Math 140

Lecture 14

Greg Maloney
with modifications by T. Milev
University of Massachusetts Boston

March 28, 2013

FreeCalc Math 140 Lecture 14 March 28, 2013



@ (2.6) Implicit Differentiation

FreeCalc Math 140 Lecture 14 March 28, 2013



@ (2.6) Implicit Differentiation

e (6.4) Derivatives of Logarithmic Functions
@ Logarithmic Differentiation

FreeCalc Math 140 Lecture 14 March 28, 2013



(2.6) Implicit Differentiation

Implicit Differentiation

@ So far, we have seen functions with formulas that express one
varable explicitly in terms of the other.
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Implicit Differentiation

@ So far, we have seen functions with formulas that express one
varable explicitly in terms of the other.
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@ Some functions are given implicitly by a relation between x and y.
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(2.6) Implicit Differentiation

Implicit Differentiation

@ So far, we have seen functions with formulas that express one
varable explicitly in terms of the other.

@ y=+vx3+1,y=xsinx, etc.
@ Some functions are given implicitly by a relation between x and y.
@ x2 + y? = 25 isn’t the equation of any one function.
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(2.6) Implicit Differentiation

Implicit Differentiation

@ So far, we have seen functions with formulas that express one
varable explicitly in terms of the other.

o y=vVx3+1,y=xsinx, etc.

@ Some functions are given implicitly by a relation between x and y.
@ x? 4 y? = 25isn’'t the equation of any one function.

o Implicitly it gives two functions y = v/25 — x2 and y = —v/25 — x2.
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(2.6) Implicit Differentiation

Implicit Differentiation

@ So far, we have seen functions with formulas that express one
varable explicitly in terms of the other.

o y=vVx3+1,y=xsinx, etc.

@ Some functions are given implicitly by a relation between x and y.
@ x2 + y? = 25 isn’t the equation of any one function.

@ Implicitly it gives two functions y = v/25 — x2 and y = —v/25 — x2.
@ How do we differentiate this?
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(2.6) Implicit Differentiation

Implicit Differentiation

@ So far, we have seen functions with formulas that express one
varable explicitly in terms of the other.

o y=vVx3+1,y=xsinx, etc.

@ Some functions are given implicitly by a relation between x and y.
@ x? 4 y? = 25isn’'t the equation of any one function.

@ Implicitly it gives two functions y = v25 — x2 and y = —v/25 — x2.
@ How do we differentiate this?

o Differentiate both sides with respect to x, and then solve for y’.
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(2.6) Implicit Differentiation

Example

Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
(_27 2)

L
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(2.6) Implicit Differentiation

Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
(_27 2)

Find gi, given (x —1)? + (y+2)2 =25
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(2.6) Implicit Differentiation

Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
(_27 2)

m Find gy, given (x —1)2 +(y +2)? =25 :

O% ((x— 1)2) + (y+2)2> - Oi((25)

_|_ =

~—

Sle
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(2.6) Implicit Differentiation

Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
(_27 2)

Find d—y, given (x —1)?

dx +(y+2)2=25;
ddx((x—12)+£(<y+2 ) (25)

2(X1)£((X1)+ =
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(2.6) Implicit Differentiation

Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
(_27 2)

dy

Find dx’

given (x —1)? + (y+2)2 =25
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(2.6) Implicit Differentiation

Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
(_27 2)

_dy
m Find d%, given (x —1)2 + (y +2)2 = 25 -

;}'( ((x— 1)2) + di (y+2)2) - Oi((25)
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(2.6) Implicit Differentiation

Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
(_27 2)

Find gi, given (x —1)? + (y+2)2 =25
;}'( ((x— 1)2) + Oﬂ( <(y+2)2> - 0%(25)
2(x — 1)dcj((x— 1) +2(y+2)£((y+2) =
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(2.6) Implicit Differentiation

Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
(_27 2)

