x) ) 32. g( Jeos(1-x2))
d d
33 ——(In3(x2+1)) 34, —(In( sinx3))
35.  y=tan2( 30) , find y’ 36. y=cot’(sind), find y’
The following table shows some values of g( x), g’(x),and h( x), where
h(x) =g~ 1(x). /
x g2(x) h(x) | g'(x) | h'(x)
1 2 3 1/5 1/3
2 5 -1 4 1/5
3 1 2 -2 1/5
37. Find h'(1). 38. Find g'( 1)

19



1.3 Multiple Choice Homework

1. Ify:sin_1e39, then — =
1 030 030
a) b) c)
1— e3¢ 1—e69 1— e%°
3839
d) —3e30cos~le3? ) ———
A/ 1—e%
2. If f(x) =tan"!(cosx),then f'(x)=
a)  sec”™2( cosx) b)  —sinxsec™2( cosx) c)
— CSCXx
0 — COSX ) — sinx
—_ e
1— sin%x cos( x2) + 1
3. Ifh(x) =In( x2)tan=!(x),then h'( 1) =
. = b Ty oo T oo Ty Lo
4 4 2 2 2
4. I f(t) =ty 1—t2+ cos™ Iz, then /(1) =
t—2 —2¢2 —2t2+2
a) b) — ) —
24/ t2—1 A 1—12 A 1—12
—1-1¢? 1—12
d) e)

20



5. If & is the function defined by h(x) =e>*+ x+ 3, then A'( Q) is
ay 2 b 4 ¢ 5 d 6 e) 8
/2
6. Given that f (x) =8sin?( 5x), find £ " (5)
a)  40/3 b))  40/2 ¢) 40 d) 200 e
0
7. If g(x) =cos?(2x),then g'(x) is
a) 2c0s2xsin2x b) — 4cos2xsin2x
¢)  2cos(2x) d  —2cos(2x) e)  4cos(2x)
8. If f(x) =sin?(3—x),then f'(0) =
a) — 2cos3 b) — 2sin3cos3 c) 6c0s3
d) 2sin3cos3 e) 6sin3cos3
0. The function f ( x) =tan( 3¥) has one zero in the interval [0, 1,4]. The

derivative at this point is

a)

0.411 b) 1.042 c) 3.451 d) 3.763 e) undefined

21



10. If f(x) =cos?(3—x),then £'(0) =

a) — 2co0s3 b) — 2sin3cos3 c) 6c0s3

d) 2sin3cos3 e) 6sin3cos3

22



1.4: Derivatives in Context: Local Linearity and Rectilinear Motion

Before calculators, one of the most valuable uses of the derivative was to find
approximate function values from a tangent line. Since the tangent line only shares
one point on the function, y-values on the line are very close to y-values on the
function. This idea is called local linearity—near the point of tangency, the
function curve appears to be a line. This can be easily demonstrated with the
graphing calculator by zooming in on the point of tangency. Consider the graphs
of y=.25x%and its tangent line at x=1, y=x+ .75.

ﬁ A f Y
NN %
/

/ ,
V4 7
4

)4
/ — 1t

A .

The closer you zoom in, the more the line and the curve become one. The y-values
on the line are good approximations of the y-values on the curve. For a good
animation of this concept, see

http://www.ima.umn.edu/~arnold/tangent/tangent.mpg
Since it is easier to find the y-value of a line arithmetically than for other

functions—especially transcendental functions—the tangent line
approximation is useful if you have no calculator.

OBJECTIVES

Use the equation of a tangent line to approximate function values.

23




Remember from PreCalculus:

The equation of a line is
y=y,=m(x=x)

This equation requires that, for a specific line, numbers are needed for the ordered
pair (x oY 1) and the slope m.

For a tangent line, f(xl) =y, and m:f’(xl)
-1

£(*)

For a normal line, f(xl) =y, and m=

Ex 1 Find the equations of the lines tangent and normal to
f(x) =x*—x3-2x24+ latx=-1

The slope of the tangent line will be f'(-1)

f'(x) =4x3—3x2—4x
' (=1H=-3

[Note that we could have gotten this more easily with the nDeriv function on
our calculator.]

f(-1) = 1, so the tangent line will be

y—k=m(x—nh)
y—1==3(x+1)
or
y=—3x-2

The normal line is perpendicular to the tangent line and, therefore, has the
negative reciprocal slope = 1/3. The normal line is

24




1
—1l=—(x+1)
Y 3

One of the uses of the tangent line is based on the idea of Local Linearity. This
means that in small areas, algebraic curves act like lines—namely their tangent
lines. Therefore, one can get an approximate y-value for points near the point of
tangency by plugging x-values into the equation of the tangent line.

Ex 2 Use the tangent line equation found in Example 1 above to get an
approximate value of f( —0.9).

While we can find the Exact value of {(-0.9) with a calculator, we can get a
quick approximation from the tangent line. If x=-.9 on the tangent line, then

f(=09) =y(-09) =-3(-09) —2=.7

This example 1s somewhat trite in that we could have just plugged -0.9 into

f(x) =x*—x3—2x2+ 1 and figured out the exact value even without a
calculator. It would have been a pain, but it is doable. Consider the next example,
though.

Ex 3 Find the tangent line equation to f ( x) =e2* at x=0and use it to
approximate value of ¢ 2.

Without a calculator, we could not find the exact value of ¢-2. In fact, even
the calculator only gives an approximate value.

£'(x) =2¢2and f(0) =2e2=2
f(0) =e%=1

So the tangent line equationis y— 1=2(x— () or y=2x+ 1
e?~2(2)+1=12

Note that the value that you get from a calculator for ¢9-2is 1.221403...
Our approximation of 1.2 seems very reasonable.

25



Though not as practically useful (in 2 dimensions) as the tangent lines, another
context for the derivative is in finding the equation of the normal line.

Ex 4 Use the tangent line equation to f (x) = \3/ x at x =8 to approximate value

of%/?.
£(8) =3/8=2

1
f/(x) =§x_2/3 and f/( 8) =%( 8) _2/3=%(%)=L

1
50, y=2=-—"(x-8)

1 23
Therefore, 3/7 ~ y(7) =F(7_8) _|_2=F

26



Summary of Tangent Line Approximations

NB. a. Use y - Y, = m(x —xl) as the general equation of the tangent line.

b.  There are three unknowns— XY and m. One of them will have a

given value.
Steps
1. Find values for the other two unknowns.
2. Set up the specific tangent line equation.

3. Approximate f(a) by substituting @ for x in the tangent line equation and
simplifying.

Summary of Tangent Line Approximations

x=x1
f%%////////// 5\\\:;§Zf:?i?
}’1_ (xl)\ m=f'(xl)

YTy, =m(x—xl)

fla)=y=m(a=x )+y,

27



Rectilinear Motion

A key application of the derivative as a rate of change is the application to motion.
Typically, we refer to horizontal position in terms of x(#) and vertical position in
terms of y(¢). Since the derivative is a rate of change of a function and the rate of
change of position is velocity, it should be pretty obvious that the derivative of
position of velocity. Likewise, the derivative of velocity is acceleration since the
rate of change of velocity is acceleration.

Vocabulary:
1. Rectilinear Motion — movement that occurs in a straight line
2. Parametric Motion — movement that occurs in two dimensions.

3. Velocity — Defn: directed speed
Means: how fast something it is going and whether it is moving right or left,
up or down

X,—X
. . .. . 2 1
4. Average Velocity — Defn: distance traveled divided by time or
r,—t
27
Means: the average rate, as used in algebra
5.  Instantaneous Velocity — Defn: velocity at a particular time #
ds dx dy . .
Means: , , Or , or the rate at any given instant
dt  dt dt J
_ 1%
6. Acceleration — the rate of change of the velocity or —
at

The basics about derivatives and motion were explored in PreCalculus.

