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@ The Sum and Difference Rules
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(3.1) Differentiation Formulas General Power Functions

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

d ny _ n—1
ax)_nx .
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(3.1) Differentiation Formulas General Power Functions

Example (Power Rule, negative exponent)

Differentiate y = %
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(3.1) Differentiation Formulas General Power Functions

Example (Power Rule, negative exponent)

Differentiate y =

x| =

y=x
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(3.1) Differentiation Formulas General Power Functions

Example (Power Rule, negative exponent)

Differentiate y = %

y=x"
Power Rule: d—y =
dx
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(3.1) Differentiation Formulas General Power Functions

Example (Power Rule, negative exponent)

Differentiate y = %

y=x"
Sdy
Power Rule: dx — (=1)x
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(3.1) Differentiation Formulas General Power Functions

Example (Power Rule, negative exponent)

Differentiate y = %

y=x"

Cdy e

Power Rule: d—X_( 1)x
1
xR
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(3.1) Differentiation Formulas General Power Functions

Example (Calculating the tangent line using the Power Rule)

Find an equation for the tangent line to the parabola y = ¥/x at the
point P = (1,1).
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(3.1) Differentiation Formulas General Power Functions

Example (Calculating the tangent line using the Power Rule)

Find an equation for the tangent line to the parabola y = ¥/x at the
point P = (1,1).
Here a= 1 and f(x) = YX = x3.
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(3.1) Differentiation Formulas General Power Functions

Example (Calculating the tangent line using the Power Rule)
Find an equation for the tangent line to the parabola y = ¥/x at the
point P = (1,1).

Here a= 1 and f(x) = YX = x3.
1

f'(x) = X3~

1
1
W[ =
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(3.1) Differentiation Formulas General Power Functions

Example (Calculating the tangent line using the Power Rule)

Find an equation for the tangent line to the parabola y = ¥/x at the
point P = (1,1).
Here a= 1 and f(x) = YX = x3.
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(3.1) Differentiation Formulas General Power Functions

Example (Calculating the tangent line using the Power Rule)

Find an equation for the tangent line to the parabola y = ¥/x at the
point P = (1,1).
Here a= 1 and f(x) = YX = x3.

1 4
f/ — _ =—1
| (x) = 53
_ =
"/‘(( 3
1 1 1 1 _ 1
C3Yx2
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(3.1) Differentiation Formulas General Power Functions

Example (Calculating the tangent line using the Power Rule)

Find an equation for the tangent line to the parabola y = ¥/x at the
point P = (1,1).
Here a= 1 and f(x) = YX = x3.

1 f'(x) = %x%_1
_ =
/‘(11)/ -3
1 1 1 1 _ 1
C3Yx2
T 1
7 o (1) = 1.
i (1) 3
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(3.1) Differentiation Formulas General Power Functions

Example (Calculating the tangent line using the Power Rule)

Find an equation for the tangent line to the parabola y = ¥/x at the
point P = (1,1).
Here a= 1 and f(x) = YX = x3.

| Fx) = gxt
y—1x+2 _ 1X_T2
Tt -3
1 ] ] ] _ 1
" _ 33X2'
T 1
v =9 (1) = =.
| (1) =3
Point-slope form: y — 1 = 1(x — 1), or

y=3x+5.
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(3.1) Differentiation Formulas The Constant Multiple Rule

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

d d
S [r00] = e—1(x).

Proof.

FreeCalc Math 140 Lecture 11 March 12, 2013



(3.1) Differentiation Formulas The Constant Multiple Rule

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

d d
S [r00] = e—1(x).

Let g(x) = cf(x).
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(3.1) Differentiation Formulas The Constant Multiple Rule

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

d d
S [r00] = e—1(x).

Proof.
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(3.1) Differentiation Formulas The Constant Multiple Rule

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

d d
S [r00] = e—1(x).

Proof.
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(3.1) Differentiation Formulas The Constant Multiple Rule

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

d d
S [r00] = e—1(x).

Proof.
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(3.1) Differentiation Formulas The Constant Multiple Rule

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

d d
S [r00] = e—1(x).

Proof.

h
_ [y e ) — g
h—0 h
Limit Law 3: = c lim JX+H) = f(X)
h—0 h
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(3.1) Differentiation Formulas The Constant Multiple Rule

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

d d
S [r00] = e—1(x).

