
We have seen how to ¡nterpret derivatives as slopes and rates of change. We
have seen how to est¡mate derivatives of functions given by tables of values. We
have learned how to graph derivatives of functions that are defined graphically.
We have used the definition of a derivative to calculate the derivatives of func-
tions defined by formulas. But it would be tedious if we always had to use the
definition, so in this chapter we develop rules for finding derivatives without
having to use the definition directly. These differentiation rules enable us to
calculate with relative ease the derivatives of polynomials, rational functions,
algebraic functions, exponential and logarithmic f unctions, and trigonometric and
inverse trigonometric functions. We then use these rules to solve problems
involving rates of change, tangents to parametr¡c curves, and the approximation
of functions.
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174 CHAPTER 3 DITFERENTIATION RULES

Derivatives of Polynomials and Exponential Functions

v

c

0

!:c

In this section we learn how to differentiate constant functions, power functions, polyno-
mials, and exponential functions.

Let's start with the simplest of all functions, the constant function f (-) : c. The graph
of this function is the horizontal line y : c, which has slope 0, so we must have f ,(x) : 0.
(see Figure 1.) A formal proof, from the definition of a derivative, is also easy:

f(x + h) - f(*)
slope:0

FIGURE 1

The graph of /(r) : c is the
line y: c, so /'(r) :0.

r(') : lh h
:limc-c:

h+0 h
lim0:0
h+0

v

x

x

In Leibniz notation, we write this rule as follows

Derivative of a Gonstant Function

d

dx
(c) 0

Power Functions

we next look at the functions f (*) : x', where z is a positive integer. rf n : l, the graph
of f(x) : ¡ is the line y : ¡, which has slope 1. (See Figure 2.) So

y: x

slope:1

FIGURE 2

The graph of /(x¡ : " ¡r ¿¡"
line y : x, so /'(x) : 1.

d. (x):1
cDc

(You can also verify Equation 1 from the definition of a derivative.) rù/e have already
investigated the cases n:2 and n:3. In fact, in section 2.7 (Exercises 17 and lg) we
found that

d.^. d:l (x') : zx í (*') :3*'
dx dx.

For n : 4 we find the derivative of f(x) : xo as follows:

lim
x4 + 4x3h + 6x2hz -l 4xh3 + ha - xa

h

4x3h+6x2h2+4xh3+h4: lim

/¡+0

h+0 h

: ]g (ax' + 6x2h -r 4xh2 * h3) : 4*z

I

2

3

Thus

d-- (x') : 4x'
dx
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The Binomial Theorem is given on

Reference Page 1.

Comparing the equations in (1), (2), and (3), we see a pattem emerging. It seems to be a

reasonable guess that, when ¡¿ is a positive integer, (dldx)(x") : nx"-t. This turns out to
be true.

The Power Rule If n is a positive integer, then

d* (x"\: nxn-l
dx'

PR00F If/(x) : ¡", then

f'(x): ti^ltry: rr^(* r-u--'-
,¡+0 h n-o h

In finding the derivative of xa we had to expand (x + h)a.Herc we need to expand
(x * h)" and we use the Binomial Theorem to do so:

/(Ð : lrnr

+ nxhn-t + h" - xt'

h

. nh-l\
nxu-th * 

==*n-z¡z 

¡ .+nxhu-t+hu
: lim

h¿o

h+O

h

: lim
lr*"-' 

* ry.'-zh + . . . t nxh"-' * r"-'f
: nxn-r

because every term except the first has å as a factor and therefore approaches 0.

We illustrate the Power Rule using various notations in Example L

EXAMPtEí Using the Power Rule

(a) If /(x) : x6, then f'(x) :6x5. (b) If y : Í1000, theny' : 1000xeee

.dvd^
(c) If y : la, rhen i: o,'. (d) dr?t) 

:3r'

*(Ð:-+

I

What about power functions with negative integer exponents? In Exercise 59 we ask
you to verify from the definition of a derivative that

We can rewrite this equation as

ft a-') : (-1)"-'

and so the Power Rule is true when 1. In fact, we will show in the next section

[Exercise 60(c)] that it holds for all negative integers.
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Figure 3 shows the function y in Example 2(b)

and its derivative y'. Notice that y is not differ-

entíable at 0 (y' is not defined there). 0bserve

that y' is positive when y increases and is neg-

ative when y decreases.