Remember: Therefore:
Position = x(t) or y(t) Position =
[x’( t)dt or [y’( t) dt
Velocity = x'(t) ory'(t) Velocity =

/x”( t)dt or /y”( t) dt

Acceleration=x""(t) or y''(1)

28




Summary of Key Phases

When = solve for ¢

Where = solve for position

Which direction = 1is the velocity positive or negative

Speeding up or slowing down = are the velocity and acceleration in the same
direction or opposite (do they have the same sign or not)

Things to remember from PreCalculus

1. The sign of the velocity determines the direction of the movement:

Velocity > 0 means the movement is to the right (or up)
Velocity < 0 means the movement is to the left (or down)
Velocity = 0 means the movement is stopped.

2. Speeding up and slowing down is not determined by the sign of the
acceleration.
An object 1s speeding up when v( ) and a( t) have the same sign.
An object is slowing when v( ) and a( t) have opposite signs.

29



Here is an example of a motion problem from PreCalculus which only uses
derivatives.

EX 1 The position of a particle is described by x( ¢) =13 — 32— 241+ 3.
a) Where is the particle at ¢t =3?
b) When the particle is stopped?
c) Which direction it is moving at ¢ =3 seconds?
d) Find a(3).
e) Is the particle speeding up or slowing down at ¢t =3 seconds?
a)  “Where it is at r=3" means find x( 3)

x(3) =33-3(3)2-24(3) +3=—-69

b) “When the particle is stopped” means “at what time is the velocity
zero?”
v(t) =x'(t) =3t2— 61— 24=0
3t2— 61— 24=0
3
t2—2t—8=0
(t+2)(r—4) =0
T=—-2or 4

C) “Which direction it is moving at =3 seconds” means what is the sign

of the velocity?”

v(3) =3(3)2-6(3) —24=—15
The particle 1s moving left because the velocity is negative.

d) a( 3) means plug 3 into the acceleration equation.
a(t) =v'(t) =61—06
a(3) =v'(1) =6(3) —6=12
e)  From parts ¢) and d) above, v(3) =— 15and a(3) =12. Since
these have opposite signs, the particle is slowing down.
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Ex 2 The position of a particle is described by y( ¢) =¢3— 612+ 12.
a) Find the position and velocity when the acceleration is zero.
a(t) =6t—12=0—-1=2

y(2) =-4

v(2) =-12

b)  Find the position and acceleration when the velocity is zero.

v(t) =y'(t) =3t2— 12t=3t(t—4) =0—>1=0, 4
y(0) =12

y(4) =-20

a(t) =v'(t) =61r— 12
a(0) =—12

a(4) =12
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1.4 Free Response Homework

1. Use the tangent line equation to g( x) =x3— x2+ 4x— 4 at x=— 3to
approximate the value of g( —2.9)

: : 1 1
2. Use the equation of the tangent line to f (x) = —x*+ —x3+ 2x24 2x— 7 at
2 3

x = — 1 to approximate the value of f ( —(0.9).

3. Use the equation of the tangent line to f (x) =+/6— x at x=2to
approximate /4.1.

4. Use the equation of the tangent line to f (x) =+/x+ 5 at x=4to
approximate f ( 3.9).

5. Find the equation of the tangent line at x =2 for 4 ( x) =ln( 9— x3) . Use
this to approximate 4 ( 2.1)

6. Find the equation of the tangent line at x=2 for g(x) = ln( x2— 3) . Use
this to approximate g( 2.1)

7. Find an equation of the line tangent to the curve y =x*+ 2e* at the point

(0, 2).
8. Find the approximate value, using the tangent line at x =0, of f (0.08) if

f(x)=+3+e€".

9. Use the equation of the tangent line to f (x) =2x+ cos( x— 2) at x=2to
approximate f( 1.9).

10.  Find the equation of the line tangent to g(x) =5+ 2x+ tan( x2— 1) when
x=1. Use this tangent line to find an approximation for g( 1.1).

11.  Find the equation of the tangent line to y =x 4+ cosx at the point ((, 1) .
12. Find the equation of the tangent line to y =secx — 2cosx at the point

(7/3.1).

32



2
13.  Find the equation of the line tangent to y=—x+ cos( 4x) when x = z.
/4 2

14.  Find the equation of the line tangent to y =sec( 2x) + cot( 2x) through the

. 73 .
point g, 14+ +/ 2 |. Use exact values in your answers.

15. At what point on the graph of y =x2— 3x — 4 is the tangent parallel to the
line 5x — y=3?

|
16. At what point on the graph of y=—x2is the tangent parallel to the line
2
2x — 4y =3?
17.  Find the equation of the line tangent to f ( x) =2x3— 9x2— 12x where
f(x) =12

1 2

18.  Find the equation of the line tangent to f ( x) = —x°+4 —x3— 8x where
5 3

f'(x) =L

19.  Find all points on the graph of y =2sinx + sinx where the tangent line is
horizontal.

20.  Find the equation of the line tangent to y= x + Inx and parallel to 3x—y=7.

The position of a particle is described by the following distance equations. For
each, find:

a) when the particle is stopped,

b)  which direction it is moving at ¢t =3 seconds,

c) where itis at r =3

d a(3)
e)  whether the particle is slowing down or speeding up at =3,

21, x(t) =2t3-21t2+ 60t + 4

22 x(t) =t3—6t24+ 12t+5
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23, y(t) =9t%— 43— 240t%+ 576t — 48

24, y(t) =125— 15t% = 220¢3+ 2702+ 1080t

25.  x(t) =t2—5t+ 4; find x(t) when v=0.

26.  x(t) =t3— 6t2— 63t+ 4; find x(t) when v=0.

27.  x(t) =2t3= 2112+ 60t + 4; find x( ) and v(¢) when a(t) =0.

28.  x(t) =9t%— 413 —240¢2+ 576t — 48; find x(¢) and v(¢) when a( 1) =0.
29.  The motion of a particle is described by y =243 -2 —4¢ +2

a) Find the position and acceleration when v(¢) =0.

b)  Find the position and velocity when a(¢) = 0.

30. The motion of a particle is described by y(z) =*—2¢%2 -8

b)  Find the position and acceleration when v(¢) =0.
b) Find the position and velocity when a(z) = 0.

1.4 Multiple Choice Homework

1. Let f'be the function given by f ( x) =2e# >, For what value of x is the
slope of the line tangent to the graph of fat (x,  ( x) ) equal to 3?

a) 0.168 b) 0.274 ©)0.318  d)0.342 €) 0.551

2. Line / is tangent to the graph of y =¢~* at the point ( k, ¢X). What is the

positive value of k& for which the y-intercept of / is —?

a) 0.405 b) 0.768 C) 1.500

d) 1.560 e) There is no value of &
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3. If f(x) 1s a differentiable function where f(2)=1 and the tangent line
approximation at x =2 for f(2.1)1s 0.7, whatis f'(2)?

a) 0.7 b) -3 c) 0.3 d) 7 e) 2

4. Using the line tangent to y = ¢/3x at x=27, approximate ¥/90.

a)3.070  b)3.078 ¢) 3.080 d)3.083  €)3.105

5. Let £ (x) be the function with f (1) =2and f'( x) =+/x2+ 3. Using
the tangent line approximation to the graph of f ( x) at x=1, estimate f ( 0.98) .

a) 199 b) 198 ¢ 197 d 19 e 195

6. Let f(x) be the function with £ (2) =4and f’(x) =+/x3+ 1. Using the
tangent line approximation to the graph of f ( x) at x=2, estimate f ( 2.2).