Find gi, given (x —1)? + (y+2)2 =25

ax (0= 17) + g (0+22) = @
2(x — 1) o (x 1)+ 2y +2) = (y +2) =0
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(2.6) Implicit Differentiation

Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
(_27 2)

Find gi, given (x —1)? + (y+2)2 =25
;}'( ((x— 1)2) + Oﬂ( <(y+2)2> - Oﬁ((25)
2(X_1)ci((x1)+2(y+2)ci((y+2):0

2(x — 1)( )+2(y+2)< > -
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Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
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(2.6) Implicit Differentiation

Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
(_27 2)

Find gi, given (x —1)? + (y+2)2 =25
;}'( ((x— 1)2) + Oﬂ( <(y+2)2> - Oﬁ((25)
2(x — 1)dcj((x— 1) +2(y+2)ci((y+2) =0

2(x — 1)(1) +2(y +2) (jﬁ) -
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(2.6) Implicit Differentiation

Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
(_27 2)

Find gi, given (x —1)? + (y+2)2 =25
;}'( ((x— 1)2) + Oﬂ( <(y+2)2> - Oﬁ((25)
2(x — 1)dcj((x— 1) +2(y+2)£((y+2) =0

2(x—1)(1)+2(y+2) (K) =0

2(y +2) <g§) =2(1-x)
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(2.6) Implicit Differentiation

Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
(_27 2)

Find gi, given (x —1)? + (y+2)2 =25
;}'( ((x— 1)2) + Oﬂ( <(y+2)2> - Oﬁ((25)
2(x — 1)dcj((x— 1) +2(y+2)£((y+2) =0

2(x—1)(1)+2(y+2) (K) =0

2(y +2) <g§) =2(1-x)

dl_1—x
dx y+2
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(2.6) Implicit Differentiation

Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
(_27 2)

Find & given (x —1)? +(y +2)? =25

d77
Of)'( ((x— 1)2) + Oﬂ( <(y+2)2> - Oﬁ((25)
2(x—1)ci((x—1)+2(y+2)£((y+2):0
dy
Plug in (_2.2) 2(x — 1)(1)+2(y +2) (dx> =0
dy 142 3 dy\ _
=5 s 2(y+2)<dx>_2(1—x)
dy 1-x
dx  y+2
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(2.6) Implicit Differentiation

Example

Find an equation of the tangent line to (x — 1) + (y + 2)2 = 25 at
(_27 2)

i . . d .
m Find d—i, given (x —1)2 + (y+2)> =25

Of)'( (c=1)2) + Oﬂ( (v +2?) = Oﬁ((25)
2(x — 1)dcj((x— 1) +2(y+2)dci((y+2) =0
dy
Plug in (—2,2) - 2(x—1)(1)+2(y +2) <dx> =0
dy 1+2 3 dy\
dx — 2424 2(y+2)<dx>_2(1—x)
Point-slope form: dl o 1—x

dx 2
y—2:%(x+2) X y+
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(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.
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(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.

Cf)l((sin(x +y) = Oﬂ((y2 oS X)
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(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.

S (sin(x +y)) = < (y?cos x)
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(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.

S (sin(x +y)) = < (y?cos x)

(cos(x + ) (x +) =
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(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.

C?X(sin(x +y) = Cfx(y2 oS X)

(cos(x + ) (x +) =
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(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.

dd (sin(x + y)) = —(y? cos x)

dx
(v

(G0S(x + Y) g (X + ) = (1) (608 X) + (c08 X) + (1)
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(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.

Cf)l((sin(x +y)) = O(Ij(y2 coS X)

(G0 (x + ) (X +¥) = (%) S (c05 %) + (c0s x) ()
sty () =0A  )+(eosx( )
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(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.

Cf)l((sin(x +y)) = O(Ij(y2 coS X)

(G0 (x + ) (X +¥) = (%) S (c05 %) + (c0s x) ()
Cos(x 4y (1+Y) =02 )+ (eosx)( )
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(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.