2

1
(a) f(x): ,x-

@v:iF
S0LUTICIN In each case we rewrite the function as a power of x'

(a) Since f(*) : x-2,we use the Power Rule with n: -2:

t : *G/-') : fi r,") : !'atzt-r : !*-trz

what if the exponent is a fraction? In Example 4 in section 2.'7 we found that

¿\/ x

which can be written as

d ,,^.

fr{*'/,): l**trz

This shows that the Power Rule is true even when n : å. In fact, we will show in Sec-

tion3.1 that it is true for all real numbers n,

The Power Rule (General Version) If n is any real nuniber, then

EXAMPLE 2 The Power Rule for negative and fractional expgnents Differentiate:

dr
--- lt -dx

1

GEI

fHl

M

ca

dc

sl,

(b)
-1 3

The Power Rule enables us to find tangent lines without having to resort to the defi-

nition of a derivative. It also enables us to frnd normal lines.The normal line to a curve C

at a point P is the line through P that is perpendicular to the tangent line at P. (In the study

of optics, one needs to consider the angle between a light ray and the normal line to a lens.)

M ¡X¡lrllpLt 3 Find equations of the tangent line and normal line to the curve y : *$
at the point (1, 1). Illustrate by graphing the curve and these lines.

S0LUTI0N The derivative of/(¡) -- *$ : xx'/' : x'/" is

f,(*) : ) rrz/zt-r : 1 x1/2 : |J,

So the slope of the tangent line at (1, 1) is/'(1) : l. Therefore an equation of the tan-

gent line is
y-r:tr@-t) or y:1*-)

The normal line is perpendicular to the tangent line, so its slope is the negative recipro-

cal of |, that is, -]. ffrus an equation of the normal line is

y-1:-?(*-t) or y:-3r+J
We graph the curve and its tangent line and normal line in Figure 4. I

FIGURE 3

y:<lx"

-1

-1

FIGURE 4

Y: xJ;

J

3

I
v

normal
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New Derivatives from 0ld
'When new functions are formed from old functions by addition, subtraction, or multipli-
cation by a constant, their derivatives can be calculated in terms of derivatives of the old
functions. In particular, the following formula says that the derivative of a constant times
a function is the constanr ümes the derivative of the function.

G EOMETRIC INTERPRETATION OF

fHE CONSTANT MULTIPLE RULE

The constanf Multiple Rule If c is a constant and / is a differentiable function, then

4v¡a¡t:,4¡u¡ax dx

y: f(x) PR00F Let sG) : c/(x). Then

g'(x):mfuP"mW

v

v:2f (x)

x

Multiplying by c :2 stretches the graph verti

cally by a factor of 2. All the rises have been

doubled but the runs stay the same. So the

slopes are doubled, too.

Using prime notation, we can write the
Sum Rule as

u+ ù':f'+ s'

_r.^,1 ¡G+D-¡@)f
r¡*oL h J

0

:clim f(x+h)-f(x)
(by Law 3 of limits)h+o h

-- cr'6)

EXAMPLE 4 Using the Constant Multiple Rule

d... d(a), (3xo) : 3* (*o) : 3(4x3) : t2x3clx clx

þ) *(-"): Su-r)¡l: eÐ*(r): -1(1): -1 r
The next rule tells us that the derivqtive of a sum of functions is the sum of the

derivatives.

The Sum Rule Ifland g are both differentiable, then

{rrct + sl)t:fir.t * d, s\x)
clx

PR00F Let F(x) : f(x) + 9(x). Then

F(x+h)-F(x)
h

lf@ + h) + s(x + h)l- ["f(r) + sG)l
h

F'(x):1¡n'
l¡*0

: lim
h+O

:lim
h+0

:lim
h+0

f(x + h) - Í(x)
h

, s(x + n) - sG)1-hl
f(x+h)-f(x)

h

: f'(x) + g'(x)

o(x+h)-s(x)-F lllTl 

-

l¡+0 h
(by Law l)
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The Sum Rule can be extended to the sum of any number of functions. For instance,

using this theorem twice, we get

U+ s + h)' :lç+ ò + hf' : U+ ò' + h' :f' * s' * h'

By writing f - g as f + e 1)9 and applying the Sum Rule and the Constant Multiple
Rule, we get the following formula.