a. 4.0 b. 4.2 C. 4.4 d. 4.6 e 4.8

7. If & is the function defined by A( x) =x2— 5x+ 3, what is the equation of

the tangent line to the function when /' ( x) = — 1?
a) y=-x—1 b) y=-x+24 c) y=—x-5
d) y=—Tx+2 €) y=-—"Tx
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8. Let f be the function defined by f ( x) =4x2— 5x+ 3. Which of the
following is an equation of the line tangent to the graph of f at the point where

x=-72

a) y=—-21x—13 b) y=—21lx+ 29 c)
y=-=21x-171

d y=—11x+7 ¢  y=-1lx-5I

0. Which of the following is an equation of the line tangent to the graph of
f (x) =x%+ x5+ x2at the point where f'(x) = — 1?

a) y=—3x-2
b) y=-3x+4
¢c) y=-—x+0.905
d) y=—x+0.271

e)  y=-—x—0271
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1

10. At what point on the graph of y=—x?2is the tangent parallel to the line
2

2x—4y=3

11 11 11
> 3-3) v Bs) 0 B3
2’ 2 2 8 2’ 4

d) (1, - l) e) (2,2)
2

11.  An equation of the normal line to the curve y = J/x2= 1 at the point where
x=31s

a) v+ 12x=38
b) y—4x=10
C) v+ 2x=4
d) y+ 2x=8
€) y—2x=-4

12. A particle moves along a straight line with equation of motion s =¢34+ 2
Find the value of ¢ at which the acceleration 1s zero.

a) - — b) - — C) — d) — e - —

13. A particle moves on the x-axis with velocity given by

v(t) =3t*— 1124 9t — 2 for — 3< t< 3. How many times does the particle
change direction as ¢ increases from —3 to 3?

a) Zero b) One c) Two

d)  Three e) Four
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14. A particle moves on the x-axis so that its position is given by
x(t) =t2— 6t+ 5. For what value of ¢ is the velocity of the particle zero?

a) 1 b) 2 c) 3 d) 4 e) No such value of ¢

15. A particle moves on the x-axis so that its position is given by
x(t) =t2— 6t+ 5. For what value of ¢ is the acceleration of the particle zero?

a) 1 b) 2 C) 3 d) 4 e) No such value of ¢

16.  Find the acceleration at time =9 seconds if the position (in cm.) of a
particle moving along a line is s( ¢) =613 — 72— 9t + 2.
a)  310cm/sec? b)  310cm/sec c) 1323cm/sec?

d) 1323cm/sec e) — 1323cm/sec
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1.5: The Product Rule

Remember:

The Product Rul d[ ] dv . du
e rroauc ule;: — . —7f . —— _
dx w-v u dx Y dx

OBJECTIVE

Find the derivative of the product of two functions.

d
Ex 1 E( x2sinx)

2

—(xzsinx) =x-cosx + ( sinx) ( 2x)

dx

= x2cosx + 2xsinx

d
Ex2 —(5%cosx)
dx

d
E( 5*cosx) =5*( —sinx) + cosx( 5¥In5)

=5*( (In5) cosx — sinx)

The Product Rule is pretty straight forward. The tricky part is simplifying the

Algebra.

Ex3 If £ (x) =x2 /2 find f/(x).

u=x? v=e_x/2
d_uzzx d_":e—x/z_l =_le_x/2
dx dx 2

£1(x) =X2(_ %e_x/z)Jr e™2(20)

x |
=xe /2(— —x+ 2)
2
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E[xxll—xz:l
L v=m=(1—x2)12
= 1 2\ —X
I A
RS }:(x)(l__xz)w(l =) 0)
:—x2+(1—x2)
1)
_ 1-2x2
-0’

Steps to Simplifying a Product (or Quotient) Rule:

DR W =

Identify there 1s a product (or quotient) and identify u and v.
Using scratch work on the side, find du and dv.
Simplify the scratch work.
Plug u, v, du and dv into the formula.
Simplify the formula.
Factor
Common denominators
Reduce
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Ex 5 d—[(Zx— 3)* (342 —1)7}

dx

u=(2x-3)8 v=(3x2-1)7

du dv

— -3 _ 7 - =7 2 6

—-=8(2x-3)7(2) o (3x2-1) °(6x)
=16(2x—3) 7 =42x(3x2-1)©

%[(Zx— 3) 8(3x2— 1) 7]= (2 — 3) 42x(3x2 = 1) 8+ (3x2= 1) "16(2x = 3) 7
This, then, 1s factorable:

%{(n— 3)° (3 —1)7} 42x(2x-3)" (32> ~1) +16(3x> 1) (22— 3)’

2(2x-3)' (332 -1) [ 21x(20- 3)+8(3x* 1)

2(2x-3) (3x* ~1) [42x> - 631+ 24x> 8]
2

(2x-3) (3x* 1) (66x> ~ 63x-8)

Remember that, in section 1.1, we said we would need the Product Rule to deal
with the derivative of a function where the variable is in both the base and the
Exponent. We can now address that situation.

d
Ex 6 E[( COSX) x2]

d
E[( COS)C) xz]: E( elencosx)

=€x21ncosx(x2 ( —sinx) + (Incosx) 2)6)

COSX

= (cosx) **( 2xIncosx — x2tanx )



1.5 Free Response Homework

Find the derivative of the following functions.

1.

11.

13.

14.

15.

17.

19.

21.

42

y=t3cost

d
g[xe‘x]

y=e " Xcos3x

d

E( x3secx)

D x( x2sinx + 2xcosx)

If £ (x) =2sin%xcos?x, find f’( x)

f (x) =secxtanx;findf ’(%)

T
f(x) =xcosx+ xsinx;findf’(z)

d -
E_(x2—2x—8)€x]
d _
ol 1) V]
d -

E-x2€_4x]

s N

2.

10.

16.

18.

20.

y=)ce‘x2

d x

a[xez ]
f(x) =x+/Inx
8. Dx(xzcscx)

dy

If y =xtan2x, find —

dx

D ( x3secx+ x2tanx)

d
E[( 2x%+ 5x + 2) €_3x]

e Py



d d
2. — [x/4— x2] 24 —[-x [o— x2]

d

_ 2 2

25. . (x2)~/9—x] 26 x2)~/1—x]
27 y=(4x5-3)"(7x2+ 1) 28 y=(2x-5)4(8x2-5) 3
29.  y=(3x2-14)36x2+7)?2 30.

g(x) =(14+4x) (3+x—x2)8
31.  y=e*cosx 32.  y=sin*x
33.  Find the equation of the line tangent to y =x2e ~* at the point ( 1,1 / e) :
34, y=x2/5—x2,find y'( 1)
35.  Write the equation of the line tangent to f ( x) =x- \4/ 7+ x2 at x=3.
36.  Write the equation of the line tangent to f (x) =x- \3/ 1—x2atx=3.

I
37.  Find the equation of the lines tangent and normal to y :xsin(zlnx) when
xXxX=e
38.  Find the equation of the line tangent to y =¢*$n(4%) 4 2 when x=0
39.  Find the equation of the lines tangent and normal to y =x(i) when x=—.
X T

40. H(x) =(1+x2)tan~1(x)
41. y=xcos~lx—+/1—x2 42. If f(x) =e*— x2arctanx, find
F'(x).
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/ X
43.  y=cos™ lx+ x4/ 1—x2 44, y=1n(x2+4)—xtan‘1(5)

X
45. y=3sin—1(§)+ /9 — x2

1.5 Multiple Choice Homework

d
1. If y=x2cos2x, then &
dx
a) — 2xsin2x b) — 4xsin2x
d)  2x(cos2x— xsin2x) e)

C) 2x( cos2x — sin2x)

2x( cos2x + sin2x)

2. Ifx(t) =2tcost? find x'(¢).

a) x(t) =— 4¢2%sint? b)  x(t) =— 4¢3sint2+ 2cost?

