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Day 5: Motion Along a Curve — 
Vectors (continued)

Example (calculator):

An object moving along a curve in the xy-plane has position x t y t( ) ( )( ),  at time t

with Gx
Gt

t Gy
Gt

t= ( ) = ( )sin , cos .3 2  At time t = 2, the object is at the position (1, 4).

(a) Find the acceleration vector for the particle at t = 2.

(b) Write the equation of the tangent line to the curve at the point where t = 2.

(c) Find the speed of the vector at t = 2.

(d) Find the position of the particle at time t = 1.

Solution:

(a) Students should use their calculators to numerically differentiate both Gx
Gt

Gy
Gt

 and   
when t = 2 to get D 2 1 4�6 3 02�( ) = � . , . .

(b)  When t = 2, Gy
Gx

= �
cos
sin

.
4
�

0 661 or  , so the tangent line equation is

 y x y x� = �( ) � = � �( )4
4
�

1 4 0 661 1
cos
sin

.  or  .

 Notice that it is fine to leave the slope as the exact value or to write it as a decimal 
correct to three decimal places.

(c) Speed = Gx
Gt

Gy
Gt

©
«ª

¹
»º

�
©
«ª

¹
»º

2 2

= sin cos .� 4 1 1�6
2 2( ) � ( )  or  

 Notice that it is fine to leave the speed as the exact value or to write it as a  
decimal correct to three decimal places.

(d) Students should apply the Fundamental Theorem of Calculus to find the x and y  
components of the position.

 

x x x t Gt y y y t Gt

t

1 2 1 2

1

1

2

1

2( ) = ( ) � e( ) ( ) = ( ) � e( )
= �

µ µ
sin 33

1

2 2
1

2
4

0 ��2 4 443

( ) = � ( )
= =

µ µGt t Gtcos

. .

 Therefore the position at time t = 1 is (0.782, 4.443).
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Day 5 Homework

Use your calculator on problems 7–11 only.

1. If x H y t Gy
Gx

t= = ( )2 3 and  find  sin ,  in terms of t.

2. Write an integral expression to represent the length of the path described by the  
parametric equations x t y t t= = f fcos sin .3 2 0

2
 and  for 

U

3. For what value(s) of t does the curve given by the parametric equations 
x t t y t t t= � � = � �3 2 4 21 2 �  and   have a vertical tangent?

4. For any time t v 0, if the position of a particle in the xy-plane is given by
 x t y t= � = �( )2 1 2 3 and  ln ,  find the acceleration vector.

5. Find the equation of the tangent line to the curve given by the parametric 
equations x t t t y t t t( ) = � � ( ) = �3 4 2 42 3 and  at the point on the curve 
where t = 1.

6. If x t H y Ht t( ) = � =1 2 2 and   are the equations of the path of a particle moving in 
the xy-plane, write an equation for the path of the particle in terms of x and y.

7. A particle moves in the xy-plane so that its position at any time t is given by 
x t y t= ( ) =cos .� 3 and   What is the speed of the particle when t = 2?

8. The position of a particle at time t v 0 is given by the parametric equations 

x t
t

y t t t( ) =
�( )

� ( ) = � �
2

3
4 4 4

3

2 and  . 

 (a) Find the magnitude of the velocity vector at t = 1.

 (b) Find the total distance traveled by the particle from t = 0 to t = 1.

 (c) When is the particle at rest? What is its position at that time?

9. An object moving along a curve in the xy-plane has position x t y t( ) ( )( ),  at

 time t v 0 with Gx
Gt

t Gy
Gt

H t= � ( ) =1 32tan   and  . Find the acceleration

 vector and the speed of the object when t = 5.

10. A particle moves in the xy-plane so that the position of the particle is given by
 x t t t y t t t t( ) = � ( ) = � f fcos sin , . and  3 2 0 U  Find the velocity vector when 
 the particle’s vertical position is y = 5.
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11. An object moving along a curve in the xy-plane has position x t y t( ) ( )( ),  at
time t with Gx

Gt
t Gy

Gt
t t= ( ) = ( ) f f2 0 43 2sin cos . and   for  At time t = 1, the

 object is at the position (3, 4).

 (a) Write an equation for the line tangent to the curve at (3, 4).

 (b) Find the speed of the object at time t = 2.

 (c) Find the total distance traveled by the object over the time interval 0 1f ft .

 (d) Find the position of the object at time t = 2.

Answers to Day 5 Homework

1. 
Gy
Gx

t

H t=
( )3 3

2 2

cos

2. Length = 9 44 2 2 2
0
2 cos sin sin cost t t t Gt�µ
U

3. 
Gy
Gx

t t
t t

t t=
� �

�
� =

4 4 �
3 2

3 2 0
3

2
2 is Xndefined ZKen . 

So the curve given by the parametric equations x = t3 – t2 – 1 and y = t4 +2t2 – 8t 
has a vertical tangent when t = 0 and t = 2

3
.

4. 4 2
2

2 3
2

4

2 3
2

. , , ,Y t t
t

D t
t

( ) =
� ( ) = �

�( )
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5. �
3 4
6 1

1
2

1 1 3
1

2

1

. , , .
Gy
Gx

t
t

t x y
t t= =

=
�
�

= � = = = �. :Ken  

77anJent line eTXation�  y x� = � �( )3
1
2

1

6. H x H x x y H y x xt t t= � = � � = = �1 2 1 2 2 42 22 2 so  7Ken  so  . �� 2.

7. Speed = � ( )( ) � ( )
=

� � 3
2 2 2

2

sin t t
t

= 12.304
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