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Learning objectives

· Calculate the area under a speed–time graph to work out the distance travelled for motion with constant acceleration.
· Demonstrate an understanding that acceleration and deceleration are related to changing speed including qualitative analysis of the gradient of a speed–time graph.
· Extended  Define and calculate acceleration using
change of velocity .
time taken
· Extended  Recognise linear motion for which the acceleration is constant and calculate the acceleration.
· Extended  Recognise motion for which the acceleration is not constant.
· State that the acceleration of free fall g for a body near to the Earth is constant.
· Extended Calculate acceleration from the gradient of a speed-time graph.

Learning outcomes
· Be able to work out the distance travelled from a speed–time graph by calculating the area under the speed–time graph for motion with constant acceleration.
· Demonstrate an understanding that acceleration is related to changing speed and know how to analyse speed–time graphs.
· Extended  Be able to define and calculate acceleration using
change of velocity .
time taken
· Extended  Be able to recognise linear motion for which the acceleration is constant and calculate the acceleration.
· Extended  Be able to recognise motion for which the acceleration is not constant.
· Know that the acceleration of free fall g for a body near to the Earth is constant.
· Extended  Be able to calculate acceleration from the gradient of a speed-time graph.

Common misconceptions
This may be the students’ first introduction to a vector quantity – one that has both a value and a direction – so it is worth making sure that they understand that the positive direction must always be defined for vectors in one dimension.
Students may need reminding that the beam of infrared light passing through a light gate is invisible.

Resources
Student Book pages 22–28
Files found at www.collins.co.uk: P1_2bi_Worksheet; P1_2bii_Worksheet; P1.2b_Tech_notes

Approach
Introduce the activity
Talk about a car’s speedometer reading 50 km/h and then a few seconds later displaying 70 km/h, and explain that this means the car has accelerated. Demonstrate the use of a light gate to measure the speed of a small object passing through it, such as a book.
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Ask students to calculate the speed of the book from its length and the time recorded by the software. If a data projector is used, you could also teach the class how to use the software. Do not show them how to use the software to calculate speed.
Hold a ping-pong ball or a super ball high in the air above a bench. Release it. Ask students to describe its motion as it falls, bounces and rises back toward your hand. Help them along with the ideas of acceleration and positive and negative velocities.
Develop the activity
Discuss the section ‘What is acceleration?’ on page 22 of the Student Book.
Extended  Students should try the worked example on page 23 of the Student Book, without the solution, and then compare their answers with the given solution and discuss any differences. The questions on page 23 give further practice.
Students can then carry out the practical on Worksheet P1.2bi in small groups. Although the light gate software can calculate a value for v directly, it is good for the students to do this themselves.
SAFETY INFORMATION: If this experiment is carried out on a bench or desk, beware of a trolley running off the end of the slope onto the floor or someone’s foot.
The next part of the activity focuses on velocity–time graphs. Discuss the section on pages 23–25 of the Student Book before students answer the questions on page 25. Make sure that they understand how to find distance from a velocity–time graph and then ask them to complete Worksheet P1.2bii.
The questions in the Developing investigative skills box could be answered by students working in pairs. Discussion of the questions is a useful learning tool.
Finish the activity
Stand on a chair and drop a ping-pong ball or super ball toward the floor. Ask students to sketch velocity– time graphs for the ball as it falls. Once they have all finished, you could show them again and ask them to draw an acceleration–time graph (constant negative value with a positive spike where it hits the floor, if up is positive).
Run a short test to see if students can recall the meanings and units of the symbols u, v, a and t and the acceleration equation itself.
