
Lecture 11.10 Taylor and Maclaurin Series 

Page 1 of 6 

Suppose for , we have  
 

 , 
 
then .   We can differentiate both sides with respect to  to get 
 

, 
 
then .   Again, we have 
 

                                                                                                                                      , 
 
then                              . Apply the procedure again to obtain 
 

                                                                                                                                    , 
 
then                              . Apply the procedure one more time to obtain 
 

                                                                                                                                                , 
 
then                              . By now you can see the pattern. If we continue to differentiate and 
substitute , we obtain  
 

                           
 

                       . 
 
So 

. 

 
Webwork Problem 1 
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0 1 2 3 4c c x a c x a c x a c x a+ - + - + - + - +!
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n
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True

for all "nice" functions fix

power series3 centered at a

2 a2 + 3(2) (s (x-c) +
4(3) <p(x-95 + 5(4) (5(x-93+. . .

f"(a)=2 (2

312)2> + 4(3)(2)(4(x-9) + 5(4) (3>25x-25+...

f"(a)= 327 Cs

f(4)(x) ↑(37(2><p + 5(4)(3)(2)
(5(x-27+...

f
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(a)= 43)() C4

f (n (a) =n(n-1)(n-2)...(2)
Cr
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If f1x=Ecnx" and
I

find the first four terms of ECnx

Answer co= fo= 14 G:f--15 a=lopet Gf--

14-15x-2X'-TX3
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Theorem  
IF  has a power series representation at , that is, if 
 

        for        , 

 
THEN its coefficients are given by 

. 

 
 

 

           

 
The series is called the Taylor series of the function  at . For the special case when 

, the Taylor series becomes 
 

… 

 
This case arises frequently enough that it is given the special name Maclaurin series. 
 
Textbook Example 1 
Find the Maclaurin series of the function  and its interval of convergence.  
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=
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=
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2! 3!
f f
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IF I ¥

We want to find £ Cnx
"

where Cn = fnk )
n=o

f-
" C) = ex for all n

f
"
(o) = @

◦ =L for all n
,
all ✗

É÷×ⁿ
Cn = ÷

.

for all n
,

so the Maclaurin series is
n=◦

Find radius of convergence ( using Ratio Test)
: Let an = X÷

a
; =

.

=

¥7s /%÷ / T.ES/nE-/=K1nfizsn+---o for a " ×

So radius of convergence
is •

.

Interval of convergence
is C- as , as) .
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Theorem (Textbook Example 2) 
 
The function  is equal to its Maclaurin series ____________________  for all x. 
 
Application: Approximate a non-rational number like e (that is, write the first few digits in 
decimal) on a computer by computing the sum of the first few terms of the series.  
 
 
1/e is equal to the series ____________________  
 
 
Webwork Problem 10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

( ) xf x e=
-3¥
n = 0

És '
In

☆Bg-☆EggT8Irtfn_fTtf

e
"

= É "=É "÷ "

É=±Éi÷. ×
"

= :[ "÷ ± + Éi÷×ⁿ]

/ ok = ± [ en ✗ + It÷ ¥ ] + c
n= I

/ ÷×d✗ = { In ✗ + D

as

so the final answer is ¥
,
I ÷# + C
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Example  Compute the Maclaurin seris for . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copy Example 4, pg 804  
Copy the computation for the Maclaurin series for  (you can skip the proof that the 
Maclaurin series is equal to ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

cos x

sin x
sin x

f-G) = cos × f- 6) = I

}
The pattern repeats f 61=1

f'G) = - sin ✗ f'G) = 0 in a cycle of four f- (14+06)=0
f"(×) = - cos ✗ f-

"

G) = - I 1-(44+276)=-1
f-
" '

G) = sin ✗ f-
" '

6) = 0 1-(4^+376)=0
f(4) (x) = cos ✗ f- (4) G) = 1

:

The Maclaurin series is 1×0 _ 24×2+44×4 _ 64×6-1,4×8 -1
. .

.

(Reindel so that n=o n=l n=2 A- 3 a-4)
as

= [ C-15 ✗
2h

n=o

Fact : The Maclaurin series for cos × is equal to cos ×
.

Do after class
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Webwork Problem 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

j

Find the Taylor series for f(x) = ux Centered at 10.

i; Find the interval of convergence.

Answer The Taylor series for tu x centered at 10 isof10x10
f(x) = (n x f (10) =In 18 Cr

fix) = f Practica

f "(x) = F

f"(x)=-T

S
Pattern for n) 1:

f(x) = O! Eyrt
f1*()= -&

fla(x) = be
so cn= GoEif"f= foi

f *(x) = = 5.4.3.2

f(x) =3.2 E Ffo x10
= eeco + EfiGo>

i; Find radius of convergence (using Ratio Test): Let an = Fr x-187

1:rrtl-1*
in llltYe= 19

By Ratio Test, Plan) converges when 10K his is the radius of convergence
=>(x-101<0T
- 1O <x-10 < 10

10-10 < X <10+ 10

Check X= 10-10 =0 ·E EvyIo=EED"FD"totert is the Harmonic series (divergent
= O

Check x = 10+1020:T ADOLEAKit is convergent by Alternating Series Test

Rity is a decreasing sequence
for all no C

Interval of Convergence: (0,20]



Lecture 11.10 Taylor and Maclaurin Series 

Page 6 of 6 

Commonly used Maclaurin Series, see Table 1 page 808. 
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InCEXD:-EEEEprx - <x & I

arctan (1)= T

e

Sin ()=0

El.x all x