Proof.

h
_im c(f(x + h) — f(x))
h—0 h
Uil e = @ i (& =00
h—0 h
=C ]
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(3.1) Differentiation Formulas The Constant Multiple Rule

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

d d
S [r00] = e—1(x).

Proof.

h
_im c(f(x + h) — f(x))
h—0 h
Uil e = @ i (& =00
h—0 h
= cf'(x). O
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule)

5
Find the derivative of y = 2%
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule)
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule)

5
Find the derivative of y = 2X :

- (2o
=3 | (7))

dx
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule)

5
Find the derivative of y = 2X :
/- (E)
dy _d /2
dx dx 7
Constant Multiple Rule: = g i
P —\7 dx
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule)

5
Find the derivative of y = 2X

(e
HEm
)

1)

dx
Constant Multiple Rule: =

(
g

~NIN o
><
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule)

5
Find the derivative of y = 2X

(e
HEm
)

o

dx
Constant Multiple Rule: =

(
g

~N N

d
<5x4

~NI N
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule)

5
Find the derivative of y = 2%

= | (7))

Constant Multiple Rule: = <2> d (x°)
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule)

Find the derivative of u = —x.
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule)

Find the derivative of u = —x.

u=(-1)(x).
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule)

Find the derivative of u = —x.

=(—1)(X)
du
& 1))
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule)

Find the derivative of u = —x.

u=(-1)(x).
du d
ax — ax LD (]
Constant Multiple Rule: = (1)(%((x)
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule)

Find the derivative of u = —x.

= (—1)(X)
du
& = SN ]
Constant Multiple Rule: = (—1) ci( (x)
=(=1()
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule)

Find the derivative of u = —x.

—(—1)(X)
du
& = SN ]
Constant Multiple Rule: = (—1) ci( (x)
=(=1) (1)
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule)

Find the derivative of u = —x.

= (—1)(X)
du
& = SN ]
Constant Multiple Rule: = (—1)(%((x)
=(=1) )
=—1.
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule, Negative
Exponent)

o

Find the derivative of t = —
X
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule, Negative
Exponent)

o

Find the derivative of t = —
X

t = (2r) (x—“) .
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule, Negative
Exponent)

Find the derivative of t = i—j.
t = (2r) (x—“) .

3 = ax 1@ ()]
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule, Negative
Exponent)

2T
x4 '

S’i X[ (X )

Constant Multiple Rule: = (27) dix (X_4)

Find the derivative of t =

FreeCalc Math 140 Lecture 11 March 12, 2013



(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule, Negative
Exponent)

Find the derivative of = 2—2.
X
t = (2r) (x—“).
dt d 4
o~ ax @0 ()]
, . d / 4
Constant Multiple Rule: = (2) dx (x )
= (2n) ( )
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule, Negative
Exponent)

Find the derivative of = 2—2.
X
t = (2r) (x—“) .

dt d 4

x = ax 1@ ()]
, . d / 4
Constant Multiple Rule: = (2) dx (x )
= (2m) ( — 4X75)
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(3.1) Differentiation Formulas The Constant Multiple Rule

Example (Constant Multiple Rule, Power Rule, Negative
Exponent)

Find the derivative of t = i—j.
t = (2r) (x—“) .

o~ ax [ ()]

Constant Multiple Rule: (27r) — ( )
= ( 4x°)
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(3.1) Differentiation Formulas The Sum and Difference Rules

Theorem (The Sum Rule)
Iff and g are both differentiable, then

d d d
e [[X) + 9] = (%) + —-g(x).

[
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(3.1) Differentiation Formulas The Sum and Difference Rules

Theorem (The Sum Rule)
Iff and g are both differentiable, then

d d d
e [[X) + 9] = (%) + —-g(x).

Let F(x) = f(x)+ g(x).
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(3.1) Differentiation Formulas The Sum and Difference Rules

Theorem (The Sum Rule)
Iff and g are both differentiable, then

d d d
e [[X) + 9] = (%) + —-g(x).

Let F(x) = f(x)+ g(x).

Then F/(o0)= lim ) = Bx)
h—0 h
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(3.1) Differentiation Formulas The Sum and Difference Rules

Theorem (The Sum Rule)
Iff and g are both differentiable, then

d d d
e [[X) + 9] = (%) + —-g(x).

Let F(x) = f(x)+ g(x).

