Calculus Ch. 5.1 Natural Log Function

Natural Log graph:  Domain: Range:

Graph characteristics:

Ex. 1: Sketch graph of In(x — 3) and state domain:

Ex. 2 Draw the function and answer the examples.

2) lim In(x) = b) imh(= o limln(x)=
Properties:  In(1)=0 In(a") = nln(a)
In(ab) = In(a) + In(b) In(%) = In(a) - In(b)

Ex.3 Expand In 3¢?

d) lim In(x) =

In(e) =1




Properties: In(1)=20 In(a") = nln(a) In(e) =1
Inab) = In(a) + In(b) In(a/b) = In(a) — In(b)

Ex.4 condense 2(In(x) —In(x + 1) — In(x — 1))

Derivative of the Natural Logarithmic Function:

d w
- [Inu] = -

Ex. 5. Ify=1In(x), findy’

Ex. 6: if y=1In(x*-5), find y'

2
‘Ex.7: if y=1n{————x ], findy" ~ (always simplify logs before taking the derivative) -~ ~ -

V2x*



Calculus Ch. 5.1b, 5.3 Notes

Warm-up Problem: If g(2)=3 andg'(2)=-4, find f' (2) if f(x) = x"In(g(x)).

Logarithmic Differentiation : Simplifying non-log functions | Log differentiation steps:

using log properties to expand before differentiating, 1.

2,
3.
4

. i (x—2)"
Examople 1: Find the derivative of y = ——Z=
Vx? +1

Take the In (natural log) of both sides
Simplify and expand using log properties .
Use implicit differentiation

Substitute for y

Example 2: Find the derivative of y = x**3

Absolute Value Rule: iln | u]= Ld Example 3: Find A a2 -5
dx u dx

Example 4: Locate any relative extrema and inflection points for y = X

Inx




®

Ch._5.3 Notes Derivatives of Inverse Function

A. Inverse Functions
1) x'sandy's are swapped
2) Domains and ranges are swapped
3) Graphs are symmetri¢ over the liney =x ,
4) F(x) must be one-to-one (pass the horizontal line test) for its inverse to be a function
5) A function that is monotonic (always increasing or always decreasing) will always have an inverse that is a function
6) Iffand g are inverses, then f{g(x)) =x and g(fx)) =x

Example 4: find the inverse of f{x) = 6x+2 C * AL WAYS restrict the domain of the inverse function to the
. ' ' range of the original function

Ex. 5 f(x)=+/x—5 . Find the domain of the inverse function

Evaluate derivative of inverse at a point: (find (f ™)’ (@)

f@)=a | @ b
fib)=n (FY(@) = 1
L Uy@=;

' ‘ ; . - 3 . 1y
Example 6:° f(X) " X3 FAX+2 find (f—i)v(_g) Example 7: f(X) =vX 7 find (f ) (1)

Example 9: If g(f(x)) = x, g(9) = 3, and g'(9) = -4, then f'(3) is
Example 8 If g{f(x)) =x, g(7) =2, and g'{7) = 10, then
- ' F(2)is ’ T T




Ch. 5.1b Natural Log Differentiation Classwork

Finding a Derivative In Esercises 41-64, find the Log Properties

derivative of the function, L In(1) =0
%[gn u] = u 2. In(ab) = Ina + Inb
&3x N i
Reminder: Expand log expression fully before 3. In(a") = nlna
differentiating 4 m(ﬂ) = Ing ~ Inb
% In| > |
41. f (%) = In(3x) 42, fix) = Inlx —~ 1)
43, g(x) = Inx? 44, hix) = In(2x* + 1)
45, y = (Inx)* 46, y = x* In x
47, y = In{t + 1) 48, y

89, y = (x5 =7) 50, y = Infs(? + 3)?]




X

82, f (x) i 1(1(;-‘“;“;3)

Iny
53, g(f) = 5

55. y = In(ln x?)

56, y = In(in x)

) ) x4+ 1
B, yom [n. [ See
y x ]

A ) { At aammamatases’
.. {4 -+ X2
59, f(‘x} i hrl(u:‘.f.w;ww_mm

|

i
4

60, f(x) = Inlx + V& x7)



Finding a Derivative Implicitly In Exercises 73-76, use
implicit differentiation to find dy/dx. |

73 5% = 3oy + y?* = 10 74, Inxy + 5x = 30

T8, A+ Iny? 4 2y == 2x 76, 4xy + Inx?y = 7




Log Differentiation:
Use log differentiation to find dy/dx

89, y = x24T, x>0

Log Properties

1. In(1)y =0

2. In(ab) =na+inh
3. In{a") = nlna

4, ln(g) =Ina—Inb
b

90, y = VD D), xo»

- X2 = 1
92 Yo \/WMW..,,W
=T




Non-AP Calculus  5.1/5.3 Natural Logs Properties and Derivatives Quiz Review WS #1 @ _
Log Properties ' |
1 In(1) =0
2. ileh) =na+Inb
3 In{ed) = nlha
4, Jn,(%) =Ina~-Inb
5. In(e)=1

Expanding a Logarithmic Expression: Use properties of logarithms to expand the logarithmic expression

1. y =In(xV6 — x*) 2 fOO) = In {3;__232

_ &J.‘:[hl i) = -

3, y::ln< 2x4) -

xV3x5—1

Condensi'ng a Logarithmic Expressidn: Use properties of logarithms to write expression as a logarithm of a single
quantity '

4, 5lnx+3Iny—-5Inw—6lnz 5.

