
 

 

 

Answer on Question #63505 – Math – Calculus 
 

Question 
1. Given that 𝐴 = sin 𝑡 𝑖 + cos 𝑡 𝑗 + 𝑡𝑘 , 
 
evaluate  

|
𝑑2𝐴

𝑑𝑡2
| 

 

Solution 
If 𝐴 = sin 𝑡 𝑖 + cos 𝑡 𝑗 + 𝑡𝑘, then 

𝑑𝐴

𝑑𝑡
= (sin 𝑡)′𝑖 + (cos 𝑡)′𝑗 + (𝑡)′𝑘 = cos 𝑡 𝑖 − sin 𝑡 𝑗 + 𝑘 

 
𝑑2𝐴

𝑑𝑡2
= (cos 𝑡)′𝑖 + (− sin 𝑡)′𝑗 + (1)′𝑘 = − sin 𝑡 𝑖 − cos 𝑡 𝑗 

 

|
𝑑2𝐴

𝑑𝑡2 | = √(−sin 𝑡)2 + (− cos 𝑡)2 = 1. 

 

Answer: |
𝑑2𝐴

𝑑𝑡2 | = 1. 

 
 

Question 
2. A particle moves along a curve whose parameter equations are 
 

𝑥 = 𝑒−𝑡 
 

𝑦 = 2 cos 3𝑡 
 

𝑧 = 2 sin 3𝑡 
 
Find the magnitude of the acceleration at 𝑡 = 0 
 

Solution 
If  𝑥 = 𝑒−𝑡, 𝑦 = 2 cos 3𝑡, 𝑧 = 2 sin 3𝑡, then 

𝑑𝑥

𝑑𝑡
=

𝑑(𝑒−𝑡)

𝑑𝑡
= −𝑒−𝑡 ;   

𝑑2𝑥

𝑑𝑡2
=

𝑑

𝑑𝑡
(

𝑑𝑥

𝑑𝑡
) =

𝑑

𝑑𝑡
(−𝑒−𝑡) = 𝑒−𝑡 

 
𝑑𝑦

𝑑𝑡
=

𝑑

𝑑𝑡
(2 cos 3𝑡) = −6 sin 3𝑡 ;  

𝑑2𝑦

𝑑𝑡2
=

𝑑

𝑑𝑡
(

𝑑𝑦

𝑑𝑡
) =

𝑑

𝑑𝑡
(−6 sin 3𝑡) = −18 cos 3𝑡 

 



 

 

𝑑𝑧

𝑑𝑡
=

𝑑

𝑑𝑡
(2 sin 3𝑡) = 6 cos 3𝑡  ;   

𝑑2𝑧

𝑑𝑡2
=

𝑑

𝑑𝑡
(

𝑑𝑧

𝑑𝑡
) =

𝑑

𝑑𝑡
(6 cos 3𝑡) = −18 sin 3𝑡 

The magnitude of the acceleration: 

|𝑎| = √(
𝑑2𝑥

𝑑𝑡2
)

2

+ (
𝑑2𝑦

𝑑𝑡2
)

2

+ (
𝑑2𝑧

𝑑𝑡2
)

2

= √(𝑒−𝑡)2 + (−18 cos 3𝑡)2 + (−18 sin 3𝑡)2 = 

= √𝑒−2𝑡 + 182. 
The magnitude of the acceleration at 𝑡 = 0: 
 

|𝑎|𝑡=0 = √𝑒−2∙0 + 182 = √1 + 324 = √325 = 5√13. 

Answer: 5√13. 

 
 

Question 
3. A particle moves along the curve  
 

𝑥 = 2𝑡2 ; 𝑦 = 𝑡2 − 4𝑡 ; 𝑧 = 3𝑡 − 5 
 
where 𝑡 is the time. Find the components of the velocity at 𝑡 = 1 in the direction 
 

𝑙 ̅ = 𝑖 − 3𝑗 + 2𝑘 
 

Solution 
Velocity: 
 

𝑣(𝑡) = 𝑥′(𝑡)𝑖 + 𝑦′(𝑡)𝑗 + 𝑧′(𝑡)𝑘 
 

𝑣(𝑡) = (2𝑡2)′𝑖 + (𝑡2 − 4𝑡)′𝑗 + (3𝑡 − 5)′𝑘 = 4𝑡𝑖 + (2𝑡 − 4)𝑗 + 3𝑘 
 

𝑣(1) = 4 ∙ 1𝑖 + (2 ∙ 1 − 4)𝑗 + 3𝑘 = 4𝑖 − 2𝑗 + 3𝑘 
The magnitude of 𝑙 ̅ = 𝑖 − 3𝑗 + 2𝑘 is  

|𝑙|̅ = √12 + (−3)2 + 22 = √14. 