Then F'(x) = lim AN
i O B) + (x4 )] — [£06) + g(x)]
0 h
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(3.1) Differentiation Formulas The Sum and Difference Rules

Theorem (The Sum Rule)
Iff and g are both differentiable, then

d d d
e [[X) + 9] = (%) + —-g(x).

Let F(x) = f(x)+ g(x).

Then F'(x) = lim F(”hg_ Fx)
i O h) +g0x + ] = [f(x) + g(x)]
 h=0 h
_im [fxE ) — £ gx+ h) — g(x)
h—0 h h
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(3.1) Differentiation Formulas The Sum and Difference Rules

Theorem (The Sum Rule)
Iff and g are both differentiable, then

d d d
e [[X) + 9] = (%) + —-g(x).

Let F(x) = f(x)+ g(x).

Then F'(x) = lim F(”hg_ Fx)
_ jim FOHh) + g(x + )] = [f(x) + g(x)]
 h=0 h
_im [fOEh) — f) g+ h) — g(x)
h—0 h h
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(3.1) Differentiation Formulas The Sum and Difference Rules

Theorem (The Sum Rule)
Iff and g are both differentiable, then

d d d
e [[X) + 9] = (%) + —-g(x).

Let F(x) = f(x)+ g(x).

Then F'(x) = lim F(”hg_ Fx)
_ jim O+ h) +g0x + M) = [f(x) + g(x)]
 h=0 h
_im [fE) —fx) g+ h) — g(x)
h—0 h h
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(3.1) Differentiation Formulas The Sum and Difference Rules

Theorem (The Sum Rule)
Iff and g are both differentiable, then

d d d
000+ 90T = 100 + —g(x)

Let F(x) = f(x)+ g(x).

Then F'(x) = lim Flx+ ’2 — F(x)
o [OCH ) + g0+ )]~ [£(06) + g(x)]
 h=0 h
— lim f(x+h)—f(x)+g(x+h)—g(x)
h—0 h h
Limit Law 1: = Jim JXEM =100 |y g+ h) = g(x)
h—0 h—0 h
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(3.1) Differentiation Formulas The Sum and Difference Rules

Theorem (The Sum Rule)
Iff and g are both differentiable, then

d d d
000+ 90T = 100 + —g(x)

Let F(x) = f(x)+ g(x).

Then F'(x) = lim Flx+ ’2 — F(x)
o [OCH ) + g0+ )]~ [£(06) + g(x)]
 h=0 h
— lim f(x+h)—f(x)+g(x+h)—g(x)
h—0 h h
Limit Law 1: = Jim JXEM =100 |y g+ h) = g(x)
h—0 h h—0 h

= f'(x) + g'(x). O
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Sum Rule can be extended to any number of summands. For
instance, using the theorem twice, we get

(f+g+h =[(f+9)+h =(Ff+g9)+H=F+g +H.
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Sum Rule can be extended to any number of summands. For
instance, using the theorem twice, we get

(f+g+h =[(f+9)+h =(Ff+g9)+H=F+g +H.

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

Theorem (The Difference Rule)
Iff and g are both differentiable, then

21100~ 9] = S10x) ~ 2 g(x).
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

It y—x®+2v3x" —4x3+ X _5

8
dy
Then dx
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

It y—x®+2v3x" —4x3+ X _5

8
dy d / 4 7 3, X
Then d—x_dx( 1+ 2V38x7 — 4x +8—5)
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

It y—x®+2v3x" —4x3+ X _5

8
Then giz ;)'(( 16+2\@x7—4x3+g—5)
= 3 (%) + L (2vax) - L () + L ()= L 5)
dx dx dx dx \8 dx
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

It y—x®+2v3x" —4x3+ X _5

8
Then gi . :)'( (x'® +2\@x7 —ax® 4 g -5)
- ddx ( 16) * ax <2fx ) ddx (4X3> + d(i( (g) - ddx (%)

— 4 (49) +2VB 1 () 45 () + 55 (0 - . 6)
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

I y:x16+2\@X7—4x3+%—5,

dy d / 4 7 3, X
Then d—x_d—x(x 1+ 2V38x7 — 4x +8—5>

_ddx(16)+d<2fx) ddx (4XS>+d(i((;)_d(jx(5)
_ dcj( (x16) +2\/§d—x (x7) 4;)( (XS) + L i(X) - i(5)
( +2vB( )-a( ) +5l
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

I y:x16+2\/§x7—4x3+g—5,

dy d / 4 7 3, X
Then d—x_d—x(x 1+ 2V38x7 — 4x +8—5)