)  x(t) =sint?+ 3 d)  x(t) =—sint2+ 4

€) x(t) =sint?2+ 2

3. If f(x) =xtanx, then f'(%):

) 1- = b 1+ =
2 2

d  1-= e)
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dy

4.  If y=x2%e¢?, then — =
dx
2x 2x
a) 2xe b) 4xe c)
2x
xe “(x+1)
) 2xe F(x+1) e) xe (x+2)
5. The equation of the line normal to y=3xyx>+6 -3 at (0,-3) is
a) x—3J6y=96
b)  x+3J6y=-9J6
¢c)  3Jox+y=-3
d) 3J6x—y=-3
e)  x+3J6y=-3
6. Which of the following statements must be true?
d

L — ( xtanx) =xtanx + xsec2x 11. —(xlnx) =1+ Inx

dx dx

d 1
. —\/1—-x=—-
dx 24/ 1—x
a) I only b) IT only c) III only
d) TandIIonly e) I, 1T, and III
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7. Let / and g be differentiable functions with the following properties:
i. g(x)<Oforall x

i. f(2)=3
If h(x) =f(x)g(x), and A'(x) = f(x)g'(x), then f'(x)=

a)  f'(x) b)  g(x) ) e

d 0 e) 3
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1.6: The Quotient Rule

Remember:
y du y dv
d = .=
The Quotient Rule: —[l]: dx &
dx | v v2
OBJECTIVE
Find the derivative of the quotient of two functions.
d 6x
Ex1 —
dx \ x2+ 4
6x, 502 —6
=6x,50— =
u=~06x o
dv
v=x2+4,s0— =2x
dx
du dv
, Ve T (x244)(6) — (6x) (2x)
£ = — = .
v (x2+4)
6x2+ 24 — 12x2
(x2+ 4) 2
24 — 6x2
(x244)2
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d (x2+ 2x—3)
Ex 2
dx x—4

) du
U=Xx +2x—3,sod—=2x+2

X
450 21
=x—4,s0—=
V=X dx
du dv
, Ve TU T (x=4) - (2x+2) = (x242x=3) - 1
f(x)= =
v2 (x—4)2
_2x2—6x—8—x2—2x+3
(x—4)2
_x2—8x—5
(x—4)2

d ( x2—4x+3 )
Ex 3
dx \ 2x2—5x—3

Notice that this problem becomes much easier if we simplify before
applying the Quotient Rule.

d(x2—4x+3) d{ (x=1)(x=73) )

dx\ 2x2—5y—3 ) dx (2x+1) (x—=13)
d( x—1
=dx\2x+1)
(2x+ 1) (1) = (x=1)(2)
- (2x+1) 2
~ 3
C(2x+1)2
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d ( cot3x
Ex4 —
dx \ x2+ 1

d ( cot3x | (x2+ 1) (= csc23x) (3) = (cot3x) 2x
dx( )_ (x2+1)2
_ —3x2csc?3x — 3csc?3x — 2xcot3x
(x24+1)2

x2+1

As with the Product Rule, the difficulty with the Quotient Rule arises from the
Algebra needed to simplify our answer.

4 d
Ex5 If y=——— find =2
x2+4 dx
u=4x v=(x2+4) 1/
du dv 1 -1/
- = — = —( 42 22 =———MM —
ot o =) (x244)
d__ (x2+ 4) l/2(4) — (4x) ((x2+4) 1/2)
dx (x2+4)!
4(x2+4) X
(244)% (40 ( (x2+4) 1/2)
(x2+4)!
_ 4x24 16— 4x2
(x2+4) &
6
(x244) 7
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X
Ex 6 Find the equation of the tangentto f (x) =———atx=— /7.
2
x“+9

As we recall, for the equation of a line, we need a point and a slope:

The point: f(_ﬁ) =\;7+£79=_ 4

The slope is the derivative at the given x-value:

ay (x249) 72(1) - (%) (Tw) /)
dx (x2409)!

Rather than simpifying the algebra, find the slope by substituting x = — \/7

(7+9) 72(1) —(_ﬁ)( 'ﬁz) _4_1 )

tan (7+9) 16 64

The tangent line equation:

J1 9

v+ = 7)
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1.6 Free Response Homework

Find the derivative of the following functions.

x2—=3) . dy 3x2+4x—3
1. y= ;find—— 2. D
x2_4 dx X x2_ 0
x24+2x—8
3. f(x) =——;findf '(x) 4,
x2—x-3
d (x3—2x2=5x+ 6)
dx x+2
d (3x+3 xX24+2x-3
5. — 6 y= ; findy’
dx \ x3+1 xX—
d [ x3—12x3- 19x x—4
7. 8. D
dx | 3x3 1 x2—9x+20
( .
9. d tanx+5) 0. d ( sinx )
dx \  sinx dx \ 1— cosx
t d 2
1L Ify=—2 fing & 12, d( a )
cosx— 3 dx dx \ cosx
tanx — 1 sec™ lx
13, y=——— 4. y=
secx X
tanx ) /2 sinx
15, f(x) =—;f1ndf’(—) l6. y=
tanx + 1 4 x2
r X
7. y=—— 18. If f(x) =—, find
r2+1 Inx
f'Ce).
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19.

20.

21.

22.

—2x

Find the equation of the lines tangent and normal to y = at x=— 1.
x2+ 16
. . . x*-3
Find the equation of the line tangent to y = > at x=1.
x-—4
Find the equation of the lines tangent and normal y = _ at x=1.
x2+ 1
_ . _ x2—4x+3
Find the equation of the lines tangent and normal y = at x=2
2x2—5x—13

1.6 Multiple Choice Homework

l. If f 1s a function that is differentiable throughout its domain and is defined
1+ e*

by f(x) = —e’ then the value of f'( Q)=

sin( x2)
a) -1 b) 0 C) 1 d) e e) nonexistent

Sx—4 dy
2. If y= ,then — =

4x—5 dx

-9 9 40x — 41
a) by —m—¢) —m—
(4x—5)2 (4x—5)2 (4x—5)2
40x+ 41 5
d ———— e)
(4x—5) 2 4

3—2x d
3. If y= ,then — =

3x+ 2 dx

12x+ 2 12x—2 13
a) —  b) —————0) - -
(3x+42)?2 (3x+42)?2 (3x+42)?2
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d) e)
(3x+2)°2
4. Ify=—> then ¥
4+ x* dx
-6
a) a 5
(4+x2)
3
b) ol
(4+x2)
6
c) al 5
(4+x2)
—3x
d) 5
(4+x2)
3
c —_
) 2x
. : 4 :
5. An equation of the line normal to the graph of y= at (1, 7) 1s
x—13
a) 25x+ y=32
b) 25x—y=18
c) Tx—y=0
d x—-25y=-174
e) x+ 25y=176
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1.7: Higher Order Derivatives

What we have been calling the Derivative is actually the First Derivative. There
can be successive uses of the derivative rules, and they have meanings other than
the slope of the tangent line. In this section, we will Explore the process of finding

the higher order derivatives.
Second Derivative--Defn: The derivative of the derivative.

Just as with the First Derivative, there are several symbols for the 2nd Derivative:

Higher Order Derivative Symbols

d? d3 dr
Liebnitz: udt A d squared y, d x squared; Y peen Y
dx? dx3 dx"
Function: f " (x)=fdouble prime of x; £ """ (x) 5 F IV(x);... f "( x)

Combination: y" =y double prime

OBJECTIVE

Find higher order derivatives.

d2
Ex 1

2 [x"'— Tx3—3x24+ 2x— 5]

d> dfd
E[x‘*— Tx3— 3x24 2x — 5]=E[E[x4— 7x3 = 3x24 2x— 5]

d
=——[4x3 - 2167 6x+ 2]

=12x2—42x— 6
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3
Ex 2 Find

if y=sin3x
dx

y =sin3x
dy

— =co0s3x- 3=3cos3x
dx

d?y , .
——=3( —sin3x) - 3= — 9sin3x
dx?

d3y
dx3

= — 9co0s3x-3=—27cos3x

More complicated functions, in particular Composite Functions, have a
complicated process. When the Chain Rule is applied, the answer becomes a
product or quotient. Therefore, the 2nd Derivative will require the Product or
Quotient Rules as well as, possibly, the Chain Rule again.