Cf)l((sin(x +y)) = O(Ij(y2 coS X)

(G0S(x + Y) g (X + ) = (1) (608 X) + (c08 X) (1)
Cos(x 1) (14¥) =02 ) +(eosx)( )
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(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.

Cf)l((sin(x +y)) = O(Ij(y2 coS X)

(G0S(x + Y) g (X + ) = (1) (608 X) + (c08 X) (1)
(Gos(x + 1)) (14¥) = (2)(~ sinx) + (cos x)( )

FreeCalc Math 140 Lecture 14 March 28, 2013



(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.

Cf)l((sin(x +y)) = O(Ij(y2 coS X)

(G0S(x + y) g (X + ) = () (608 X) + (c0s ) (1)
(cos(x + 1)) (14¥) = (2)(~sinx) + (cosx)( )
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(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.

Cf)l((sin(x +y)) = O(Ij(y2 coS X)

(G0 (x + Y)) (X +¥) = (%) - (c0s %) + (cos ) © (1)
(005t YN (1 +7) = () - im0 + com)2y)
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(2.6) Implicit Differentiation

Find y’ if sin(x + y)

Cf)l((sin(ery)) =

= y2cos X.

O(Ij(y2 coS X)

(G0 (x + Y)) (X +¥) = (¥?) S (c05 %) + (08 x) = (1)

(cos(x +y)) (1

+y) =

cos(x +y) + y' cos(x +y) =

FreeCalc Math 140

Lecture 14

= (y? )( — sin x) + (cos x)(2yy")

—y?sinx + 2yy’ cos x
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(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.
d, . d
g (Sin(x + 1)) = d—(y2 oS X)

(G0 (x + Y)) (X +¥) = (¥?) S (c05 %) + (08 x) = (1)

(cos(x +y)) (1+y') =

cos(x +y) + y' cos(x +y) =

y'cos(x + y)

FreeCalc Math 140

—2yy'cosx =

Lecture 14

= (y? )( — sin x) + (cos x)(2yy")

—y?sinx + 2yy’ cos x
—y?sinx — cos(x + y)
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(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.
d, . d
g (Sin(x + 1)) = d—(y2 oS X)

(G0 (x + Y)) (X +¥) = (¥?) S (c05 %) + (08 x) = (1)

(cos(x +y)) (1+y') =

cos(x +y) + y' cos(x +y) =

y'cos(x + y)
Factor:  y/(cos(x + y)

FreeCalc Math 140

—2yy'cosx =
—2ycosx) =

Lecture 14

= (y? )( — sin x) + (cos x)(2yy")

—y?sinx + 2yy’ cos x
—y?sinx — cos(x + y)
—y?sinx — cos(x + y)

March 28, 2013



(2.6) Implicit Differentiation

Find y' if sin(x + y) = y?cos x.

Cf)l((sin(x +y)) = O(Ij(y2 coS X)

(G0 (x + Y)) (X +¥) = (¥?) S (c05 %) + (08 x) = (1)
(cos(x +y)) (1+Y) = (¥ )( —sinx) + (cos x)(2yy’)
cos(x + y) + y' cos(x + y) = —y?sinx + 2yy’ cos x
y'cos(x + y) — 2yy'cos x = —y? sin x — cos(x + y)
Factor: y'(cos(x + y) — 2y cos x) = —y? sin x — cos(x + y)

,  —y?sinx —cos(x + y)
= cos(x + y) —2ycosx
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.

4x3 +4y°y' =0
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.

4x3 +4y°y' =0

A
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.

4x3 +4y°y' =0
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.

4x3 +4y°y' =0

/ X3
y = Ty
-9 X3\ RO X5 0P)
dx \ 3 (v3)?
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.

4x3 +4y°y' =0

/ X3
yr= (8 Ya00) — ()
dx \ y8 (y3)2
AR )
_ r
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.