The dot products 

 𝑣(1) ∙ 𝑙 ̅ = (4𝑖 − 2𝑗 + 3𝑘) ∙ (𝑖 − 3𝑗 + 2𝑘 ) = 4 ∙ 1 + (−2) ∙ (−3) + 3 ∙ 2 = 4 + 6 + 6 = 16, 

𝑣(1) ∙
𝑙 ̅

|𝑙|̅
=

1

|𝑙|̅
𝑣(1) ∙ 𝑙 ̅ =

16

√14
. 

The components of the velocity at 𝑡 = 1 in the direction 𝑙 ̅ = 𝑖 − 3𝑗 + 2𝑘 are 

 (𝑣1)𝑙 ̅(1) = ((𝑣(1) ∙
𝑙 ̅

|𝑙|̅
)

𝑙 ̅

|𝑙|̅
)

1

= (
16

√14
∙

𝑖−3𝑗+2𝑘

√14
)

1
=

16

14
=

8

7
, 

(𝑣2)𝑙 ̅(1) = ((𝑣(1) ∙
𝑙 ̅

|𝑙|̅
)

𝑙 ̅

|𝑙|̅
)

2

= (
16

√14
∙

𝑖−3𝑗+2𝑘

√14
)

2
= −3 ∙

16

14
= −

24

7
, 



 

 

(𝑣3)𝑙 ̅(1) = ((𝑣(1) ∙
𝑙 ̅

|𝑙|̅
)

𝑙 ̅

|𝑙|̅
)

3

= (
16

√14
∙

𝑖−3𝑗+2𝑘

√14
)

2
= 2 ∙

16

14
=

16

7
. 

Answer:  
8

7
, −

24

7
, 

16

7
. 

 

Question 
4. Determine the unit tangent at the point where 𝑡 = 2 on the curve 
 

𝑥 = 𝑡2 + 1 ; 𝑦 = 4𝑡 − 3 ; 𝑧 = 2𝑡2 − 6𝑡 
 

Solution 
 
The unit tangent: 
 

𝑇(𝑡) =
𝑟′(𝑡)

|𝑟′(𝑡)|
 

 
𝑟′(𝑡) = (𝑡2 + 1)′𝑖 + (4𝑡 − 3)′𝑗 + (2𝑡2 − 6𝑡)′𝑘 = 2𝑡𝑖 + 4𝑗 + (4𝑡 − 6)𝑘 

 

|𝑟′(𝑡)| = √4𝑡2 + 16 + (4𝑡 − 6)2 
 

𝑟′(2) = 2 ∙ 2𝑖 + 4𝑗 + (4 ∙ 2 − 6)𝑘 = 4𝑖 + 4𝑗 + 2𝑘 
 

|𝑟′(2)| = √42 + 42 + 22 = √16 + 16 + 4 = 6 
 

𝑇(2) =
𝑟′(2)

|𝑟′(2)|
=

4

6
𝑖 +

4

6
𝑗 +

2

6
𝑘 =

2

3
𝑖 +

2

3
𝑗 +

1

3
𝑘 

 

Answer:  𝑇(2) =
2

3
𝑖 +

2

3
𝑗 +

1

3
𝑘. 

 

Question 
5. If 𝐴 = 5𝑡2𝑖 + 𝑡𝑗 − 𝑡3𝑘 and 𝐵 = sin 𝑡 𝑖 − cos 𝑡 𝑗 
 
evaluate  

𝑑

𝑑𝑡
(𝐴 ∙ 𝐵) 

 

 
 
 
 
 



 

 

Solution 
If 𝐴 = 5𝑡2𝑖 + 𝑡𝑗 − 𝑡3𝑘 and 𝐵 = sin 𝑡 𝑖 − cos 𝑡 𝑗, then 
 

𝐴 ∙ 𝐵 = 5𝑡2 sin 𝑡 − 𝑡 cos 𝑡, 
 

𝑑

𝑑𝑡
(𝐴 ∙ 𝐵) =

𝑑

𝑑𝑡
(5𝑡2 sin 𝑡 − 𝑡 cos 𝑡) = 

= 10𝑡 sin 𝑡 + 5𝑡2 cos 𝑡 − cos 𝑡 + 𝑡 sin 𝑡 = 11𝑡 sin 𝑡 + cos 𝑡 (5𝑡2 − 1). 
 

Answer: 11𝑡 sin 𝑡 + cos 𝑡 (5𝑡2 − 1). 
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