[ B E=Y

[In(x —4) — 31n(7 — x2) —1n(8 = x)] |

Find the derivative of the functions below:



@ Find the derivative of the functions below:

PN . 8) y=x3In(x?
7). y = in (3x§x) i | )y (x?)

Use Log differentiation to find the derixvativevof the function:

x3(\/5—4x5) .
9) y '—*,W

Use Implicit Differentiation to find Z—Z:

10) x + In(xy) — 2y = N

11)  Find an inverse function for f(x): f(x) = 2x3 — 1‘

Use function f(x) and the given real number a to find (f 71)"(a)

- 12) flr)=2x3-3x+1 a=11



e b RS

Calculus AB Ch. 5.1-5.3 Natural Logs Qdiz Review

1. Find the domainfory=In(2 +3x) -1

\
.o, dy n 3-2x
2. Fde; y=In p”
ind & N )
3. Find ™ y=x
4. f(x)=vV5x — 1 — 4 . 5. fX)=x>+2x*—3 Find (F™*)7(13)

- a. Find (f)(x)
b. Find the domain for (f ™ )(x)




Iﬂﬁntﬁf the dormain aod range of gach.

é) p=ln{zx—3)+5 | ’7)35;fﬂ(335+17)'

Expami gach logaritho. Condense each expression fo a single irxﬂanﬂxm;
b hl v In W

@ a ,ZI c g2z 0¥,
2 2 2

Differentiafe sach fonetion with respect to x.

Lh
H
U&#
i
s

/)J(i (

.
12

Use 1ﬂaznﬂimc differantiation fo differentiate each fum:mm with respeci fo x.

l@ Jfﬁ\!;rﬂ 13)“;.

Z

’ﬁore:ach;}mblemfuﬂ (f ) (a)
/ LB f(>)= x4+ 2k 5, a= 3

]Aij(x):’lxﬂwhrk’? a=5



Derivative of Exponential Function e*

Ch.5.4 Notes

y=Inxand y = ¢" are inverse functions (meaning fg(x)) = x

+,  Example 1: Solve 7=¢*""

. . ab_ ab e*
Reminder: exponent properties: e°¢ =& 5o ©
: . ._ai.eu o eu ES
Exponential Function e Derivative rule dx -

Example 3: findy* fory = In(2x — e~ %)

and g(f(x)) =x)

Example 2: solve In(2x —3) =5

“® Reminder: e isa NUMBER: ify = e then y'=0

Example 4: Findy’ for y = xe(>+2x+3)°

Example 5: Find the equation of the tangent line to the
graph at the given point:
y=e*Inx (1,0)

Example 6:  Find dy/dx

x¢¥ —10x+3y =0

Example 7: Find the equation of the tangent line to the
graph of the function at the given point.

xe¥ +ye*=1 at(0,1)

Example 8. Find the 2 derivative of the funcfion

f(x) = (3 + 2x)e~5%




Ex. 9: find the extrema and points of inflection for g(t) = 1+ (2 + e

. Xog—X
Ex. 10: find the extrema and points of inflection for f(x) = £ ze (use common denominators)




5.4 Exponential Functions e* Classwork Worksheet

1
4 . u_. U
exponent properties: e =™ E—gz g —e =g *y
ppe — _ x .‘
Additional v = Inx and y = e* Propertles: elnx = I Ine* = x ‘ Inl=0 | lne =1

Solving an Exponential or Logarithmic Equafion In
Exercises 116, solve for x accurate to three decimal places.

P N
i

3 e=12 4 5e* = 36

5 9-2e =7 8. 100e~% = 35

1L Inx=12 12, Inx? = 10

13. In(x ~ 3) =2 | 14, Indx = 1

15, m/x + 2 =1 16, In(x ~ 22 = 12




O . H ef - ol oM
exponent properties; €%’ = e 5T e b ¢ ety

Additionaly = Inxand y = ¢ Properties: e =x |Ine*=x |In1=0 | lne=1

Finding a Detivative In Exercises 33-54, find the derivativ

33, f(x) = e sy =

35, y = e*ﬁ | | 36, y = g2

39 y=¢elnx 40, y = xe*

.y = x%e* 2.y = e

43, ) = (e + 4. g() = e

45. y = In(1 + ¢2) 46. y = m(; - ex)
‘ 7 e-’f




(i

=

Finding a Derivative In Exercises 33-54, find the deﬁv.aﬁ%

d e, N d d .
~—[sin ) = (cos wu’ | wloos 1] © — (sin 2’ L ltan w1 = {sec? why'
m[ 1 loos wu 14, dx[cvs ul (sin w)u 15 dx[tm] u] = {sec? wh

m{{ ; = (e »:" . d, . ; d . ¢ ¢
‘ dx[C‘G{M] = = (cse M)ﬁ 17, E;{sec u] = {sec u tan Wy 18, ijf[m:sc 5] = ~{osc w oot ‘u}u