4x3 +4y°y' =0

/ X3
yr= (8 Ya00) — ()
dx \ y8 (y3)2
YR =X )
_ r
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.

4x3 +4y°y' =0

/ X3
y//_g _LB _ _y3ddx(X3)_X3ddx(y3)
dx \ y° (ve)?
_ Ve -4 )
= y6
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.

4x3 +4y°y' =0

/ x3
yr= 4 () _ _Pa) — PG00
dx \ 8 (y3)2
_YRx®) - X33y%y)
- — 5
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.

4x3 +4y°y' =0

/ X3
y = - }ﬁ
y// _ g _LB _ ySC%((XS) — Xsd%(y3)
dx \ 3 (¥3)?
I A )
= - y6 = yE
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.

4x3 +4y°y' =0

/ X3
y = - ye
y// _ g _LB _ ySC%((XS) — Xsd%(y3)
dx \ y® (v®)?
3
PR - CEyYy) 3x2y3 — 3x3y2 (—%)
y® y®
2(,3  x*
- 3X“(y°+ %)
-
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.

4x3 +4y°y' =0

/ X3
y = - ye
//_g _LB _ _y3§7(x3)_x3d%(y3)
Y max e ()2
3
Y3(3x2) — X3@3y2y) 3x2y3 — 3x3y2 (—%)
= - y6 = yE
4 4
3(P+ 2 3 (5F)
= y6 - y6
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.

4x3 +4y°y' =0

/ X3
y = - ye
y// _ g _LB _ ySC%((XS) _ Xsd%(y3)
dx \ 3 (¥3)?
3
Bx3) - BBy 3x2y3 — 3x3y2 (—%)
- ys - ye
A o [ yrext
_aRpRE) (5
- ye - y8
3x2(y* + x4)
= — T
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.
4x3 +4y°y' =0

/ X3
y = - ye
y//: g _LB _ ySC%((XS)_XSd%(}ﬁ)
dx \ 3 (¥3)?
3
Bx3) - BBy 3x2y3 — 3x3y2 (—%)
- y6 - y6
4 ) 4+ 4
B 3x2(y° + ) B 3x (—y yx )
- ye - ye
3x2(y* + x*) 3x2(16)
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(2.6) Implicit Differentiation

Find y” if x* 4+ y* = 16.

4x3 +4y°y' =0

/ X3
y = - ye
y// _ g _LB _ yS(%((XS) _ Xsd%(y:a)
dx \ y2 (y8)?
3
PR - CEyYy) 3x2y3 — 3x3y2 (—%)
y® y®
4 ) 4+ 4
B 3y + 57) B 3x (—y yx>
7
3x2(y* + x4 3x%(16) x?
y Yy y
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(6.4) Derivatives of Logarithmic Functions

Derivatives of Logarithmic Functions

Theorem (The Derivative of log,, x)

9 log, x) =
dx 9a ~ xlna’

[
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(6.4) Derivatives of Logarithmic Functions

Derivatives of Logarithmic Functions

Theorem (The Derivative of log,, x)

i(Io X) =
ax 9% = Sng
Let y =log, x.
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(6.4) Derivatives of Logarithmic Functions

Derivatives of Logarithmic Functions

Theorem (The Derivative of log,, x)

i(Io X) =
dx 9aX) = xlna’
Let y =log, x.
Then & = x.
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(6.4) Derivatives of Logarithmic Functions

Derivatives of Logarithmic Functions

Theorem (The Derivative of log,, x)

i(Io X) =
dx 9aX) = xlna’
Let y =log, x.
Then & = x.

Differentiate implicitly: =
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(6.4) Derivatives of Logarithmic Functions

Derivatives of Logarithmic Functions

Theorem (The Derivative of log,, x)

i(Io X) =
dx 9aX) = xlna’
Let y =log, x.
Then & = x.

