
Answer on Question 72688, Math / Geometry 

Question 

Find the vectors t, n, b at the given point to the curve. 

γ(t)=(t^2,2/3 t^3,t), (1, 2/3, 1). 

 Solution.  

We are given the curve 

𝑟(𝑡) = (𝑡2)𝑖 + (
2

3
𝑡3) 𝑗 + (𝑡)𝑘⃗⃗ 

and the point (1, 2/3, 1) 

Note that 𝑡 = 1 because 𝑥0 = (12) = 1,    𝑦0 = (
2

3
⋅ 13) =

2

3
,    𝑧0 = (1) = 1 is the coordinates 

of the given point. 

1) Find the unit tangent vector 𝜏(𝑡) =
𝑟′⃗⃗⃗⃗ (𝑡)

|𝑟′⃗⃗⃗⃗ (𝑡)|
  

𝑟′⃗⃗⃗(𝑡) = (2𝑡)𝑖 + (2𝑡2)𝑗 + (1)𝑘⃗⃗ 

|𝑟′⃗⃗⃗(𝑡)| = √4𝑡2 + 4𝑡4 + 1 = √(2𝑡2 + 1)2 = 2𝑡2 + 1 

Thus we get 

𝜏(𝑡) =
𝑟′⃗⃗⃗(𝑡)

|𝑟′⃗⃗⃗(𝑡)|
= (

2𝑡

2𝑡2 + 1
) 𝑖 + (

2𝑡2

2𝑡2 + 1
) 𝑗 + (

1

2𝑡2 + 1
) 𝑘⃗⃗ 

2) Find the unit normal vector 𝑛⃗⃗(𝑡) =
𝜏′⃗⃗⃗⃗ (𝑡)

|𝜏′⃗⃗⃗⃗ (𝑡)|
  

𝜏′⃗⃗⃗(𝑡) = (
2 ⋅ (2𝑡2 + 1) − 2𝑡 ⋅ 4𝑡

(2𝑡2 + 1)2
) 𝑖 + (

4𝑡 ⋅ (2𝑡2 + 1) − 2𝑡2 ⋅ 4𝑡

(2𝑡2 + 1)2
) 𝑗 + (

−4𝑡

(2𝑡2 + 1)2
) 𝑘⃗⃗ 

= (
2 − 4𝑡2

(2𝑡2 + 1)2
) 𝑖 + (

4𝑡

(2𝑡2 + 1)2
) 𝑗 + (

−4𝑡

(2𝑡2 + 1)2
) 𝑘⃗⃗ 

|𝜏′⃗⃗⃗(𝑡)| =
√(2 − 4𝑡2)2 + (4𝑡)2 + (−4𝑡)2

(2𝑡2 + 1)2
=

√4 − 16𝑡2 + 16𝑡4 + 16𝑡2 + 16𝑡2

(2𝑡2 + 1)2
 

=
√4 + 16𝑡2 + 16𝑡4

(2𝑡2 + 1)2
=

√4(1 + 4𝑡2 + 4𝑡4)

(2𝑡2 + 1)2
=

2√(1 + 2𝑡2)2

(2𝑡2 + 1)2
=

2(1 + 2𝑡2)

(2𝑡2 + 1)2
=

2

(2𝑡2 + 1)
 

Thus we get 

𝑛⃗⃗(𝑡) =
𝜏′⃗⃗⃗(𝑡)

|𝜏′⃗⃗⃗(𝑡)|
=

(
2−4𝑡2

(2𝑡2+1)2
) 𝑖 + (

4𝑡

(2𝑡2+1)2
) 𝑗 − (

4𝑡

(2𝑡2+1)2
) 𝑘⃗⃗

2

(2𝑡2+1)

 

= (
1 − 2𝑡2

2𝑡2 + 1
) 𝑖 + (

2𝑡

2𝑡2 + 1
) 𝑗 − (

2𝑡

2𝑡2 + 1
) 𝑘⃗⃗ 



3) Find the unit binormal vector 𝑏⃗⃗(𝑡) = 𝜏 × 𝑛⃗⃗  

𝑏⃗⃗(𝑡) = 𝜏 × 𝑛⃗⃗ =
|

|

𝑖 𝑗 𝑘⃗⃗

2𝑡

2𝑡2 + 1

2𝑡2

2𝑡2 + 1

1

2𝑡2 + 1
1 − 2𝑡2

2𝑡2 + 1

2𝑡

2𝑡2 + 1
−

2𝑡

2𝑡2 + 1

|

|
 

= 𝑖 (−
4𝑡3

(2𝑡2 + 1)2
−

2𝑡

(2𝑡2 + 1)2
) − 𝑗 (−

4𝑡2

(2𝑡2 + 1)2
−

1 − 2𝑡2

(2𝑡2 + 1)2
)

+ 𝑘⃗⃗ (
4𝑡2

(2𝑡2 + 1)2
−

2𝑡2 − 4𝑡4

(2𝑡2 + 1)2
) 

= − (
2𝑡(2𝑡2 + 1)

(2𝑡2 + 1)2
) 𝑖 + (

2𝑡2 + 1

(2𝑡2 + 1)2
) 𝑗 + 𝑘⃗⃗ (

2𝑡2(2𝑡2 + 1)

(2𝑡2 + 1)2
) 

= − (
2𝑡

2𝑡2 + 1
) 𝑖 + (

1

2𝑡2 + 1
) 𝑗 + (

2𝑡2

2𝑡2 + 1
) 𝑘⃗⃗ 

Thus, for 𝑡 = 1 that is at the given point (1, 2/3, 1) we have: 

𝜏(1,2/3,1) =
2

3
𝑖 +

2

3
𝑗 +

1

3
𝑘⃗⃗ 

𝑛⃗⃗(1,2/3,1) = −
1

3
𝑖 +

2

3
𝑗 −

2

3
𝑘⃗⃗ 

𝑏⃗⃗(1,2/3,1) = −
2

3
𝑖 +

1

3
𝑗 +

2

3
𝑘⃗⃗ 

Answer: at the given point: 

the unit tangent vector is  

𝜏(1,2/3,1) =
2

3
𝑖 +

2

3
𝑗 +

1

3
𝑘⃗⃗ 

the unit normal vector is 

𝑛⃗⃗(1,2/3,1) = −
1

3
𝑖 +

2

3
𝑗 −

2

3
𝑘⃗⃗ 

the unit binormal vector is  

𝑏⃗⃗(1,2/3,1) = −
2

3
𝑖 +

1

3
𝑗 +

2

3
𝑘⃗⃗ 
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