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Assignment – 4 

Topic: Taylor and Maclurin series 

(Disclaimer: The purpose of these AI-generated responses is just education and reference. Utilise them to grasp topics and structure, but 
always rewrite in your own words and double-check the content before submitting. Academic misuse is not the creator's fault.) 

 

Question 1: Express the following functions in power series using the formula of 
Maclaurin series: 
(1) 𝑒௫ 
(2) sin 𝑥 
(3) log (1 + 𝑥) 
(4) tan ିଵ 𝑥

 

Solution: 

Part (1): 𝑒௫ 

Step 1: Find derivatives. 

𝑓(𝑥) = 𝑒௫ , 𝑓ᇱ(𝑥) = 𝑒௫ , 𝑓ᇱᇱ(𝑥) = 𝑒௫ , 𝑓(௡)(𝑥) = 𝑒௫ 
𝑓(0) = 1, 𝑓ᇱ(0) = 1, 𝑓ᇱᇱ(0) = 1, 𝑓(௡)(0) = 1 

 

Step 2: Apply Maclaurin series formula. 

𝑒௫ = ෍

ஶ

௡ୀ଴

𝑓(௡)(0)

𝑛!
𝑥௡ = ෍

ஶ

௡ୀ଴

𝑥௡

𝑛!
 

𝑒௫ = 1 + 𝑥 +
𝑥ଶ

2!
+

𝑥ଷ

3!
+ ⋯  

 

 

Part (2): sin 𝑥 

Step 1: Find derivatives. 

𝑓(𝑥) = sin 𝑥, 𝑓ᇱ(𝑥) = cos 𝑥, 𝑓ᇱᇱ(𝑥) = −sin 𝑥, 𝑓ᇱᇱᇱ(𝑥) = −cos 𝑥, 𝑓(ସ)(𝑥)

= sin 𝑥 
𝑓(0) = 0, 𝑓ᇱ(0) = 1, 𝑓ᇱᇱ(0) = 0, 𝑓ᇱᇱᇱ(0) = −1, 𝑓(ସ)(0) = 0 

 

Step 2: Apply Maclaurin series formula. 

sin 𝑥 = ෍

ஶ

௡ୀ଴

𝑓(௡)(0)

𝑛!
𝑥௡ = 0 + 𝑥 + 0 −

𝑥ଷ

3!
+ 0 +

𝑥ହ

5!
− ⋯ 
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sin 𝑥 = 𝑥 −
𝑥ଷ

3!
+

𝑥ହ

5!
−

𝑥଻

7!
+ ⋯  

 

 

Part (3): log (1 + 𝑥) 

Step 1: Find derivatives. 

𝑓(𝑥) = log (1 + 𝑥), 𝑓ᇱ(𝑥) =
1

1 + 𝑥
, 𝑓ᇱᇱ(𝑥) = −

1

(1 + 𝑥)ଶ
, 𝑓ᇱᇱᇱ(𝑥) =

2

(1 + 𝑥)ଷ
 

𝑓(0) = 0, 𝑓ᇱ(0) = 1, 𝑓ᇱᇱ(0) = −1, 𝑓ᇱᇱᇱ(0) = 2, 𝑓(ସ)(0) = −6 
 

Step 2: Apply Maclaurin series formula. 

log (1 + 𝑥) = ෍

ஶ

௡ୀଵ

(−1)௡ିଵ
𝑥௡

𝑛
 

log (1 + 𝑥) = 𝑥 −
𝑥ଶ

2
+

𝑥ଷ

3
−

𝑥ସ

4
+ ⋯  

 

 

Part (4): tan ିଵ 𝑥 

Step 1: Find derivatives. 

𝑓(𝑥) = tan ିଵ 𝑥, 𝑓ᇱ(𝑥) =
1

1 + 𝑥ଶ
, 𝑓ᇱᇱ(𝑥) = −

2𝑥

(1 + 𝑥ଶ)ଶ
, … 

𝑓(0) = 0, 𝑓ᇱ(0) = 1, 𝑓ᇱᇱ(0) = 0, 𝑓ᇱᇱᇱ(0) = −2, 𝑓(ସ)(0) = 0, 𝑓(ହ)(0) = 24 
 

Step 2: Apply Maclaurin series formula. 

tan ିଵ 𝑥 = ෍

ஶ

௡ୀ଴

(−1)௡
𝑥ଶ௡ାଵ

2𝑛 + 1
 

tan ିଵ 𝑥 = 𝑥 −
𝑥ଷ

3
+

𝑥ହ

5
−

𝑥଻

7
+ ⋯  

 

 

Question 2: Expand the following functions in powers of (𝑥 − 𝑎) using Taylor's 
series. 
(1) 𝑓(𝑥) = 𝑥ଷ − 2𝑥 + 4, 𝑎 = 2 



 

 
 

25 DESISTUDENTS.ME 

November 28, 2025 

(2) 𝑓(𝑥) = 𝑥ସ − 11𝑥ଷ + 43𝑥ଶ − 60𝑥 + 14, 𝑎 = 3

 

Solution: 

Part (1): 𝑓(𝑥) = 𝑥ଷ − 2𝑥 + 4, 𝑎 = 2 

Step 1: Compute derivatives. 