Differentiate implicitly: &’ (Ina)y’ =
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(6.4) Derivatives of Logarithmic Functions

Derivatives of Logarithmic Functions

Theorem (The Derivative of log,, x)

9 log, x) =
dx 9aX) = xlna’
Let y =log, x.
Then & = x.

Differentiate implicitly: &'(Ina)y’ =
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(6.4) Derivatives of Logarithmic Functions

Derivatives of Logarithmic Functions

Theorem (The Derivative of log,, x)

9 log, x) =
dx 9aX) = xlna’
Let y =log, x.
Then & = x.

Differentiate implicitly: &(Ina)y’ = 1
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(6.4) Derivatives of Logarithmic Functions

Derivatives of Logarithmic Functions

Theorem (The Derivative of log,, x)

i(Io X) =
adx 9a%) = xlna
Let y =log, x.
Then & = x.
Differentiate implicitly: &'(Ina)y’ =1
;o
Y= Pna
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(6.4) Derivatives of Logarithmic Functions

Derivatives of Logarithmic Functions

Theorem (The Derivative of log,, x)

9 log, x) =
dx 9aX) = xlna’
Let y =log, x.
Then & = x.

Differentiate implicitly: &'(Ina)y’ =1
1

a’lna
1

~ xlna’

y' =
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule)

Differentiate  f(x) = logs(5* + 1).

FreeCalc Math 140 Lecture 14 March 28, 2013



(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule)

Differentiate  f(x) = logs(5* + 1)
Let h(x) =
Let g(x)=
Then f(x) = g(h(x))
Lecture 14 March 28, 2013
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule)

Differentiate  f(x) = logs(5* + 1)
Let h(x)=5"+1.
Let g(x)=
Then f(x) = g(h(x))
Lecture 14 March 28, 2013
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule)

Differentiate  f(x) = logs(5* + 1)
Let h(x)=5"+1.
Let g(x)=
Then f(x) = g(h(x))
Lecture 14 March 28, 2013
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule)

Differentiate  f(x)
Let h(x)=5"+1.
Let g(x)

Then f(x) = g(h(x)).
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule)

Differentiate  f(x) = logs(5* + 1)
Let h(x)=5"+1.
Let g(x) = logs x
Then f(x) = g(h(x))
Chain Rule: f'(x) = g'(h(x))H (x)
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule)

Differentiate  f(x) = logs(5* + 1)
Let h(x) =5 +1.
Let g(x) = logs x.
Then f(x) = g(h(x)).
Chain Rule: f'(x) = g'(h(x))H (x)
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule)

Differentiate  f(x) = logs(5* + 1)
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule)

Differentiate  f(x) = logs(5* + 1)
Let h(x) =5+ 1.
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule)

Differentiate  f(x) = logs(5* + 1)
Let h(x) =5 +1.
Let g(x) = logs x.
Then f(x) = g(h(x)).
Chain Rule: f'(x) = g'(h(x))H (x)
— 1 X
- (h(x)ln3> (5%In5)
Lecture 14 March 28, 2013
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule)

Differentiate  f(x) = logs(5* + 1)

Let h(x) =5 +1.

Let g(x) = logs x.

Then f(x) = g(h(x)).
Chain Rule: f'(x) = g'(h(x))H (x)
1 X
= (h(x)l 3> (5*In5)
5%In5

(5 +1)In3’
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(6.4) Derivatives of Logarithmic Functions

Theorem (The Derivative of log,, x)

i(|0 X) — L

ax 092X = Sina

Inx = log, X, so plug in a = e to find the derivative of In x.
i(In X) = L
dx ~ xlne
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(6.4) Derivatives of Logarithmic Functions

Theorem (The Derivative of log,, x)

i(|0 X) — L
ax 092X = Sina
Inx = log, X, so plug in a = e to find the derivative of In x.
i(In X) = L
dx ~ xlne
1
x()
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Theorem (The Derivative of log,, x)

i(|og X) = L
dx ' ¢ xlna’
Inx = log, X, so plug in a = e to find the derivative of In x.
i(In X) = L
dx xIlne
1
~ x(1)
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(6.4) Derivatives of Logarithmic Functions