The Difference Bule If/and g are both differentiable, then

4r¡<.t - s¡)t : 4 ¡a¡ - 4 se)d^x dx dx

The Constant Multiple Rule, the Sum Rule, and the Difference Rule can be combined
with the Power Rule to differentiate any polynomial, as the following examples demonstrate.

EXAMPIES Differentiating a polynomial

(x8 + l2x5 - 4xa + 1ox3 - 6x + 5)

d d d . d.^ d:. (r')+r2+("')-4. (*o) +10+(r')-6, (x)+
cbc dx dx clx dx

: 8.r7 + t2(5xa) - 4(4x3) + 10(3x'?) - 6(1) + 0

: 8x7 + 6oxa - l6x3 + 3ox2 - 6

M ¡XlUplg6 Find the points on the curve y : x4 - 6xz + 4 where the tangent line is
horizontal.

d
dx.

d

- 
(51

dx"

v

(0,4)

0 x

SOLUTI0N Horizontal tangents occur where the derivative is zero. We have

dvdd^.d__!_:_ (x*) _ 6_(x¿) + _Øl
dx dx' dx' dx' '

:4x3-lLx*0:4x(x2-3)

'lhus dy/dx: 0 if ¡: 0 or x2 - 3: 0, that is, x : *u6. So the given curve has

horizontal tangents when x : 0, Ji, and -Ji. The coresponding points are (0, 4),
(J1, -s), and (-1Æ, -s). lsee Figure 5.)

(-ú,-s) (.6,*5)

FIGURE 5

The curve !: xa - 6x2 + 4 and
its horizontal tangents n

EXAMPIET Theequationof motionof aparticle iss:2t3 - 5t2 + 3t + 4, wheresis
measured in centimeters and I in seconds. Find the acceleration as a function of time.
V/hat is the acceleration after 2 seconds?

S0LUTI0N The velocity and acceleration are

dsuft): _:61' _ l0l + 3
dt

.. doa(t): ¿t:l2t-10
The acceleration after 2 s is a(2) : 14 cmls2. E
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Exponential Functions

Let's try to compute the derivative of the exponential function f(*) : ø'using the defini-
tion of a derivative:

/'(') : l'S
lim

f(x+h)-f(*)
h

cfah - e'

-. qtnl' - cr': llm-
h+o h

h
2h-1

h

3h-1
h

0.1

0.01

0.001

0.0001

0.7177

0.69s6
0.6934
0.6932

l.l6L2
t.1047
1.0992
1.0987

,. a'(at' - l): lrm-hèo h

?h_.1
f(0): lim# - l.l0'å+0h

h-o h

The factor ø' doesn't depend on å, so we can take it in front of the.limit:

f'G\ : o'lim 
o" . 1

h+0 h

Notice that the limit is the value of the derivative of / at 0, that is,

ah-llimï:,f'(0)å*o h

nhl
f'(0):lim#:0.69å+0 h

Therefore we have shown that if the exponential function lG) : ø'is differentiable at 0,
then it is differentiable everywhere and

f'(x) : f '(o)a'

This equation says that the rqte of change of any exponentialfunction is proportional to
the function itself. (The slope is proportional to the height.)

Numerical evidence for the existence of /'(0) is given in the table at the left for the
cases a : 2 and a -- 3. (Values are stated correct to four decimal places.) It appears that
the limits exist and

fora:2,

fora:3,

In fact, it can be proved that these limits exist and, correct to six decimal places, the val-
ues are

ft t .tl,:o: o.urtto,

Thus, from Equation 4, we have

Idt
- (3')l :1.098612
dx l,:o

fi r,l : (0.6s)2' ft rt'l - (1.10)3'

Of all possible choices for the base a in Equation 4, the simplest differentiation formula
occurswhen/'(0): l.Inviewof theestimatesof/'(0)fora:2anda:3,itseemsrea-
sonable that there is a number a between 2 and 3 for which "f'(0) 

: 1. It is traditional to
denote this value by the letter e. (In fact, that is how we introduced ¿ in Section 1.5.) Thus
we have the following definition.

4

5
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ln Exercise 1 we will see that ¿ lies between

2.1 and2.8. Later we will be able to show that,

correct to five decimal places,

e - 2.11828

Itr[l Visual 3.] uses the slope-a-scope ro

illustrale this formula.

Definition of the Number e

eh-l
¿ is the number such that !1gr, n 

: t

Geometrically, this means that of all the possible exponential functions y : a', the
function f @ : e'is the one whose tangent line at (0, 1) has a slope /'(0) that is exactly 1.