𝑓ᇱ(𝑥) = 3𝑥ଶ − 2, 𝑓ᇱᇱ(𝑥) = 6𝑥, 𝑓ᇱᇱᇱ(𝑥) = 6, 𝑓(ସ)(𝑥) = 0 
 

Step 2: Evaluate at 𝑥 = 2. 

𝑓(2) = 8 − 4 + 4 = 8 
𝑓ᇱ(2) = 12 − 2 = 10, 𝑓ᇱᇱ(2) = 12, 𝑓ᇱᇱᇱ(2) = 6 

 

Step 3: Apply Taylor series. 

𝑓(𝑥) = 𝑓(2) + 𝑓ᇱ(2)(𝑥 − 2) +
𝑓ᇱᇱ(2)

2!
(𝑥 − 2)ଶ +

𝑓ᇱᇱᇱ(2)

3!
(𝑥 − 2)ଷ 

= 8 + 10(𝑥 − 2) + 6(𝑥 − 2)ଶ + (𝑥 − 2)ଷ 

𝑓(𝑥) = 8 + 10(𝑥 − 2) + 6(𝑥 − 2)ଶ + (𝑥 − 2)ଷ  

 

 

Part (2): 𝑓(𝑥) = 𝑥ସ − 11𝑥ଷ + 43𝑥ଶ − 60𝑥 + 14, 𝑎 = 3 

Step 1: Compute derivatives. 

𝑓ᇱ(𝑥) = 4𝑥ଷ − 33𝑥ଶ + 86𝑥 − 60 
𝑓ᇱᇱ(𝑥) = 12𝑥ଶ − 66𝑥 + 86 
𝑓ᇱᇱᇱ(𝑥) = 24𝑥 − 66 
𝑓(ସ)(𝑥) = 24 

 

Step 2: Evaluate at 𝑥 = 3. 

𝑓(3) = 81 − 297 + 387 − 180 + 14 = 5 
𝑓ᇱ(3) = 108 − 297 + 258 − 60 = 9 
𝑓ᇱᇱ(3) = 108 − 198 + 86 = −4 
𝑓ᇱᇱᇱ(3) = 72 − 66 = 6 
𝑓(ସ)(3) = 24 

 

Step 3: Apply Taylor series. 
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𝑓(𝑥) = 5 + 9(𝑥 − 3) −
4

2!
(𝑥 − 3)ଶ +

6

3!
(𝑥 − 3)ଷ +

24

4!
(𝑥 − 3)ସ 

= 5 + 9(𝑥 − 3) − 2(𝑥 − 3)ଶ + (𝑥 − 3)ଷ + (𝑥 − 3)ସ 

𝑓(𝑥) = 5 + 9(𝑥 − 3) − 2(𝑥 − 3)ଶ + (𝑥 − 3)ଷ + (𝑥 − 3)ସ  

 

 

Question 3: Expand sin(
గ

ସ
+ 𝑥) in powers of 𝑥. Find approximate value 

of sin 46∘ and sin 44∘. 
 

Solution: 

Step 1: Let 𝑓(𝑡) = sin 𝑡, 𝑡 =
గ

ସ
+ 𝑥, expand about 

గ

ସ
. 

Step 2: Compute derivatives at 
గ

ସ
. 

𝑓(
𝜋

4
) =

√2

2
, 𝑓ᇱ(

𝜋

4
) = cos 

𝜋

4
=

√2

2
 

𝑓ᇱᇱ(
𝜋

4
) = −sin 

𝜋

4
= −

√2

2
, 𝑓ᇱᇱᇱ(

𝜋

4
) = −cos 

𝜋

4
= −

√2

2
 

 

Step 3: Taylor expansion. 

sin (
𝜋

4
+ 𝑥) =

√2

2
+

√2

2
𝑥 −

√2

4
𝑥ଶ −

√2

12
𝑥ଷ + ⋯ 

sin (
𝜋

4
+ 𝑥) =

√2

2
(1 + 𝑥 −

𝑥ଶ

2
−

𝑥ଷ

6
+ ⋯ ௗ)  

 

Step 4: For sin 46∘, 46∘ =
గ

ସ
+ 1∘ =

గ

ସ
+

గ

ଵ଼଴
, so 𝑥 =

గ

ଵ଼଴
≈ 0.017453. 

sin 46∘ ≈
√2

2
(1 + 0.017453 −

(0.017453)ଶ

2
) 

≈ 0.707107 × (1.017453 − 0.000152) ≈ 0.707107 × 1.017301 ≈ 0.71934 
sin 46∘ ≈ 0.71934  

 

Step 5: For sin 44∘, 𝑥 = −
గ

ଵ଼଴
≈ −0.017453. 

sin 44∘ ≈
√2

2
(1 − 0.017453 −

(0.017453)ଶ

2
) 

≈ 0.707107 × (0.982547 − 0.000152) ≈ 0.707107 × 0.982395 ≈ 0.69466 
sin 44∘ ≈ 0.69466  



 

 
 

27 DESISTUDENTS.ME 

November 28, 2025 

 

 

Question 4: Using Taylor's series find approximate value of √36.12 and √9.12. 
 