Ex3 vy =¢3*’ find y".

d

2 ¥ 6y =6xe

dx
d2
_y=6_x( e3x2, 6.X) + e3x2. 6
dx?

=36x2e3%" + 63+

=6e3x2( 6x2+ 1)

Ex 4 y=sin3x, find y"

y'=3sin2x - cosx
y'"=3sin%x( — sinx) + cosx( 6sinx - cosx)

=3sinx( 2cos2x — sin2x)
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Ex5 f(x) =In( x24 3x— 1), find f'(x).

1
[ (x)=—F———(2+3) =

x2+3x-1 x2+3x-1

(x243x=1)(2) = (2x+3) (2x+3)
(x243x-1)2

(2624 6x-2) = (4x2+ 12x+9)

- (x243x—1)2

= 2x2-6x- 11

- (x243x-1)2

[ (%) =

Ex 6 g(x) =+/4x2+ 1, find g"(x).

1 ] s
g0 =—(ax2+1) 280 ==

(4x2+ l) %

(4x2+1) V2(4) = (4x) [%(4x2+ 1) “/2(8x)]

g"(x) =
[(4x241) ]
16x2

2 204y —
(4241) 24 (4x24 1)

(4x2+41)
(4x2+1) (4) — 16x2
(4x241) 7
. S
(4x241) 7
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1.7 Free Response Homework

In #1-8, find the second derivative of the function.

1. f(x) =x>+ 6x2—Tx 2.
3. y=(x3+1) Y3 4.
5. g(t) =te!
7.  y=sinx 8.
d?
9. [5x4+ 9x3—4x2+x—8]
dx?
11.  y=cosx? find y" 12.
d?
13.  y=sec3x, find Y
dx?
15.  f(x) =In( x2+ 3), find f "(x)
find g " (x)
17.  h(x) =+/x2+5,find h"(x)
F'(x)
x2-3 d?y
19. y=——find —
x%2-10 dx?
21, y=x34+x2-7x-15 22.
—4x
23. = 24.
x%2+4
25.  y=x+/8—x2 26.

h(x) =+/x2+ 1

H(t) =tan3t
6. y=e3x2
f(t) =tcost
d2
10. [4x7— 3x5+ 3x3+ 6x— 1]

dx?

y=tan2x, find y"

d?y

dx?

14.  y=uxe 2x find

16.  g(x) =In(x2— 4x+4),

18.  F(x) =+/3x2—2x+ 1, find

3x+3 d?
20, y=T7 find &2

x3+ 1 dx?

y=3x%—20x3+ 42x2— 36x+ 16

_x?—1
- x2—4
1 :
y=;x+ S1nx
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27. y:xe—x 28. y:e—x2

30 y=2x—x7/3

1.7 Multiple Choice Homework

1. Iffand g are twice differentiable and if #( x) =g( f (x)),then h''(x) =
a)  g"(f(x))

b g "(f (X)) f"(x)

) g (N[0 ]

) P[P+ ()

e) g (fO)F()+ [ (0% (f(x)

d? 2
2 Find 2 i y=2F

dx? x—3

-2 10 2
)—= b 0 ¢ —— ) — o
(x-3)2 (x—=3)3 (x—3)?2

None of these

d2
1S

3. If y=In(cosx) and 0< x < x, then
dx?

a)  —tanx b)  —secx c)  tanx

d)  secx e) secxtanx
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d?y .
4. Ifyzln(x2+4),then is
dx?
1 2x —2x2+ 8
a) b) ) —
x2+4 x2+4 x2+4
2 —2x2+ 8
d) X e) T X+ o
(x2+4)2 (x2+4)2
d2
5. Ify:exz,then y:
dx?
a) e* b) 2% (2x2+ 1) c)  2xe*’
d)  4x2ex e) 2% 2x2-1)
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1.8: Intro to AP: Basic Derivatives Numerically and Graphically

Traditionally, Calculus was an algebraically heavy subject. One of the
philosophical changes that the CollegeBoard made in the 1990s was to emphasize
that the Calculus should be understood in a variety of modes. As they state in their
enduring understanding:

e Students should be able to work with functions represented in a variety of
ways: Graphical, numerical, verbal, and analytic (algebraic). They should
understand the connections between these representations.

Later, they added that students should be able to verbalize their understanding and
be able to communicate that understanding through proper writing. We will
consider this later as we consider more context-oriented problems.

OBJECTIVE

Determine derivative values from numerical or graphical data.

d d )
Ex 1 Given this table of values, find d—[f(g(x))] and d—[go‘(x)) at x = 1.
» ]

X
X f(x) g(x) f'(x) g'(x)
1 3 2 4 6
2 1 8 5 7
3 7 2 7 9

These are two different, but similar problems, so let us consider them
individually:

[ el)] = (&g (Wt =1,

el =F (D) (1)

=£'(2)(6)
=(5)(6)

=30
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o)) = g W at =1,
%[g(f(x))] =¢'(F())F'(1)

=g'(3)(4)
=(9)(4)

=136

Ex2 If g(2)= —5and g/(2) =4, find £/(2)if f(x)=esW +g(x3-6)+(g(x))?

Notice that while we do not actually know the function that g represents, we
still can take its derivative, because we know the derivative of gis g’. Of
course, the Chain Rule is still essential in this process.

£(x) =89+ g(x3 - 6) +(g(x))?
F1(x)=e8W. g'(x) +g'(x=6) - (3x2) +3(g(x))?- ¢'(x)

1(2)=e¢@- g'(2)+g'(2-6) - (3(2) +3(2(2)- £'(2)
f'(2)=e73- 4+2'(2)- (12)+3(=5)*- 4

4 4
£1(2)=— +4-(12)+300= — +348
e

e
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Ex 3

(a)
(b)
(c)

(a)

(b)

62

Given the graph above, find

u'(1) if u=f(g(x))
v'(1)if v = g(F(x))
w'(1)if w=£(x)g(x)

u'(1)if u=7(g(x))

=u'(x) =f"(g(x))- g'(x)
=u'(1)=f"(g(1))- g'(1)
=u'(1)=f"(3)-(-3)
=u'(1)=(-2/5)-(-3)=6/5
V(1) if v = g(f(x))

=>v'(x) =g'(f(x)) - f'(x)
=v'(1)=g'(f(1))- £'(1)
=v'(1)=¢'(2)-2

= dne

Note that g'(2) does not exist. The slope cannot be determined at x =1
because the slopes to the left and right of x = lare different. The is
called a corner point or a cusp point and will be explored further in a
later chapter.



) w'(1)if w=£(x)g(x)
=w'(x) =f"(x)(g(x)) + g'(x)f(x)
=w'(1) =£(1)(g(1)) +g'(1)(1)

=w'(1>=(z>(3>+(—§)(z>

Ex 4 The figure below shows the graph of the functions fand g. The graphs of

the lines tangent to the graph of fat x = —2 and x =1 are also shown. If
B(x) =f(x)- g(x), whatis B'(1)?

1 1 1 1
a) -— b) - 5 c) g d) ? e) 5
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X g(x) | &'(x)
0 -1 1
2 1 3
4 3 6
6 6 17
ol 8 4 8

Ex 5 Let f(x) be the function whose graph is given above and let g(x) be a
differentiable function with selected values for g(x) and g’(x) given on the table

above. Furthermore, let / be the function defined by A(x) = In(x2+4).

