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Math 2413- Calculus I 

Dr. Melahat Almus 

Email: malmus@uh.edu 
 

• Check CASA calendar for due dates. 
• Bring “blank notes” to class. Completed notes will be posted after class. 
• Do your best to attend every lecture and lab.  
• Study after every lecture; work on the quiz covering the topic we cover on the lecture 

immediately afterwards. Retake your quizzes for more practice.  
• Get help when you need help; bring your questions to the labs, or my office hours. We 

also have tutoring options on campus. 
• Respect your friends in class; stay away from distractive behavior. Do your best to 

concentrate on the lecture.  
• If you email me, mention the course code in the subject line. Email is the best way to 

communicate with me outside of class. Teams chat messages are not monitored or replied 
to. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



S4.3  2 
 

Section 4.3 – Logarithmic Function 

 

Definition: The logarithmic function with base a  ( 0, 1a a  )  is the function 
( )loga x  that satisfies: 

( )log x
a a x=   for all ( ),x −  , 

( )loga xa x= , for all ( )0,x  . 

 

Base 10: Common logarithm 

Base e: Natural logarithm; ( ) ( )log lney x x= = . 

 

 

The function ( )logay x=  is the inverse of the exponential function xy a= .  

Domain: ( )0, , Range: ( ),−   
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RECALL -- Converting expressions: 

( )logb
aa c c b= → =  

( )5
22 32 log 32 5= → =  

( )3
101000 10 log 1000 3= → =  

 

( )log b
a c b c a= → =  

( ) 2
4log 16 2 16 4= → =  

( ) 5
3log 5 3x x= → =  

( ) 10
2log 4 10 4 2x x+ = → + =  

( ) 2ln 2x x e= → =  

 

Laws of Logarithms 

1. ( )log log loga a ax y x y = +  

2. log log loga a a
x x y
y

 
= − 

 
 

3. ( )log logp
a ax p x=   

 

 

 

 

 

 

A lag,(P) =3

E
log(1000=3

[ra?
er(e) =1

2(e2) =2

*E 121) =0

very
important
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Example: Expand using the Laws of Logarithms: 

( )

3

2
2ln

1

x x

x

 + 
 + 

 

 

 

 

 

 

Example: Simplify using the Laws of Logarithms: 

( ) ( ) ( )2log log 1 4log 2x x x− + + +  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

very important

=en(x3) +e() - m(x+1)2

=3e(x
+((x+2) - 2m(x+1)

=log(x2) -rg(x+ 1) +log(x
+2)*

-vog(

log(A) - log(s) +log()
=bs(s)
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Differentiating Natural Logarithmic Function: 

 

Fact:   ( )( ) 1lnd x
dx x

=  

If u  is a function of x , then using the chain rule, we get: 

 ( )( ) 1 'lnd du uu
dx u dx u

=  =  

 

 

Example: Differentiate the following functions. 

( )5lny x=  

 

 

( )ln 4y x=  

 

 

( )6ln 1y x= +  

 

 

( )3lny x x= +  

 

 

 

 

en (2)
derative
-

U

=>y=5. I =

=>y
= =I

=>y =1=

=>j' =x
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( )( )ln siny x=  

 

 

 

( ) 2ln 4f x x = + 
 

 

 

 

 

 

Example: ( ) ( )2 ln 4xf x e x=   ;  '(2) ?f =  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-> =ctx)L

Better:f(x):[ch(x
2
+4)

fix) =I * 4

↑
productrule!

f(x) =(e2Y.2.4(4x)
+e*.

e*.2.1(8) +e. 1
f'(2) = 2

f((z) =e4(2x(0)
+I) //

Note:2h(8) =
(82) =h(64)

-
-

240)=24(2) =60122)0



S4.3  7 
 

Example: ( ) ( )3ln 5f x x=   ;  '( ) ?f x =  

 

 

 

 

 

 

 

 

 

 

Example: Find the derivative of   ( )4

3

1
ln

2

x x
y

x

 +
=   + 

  

 

 

 

 

 

 

 

 

 

 

 

 

3 3. U. U chair ruleU

deit

f(x)=[2(5x)3

=>f(x) =3(e(x)].()

*
Rewrite usingproperties of in first!

y
=b(x4) +b(x+1) -b(

+2)

y
=4e(x) +b(x +1) - t()x3

+2)

↓derivative

y
=4.I + -
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Different Bases 

Change of base formula:    lnlog
lna

xx
a

=  

 

Fact:   ( ) 1log
lna

d x
dx x a

=  

If u  is a function of x , then using the chain rule, we get: 

 ( ) 1 'log
ln lna

d du uu
dx u a dx u a

=  =  

 

Example: Find the derivatives. 