(See Figures 6 and 7 ,)

v v

v
(*, r slope: e'

y: e,

2'

slope: 1

j: e'

FIGURE 6 FIGUBE 7

If we put ø : e aîd, therefore, "f'(0) 
: 1 in Equation 4, it becomes the following impor-

tant differentiation formula.

Derivative of the Natural Exponential Function

d
-- (e'): e'
cü(

Thus the exponential function f (*) : e'has the property that it is its own derivative.
The geometrical significance of this fact is that the slope of a tangent line to the curve
y : e'is equal to the y-coordinate of the point (see Figure 7).

I

x0x0

3

I exlueua If /(x) : e'- x, frnd f' and/". comparethe graphs of f and f'
S0LUTI0N Using the Difference Rule, we have

f'(x) : fiø'- ¡) : **., - *6 : er - 1

In Section 2.1 we defined the second derivative as the derivative of /', so

f"(x¡: fie' - 1): *,,', - frrtl: "'
*1.5

-1

The function / and its derivative f ' are graphed in Figure 8. Notice that / has a horizon-
tal tangent when x : 0; this coresponds to the fact that /'(0) : 0, Notice also that,
for .x ) O, f '(*) is positive and / is increasing. When .x < 0, f '(*) is negative and / is
decreasing. I

r

f

FIGUBE 8

1.5
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EXAMPTE 9 At what point on the curve ! : e* is the tangent line parallel to the

line y : 2x?

S0LUTI0N Since y : e', we have y' : e*.Let the x-coordinate of the point in question

be ø. Then the slope of the tangent line at that point is ¿'. This tangent line will be paral-

lel to the line y : 2x if tt has the same slope, that is, 2. Equating slopes, we get

en:2 >

Therefore the required point is (a, e') : (Ln2,2). (See Figure 9.)

t:2x

l=e

TIGURE 9

Ëxercises

t. (a) How is the number ¿ defined?
(b) Use a calculator to estimate the values of the limits

2.7h - 1
lim 

-

/¡+0 h
and

z.gh - |lim-
¡¡+0 h

23. u: .E + qJr'

A25.2: 
¡+Be'

24. a:

26. Y: e'*t + I
@.-h)'

r-

correct to two decimal places. What can you conclude
about the value of e?

2. (a) Sketch, by hand, the graph ofthe function f(.) : e',pay-
ing particular attention to how the graph crosses the y-axis.

What fact allows you to do this?
(b) What types of functions are f (x) : e' and g(x) : a"t

Compare the differentiation formulas for f and g.

(c) Which of the two functions in part (b) grows more rapidly
when ¡ is large?

27-28 Find an equation of the tangent line to the curve at the given
point.

27. y: il*, (1, 1) 28. y: xa + 2x2 - x, (1,2)

29-30 Find equations ofthe tangent line and normal line to the

curve at the given point.

29. y: xa + 2e" (0,2) 30. y : (l + 2x)2, (1,9)

EE St*eZ Find an equation of the tangent line to the curve at the given

r_^"ij 
åi::i"e 

by graphing the curve and the tansent line on the

3f. y: 3xz - x3, (1,2) 32. y: , - J*, (1,0)

ffi rr-ro Find /'(x). Compare the graphs of / and /' and use them to
explain why your answer is reasonable.

33. /(.r) : e' - 5x 3a. f Q) -- 3xs - 20x3 + 50x

35. /(x) :3x'5 - 5¡3 + 3 36. /(x) :, + I

ffi ff-fe Estimate the value of f '(a) by zooming in on the graph of /
Then differentiate / to find the exact value of f'(a) and compare

with your estimate.

37. f(x):3x' - x', a: | 38. /(x) : l/6. a: 4

VE

3-26 Differentiate the function.

3. /(x) : 186.5

5.f(t):2-?t

7.f(r): x3 - 4x + 6

s./(r):å(/o+8)
1211.4(s):-",

13, 9(r) :2t-3/4

415.y-3e'+ 
*

17. F(x) : (i*)'

x2+4x+3le.y: ---G-
21. y:4nz

t.f(ù: Jn
6. F(x) : å.r8

s. /(/) : |tu - 3to + t

10. h(x): (x - 2)(2x + 3)

12. B(y): cy-6

14. h(t): lft - 4r'

16,y:rEG-t)
x2-3x+l

18. f(x): x,

20. s(u): $" + $u

22. Y: ae'+ L + L

,f
In-

ffi ffi Graphing calculator or computer with graphing software required L Homework Hints available in TEC
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EE SS. (u) Use a graphing calculator or computer to graph the func-
tion /(x) : xo - 3x3 - 6x2 * 7x ): 30 in the viewing
rectangle [-3, 5] by [- 10, 50].

