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Newton’s Second Law

Newton’s second law is probably the most widely used relationship in all of physics. It tells us how much
force is needed to cause an object’s speed to increase or decrease at a given rate. It also allows us to figure out
how much force is involved by watching the motion of an object change. In this Investigation, you will
explore Newton’s second law by measuring the change in speed as a function of force and mass.

A Looking at the motion along the track 

1. Set up the track with a hill and a level section. 
2. Put two photogates 20 cm apart on the level section. Adjust the level of the track until the car has 

constant speed on the level part (same time through photogates A and B). Roll the car and record 
the three photogates times in table 1. Use the stop so you can repeat the same release position.

3. Put the two photogates 20 cm apart on the down hill section of the track. Roll the car starting from 
the same place and record the three photogate times (Table 1).

4. Calculate the speed of the car at photogates A and B.

Questions for this Investigation:
1. What is force?
2. What is the relationship between force and motion?

Materials
• Car and track
• Clay

• Timer and photogates • Mass balance

Table 1: Speed data
Time photogate 

A
(sec)

Time photogate 
B

(sec)

Time from   A 
to B 
sec)

Speed at A
(m/sec)

Speed at B
(m/sec)

Level section
Down hill section



 11

2BB Thinking about what you observed
  a. Where is there a net force acting on the car? How do you know?

  b. Where is there zero net force on the car? How do you know?

  c. Can you have constant speed with zero net force? What experimental data support your answer?

  d. Write down a formula for the acceleration of the car in terms of the speeds at photogates A and B and 
the time from A to B. 

  e. Calculate the acceleration of the car in m/sec2 on both the level section and the downhill section.

  f. Explain the difference in acceleration between the level and downhill sections using Newton’s second 
law and the concept of force.

C Speed and time graphs

1. Set photogate A near the top of the hill and leave it there.
2. Move photogate B along the track in 5 cm steps and record its position relative to photogate A. 

Measure the 3 photogate times for each position of photogate B.
3. Measure the mass of the car.

D Thinking about what you observed
  a. Draw the graph of speed vs. time for the track. For the x-axis use the time from photogate A to B. 

  b. Use Newton’s second law to calculate the force acting on the car at each position. Measure the 
acceleration from your speed vs. time graph. Where does the force come from?

  c. Draw the graph of force vs. time and compare this graph to the speed vs. time graph. What relationship 
is there between the two graphs?

  d. Explain how speed and acceleration are different using your speed vs. time graph as an example.

Table 2: Speed versus time data
Position

(cm)
Time through 

A (sec)
Time through 

B
(sec)

Time from 
A to B 
(sec)

Speed at A
(m/sec)

Speed at B
(m/sec)
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