
Answer on Question #70006 – Math – Calculus 

QUESTION 
 

Obtain a unit tangent vector to any point on the curve defined by the parametric 

equations:  

𝑥 = 𝑠𝑖𝑛 3𝑡,    𝑦 =  2𝑐𝑜𝑠 3𝑡,     𝑧 =  4𝑡. 
 

SOLUTION 
 

By the definition, for vector 𝑟(𝑡) = 𝑥(𝑡)𝑖 + 𝑦(𝑡)𝑗 + 𝑧(𝑡)�⃗⃗� a unit tangent vector is 
 

�⃗⃗�(𝑡) =
𝑟′⃗⃗⃗⃗ (𝑡)

|𝑟′⃗⃗⃗⃗ (𝑡)|
, 𝑤ℎ𝑒𝑟𝑒 |𝑟′⃗⃗⃗⃗ (𝑡)| = √(𝑥′)2 + (𝑦′)2 + (𝑧′)2  

In our case, 

{

𝑥(𝑡) = sin 3𝑡
𝑦(𝑡) = 2 cos 3𝑡

𝑧(𝑡) = 4𝑡

→ {

𝑥′(𝑡) = 3 cos 3𝑡
𝑦′(𝑡) = −2 ⋅ 3 sin 3𝑡 = −6 sin 3𝑡

𝑧′(𝑡) = 4

 

|𝑟′⃗⃗⃗⃗ (𝑡)| = √(3 cos 3𝑡)2 + (−6 sin 3𝑡)2 + (4)2 = √9 cos2 3𝑡 + 36 sin2 3𝑡 + 16 = 

= | sin2 𝑡 + cos2 𝑡 = 1
Asin2 𝑡 + 𝐴 cos2 𝑡 = 𝐴

| = √9 cos2 3𝑡 + 9 sin2 3𝑡 + 27 sin2 3𝑡 + 16 = 

= √9 + 27 sin2 3𝑡 + 16 = √25 + 27 sin2 3𝑡 = √25√1 +
27

25
sin2 3𝑡 = 5√1 +

27

25
sin2 3𝑡 

|𝑟′⃗⃗⃗⃗ (𝑡)| = 5√1 +
27

25
sin2 3𝑡  

Then, 

�⃗⃗�(𝑡) =
𝑟′⃗⃗⃗⃗ (𝑡)

|𝑟′⃗⃗⃗⃗ (𝑡)|
=

𝑥′(𝑡)𝑖 + 𝑦′(𝑡)𝑗 + 𝑧′(𝑡)�⃗⃗�

|𝑟′⃗⃗⃗⃗ (𝑡)|
= 

=
3 cos 3𝑡 𝑖 − 6 sin 3𝑡 𝑗 + 4�⃗⃗�

5√1 +
27
25

sin2 3𝑡

=
1

√1 +
27
25

sin2 3𝑡

⋅ (
3

5
cos 3𝑡 𝑖 −

6

5
sin 3𝑡 𝑗 +

4

5
�⃗⃗�) 

�⃗⃗�(𝑡) =
1

√1 +
27
25

sin2 3𝑡

⋅ (
3

5
cos 3𝑡 𝑖 −

6

5
sin 3𝑡 𝑗 +

4

5
�⃗⃗�)  



 

ANSWER: 

�⃗⃗�(𝑡) =
1

√1 +
27
25

sin2 3𝑡

⋅ (
3

5
cos 3𝑡 𝑖 −

6

5
sin 3𝑡 𝑗 +

4

5
�⃗⃗�) , ∀𝑡 ∈ ℝ 
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