-2 48 y=5"
47’3’"“€x+3~x ' ey 5

g =21 0y

51, y = e*(sin x + cos x) 52, y = etan2x




- Finding an Equatlon of a Tangent Line In Exerclsesz\

Ky

55~62, find an equzmon of the tangent line to the graph of th¢!

function at the givexi point.
Steps for finding Tangent Line Equation:

1) Identify Ordered Pair: Point:
2) Find Slope: Find f (x) and evaluate the slope at x-value; Slope: m =

3) Put equation into point-slope form: y — ¥4 = m(x — X1)

55, f3) =%, (0,1) 56. £(x) =

A
?

Ty

,1)

57, f(JE) =¢!=% (1,1) 58, y = g~ 2x+x

$

(2, 1)

62. vy = xe* — &%,

(1,0)




Ch. 5.5 Notes Derivative of Logs of other bases

;
Change of Base: log,x = b

Ina

Ex. 1 solve forx: 3*=1/81

o d
Derivative Rule for logs of other bases : Elogaﬂ =

Ex.3 Find f’(x) for f{x)=logs i/ (2x2 + 7)

Ex. 2 solve: logx=-4

u
(Ina)u'

Ex.4 TFind f°(x) forf(x)=1log

5x

(xZ“

3
3x)3



d u [
Derivative Rule for Exponential functions of base a*:  =¢ = (na)a® *u

Ex.5 Findf’(x) for f(x)=5%"2% Ex.6 Find f’(x) for f(x)=x(4"%)

Ex.7:

| 1994 #4: A particle moves along the x-axis so that at any time t > O its velocity is given by v(#) =tlnt—t¢.
a) Write an expression for the acceleration of the particle.
b) For what values of t is the particle moving to the right?

¢) What is the minimum velocity of the particle? Show the analysis that leads to your conclusion.



Ch. 5.5 Log.and Exponential Derivatives for base a

M’

{in adu

d Wy Cdy o ;’v "
11. ﬁ_:;x[lf"agu w] w 12. E;{m“] = {In e’

Find the Derivative of the below functions: (Consider Expanding Log Expressions before Deriving if applicable)

oy=5% 40, y =64

41, flx) = x 9% i 42, y - £(6™%)
4?- h(z) = logs(4 — 72 48. y = log,(* — 3)
51 y = log, \/m 50, g(t) = log,(* + 7)?
53. f(x) = log, ﬁi? | 52 flx) = logzm
55 h(x) = log, A"/gﬂ




@

implicit Differentiation In Exercises 63 and 64, usé{

implicit differentiation to find dy/dx.

63, xe? — 10x + 3y =0

64. ¢ + 52 ~ y2 = 10

Finding the Equation of aTangant Line In Exercises 65
and 66, find an equation of the tangent line to the graph of tll&
fimetion at the given point.

65, xe? + yer =1, (0,1)

66, 1+ Inxy = ¢, (1,1)




5.4-5.5 Quiz Review

. dy
Find ™

o (3+4x)5
L) = In =

JJ

3. f{x)=xe?*"

4_ | f(x) = logs (%)

o 3:‘,5 3.
y=log, ET)

Derivatives of Exponential function e* and a*

5. f(x) = 873 (log(3 — 22)%)



21 | ,,, k,
, 5.4-5.5 Quiz Review Derivatives of Exponential functlon e" and a* ' SE;[ g;{%’m}q 6 ;1
o Ee® WAETTAEDL (1-3 ) S
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‘Q (W - ;iﬁ) o : |
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Basic Differentiation Rules

d ) ’

1. dx[cu] = cy

4 i[y_} o —w!
dx| v p2
d

7. dx[x] =]

d :
—_— gl == Sy,
10. dx[e] eu

d. . )
13. dx[sm u] = (cos wu
16. i[cot u] = = (csc? Lt)gl'
EA

u/

de .o .
E[arcsm LL] = ﬁ

4

i
1+ u?

19

d
2. — =
2 dx[a.rccot u)

14

d
. E[Z‘ tv]=ul kv’

. de-[c] =0

L) = ),

1L

17.

20.

23.

l“l u+ 0

d .u
—— 1 —
dx[ 0g, 4] (In a)u

'B%[cos ul = — (siﬁ wu'

%[sec u] = (sec u tan u)u’

—u’
1 —u?

7

%[arccos ul =

d
—_Larcs e
kel = Ly

‘12,
15;
18.

21.

'd
. E[W] = uy’ + yu’

d
. E[LM = nun— 1y’

d I4

=[] =%

dx u

d l. 4
Zx*[a“] = (In a)a*u
i[tan u] = (sec? w)u’
dx

d
zx—[csc u] = —(csc u cot wu’

u’
1+ u?

d
‘d—x[arCta? ul =

~u’

d [arcese u]
. L] = T Fmmee—
dx ju| vu ~ 1







