
Derivative Motion Problems 

 

Directions: Do the problems. 

 

1. A particle moves according to the position function 𝑠(𝑡) = 𝑡2 − 10𝑡 + 12 where 𝑡 is measured in 

seconds and 𝑠 in feet. 

 

a. Find the velocity function, 𝑣(𝑡). 
 

b. Find the acceleration function, 𝑎(𝑡). 
 

c. When is the particle at rest? 

 

d. What is the acceleration at 𝑡 = 1 second? 

 

e. What is the velocity at 𝑡 = 1 second? 

 

f. At what time is the velocity 3 feet per second? 

 

 

2. A particle moves according to the position function 𝑠(𝑡) = 𝑡3 − 9𝑡2 + 15𝑡 + 10 where 𝑡 is measured in 

seconds and 𝑠 in feet. 

 

a. Find the velocity function, 𝑣(𝑡). 
 

b. Find the acceleration function, 𝑎(𝑡). 
 

c. When is the particle at rest? 

 

d. What is the acceleration at 𝑡 = 4 seconds? 

 

e. What is the velocity at 𝑡 = 2 seconds? 

 

f. At what time is the velocity 3 feet per second? 

 

 

3. A bullet fired straight up from the moon’s surface would reach a height of 𝑠(𝑡) = 832𝑡 − 2.6𝑡2 feet 

after 𝑡 seconds.  On Earth, its height would be 𝑠(𝑡) = 832𝑡 − 16𝑡2 feet after 𝑡 seconds. How much 

longer does it take the bullet to hit the ground on the moon than on Earth? What is the velocity of the 

bullet on the moon and on Earth when it hits the ground? 

 

 

4. A particle is moving along the x-axis so that its position at any time 𝑡 ≥ 0 is given by the equation 

𝑥(𝑡) = sin−1 (
√𝑡

4
) in feet per second. Find the velocity at 𝑡 = 4 seconds. 

 

 

5. A weather balloon is released and rises vertically such that its distance 𝑠(𝑡) above the ground during the 

first 10 seconds of flight is given by 𝑠(𝑡) = 6 + 2𝑡 + 𝑡2, where 𝑠(𝑡) is in feet and 𝑡 is in seconds.   

 

a. Find the velocity of the balloon at 𝑡 = 1, 𝑡 = 4, and 𝑡 = 8 

 



b. Find the velocity of the balloon at the instant the balloon is 50 feet above the ground. 

 

c. Find the acceleration of the balloon at any given time, 𝑡 = 𝑎. 

 

 

6. A ball rolls down an inclined plane such that the distance in centimeters that rolls in 𝑡 seconds is given 

by 𝑠(𝑡) = 2𝑡3 + 3𝑡2 + 4 for 0 ≤ 𝑡 ≤ 3. 

 

a. Find the velocity of the ball at 𝑡 = 2 seconds. 

 

b. At what time is the velocity of the ball 30 cm/sec? 

 

c. What is the ball’s acceleration at 𝑡 = 1 second? What is its acceleration at 𝑡 = 2 seconds? 

 

 

7. A penny is dropped in a vacuum from a height of 1920 feet according to the equation                     

𝑠(𝑡) = −16𝑡2 + 1920. 

 

a. Find the instantaneous velocity of the penny at any value 𝑡 = 𝑎. 

 

b. Find the instantaneous velocity at 2 seconds. 

 

c. Find the instantaneous velocity at 5 seconds. 

 

d. Find the velocity when the penny hits the ground. 

 

 

8. A toy rocket is projected directly upward with a velocity of 192 feet per second from a launching pad 

that is 9 feet above ground level.  The distance 𝑠(𝑡) in feet from the ground to the rocket after 𝑡 seconds 

is: 𝑠(𝑡) = −16𝑡2 + 192𝑡 + 9.  What is the maximum altitude of the rocket above the ground? 

 

 

9. A weather balloon is released and rises vertically such that its distance 𝑠(𝑡) above ground during the 

first 14 seconds of flight is given by: 𝑠(𝑡) = 10 + 2𝑡 + 𝑡2, where 𝑠(𝑡) is in feet and 𝑡 is in seconds.  

Find the velocity of the balloon at the instant that it is 130 feet above the ground. 


