
Calculus III
Practice Problems 3

1. Let L � cosθ
�
t � I � sinθ

�
t � J be a unit vector -valued function of t in the xy-plane. Show that

d
dt

�
L � K � � dθ

dt
L �

2. A particle moves in the plane according to the equation

X
�
t � � t sin tI � cos tJ

Find the speed, tangential and normal accelerations and the curvature of the trajectory at the time t � 2π .

3. A particle moves in the plane according to the equation

X
�
t � � �

t2 � t � 1 � I � t3J

Find the velocity, speed, acceleration, tangent and normal vectors of the particle at any time t � 0.

4. A particle moves in the plane according to the equation

X
�
t � � tI � lntJ

Find the velocity, speed, acceleration, tangent and normal vectors, and tangential and normal acceleration of
the particle at any time t � 0.

5. A particle moves in the plane according to the equation

X
�
t � � eat � cos tI � sintJ �

Show that the angle between the position vector and the tangent line to the trajectory is constant.

6. A particle moves in space according to the formula

X
�
t � � cos tI � sintJ � cos

�
2t � K �

Find the tangential and normal accelerations and the curvature at t � π � 4.

7. A particle moves in space according to the formula

X
�
t � � cos tI � sintJ �	� etK �

Find the tangential and normal accelerations for this motion.

8. A particle moves in space according to the formula

X
�
t � � 1

2
t2I � 1

t
J � tK �

Find aN 
 κ at the point t � 1.

9. Let U
�
t � 
 V

�
t � be unit vectors which are always orthogonal. Let W � U � V. Show that there are scalar

functions α 
 β 
 γ such that

dU
dt

� αV � βW 

dV
dt

� � αU � γW 

dW
dt

� � βU � γV

10. Let X � X
�
t � represent the motion of a particle in space.

a) Show that if �V � is constant, then A is orthogonal to T.
b) Show that if A is constant, the motion lies in a plane.