Theorem (The Derivative of log,, x)

i(|og X) = L
dx ' ¢ xlna’
Inx = log, X, so plug in a = e to find the derivative of In x.
i(In X) = L
dx xIne
1
~ x(1)
1
==
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(6.4) Derivatives of Logarithmic Functions

Theorem (The Derivative of log,, x)

i(|og X) = L
dx ' ¢ xlna’
Inx = log, X, so plug in a = e to find the derivative of In x.
i(In X) = L
dx xIne
1
-~ x(1)
1
==

Theorem (The Derivative of In x)

d 1
a(InX) = }
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = IneX +Insecx
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = Ine* +Insecx
= +Insecx.
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = Ine* +Insecx
= X + Insecx.
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = IneX +Insecx
= X + Insecx.

QYA

dx u
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = IneX +Insecx
= X + Insecx.

QYA

=1
dx u
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = IneX +Insecx

= X + Insec x.
dy d
dx 1+ d—x(lnsecx)
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = IneX +Insecx

= X + Insec x.
dy d
dx 1+ d—x(lnsecx)
Let u=
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = IneX +Insecx
= X + Insecx.

dy d
dx 1+ d—x(lnsecx)

Let u= secx.
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = IneX +Insecx
= X + Insecx.

dy d
dx 1+ d—x(lnsecx)

Let u= secx.
Then Insecx = Inu.
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = IneX +Insecx
= X + Insecx.

dy d
dx 1+ d—x(lnsecx)

Let u= secx.
Then Insecx = Inu.
d du

. oy
Chain Rule: dx 1+ @(In u)d—x
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = IneX +Insecx
= X + Insecx.

dy d
dx 1+ d—x(lnsecx)

Let u= secx.
Then Insecx = Inu.
d du

. oy
Chain Rule: dx 1+ @(In u)d—x

1+ () )
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Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = IneX +Insecx
= X + Insecx.

dy d
dx 1+ d—x(lnsecx)

Let u= secx.
Then Insecx = Inu.
d du

. oy
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = IneX +Insecx
= X + Insecx.

dy d
dx 1+ d—x(lnsecx)

Let u= secx.
Then Insecx = Inu.
d du

. oy
Chain Rule: dx 1+ @(In u)d—x

1+ ()¢ )
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = IneX +Insecx
= X + Insecx.

g}; =1+ c;I;(Insecx)
Let u= secx.
Then Insecx =Inu.
d du

. oy
Chain Rule: dx 1+ @(In u)d—x

=1+ <L> (sec xtanx)
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = IneX +Insecx
= X + Insecx.

3}; =1+ c;I;(Insecx)
Let u= secx.
Then Insecx =Inu.
d du

- cdy . d 9
Chain Rule: dx 1+ du(ln u)dx

=1+ <l> (sec xtanx)

sec x tan x

1
=1+
Sec x
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(6.4) Derivatives of Logarithmic Functions

Example (Chain Rule, Natural Logarithm)

Differentiate y = In(e* sec x).
y = IneX +Insecx
= X + Insecx.

3}; =1+ c;I;(Insecx)
Let u= secx.
Then Insecx =Inu.
d du

- cdy . d 9
Chain Rule: dx 1+ du(ln u)dx

=1+ <L> (sec xtanx)

sec x tan x

1
=1+
SEec x
=1+ tanx.
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(6.4) Derivatives of Logarithmic Functions

Find /(x) if f(x) = In |x].
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(6.4) Derivatives of Logarithmic Functions

Find /(x) if f(x) = In |x].

In x if x>0
f(x) :{ In(—x) ifx<0
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(6.4) Derivatives of Logarithmic Functions

Find /(x) if f(x) = In |x].