- ddx( 16)+d7<2fx> ddx (4X3>+d(i((;)_ddx(5)
= 3 (%) +2v3L () -4 () + 1L (- L s
= (16x"%) +2v3( ) -4( )+1(
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

I y:x16+2\@X7—4x3+%—5,

dy d / 4 7 3, X
Then d—x_d—x(x 1+ 2V38x7 — 4x +8—5>

d
_ddx(16)+d<2fx) ddx (4XS>+dCi((;)_dx(5)
S () 25 )4 ()1 g S g
—(tex)+2v3( ) -4 )+l
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

I y:x16+2\@X7—4x3+%—5,

dy d / 4 7 3, X
Then d—x_d—x(x +2\@x — 4x +8—5>

d
- ddx ( 16) *dx <2fx ) ddx (4XS> + ci( (g) Cdx ()
8 ) s 2a () a () 1S
— (16x'9) 123 (7x°) —4( ) + ¢
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

I y:x16+2\@X7—4x3+%—5,

dy d / 4 7 3, X
Then d—x_d—x(x +2\@x — 4x +8—5>

d
- ddx ( 16) *dx <2fx ) ddx (4XS> + ci( (g) Cdx ()
= O () +2vBS () a0 () + 1S - T 6)
— (16x') +2v3 (7x%) —4( ) +
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

I y:x16+2\@X7—4x3+%—5,

dy d / 4 7 3, X
Then d—x_d—x(x +2\@x — 4x +8—5>

d

- ddx ( 16) *ax <2fx ) ddx (4XS> * ci( (g) “ax
= Oi( (x16) +2\/§d7 (x7) - 4(;'( (x3) 19602
= (16x'5) +2v/3 (7x¢) -4 (3x®) + Y
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

I y:x16+2\@X7—4x3+%—5,

dy d / 4 7 3, X
Then d—x_d—x(x +2\@x — 4x +8—5>

- ddx ( 16) T dx <2fx ) ddx (4XS> * ci( (g) ; ddx ®)
= O () +2v3 () a0 () + 1 2 - D)
= (16x%) + 23 (7x°) — 4 (3x®) + Ay
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

I y:x16+2\@X7—4x3+%—5,

dy d / 4 7 3, X
Then d—x_d—x(x +2\@x — 4x +8—5>

- ddx ( 16) T dx <2fx ) ddx (4XS> * ci( (g) ; ddx ®)
= O () +2v3 () a0 () + 1 2 - D)
= (16x%) + 23 (7x°) — 4 (3x®) + e
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

I y:x16+2\@X7—4x3+%—5,

dy d / 4 7 3, X
Then d—x_d—x(x +2\@x — 4x +8—5>

- ddx ( 16) T dx <2fx ) ddx (4XS> * ci( (g) ; ddx ®)
= O (%) +2v32 () a0 () + 1 S - T ()
= (16x%) + 23 (7x°) — 4 (3x®) + e
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

I y:x16+2\@X7—4x3+%—5,

dy d / 4 7 3, X
Then d—x_d—x(x +2\@x — 4x +8—5>

- ddx ( 16) tax <2fx ) dd (4X > ddx (;) - ddx ()

— 5 (%) +2V35 () — 45 () + gy 00— 5, ©)

= (16x'%) +2V3 (7x°) -4 (3x?) +%(1) - (0)
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(3.1) Differentiation Formulas The Sum and Difference Rules

The Constant Multiple Rule, the Sum Rule, the Difference Rule, and
the Power Rule can be combined to differentiate any polynomial.

Example (Derivative of a Polynomial)

I y:x16+2\@X7—4x3+%—5,

dy d / 4 7 3, X
Then d—x_d—x(x +2\@x — 4x +8—5>

- ddx ( 16) tax <2fx ) dd (4X > ddx (;) - ddx ()

- Oi( (x16) +2\/§d7 (x7) — 4(3( (x3) n ;:X (x) — cﬂ( (5)

4
_ 15 6\ 2 _ _

— (16x )+2f3(7x) 4(3x)+8(1) (0)
:16x15+14\@x6—12x2+%.
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(3.1) Differentiation Formulas The Sum and Difference Rules

Example (Difference Rule, Negative Fractional Exponents)

3VX — I
—

Differentiate v =
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(3.1) Differentiation Formulas The Sum and Difference Rules

Example (Difference Rule, Negative Fractional Exponents)