(b) Using the graph in part (a) to estimate slopes, make
a rough sketch, by hand, ofthe graph of/'. (See

Example 1 in Section 2.7.)
(c) Calculate f '(x) and use this expression, with a graphing

device, to graph f '. Compare with your sketch in part (b)

EE ¡0, (u) Use a graphing calculator or computer to graph the func-
tion 9(x) : er - 3x2 in the viewing rectangle [- 1, 4]
by [-8, 8].

(b) Using the graph in part (a) to estimate slopes, make
a rough sketch, by hand, of the graph of g'. (See

Example I in Section 2.7.)
(c) Calculate g'(x) and use this expression, with a graphing

device, to graph g'. Compare with your sketch in part (b).

41-42 Find the ûrst and second derivatives of the function.

41. f(x): 10xro * 5x5 - x 42. G(r): $ + JV

ffi ar-m Find the ûrst and second derivatives ofthe function.
Check to see that your answers are reasonable by comparing the
graphs of /, f' , and f".
a3. f(x):2x - 5x3/a aa. f(x): e' - x3

t
At what point on the curve y : I + 2e' - 3x is the tangent

line parallel to the line 3x - y :5? Illustrate by graphing

the curve and both lines.

Find an equation of the normal line to the parabola

! : x2 - 5x -l 4 that is parallel to the line x - 3y : 5.

'Where 
does the normal line to the parabola y : x - x2 at the

point (1, 0) intersect the parabola a second time? Illustrate
with a sketch.

Draw a diagram to show that there are two tangent lines to
the parabola y : x2 that pass through the point (0, -a). Find
the coordinates of the points where these tangent lines inter-
sect the parabola.

(a) Find equations ofboth lines through the point (2, -3)
that are tangent to the parabola J : x2 * x.

(b) Show that there is no line through the point (2,7) that is
tangent to the parabola. Then draw a diagram to see why.

Use the definition of a derivative to show thatif f (x) : 1/x,
then /'(x) : -7/x'. (This proves the Power Rule for the

casen:-1.)
Find the ¿th derivative of each function by calculating the

ûrst few derivatives and observing the pattern that occurs.
(a) f(x): x" (b) f(x): l/x
Find a second-degree polynomial P such that P(2) : 5,

P'(2) : 3, and' P"(2) :2.

The equation y" * y' - 2y : x2 is called a differential
equation because it involves an unknown function y and its
ilerivatives y' and y". Find constants A, B, and C such that the

function ! : Ax2 * Bx 't C satisfies this equation. (Differ-
ential equations will be studied in detail in Chapter 7.)

(a) In Section 2.8 we defined an antiderivative of/ to be a
function F such that F' : f . Try to guess a formula for an

antiderivative of/(x) : x2. Then check your answer by
differentiating it. How many antiderivatives does f have?

(b) Find antiderivatives for /(x) : x3 and f(*) : xo.
(c) Find an antiderivative for /(x) : x", where n * -1.

Check by differentiation.

Use the result of Exercise 63(c) to find an antiderivative of
each function.
(a) f(ò: $ (b) "f(') 

: e' * 8x3

Find the parabola with equation y : ax2 * åx whose tangent

line at (1, 1) has equation y:3x - 2.

Supposethecurve y : x4 + ax3 + bx2 I cx * dhas atan-
gent line when¡ : 0 with equation y : 2x f I and a

tangentlinewhenx: l withequation y:2 - 3x. Findthe
values of a, b, c, and d.

Find acubic function ! : ax3 + bx2 + cx I dwhose graph

has horizontal tangents at the points (*2,6) and (2, 0).

Find the value of c such that the line y : trx + 6 is tangent to

thecurvey: rtß.
For what values ofa and å is the line 2x * y: á tangent to

the parabola y : axz when x:2?

45.

46.

E

47.

48.

49.

50.

51.

52.

53.