 

( )2logy x=  

 

 

( )7log 5 2y x= +  

 

 

 

( )3
3log 4 2y x x= +  

 

 

( )( )log cos 4y x=  

 

 

=>y=
xe(2)

=>3=(2.127)
#
2

=>y'= (4x3+2x).(n(3)

=1oz,(C)(4x))
Base -

cos final& answer.



y = -
er(0>(4x))

↓(10) L
↓
en

y'= 1. Shee
er(10)
e

n
drive n.(x)

-1

X ->

[ poverrule
3

(5x+2)
der 3(5x+2)2.5->

power -
me

chan
ve

[
X derr 3Y(n(3)
3 -
expre

4x+3
SX+2

3 -> 3.M(3). 5



Sxt2?derivative
(x+ 1) -I

Base:X's

expert:x's
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METHOD: Logarithmic Differentiation 
 
This is a method we choose to use while taking derivatives of functions that are 
otherwise difficult to differentiate. We introduce a logarithmic expression, and use 
properties of logarithm to make the problem easier to differentiate. 
 
 
We start with: ( )y f x= ; we need ' '( )y f x=   but we don’t know how to do this 
directly. 
 

Introduce logarithms:  ( ) ( )
take ln's of both sides

( ) ln ln ( )y f x y f x= → =   
 
 
Now, take derivatives of both sides: 

 

( )' ln ( )y d f x
y dx
=       

 

( )' ln ( )dy y f x
dx

 =      
 

 
 
 
Examples where this method might be used: 
 

( )4 22 1
x

x
+

+   --- (expression with a power, but exponent is not a number, so power 
rule doesn’t apply. This is the only method that helps at this point). 
 
 

3

2

sin(2 )
4

x x
x +

  --- (complicated expression that would need product rule, quotient 

rule, and chain rule – would be difficult to take the derivative directly, so we may 
CHOOSE to use this method.) 
 
 
 
 

vergimportant!
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Example: Find the derivative of   ( ) ( )sin4 1 xy x= + . 
 
 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A =B =((A) =b(B)

D
- D

Question: y
=?

Logarithmic differentiation.

Sep1:Rewrite: (n(y)
=e((4x+1)Sx))
-

Rewite using properties of thi

(n(y) =sin(x).R((4x
+1)

<product
ne rule

sides on theright,
↓ Take derivatives of both

4

I
=

c0>(x). M(4x+1)
+sinKx

4x+1

B
by 3)

Some for amultiply both sides

4x+1
3

y1 =[((x)c(4x+1)
+six).I

I, formula for us(givenin theproblem

6 Iy=(4x+1)S"!(((x)d(4x+1) +since
-

-= Wex's



en(AB) =Bb(A)

en(x) =5anx)
2x+1en((5x+2)

=> (2x+1(5x+2)
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Example: Find the slope of the tangent line to the curve   ( )2 15 2 xy x += +    at 
0x = . 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(X's.... (x's.. method: log.

differentiation
-
-

-
-

2x+1

y =(5x+2)

=>take his of
bothsides:

projets
- f

2x+1

en(y) =h(5x
+2) 2

ere(AB=Be(A)

=>en(y) =(2x
+1);((5x

+2)

Take derivatives of
bothsides

-
-> b =2.((5x+2) +(2x

+1).
Sx+2

=>y
=y. [2h(5x+2) I-I

2formul
-

=>y
=(5x+2)2

+

[2m(x+2) +
S(2x+1) 3
5x+2

S

margent=(23" (c.e, (2) +e
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Example: Find the derivative of   ( )
3

sin 2

1

x x
y

x
=

+
 using logarithmic differentiation. 

 

 

  

 

 

 

 

 

 

 

 

 

 

slope = 2. (2x(21 +E] =44(2) +5//
-

mit
y
=(x)

=>ene) =e)e 3
use properties of the

torewrite

=>b(y) =h(x)
+l(sin(2x)) -
b()

en(y) =h(x) +t(xin(x))
- -d(x3 +1)

I take derivatives of
bothsidel:

y'

=
I --

X

=>2
=x.[+ +2+12x)

-2,]