3vx —Vx
—
vx VX

X X

Differentiate v =
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(3.1) Differentiation Formulas The Sum and Difference Rules

Example (Difference Rule, Negative Fractional Exponents)

3vx —Vx
—
vx VX

X X
v=3 —
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(3.1) Differentiation Formulas The Sum and Difference Rules

Example (Difference Rule, Negative Fractional Exponents)

3vx —Vx
—
vx  Vx

X X
v=23x"12_

Differentiate v =
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(3.1) Differentiation Formulas The Sum and Difference Rules

Example (Difference Rule, Negative Fractional Exponents)

3vx —Vx
—
vx  Vx

X X
v =3x"12_ x=2/3

Differentiate v =
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(3.1) Differentiation Formulas The Sum and Difference Rules

Example (Difference Rule, Negative Fractional Exponents)

3
Differentiate v = W
_gVXx VX
T X X
v =3x"12_ x=2/3
- dv_d ey 9 a3
Difference Rule: dx d—X(SX ) dx (x—=/*)
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(3.1) Differentiation Formulas The Sum and Difference Rules

Example (Difference Rule, Negative Fractional Exponents)

3

Differentiate v = S\Fx\&

_gVX VX

T X X

v=23x12_x283

. cdv o d gy d o
Difference Rule: g _dX(S ) dx(x )
, . _ a9 ey d o3
Constant Multiple Rule: = Sd—x(x ) — dx(x )
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(3.1) Differentiation Formulas The Sum and Difference Rules

Example (Difference Rule, Negative Fractional Exponents)

_ 3
Differentiate v = S\Fx\&
_gVX VX
T X X
v=238x"12_x"283

- dv_d ey 9 a3
Difference Rule: dx d—X(SX ) dx (x—=/*)
; . _a9d ey do o
Constant Multiple Rule: = Sd—x(x ) — dx (x=/%)

Power Rule: =3 ( ) - ( )
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(3.1) Differentiation Formulas The Sum and Difference Rules

Example (Difference Rule, Negative Fractional Exponents)

3

Differentiate v = S\Fx\&

_gVX VX

X X

v=23x12_x283

- cdv o d gy Ao
Difference Rule: g _dX(S ) dx(x )
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Constant Multiple Rule: Sd—x( ) dx( )
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(3.1) Differentiation Formulas The Sum and Difference Rules

Example (Difference Rule, Negative Fractional Exponents)

_ 3
Differentiate v = S\Fx\&
_gVX VX
X X
v=23x"12_x2/8
- dv_d ey 9 a3
Difference Rule: dx d—X(SX ) dx (x—=/*)

Constant Multiple Rule: = 3(;'(()(—1/2) — g()(—"2/3)

Power Rule: =3 < _ ;X—3/2> 3 ( )
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(3.1) Differentiation Formulas The Sum and Difference Rules

Example (Difference Rule, Negative Fractional Exponents)

3
Differentiate v = S\Fx\&
_gVX VX
T X X
v =3x"12_ x=2/3
- dv._d . 1p2 —2/3
Difference Rule: — = —(3x~'/¢) — —(x"/°)

dx dx
Constant Multiple Rule: = S—X(x

. 1 3 2 53
Power Rule: _3< 2x ) ( 3x
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(3.1) Differentiation Formulas The Sum and Difference Rules

Example (Difference Rule, Negative Fractional Exponents)

3vx —¥/x
—

Differentiate v =

i . W _ 9 gty 9
Difference Rule: ax dx(3X )

Constant Multiple Rule: = 3(;'(()(—1/2) — i(x—2/3)

Power Rule: =3 < — ;x_3/2> _ (— 2x_5/3>

— 2 -5/3 _ § —3/2_
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

Derivatives of Exponential Functions

Compute the derivative of f(x) = a* using the definition:
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

Derivatives of Exponential Functions

Compute the derivative of f(x) = a* using the definition:

f(x + h) — f(x)

o0 = fy
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

Derivatives of Exponential Functions

Compute the derivative of f(x) = a* using the definition:

. f(x+h) —f(x) . ath—a&
! _ m — m
Fix) = f|7|—>0 h B II7I—>O h
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

Derivatives of Exponential Functions

Compute the derivative of f(x) = a* using the definition:

. f(x+h) —f(x) . ath-a&
! _ i
00 = T =
. a¥ah—a*
- fLILno h

FreeCalc Math 140 Lecture 11 March 12, 2013



(3.1) Differentiation Formulas Derivatives of Exponential Functions

Derivatives of Exponential Functions

Compute the derivative of f(x) = a* using the definition:

. f(x+h) —f(x) . ath—a&
! _ i
e
. aah— a
- fLILno h
_aa@ 1)
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

Derivatives of Exponential Functions

Compute the derivative of f(x) = a* using the definition:

. f(x+h) —f(x) . ath—a&
! _ m — m
Fix) = f|7|—>0 h B II7I—>O h
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

Derivatives of Exponential Functions

Compute the derivative of f(x) = a* using the definition:

. f(x+h) —f(x) . ath—a&
! _ —
10 = fim P g
_jm &E
0 h
h_
_ jjm &@1)
h—0 h

h 4
= a* lim

a —
h—0 h
= a*f'(0).
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

We have shown that, if f(x) = a* is differentiable at 0, then it is
differentiable everywhere, and
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

We have shown that, if f(x) = a* is differentiable at 0, then it is
differentiable everywhere, and

f(x) = £ (0)a".

It is a fact that, for all positive a, the limit lim;_,q 5"77‘1 exists (we will not
prove this). Approximations for a =2 and a = 3 appear below.

h_ h_
lim 2 -1 ~ 0.693147, lim 3 -1

lim — lim — ~ 1.098612.
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

We have shown that, if f(x) = a* is differentiable at 0, then it is
differentiable everywhere, and

f(x) = £ (0)a".

It is a fact that, for all positive a, the limit lim;_,q 5"77‘1 exists (we will not
prove this). Approximations for a =2 and a = 3 appear below.

h_ h_ 1
lim 2 -1 ~ 0.693147, lim 3

~ 1. 12.
h—0 h h—0 h 0986

Then the derivative of f(x) = & exists for all positive a.
Approximations for a = 2 and a = 3 appear below.

d X\ o X d X\ o X
(@)~ (069)2%, (39~ (1.10)3".
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

If f(x)=a*, then f(x)=f(0)a".
The simplest differential formula occurs when f/(0) = 1. Since
lims_,0 221 ~ 0.69 and lim,,_,o ¥=1 ~ 1.10, we expect there is a

number a between 2 and 3 such that limp_,q ahh‘1 =1.

y = 2X y = 3X
m ~ 0.693147 m ~ 1.09861

. . — .

FreeCalc Math 140 Lecture 11 March 12, 2013



(3.1) Differentiation Formulas

If f(x) = &,

then f'(x)=

Derivatives of Exponential Functions

f(0)a".

The simplest differential formula occurs when f/(0) = 1. Since

limp_o —‘ ~ 0.69 and limp_,o 3—

Definition (e)

e is the number such that lim,_,o €= = 1.

m ~ 0.693147
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(3.1) Differentiation Formulas

If f(x) = &,

then f'(x)=

f(0)a".

Derivatives of Exponential Functions

The simplest differential formula occurs when f/(0) = 1. Since

limp_o —‘ ~ 0.69 and limp_,g 3—

~ 1.10, we expect there is a

=1.

Definition (e)

o g h__
e is the number such that limp_,o &+ = 1.

y = 2X y = e)( y = 3X
m ~ 0.693147 m=1 m ~ 1.09861
: : : / :
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

Definition (Natural Exponential Function)
e* is called the natural exponential function. Its derivative is

d »
d—XeX_e.
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

Example (Derivative of a Polynomial and the Natural Exponential
Function)

Differentiate y = & + x.
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

Example (Derivative of a Polynomial and the Natural Exponential
Function)

Differentiate y = & + x.
d d d
& = () + (")
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

Example (Derivative of a Polynomial and the Natural Exponential
Function)

Differentiate y = & + x.
d d d
& = () + o (x)
= +
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

Example (Derivative of a Polynomial and the Natural Exponential
Function)

Differentiate y = & + x.

d.y_ d X d 7
d7_d7(e)+d7(x)
=e"+
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

Example (Derivative of a Polynomial and the Natural Exponential
Function)

Differentiate y = & + x.

dY_d X g 7
d_x_d_x(e)+dx(x)
— e+
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(3.1) Differentiation Formulas Derivatives of Exponential Functions

Example (Derivative of a Polynomial and the Natural Exponential
Function)

Differentiate y = & + x.

dY_d X g 7
d_x_d_x(e)+dx(x)
— e 4+ 7x5.
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