(a)  Find the equation of the line tangent to f(x) at x =4.
(b)  Let K be the function defined by K(x) =h(f(x)). Find K'(3).

(c)  Let M be the function defined by M(x) = g(x)- f(x). Find M'(6).

g(x)

n(5x)

(d)  LetJ be the function defined by J(x) = . Find J'(8).

(a) f(4)=1and 7'(4)=1. The tangent line equationis y— 1 = 1(x —4).

(b)  h(x)=In(x2+4)->h'(x) = 22j4

K(x) =h(f(x)) > K'(x) = h'(f(x)) - £'(x)
K'(3)=h'(f(3))- £/(3) =h'(0)- f(3)=(0)- (1) =0

©  M(x)=g(x)- £(x) > M) =g(x) - /() + /() £()
1 3
M(6) =g(6) - £/(6) +¢(6)- 1(6) = (6)- (5]+<1z>- (5)=1s

o ()

(3 Lol

@ JW=
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J'(8) =

Mg (9)-¢(8) w(#)(3)  sins-

[h(4)]2 - In%8
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1.8 Free Response Homework

1.

Given the following table of values, find the indicated derivatives.

a. 2'(2), where g(x) =[f(x)]?

x f(x) f(x)

2 7

8 5 -3
b.

h'(2), where h(x) =f(x3)

For problems 14 — 19, use the values of f(x)and g(x) given on the table below.

66

X f(x) f'(x) g(x) g'(x)
2 4 2 8 1
4 2 8 4 3
8 8 12 2 4

If h(x) =f(g(x)), find A'(8)

If h(x) =f(g(x)), find h'(2)

If k(x) = g(f(x)), find £(2)
If m(x) =f(f(x)), find m’(4)

P (x) =f(x)g(x), find P '(2)

P (x) =f(x)g(x), find P '(8)

P () =f(20)g(x). ind P '2)




10.

11.

12.

13.

For problems 14 — 25, the graphs of f(x)and g(x) are given below.

P3(x) =f(x) g(%x), find P3’(4)

Ql(x) = i 8 , find le(z)

_g)
(x) 0
f(2

x)
g(x)

6

, find Q, '(8)

Q(x)=

. find O '(4)

0,(1)=— 5 find 0,4

14.

15.

u'(2)if u = f(g(x))
v/(4)if v = g(f(x))
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

68

w'(6) if w = g(g(x))
t'(8) if £ = (£ (x))

P (x) =f(x)g(x), find P '(2)
P (x) =f(x)g(x), find P '(8)

P (x) =f(2x)g(x), find P '(2)

P3(x) =f(x)g(%x), find P3'(2)

f(x)
g(x)

g(x)

f(x)

f(2x)
x)

g(
(59
8| 7 *
f

(2x)

0 (x)= , find 0 '(2)

0, (=52 find 0 (8)

0 (x)== "~ find 0.4

0,(x)=——~ find 0,'(4)



x | 8(»)| g(x)
0 -1 1
2 1 3
4 3 6
6 6 12
8 4 8

26.  Let f(x) be the function whose graph is given above and let g(x) be a
differentiable function with selected values for g(x)and g’(x) given on the table
above.

a) Find the equation of the line tangent to f(x) at x =4.

b)  Let K be the function defined by K(x) = ¢(f(x)). Find K'(1).

¢)  Let M be the function defined by M(x) =g(x)- f(x). Find M'(4).

. f(2x)
d)  LetJ be the function defined by J(x) = o) Find J'(2).
8

x | 8(x)] gx)
0 -1 1
2 1 3
4 3 6
6 6 12

2l 8 4 8

27.  Let f(x) be the function whose graph is given above and let g(x) be a
differentiable function with selected values for g(x) and g’(x) given on the table
above.

a) Find the equation of the line tangent to g(x) at x =4.

69



b)  Let K be the function defined by K(x) = ¢(g(x)). Find K'(8).

¢)  Let M be the function defined by M(x) =g(x)- f(x). Find M'(4).

(2x)
d)  LetJ be the function defined by J(x) = g_ Find J'(1).

1)
fx) =4x—x°

) X 20
0 -1 1
h(x) 2 1 3
\ 4 3 6
\_/ 6 6 12
8 4 8

28.  Let f(x) be the function defined by the equation above, let 4(x) be the
function whose graph is given above, and let g(x) be a differentiable function with
selected values for ¢(x)and ¢’(x) given on the table above.

(a)  Find the equation of the line tangent to g(x) at x =4.

(b)  Let K be the function defined by K(x) = A(f(x)). Find K’(1).

(c)  Let M be the function defined by M(x) =g(x)- f(x). Find M'(6).

(d)  LetJ be the function defined by J(x) = L Find J'(4).

flx)
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29.  Let & be the function defined by A(x) = sin(x) + e°3*. Let g(x)be a
differentiable function with selected values for g(x) and g(x) given on the table
above. And let f(x) be the function whose graph is given above.

(a)  Find the equation of the line tangent to 4(x) at x = l.

2

T
(b)  Let K be the function defined by K(x) =f(h(x)). Find K ’(3)

(d)  LetJ be the function defined by J(x) = ¢(2x) - f(x). Find J'(2).

x | 8(x)| &x)

0 [ 1 [ i

2 1 3

4 3 6

6 6 1 1
ol 8 4 8

30. Let f(x) be the function whose graph is given above and let g(x) be a
differentiable function with selected values for g(x) and g’(x) given on the table

above. Furthermore, let / be the function defined by A(x) = ln(x2 + 4).
(a)  Find the equation of the line tangent to f(x) at x =4.

(b)  Let K be the function defined by K(x) =#h(f(x)). Find K'(3).



(c)

Let M be the function defined by M(x) = g(x)- f(x). Find M'(6).

g(x)

(d)  LetJ be the function defined by J(x) = N Find J'(8).
h (zx)
31. 2017 AP Calculus AB #6
1.8  Multiple Choice Homework
1. Let the function f'be differentiable on the interval [0,2.5] and define g by
2(x) =£(f(x)). Use the table to find ¢'(1.5).
x 0.0 0.5 1.0 1.5 2.0 2.5

£(x) 0.5 1.5 2.0 2.5 1.0 0.0

f(x) | o1 0.3 0.6 1.1 2.0 2.2
) 0.0 b)) 124 o) 1.65  d) 2.08 o) 2.42
2. Given the functions f (x) and €(Xx) that are both continuous and

differentiable, and that have values given on the table below, find 2'( 2) | given

that 7(x) =g(x) - f(x).

a)

x f(x) Jf'(x) g(x) g'(x)
4 2 8 1
2
10 8 4 3
4
6 12 2 4
8
12 b)) 2 ¢ 0 d 30 e 64
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3. Let f (x) and g(x) be differentiable functions. The table below gives the
values of f (x) and g( x), and their derivatives, at several values of x.

x f(x) 2(x) f'(x) g2'(x)
1 3 2 4 6
2 1 8 -5 7
3 -2 7 9
Ifh(x) = f(_x), what is the value of ' ( 2)?
g(x)
47
a) —4 b) —63c¢) d -— e)
64
_»
64
X 1 2 4 8
f(x) 3 4 9 1
g(x) 0 6 2 1
f'(x) 9 -4 3 2
g'(x) 10 1 3 5
4. Let h(x) =g(x)- £(x3). What is the value of 4'(2)?
(A) -6 (B) 2 (C) 11 (D) 24 (E) 143
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5. The figure below shows the graph of the functions fand g. The graphs of
the lines tangent to the graph of fat x = —2 and x =1 are also shown. If
B(x) =f(x)- ¢(x), whatis B'(1)?