In x if x>0
f(X):{ In(—x) ifx<0

f’(x):{ if x>0

if x <0
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(6.4) Derivatives of Logarithmic Functions

Find /(x) if f(x) = In |x].

In x if x>0
f(X):{ In(—x) ifx<0

1

f'(x) = { =

if x>0
if x <0
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(6.4) Derivatives of Logarithmic Functions

Find /(x) if f(x) = In |x].

In x if x>0
f(x) :{ In(—x) ifx <0

1

f'(x) = { x

if x>0
if x <0
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(6.4) Derivatives of Logarithmic Functions

Find /(x) if f(x) = In |x].

In x if x>0
f(X):{ In(—x) ffx<0 -

i if x>0
/ — X
f(x)—{ S(—1) ifx<0
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(6.4) Derivatives of Logarithmic Functions

Find f/(x) if f(x) = In |x].

In x if x>0
f(X):{ In(—x) fx<0

i if x>0
/ — X
f(x)—{ L(-1) ifx<0

B { I ifx>0
= 1 )
x fx<0
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(6.4) Derivatives of Logarithmic Functions

Find /(x) if f(x) = In |x].

09={ Nt ez
1 ifx>0
L(-1) ifx<0
ifx>0
ifx <0

f(x) =

if x # 0.

Il
X | = ——= ——
x| |
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(6.4) Derivatives of Logarithmic Functions Logarithmic Differentiation

Example (Logarithmic Differentiation)
(x —1)53sin% x

veX+1

Differentiate y =
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(6.4) Derivatives of Logarithmic Functions Logarithmic Differentiation

Example (Logarithmic Differentiation)
(x —1)%/3sin® x
NCES I
Take the natural logarithm of both sides:
n (X = 1)5/3 sin® x
eX +1

Differentiate y =

Iny =
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(6.4) Derivatives of Logarithmic Functions Logarithmic Differentiation

Example (Logarithmic Differentiation)
(x —1)53sin% x

NCESTIN
Take the natural logarithm of both sides:

— 1\5/3 ain3
Ty =T (x —1)°/°sin® x
e +1

Iny =(5/3)In(x —1) +3In(sinx) — (1/2)In(e* +1).

Differentiate y =
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(6.4) Derivatives of Logarithmic Functions Logarithmic Differentiation

Example (Logarithmic Differentiation)
(x —1)%/3sin® x
NCES
Take the natural logarithm of both sides:
(x —1)%3sind x
eX +1
Iny =(5/3)In(x —1) +3In(sinx) — (1/2)In(e* +1).

d d : X
d—x(lny) = dx [(5/3)In(x —1) +3In(sinx) — (1/2)In(e* + 1)]

I R O O B

Differentiate y =

Iny =1In
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(6.4) Derivatives of Logarithmic Functions Logarithmic Differentiation

Example (Logarithmic Differentiation)
(x —1)53sin% x

NCES]

Take the natural logarithm of both sides:
—_1)5/3
ny— (X 1)%/3 sin® x
e+ 1
Iny = (5/3)|n(x —1)+3In(sinx) — (1/2)In(e* +1).

(Iny) = —X [(5/3)In(x — 1)+ 3In(sinx) — (1/2)In(e* + 1)]

) el I B B B

Differentiate y =

o
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(6.4) Derivatives of Logarithmic Functions Logarithmic Differentiation

Example (Logarithmic Differentiation)
(x —1)53sin% x

NCES]

Take the natural logarithm of both sides:
_1)5/3
17 = (x 1)5/3 sin® x
eX+1
Iny =(5/3)In(x —1) +3In(sinx) — (1/2)In(e* +1).

