
Answer on Question #69804 – Math – Calculus 

 

Question 

 

Expand sin 𝑥 ∙ cosh 𝑥 in ascending powers of 𝑥 up to 𝑥5. 

   

 

Solution 

 

Method I 

𝑓(𝑥) = sin 𝑥 ∙ cosh 𝑥 

𝑓(0) = 0 

𝑓′(𝑥) = (sin 𝑥 ∙ cosh 𝑥)′ = (sin 𝑥)′(cosh 𝑥) + (sin 𝑥)(cosh 𝑥)′ = 

= cos 𝑥 ∙ cosh 𝑥 + sin 𝑥 ∙ sinh 𝑥 

𝑓′(0) = 1 ∙ 1 + 0 = 1 

𝑓′′(𝑥) = (cos 𝑥 ∙ cosh 𝑥 + sin 𝑥 ∙ sinh 𝑥)′ = 

= (cos 𝑥)′(cosh 𝑥) + (cos 𝑥)(cosh 𝑥)′ + (sin 𝑥)′(sinh 𝑥) + (sin 𝑥)(sinh 𝑥)′ = 

= −sin 𝑥 ∙ cosh 𝑥 + cos 𝑥 ∙ sinh 𝑥 + cos 𝑥 ∙ sinh 𝑥 + sin 𝑥 ∙ cosh 𝑥 = 

= 2 cos 𝑥 ∙ sinh 𝑥 

𝑓′′(0) = 0 

𝑓′′′(𝑥) = (2 cos 𝑥 ∙ sinh 𝑥)′ = 2(cos 𝑥)′(sinh 𝑥) + 2(cos 𝑥)(sinh 𝑥)′ = 

= −2sin 𝑥 ∙ sinh 𝑥 + 2 cos 𝑥 ∙ cosh 𝑥 

𝑓′′′(0) = 0 + 2 ∙ 1 ∙ 1 = 2 

𝑓iv(𝑥) = (−2sin 𝑥 ∙ sinh 𝑥 + 2 cos 𝑥 ∙ cosh 𝑥)′ = 

= −2(sin 𝑥)′(sinh 𝑥) − 2(sin 𝑥)(sinh 𝑥)′ + 

+2(cos 𝑥)′(cosh 𝑥) + 2(cos 𝑥)(cosh 𝑥)′ = 

= −2 cos 𝑥 ∙ sinh 𝑥 − 2 sin 𝑥 ∙ cosh 𝑥 − 2 sin 𝑥 ∙ cosh 𝑥 + 2 cos 𝑥 ∙ sinh 𝑥 = 

= −4 sin 𝑥 ∙ cosh 𝑥 

𝑓iv(0) = 0 

𝑓v(𝑥) = (−4 sin 𝑥 ∙ cosh 𝑥)′ = −4(sin 𝑥)′(cosh 𝑥) − 4(sin 𝑥)(cosh 𝑥)′ = 

= −4 cos 𝑥 ∙ cosh 𝑥 − 4 sin 𝑥 ∙ sinh 𝑥 

𝑓v(0) = −4 ∙ 1 ∙ 1 − 0 = −4 

By Maclaurin’s Theorem we have 

𝑓(𝑥) = 𝑓(0) + 𝑥𝑓′(0) +
𝑥2

2!
𝑓′′(0) +

𝑥3

3!
𝑓′′′(0) +

𝑥4

4!
𝑓iv(0) +

𝑥5

5!
𝑓v(0) + ⋯ 

Substituting all the values we get 

𝑓(𝑥) = sin 𝑥 ∙ cosh 𝑥 = 0 + 𝑥 + 0 +
𝑥3

3!
(2) + 0 +

𝑥5

5!
(−4) + ⋯ = 

= 𝑥 +
𝑥3

3
−

𝑥5

30
+ ⋯ 

 

 

 

 



 

Method II 

Use Standard Expansions 

sin 𝑥 = 𝑥 −
𝑥3

3!
+

𝑥5

5!
−

𝑥7

7!
+ ⋯ 

cosh 𝑥 = 1 +
𝑥2

2!
+

𝑥4

4!
+

𝑥6

6!
+ ⋯ 

Then 

sin 𝑥 ∙ cosh 𝑥 = (𝑥 −
𝑥3

3!
+

𝑥5

5!
−

𝑥7

7!
+ ⋯ ) (1 +

𝑥2

2!
+

𝑥4

4!
+

𝑥6

6!
+ ⋯ ) = 

= 𝑥 −
𝑥3

3!
+

𝑥5

5!
+

𝑥3

2!
−

𝑥5

2! 3!
+

𝑥5

4!
+ ⋯ = 

= 𝑥 +
𝑥3

6
(−1 + 3) +

𝑥5

120
(1 − 10 + 5) + ⋯ = 

= 𝑥 +
𝑥3

3
−

𝑥5

30
+ ⋯ 

𝐀𝐧𝐬𝐰𝐞𝐫: sin 𝑥 ∙ cosh 𝑥 = 𝑥 +
𝑥3

3
−

𝑥5

30
+ ⋯  
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