Solution: 

Part (1): √36.12 

Step 1: Let 𝑓(𝑥) = √𝑥, expand about 𝑎 = 36, 𝑥 = 36.12, so ℎ = 0.12. 

Step 2: Compute derivatives. 

𝑓(36) = 6, 𝑓ᇱ(𝑥) =
1

2√𝑥
⇒ 𝑓ᇱ(36) =

1

12
 

𝑓ᇱᇱ(𝑥) = −
1

4𝑥ଷ/ଶ
⇒ 𝑓ᇱᇱ(36) = −

1

4 ⋅ 216
= −

1

864
 

 

Step 3: Taylor expansion. 

√36.12 ≈ 6 +
0.12

12
−

1

2
⋅

1

864
⋅ (0.12)ଶ 

= 6 + 0.01 −
1

1728
⋅ 0.0144 

= 6.01 − 0.00000833 ≈ 6.00999167 

√36.12 ≈ 6.00999  
 

 

Part (2): √9.12 

Step 1: Expand 𝑓(𝑥) = √𝑥 about 𝑎 = 9, ℎ = 0.12. 

Step 2: Compute derivatives. 

𝑓(9) = 3, 𝑓ᇱ(9) =
1

6
, 𝑓ᇱᇱ(9) = −

1

4 ⋅ 27
= −

1

108
 

 

Step 3: Taylor expansion. 

√9.12 ≈ 3 +
0.12

6
−

1

2
⋅

1

108
⋅ (0.12)ଶ 

= 3 + 0.02 −
1

216
⋅ 0.0144 

= 3.02 − 0.00006667 ≈ 3.01993333 
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√9.12 ≈ 3.01993  
 

 

Question 5: Find absolute extreme value of the function 𝑓(𝑥) = 𝑥 + ln 𝑥; 0.5 <

𝑥 < 4. 
 

Solution: 

Step 1: Find derivative. 

𝑓ᇱ(𝑥) = 1 +
1

𝑥
 

 

Step 2: Set derivative to zero. 

1 +
1

𝑥
= 0 ⇒

1

𝑥
= −1 ⇒ 𝑥 = −1 

 

Not in domain (0.5,4), so no critical point inside. 

Step 3: Evaluate at endpoints. 

𝑓(0.5) = 0.5 + ln 0.5 ≈ 0.5 − 0.6931 = −0.1931 
𝑓(4) = 4 + ln 4 ≈ 4 + 1.3863 = 5.3863 

 

Step 4: Compare values. 
Absolute minimum: −0.1931 at 𝑥 = 0.5 
Absolute maximum: 5.3863 at 𝑥 = 4 

Abs min: − 0.1931 at 𝑥 = 0.5,Abs max: 5.3863 at 𝑥 = 4  

 

 

Question 6: Find the extreme values (absolute & local) of the function 𝑦 =
௫

௫మାଵ
 over its natural domain. 

 

Solution: 

Step 1: Domain: all real 𝑥. 

Step 2: Find derivative. 
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𝑦ᇱ =
(𝑥ଶ + 1)(1) − 𝑥(2𝑥)

(𝑥ଶ + 1)ଶ
=

𝑥ଶ + 1 − 2𝑥ଶ

(𝑥ଶ + 1)ଶ
=

1 − 𝑥ଶ

(𝑥ଶ + 1)ଶ
 

 

Step 3: Set 𝑦ᇱ = 0. 

1 − 𝑥ଶ = 0 ⇒ 𝑥 = ±1 
 

Step 4: Evaluate 𝑦 at these points. 

𝑦(1) =
1

1 + 1
=

1

2
 

𝑦(−1) =
−1

1 + 1
= −

1

2
 

 

Step 5: Check limits as 𝑥 → ±∞. 

lim 
௫→±ஶ

𝑥

𝑥ଶ + 1
= 0 

 

Step 6: Determine nature. 
As 𝑥 → ±∞, 𝑦 → 0. 
At 𝑥 = 1, 𝑦 = 0.5 is a local maximum. 
At 𝑥 = −1, 𝑦 = −0.5 is a local minimum. 
No absolute max/min since domain is all real and function approaches but does not 
attain values greater than 0.5 or less than -0.5 except at these finite points. 

Local max: 
1

2
 at 𝑥 = 1,Local min: −

1

2
 at 𝑥 = −1  

 
 

 

  