(Iny) o [(5/3)In(x = 1)+ 3In(sinx) — (1/2)In(&* + 1)]

s@-0 el 1L

Differentiate y =

FreeCalc Math 140 Lecture 14 March 28, 2013



(6.4) Derivatives of Logarithmic Functions Logarithmic Differentiation

Example (Logarithmic Differentiation)
(x —1)53sin% x
N B
Take the natural logarithm of both sides:
(x —1)5/3sin® x
Iny =1In
NCES]
Iny =(5/3)In(x —1) +3In(sinx) — (1/2)In(e* +1).

ddX(Iny) = d [(5/3)In(x — 1)+ 3In(sinx) — (1/2)In(&* + 1)]

E@O-EE L 1]

Differentiate y =
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(6.4) Derivatives of Logarithmic Functions Logarithmic Differentiation

Example (Logarithmic Differentiation)
(x —1)53sin% x
N B
Take the natural logarithm of both sides:
(x —1)5/3sin® x
Iny =1In
NCES]
Iny =(5/3)In(x —1) +3In(sinx) — (1/2)In(e* +1).

d d : X
d—x(lny) = dx [(5/3)In(x — 1) +3In(sinx) — (1/2)In(e* + 1)]

bE)]EE) L L

Differentiate y =
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(6.4) Derivatives of Logarithmic Functions Logarithmic Differentiation

Example (Logarithmic Differentiation)
(x —1)53sin% x
N B
Take the natural logarithm of both sides:
(x —1)5/3sin® x
Iny =1In
NCES]
Iny =(5/3)In(x —1) +3In(sinx) — (1/2)In(e* +1).

d d : X
d—x(lny) = dx [(5/3)In(x — 1) +3In(sinx) — (1/2)In(e* + 1)]
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Differentiate y =
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(6.4) Derivatives of Logarithmic Functions Logarithmic Differentiation

Example (Logarithmic Differentiation)
(x —1)53sin% x
N B
Take the natural logarithm of both sides:
(x —1)5/3sin® x
Iny =1In
NCES]
Iny =(5/3)In(x —1) +3In(sinx) — (1/2)In(e* +1).

d d : X
d—x(lny) = dx [(5/3)In(x — 1)+ 3In(sinx) — (1/2)In(e* + 1)]
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Differentiate y =
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(6.4) Derivatives of Logarithmic Functions Logarithmic Differentiation

Example (Logarithmic Differentiation)
(x —1)53sin% x
N B
Take the natural logarithm of both sides:
(x —1)5/3sin® x
Iny =1In
NCES]
Iny =(5/3)In(x —1) +3In(sinx) — (1/2)In(e* +1).

d d : X
d—x(lny) = dx [(5/3)In(x — 1)+ 3In(sinx) — (1/2)In(e* + 1)]

HElHEDINERHES)

Differentiate y =
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(6.4) Derivatives of Logarithmic Functions Logarithmic Differentiation

Example (Logarithmic Differentiation)
: . (x —1)%/3sin® x
Differentiate y = N
Take the natural logarithm of both sides:
(x —1)%3sind x
eX +1
Iny =(5/3)In(x —1) +3In(sinx) — (1/2)In(e* +1).

ddX(Iny) = dci( [(5/3)In(x — 1)+ 3In(sinx) — (1/2)In(e* + 1)]
b ()] = )]+ [5e] - 2(5%)]

dy 5 e*
dx <3(x— 7y T3cotx - 2(eX+1)>y

Iny =1In

FreeCalc Math 140 Lecture 14 March 28, 2013



(6.4) Derivatives of Logarithmic Functions Logarithmic Differentiation

Example (Logarithmic Differentiation)
(x —1)5/8sin3 x

Ve i1

Take the natural logarithm of both sides:
_1)5/3
ny— (X 1) sin® x
eX+1
Iny = (5/3)In(x — 1) + 3In(sinx) — (1/2)In(e* + 1).
(

i(Iny) = i [(5/3) In(x — 1) +3In(sinx) — (1/2)In(e* + 1)]

Be )] (H )] Fax] - B (55)]

)
= (g 300t )

Differentiate y =

(x —1)%3sin3 x

NCER]
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