The equation of motion of a particle is s : 13 - 31, where s
is in meters and t is in seconds. Find
(a) the velocity and acceleration as functions of /,
(b) the acceleration after 2 s, and
(c) the acceleration when the velocity is 0.

The equation of motion of a particle is

s : t4 - 2t3 + t2 - f, where s is in meters and r is in
seconds.
(a) Find the velocity and acceleration as functions of /.
(b) Find the acceleration after I s.

(c) Graph the position, velocity, and acceleration functions
on the same screen.

On what interval is the function f(x) : 5x - e'increasing?

On what interval is the function f (x) : x3 - 4x2 + 5x
concave upward?.

Find the points on the curve ! : 2x3 I 3x2 - 12x + 7

where the tangent is horizontal.

For what values ofx does the graph of
Í(*) : x3 + 3x2 * x * 3have ahorizontal tangent?

Show that the cu¡ve ! : 6x3 I 5x - 3 has no tangent line
with slope 4.

Find an equation of the tangent line to the curve y : ,$
that is parallel to the line y - I + 3x.

Find equations of both lines that are tangent to the curve
y : 1 + x3 ancl parallel to the line l2x - y : 1.

EE ¡s.

55,

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.
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70. A tangent line is drawn to the hyperbola xy : c at a point P.

(a) Show that the midpoint of the line segment cut from this
tangent line by the coordinate axes is P.

(b) Show that the triangle formed by the tangent line and the

coordinate axes always has the same area, no matter
where P is located on the hyperbola.

¡.1000 * I
71, Evaluate lim , .

r+t X- |

72. Draw a diagram showing two perpendicular lines that inter'-

sect on the y-axis and are both tangent to the parabola

| : x2. Where do these lines intersect?

73. If c > j, how many lines through the point (0, c) are normal

lines to the parabola y : x2? What if c < j?

74. Sketch the parabolas ! : x2 and ! : x2 - 2x i 2. Do you
think there is a line that is tangent to both curves? If so, find
its equation. If not, why not?

Building a Better Roller Coaster

Suppose you are asked to design the fìrst ascent and drop for a new roller coaster. By studying
photographs of your favorite coasters, you decide to make the slope of the ascent 0.8 and the slope

of the drop - 1.6. You decide to connect these two straight stretches y - L(x) and y - /.u (¡) with
part of a parabola y : f(x) *- axz + bx * c,where ¡ and /(x) ale measured in feet. For the track
to be snrooth there can't be abrupt changes in direction, so you want the linear segments Lt arrd Lz
to be tangent to the parabola at the transition points P and Q. (See the figure.) To simplify the

equations, you decide to place the origin at P.

ffi

1, (a) Suppose the horizontal distance between P aad Q is 100 ft. Write equations in a, å,

and c that will ensu¡e that the track is smooth at the transition points.
(b) Solve the equations in part (a) for a,b, and c to lìnd a formula for /(x).
(c) Plot Ls f, and 12 to verify graphically that the transitions are smooth.
(d) Find the dil'tèrence in elevation between P ancJ Q.

2. The solution in Ploblem I rnight look smooth, but it might notfeel smooth because the
piecewise defined function [consisting of Lr (¡) for x ( 0, /(¡) for 0 { x < 100, and

-L2(r) for "t > l00l doesn't have a continuous second derivative. So yor.r decide to implove
the design by using a quadratic function q(x\ : nxz * bx * c oniy on the interval
l0 < "r < 90 and connecting it to the linear functions by means of two cubic functions:

g(x):kx3 * lxz + mx* n 0<¡< l0

h(x):px3 * qxz * rx* s 90<¡< 100

(a) Write a system of eqtrafions in l1 unknowns that e¡rsure that the f'unctions and their
first two delivatives agree at the transition points.

içAll (b) Solve the equations in part (a) with a c'ornputer algebra systern to fìnd formulas for

. (c) Plot l¡, g, c7, h, and Lz, 
^nd 

comparc with the plot in Ploblem I (c).

ffi Graphing calculator or computer with graphing softwarc required

liÃSl Conrput"r algebra system required

The Product and 0uotient Rules

The formulas of this section enable us to differentiate new functions formed from old func-
tions by multiplication or division.

The Product Rule

Ø SV analogy with the Sum and Difference Rules, one might be tempted to guess, as Leibniz
did three centuries ago, that the derivative of a product is the product of the derivatives. We

can see, however, that this guess is wrong by looking at a particular example. Let f(x) : x