X
6. The figure below shows the graph of the functions fand g. If B(x) = —jg ; ,
X
what is B'(1)?
5 . 20 4 d 10 3
a) ) 9 3 ) 9
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7. The figure below shows the graph of the functions fand g. The graphs of
the lines tangent to the graph of g at x = —3 and x = 1 are also shown. If
B(x) =f(g(x)), what is B'(1)?

1 !
a) -— i
% LT
b) -— |
y=fx
0 T
c _
)% ol -
1 o 1
d) ? EERN
€) — Z AN e))
N

8.  Given the graphs of the two functions above and the fact that B(x) = f(g(x))
. B'(4)=

a) 0 b) 1 c) 1/2 d) -1/3  e) dne
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Derivative Review Practice Test

d
1. If y=In( sinx) and 0< x < 7, then —yis

dx
a) — tanx b) — cotx c) tanx
d) cotx e) CSCX
dy
2.  Ify=sin~ ! ¢2¢), then — is
y=sin (e ) I
282x e2x 2€2x
a) b)) — ) —
1—e¥ l—e* A 1+ e*
e2x 262x
d) e)
14+ e¥ e — 1

3. Given the functions f (x) and g( x) that are both continuous and
differentiable, and that have values given on the table below.

X f(x) [ (x) g(x) g'(x)
2 4 2 8 1
4 10 8 4

8 6 -12 2

Giventhat h(x) =g(g(x)),h'(8) =

a) 1 by 2 C) 3 d) 4 €) 8
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4.  If g(x) =tan?(e*),then g'( x) is
a)  2tan( e*) sec?( e¥) b)  2e*tan( e¥) sec?( eX)

c)  2tan?( e*) sec( e¥) d)  e*sec2(e*) e)  2e*tan( e¥)

5. Let f(x) be the function with £ (2) =4and f'(x) =+/x3+ 1. Using
the tangent line approximation to the graph of f ( x) at x=2, estimate f(2.2).

a) 40 b)) 42 c) 44 d 46 e 438
6. Which of the following statements must be true?

ex
L. —/e*+3=—"-—"— II. — (Incosx) =tanx

dx 2./ e*+ 3 dx
m 4 (6x3—7r+ 35 - i)=18x2+ L
d x3 3 x4

X

a) I only b) IT only c) III only
d) I and III only e) I, II, and 111
o (x2-3)°3 .
7. The value of the derivative of y=—————atx=21s
(5x—9)2
a) -4 b -2 c) 0 d) 2 e) 4
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9. D x[e3xzcos4x]
: T
10. £ (x) =es™; find the exact value of f ”(Z).

11. A fourth differentiable function is defined for all real numbers and satisfies
each of the following:

2(2)=5¢'(2)=—2and g" (2) =3

and the function f is given by f (x) =e*(x=1 4 ¢(2x), where k is a constant.

a. Find f(1), f'(D, f"(1)
b.  Show that the fourth derivative of f is k4*(x= D + 16g!V( 2x)
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Chapter 1 Answer Key

1.1 Free Response Answers

. f'(x) =2x+3 2. f'(1) =13
3. y'=—2/3x_5/3 4, y'=56x
2
5. v'(r) =4nr? 6. g'(x)=2x-— —
X
3 3 _ d
7. @ —x1/2+2x_1/2— 2T 8. & t 1/3+ 3t /2
dx 2 2 dt 3
—10A d
9. ﬁ= 0 + BeY 10. _y=6x+1
dy yll dx

1. f'(x) =15x%— 15x2%

7 - - 1
12, 7a6— = x~ V84 73174 Wil -2

77/x4 5
7 5 _ 1

13.  6x°- —xl/6+ 5*In5+ —x 8/3_ —x 2
2 3 2

14, 443 18x/7+8x1n8+% '0/3+§ -2

15. ixl/z_ ix‘l/z
2 2

16. L5 g\

2 62

17, %x7/2—14x5/2+ ;x3 2

18.  60t*+912+56¢
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5
19 =10y72-3)/2- 272

20. 3vl/z—v_l/z— lv_3/2

4 4
7 8 3
21, ——w 4 —p3——p4
5 5 5
3 8
22, —wly—yp73
7 7

1.1 Multiple Choice Answers

1. C 2. B 3. A 4.

1.2 Free Response Answers

Lo =7(x3+4x—7) ~%(3x2+4)

2+ 3x2
41+ 2x+x3) V4

2. f(x) =

—3x" 24 6+ 3¢

S(x= 14 2x+ %) /s

. (%) =

4. f(x) =37(3x2+2) - (x3+ 2x) 3

5. f(2) =—4e3

— 4x

9,/4— Zx2
9

6. f(x)=
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3x—2

7.
\/3x2—4x+9
3x2-2
8. p
7()63—2)6) /7
9 —* e 9—x?
9—x2
1
10. e\/;
24/ X

1. v =§[(% " 3t)3/7_ 4]1/2[%(‘5(7’) - 3t)4/7](%E’<r) - 3)

12, v —1((&#&12)5/7— 1)_2/3[5(&+4t2]_2/7i|(1C’(z) +8 ]
3 7 7 7 7

1.2 Multiple Choice Answers

1. D 2. E 3. B 4.

1.3 Free Response Answers

d
1. i =4cosdx 2.
dx
' sec’t
3. f(n = -
3( 1+ tant) 73
d
5. Y 3cos2xsinx 6.
dx

y' =20x*secx’tanx?

4, f'(0) =—tanf

y=-— 3xzsin( a3+ x3)
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11.

13.

15.

17.

19.

21.

23.

25

27.

29.

82

sin( Inx)

£l =~

COSX

f(x)= )
In10( 2 + sinx)

: ex
y =
—e?

, 1
Y T oy )

_2x

1+ x4

6(x+_1)ex2+2x

X2
(16+x3) /3
) 2x
g'(x) =
x2+16
tanx
, 2x
- f(x) =
x2+3
h(x) =—2
(x2+ 5) V2
y'==1

12.

14.

16.

18.

22.

24.

30.

8.  f'(x)=

10.  f'(x) =

5x( Inx) Ys

In2( 1 - 3x)

3e3x

1 — e

— Qe

1+ e¥

—6(x+ 1) sin( x2+ 2x)

2

x+/ 4x*—1

Frx) =3x(x241) /2

20.

2(x—1)

(3x2—6x+1) /3

y’'= — 2xsinx?2
26 "(x) 2
. g X) =
x—2
28. F'(x) =
- X
1—x2



- xsin( 1— x2)

31.  35¢t@n(7x) ( sec27x) 32. l
/2( 2)
CcOS 1—x

6x1n2( 2+ 1)

x2+1

33. 34.  3x2tanx3

35.  y'=6tan( 30) - sec?( 30)
36. y =— TcosOcoto( sind) csc2( sind) - cosd

37. 5 38. 2

1.3 Multiple Choice Answers

1. E 2. E 3. C 4. B 5. D 6. D
7. B 8. B 9. C

1.4 Free Response Answers

199
17
3. JA41=f(19) ~2.25 4. £(3.9) z?
5. yv=—1=1(x-0) 6. f(2.1) ~04
7. y—2=2(x-0) 8. 0.002
9. 4.8 10. g(1.1)~74

1. y—1=1(x-0) 12. y—1=3ﬁ(x—”/3)



2 /4
13. —Q=—|x— — 14.

y—1+2\/5=(2\/5—4)( —g)

1 1
15. (4,0) 16. (—, —)

2 8
17 y—1=12(x+ 1) and y+ 64=12(x—4)

18. y—68=—4(x+1) and y+6.8=—4(x—1)

