m Derivatives of Polynomials and Exponential Functions



-erivative of a Constant Function

f(x) = c.

The graph is

the horizontal line y = c,
which has slope 0, so we
must have f'(x) = 0.

YA
C y==cC
slope =0
0
Figure 1

The graph of f(x) = c is the
line y =c, so f'(x) =0.
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-erivative of a Constant Function

P = lim LET TS € o= 0

h—0 h h—0 h h—>0

Derivative of a Constant Function

d
d;(C)=0




‘xercise — Constant Multiple Rule

Findy ify=mr



-ower Rule

The Power Rule (General Version) If » 1s any real number, then

d _
dx(x)—n.x
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‘xample 1 — Using the Power Rule

(@) If f(x) = x5, then F'(x) = 6x5.

(b) If y = x190, then y'= 1000x°°%.

dy
— 4 — = A3
(c) If y =14, then 7 4.

I
(d) j (r*) = 3r2



‘xercises — Power Rule

Find derivatives for:

@y = x? d) y=+x(x*-1)
b) () =
3x2+x+1
e) y= 7

c) f(x)=3/x



-Jonstant Multiple Rule

The Constant Multiple Rule If ¢ is a constant and f is a differentiable function, then

d d
e (0] = e - ()




-xample 4 — Using the Constant Multiple Rule

d N oA d
(a) 5(396 ) =3 n (x™)
= 3(4x°)
= 12x°
d d
(b) . (—x) = . [(—1)x]

— (-1~



‘um Rule

The Sum Rule If fand g are both differentiable, then

d d d
. [f(x) + g(x)] = Ef(X) T g(x)
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-)ifference Rule

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

The Difference Rule If f and g are both differentiable, then

d d d

— [f(x) —gx)] = —f(x) — ——g(x)
dx 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.
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-)erivatives of Polynomials

Using power, constant multiple and sum/difference rules -
we can differentiate any polynomial:

Example: Find derivative of y = x3 — 2x + 9
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-)erivatives of Polynomials-Exercise

Find derivative of f(x) = 3x°> —x?+2x+
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‘xponential Functions

Derivative of the Natural Exponential Function

a
dx

(ex) — ¥
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‘xample 3

If f(x) = e — x, find F"

Solution:
Using the Difference Rule, we have

F0) = (e =) =) — () = e
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-)erivative of Exponential - Exercise

Find where the graph y = e* + 3x — 2 has a horizontal
tangent line.
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Higher Derivatives
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B oher Derivatives

Second derivative of f is the derivative of the derivative of f
(f')l — f".

Using Leibniz notation, we write the second derivative of
y = f(x) as
d [ dy d*y

2

dx \ dx dx
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‘xample 14

If f(x) = x3—x, find f"(x).

Solution:
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-ﬁgher Derivatives - Acceleration

The instantaneous rate of change of velocity with respect to time 1s
called the acceleration a(¢) of the object. Thus the acceleration
function 1s the derivative of the velocity function

and 1s therefore the second derivative of the position function:

a(t) =v'() =s"(2)

or, in Leibniz notation,

dv d’s
a = —— —2
dt dt
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B oher Derivatives

The process can be continued. The fourth derivative f"" is

usually denoted by ).

In general, the nth derivative of fis denoted by f™ and is
obtained from f by differentiating n times.

If y = f(x), we write

Zil
(n) _— rn (x)

dx
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-ﬁgher Derivatives - Exercises

Find first, second, third and fourth derivatives for:

(@) f(x) =2x?—-3x+2 (b)gx)=e*+3
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m The Product and Quotient Rules

23



-he Product Rule

The Product Rule If f and g are both differentiable, then

L F0g(9] = £ ~=[g(0)] + g ~= [ £()]
dx dx dx

In words, the Product Rule says that the derivative of a
product of two functions is the first function times the
derivative of the second function plus the second function
times the derivative of the first function.
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‘xample 1 — Using the Product Rule

(@) If f(x) = xe’, find ().

Solution:
(a) By the Product Rule, we have

f'(x) = —(xe")
dx
/ [
— (") + e~ (%)
dx dx

|

= xe' + e -1 (x + 1)e"
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-roduct Rule - Exercises

@y =e*(x*+1)

D)y = x*(2 —x)
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-he Quotient Rule

The Quotient Rule If f and g are differentiable, then

d d
d [f(x)} _ g() —— L/ (0] = fl0) —=[g(x)]

[9(x0)]*

dx | g(x)

In words, the Quotient Rule says that the derivative of a
quotient is the denominator times the derivative of the
numerator minus the numerator times the derivative of the
denominator, all divided by the square of the denominator.
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-xample 5 — Using the Quotient Rule

Lt ’_x2+x—2
ot X+ 6
Then
;o d o , d .
x> +6)—x"+x—2)—(x+x—2)—(x" + 6)
L dx dx
Y (x* + 6)*
(P +He)2x+ 1) — (x*+x — 2)(3x7)
(x* + 6)*

C (2x*+x+ 126+ 6) — (Bx* + 3x7 — 6x7)
(x> + 6)°

—x*—=2x+ 6x*+ 12x + 6
(x° + 6)°
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-luotient Rule - Exercises

(@Ay =5—

2

By ==

(0)y =2

X
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‘ummary of Rules

Table of Differentiation Formulas

% (c) =0 % (x") = nx""! % (e*) = e*
(cf) = cf (f+9 = +49g (f—=9)' = —-¢
(f9)" =rf9" + af (i) -4 _zfg

g g
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