T T 1
19. (—iZIIH, 3), (——iZﬂn, 1) 20. y—3=3(x— _)
2 2 2

2la. t=2and t=5 b. left c. 49 units right of the origin
Id. -6 e. Speeding up
22a. t=2 b right C. 14 units right of the origin
d. 6 e. Speeding up
4
23a. t=—4,t=—,and r=3 b. neither; it is stopped
3
C. 141 units above of the origin d. 420 e. Neither
24a. t=-3,t=—-1,t=2,and r=3 b. neither; it is stopped
C. 1431 units above of the origin d. 1440 e. Neither

25. x(2.5) =-2.25
26, x(=3)=112;x(7) =— 388

27.  x(3.5) =42.5;v(3.5) =— 13.5

20 20
28.  x(=2) =-—1984;v( -2) =1200, x(?)=222.398; v(?)= — 154.864
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2 2
29a. x(1)=-1,a(1) = IO,X(—§)=3.630, a(—;): -10

1 |
29b. v(—)=1.315; x(—]=—4.167
6 6

30a. x(£1)= -9, a(£1)=8, x(0) = =8, a(0) = ~4

o bkt

1.4 Multiple Choice Answers

1.5 Free Response Answers

1. t2(3cost— tsint)
2. e=*1-2x2]
3. e *(1-x)

4. e>(2x+ 1)

5. — e‘5x[5c033x+ 3sin3x]

1+ 2lnx
2(Inx) /2
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

86

x2secx( xtanx + 3)
xcscex( 2 — xcotx)
cosx( x2+2)

tanx( 2sec2x + tanx)
sindx

x( x2secxtanx + 3xsecx + xsec2x + 2tanx )

32

r+4
24/2

ex( x2— 10)

2€2x[4— x2— x]

1
1] ——=x

—;6 2 (x2—4x— 1)

eX(—x3-3x24x—1)
—2xe~*(2x—=1)

—26_3x(x2+ 5x+ 3)

N 13— 2x

¢ 2(7=x) 1/2
4— 2x?

(4_ x2) l/2




23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

4— 2x2
(4_ x2) 1/2
9+ 2x2
(9_ x2) 1/2

18x — 3x3
(9_ x2) l/2

—x34 2x
( 1_x2) 1/2

35x( 4x3 — 3) 6( Tx2+ l) 4[36x5+ 4x3— 6]

8(2x—5)3-(8x2—5) ~4-[-4x2+ 30x— 5]
30x( 3x2— 4) X(6x2+ 7) [6x2+ 1]
41+ 4x) 43+ x—x2) [17+ 9x - 21x2]

excosx[cosx - xsinx]

sin*x [xcotx + lnsinx]

1 1
y——=—(x-1)
e e

y' (1) =7/
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35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

88

13
y+ 6=7(x—3)

13
v+ 6=7(x—3)

Tangent line: y—e=1(x—e) Normal line:
y—e=—1(x-e)

y=3

Tangent line: y—2/27= \/7( —rtd) (x 4/;;)
4\/§(x 4/7[)

Normal line: y — 2\/57z =

1+ 2xtan— 1x

cos™ lx

x2

— 2xarctanx

eX_
1+ x2



3—x
(9_x2) l/2

1.5 Multiple Choice Answers

45.

1. D 2. B 3.
7. B

1.6 Free Response Answers

—2x
1. _
(x2-4)°
5 —4x2— 48x— 36
(x2-9)2
3 —3x24 10x— 14
(xz—x—3)2
4 2x3+ 4x2—8x—4
' (x+2)2
—6x+3
5, a
(x2—x+1)
3x2—8x—5
6.
(x—4) 2
2x4+ 38
7. e
3x3
8. —(x=5) 2

&9



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

90

tanZx — Scotx

-1

1 — cosx

secx — 3sec2x + sinxtanx

( cosx — 3) 2

2xsecx + x2tanxsecx

.14 tanx
y=—"—"""
Secx
1 sec™ lx
x2 x2— 1 x2
P
XCOSXx — 2sinx
+3
1
(r2+ 1) 2
0
2 38
Tangent:  y— =— (x+1); Normal:
17 289
2 289
——=—(x+1)
17 38



2
20. Tangent: y— —=—(x—1); Normal:

3
21. Tangent: y=-— —; Normal: x=1
2

1 3
22.  Tangent: y+ —=—(x-2); Normal:
5 25

1.6 Multiple Choice Answers

1. E 2. A 3. D 4. A 5.

1.7 Free Response Answers

L. f'(x) =5x*+12x—Tand f " (x) =20x3+ 12

1+ x2
2. h'(x) = and h" (x) =——————
x24+1 (x2+ 1)*/2

y Ay w d?y  2x(x3+2)

d () (g ) e

4. H'(t) =3sec?3t and H" (t) =18sec?3ttan3t

)}

. g'(1) =1251(5t+3) and g" (t) =te3(25¢2+ 30t + 6)

o)

v =6e3(6x2+ 1).
7. y"" =3sinx( 2cos2x — sin2x) -

8. f'(t) =t- —sint+cost; f (1) =— tcost— 2sint

e

60x2+ 54x— 8

L
¥

25
- —(x—-2)
3
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

92

168x° — 60x3+ 18x
y” = — 2( Sin.x2+ 2x2C05x2)

y" =2sec2x( 2tan2x + sec2x)

d2
— =9sec3X( sec23x+ tan23X)
dx?
d2
Y =4e>(x+1)
dx2
" —2(x2-3)
[ (x) =
(x2+ 3) 2
. -2
g (x) =———
(x=2)2
h'(x) g
x =
(x2+ 5) >
) 2
F (x)=

(3x2— 2x + 1) 2

dZy B 14( 3x2+ 10)
dx? (x2-10)3

d?y  6(7x2—7x+2)

x>  (x2—x+1)3
6x+ 2

36x2— 120x2+ 84

— 8x(x2— 12)
(x2+4)°

"

y:




— 18x2+ 24

24, y'=
(x2-4)°
2 _
25 y”:(2x)(x 24)
(8_x2)3/2
2
26. d—yz—cosx
dx?

27. e *(x-2)

28. e *(4x2-2)

2x3+ 54
290, y":u
(x2-9)°
2 _
30, —x Y3
9

1.7 Multiple Choice Answers

1. E 2.

1.8 Free Response Homework

C

3.

la. 21 1b.

6. 30 7.

12. 2 13
2

-36

-56

49

16

2.

8.

14.

B

-8

-18

0

15.

-12

10.

16.

11.

17.

-16

DNE
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8
18. — 19. dne 20. 3 21. Dne 22. 3 23.  dne
24. dne 25. dne
2 4
26a. y—0=-— ?( x—4) 26b. dne 26¢. -2 26d. 3

27a. y—3=6(x—4) 27b. 48 27c. 9  27d. -6

28a. y—3=6(x—4) 28b. 0 28c. -192828d. 24

29a. y—2=3(X—%) 29b. 2 29c. 14/3 29d. 3/4

30a. y—1=1(x—4) 30b. 0 30c. 15 30d. 2.492

31. See AP Central

1.8 Multiple Choice Homework

1. A 2. A 3. D 4. E 5. A 6. E

7. B 8. D

Derivative Review Practice Test Solutions

1. D 2. A 3. D 4. B 5. D 6. D

7. D

7 + 1
8. = 7x6— —x " By =y T 2
2 7 5

9. D [e¥costr]= e (—sindx)(4) + cosdxe ™ (6x) = 263 (3cosdx — 2sindx)

10. 16
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1la. k*+12
11b. Show that the fourth derivative of 1 is JAek=1) 4 16g7V(2x)

_f”(x) — k2ek(x—1) +4g//(2x) _)If///(x) — kZek(x— 1)(k) +4g///(2x)(2) — k3€k(x_ l) + 8g///(2x)
f‘///(x) =k3ek(x— 1) 4 ng(zx) _,fIV(x) =k3xk(x— 1)(k) + Sg[V(zx) . (2) =k4xk(x— 1) 4 16g1V(2x)
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