KEY STAGE 4 SHORT-TERM SCHEMES OF LEARNING

	Lesson
	1.  Speed and distance–time graphs

	Objectives linked 
to 9-1 Grades



	All students must 
1. Describe how the gradient of a distance–time graph represents the speed.
1. Estimate typical speeds for walking, running, and cycling. 
Calculate the distance an object at constant speed will travel in a given time.
Most students 
1. Use the gradients of distance–time graphs to compare the speeds  of objects.
1. Describe the motion of an object by interpreting distance–time graphs. 
Calculate the speed of an object and the time taken to travel a given distance.
Some students could 
1. Calculate the speed of an object by extracting data from a distance–time graph. 
1. Extract data from a distance–time graph to calculate the speed of an object at various points in its motion. 
Perform calculations of speed, distance, and time which involve conversion to and from SI base units.

	Key Language
Literacy
Numeracy
	
	

	T&L
	 Activities for learning 
Lesson Overview
Starters
Speed, velocity, and acceleration graphs (10 min) Ensure the students can interpret a simple graph of motion by matching data with a graph. They should identify the gradient and note that it is constant when the distance is changing by a fixed amount each second.

Speedy start (5 min) Give students different moving objects,
and ask them to put the objects in order from fastest to slowest. Provide data on the objects so that the students can actually work out the speed of the objects using the speed equation. Examples could be a worm (0.5 cm/s), human walking (0.5 m/s), bicycle (5 m/s), car (20 m/s), passenger aircraft (200 m/s), and missile (1 km/s). 

Main
Distance–time graphs (40 min) Students try a few example
speed calculations based on the equation. Use examples that lead to typical walking (1.5 m/s), running (3 m/s), and cycling speeds (6 m/s) as students are expected to recall these values.
Students then complete the activity sheet where they analyse
a distance–time graph of a motorbike, describing when it was
travelling at the slowest speed, and extracting simple data from the graph to find speed in different phases of motion.

Plenaries
Timetable (5 min) Provide the students with a graph and ask
them to describe the motion of the object in prose and calculate the speed of the object during each stage of the motion.

A driving story (10 min) Provide students with a paragraph
describing the motion of a car through a town, including moving at different speeds and stopping at traffic lights, and so on. Ask them to sketch a graph of the described motion.
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	 
Resources

Interactive: Speed, velocity, and acceleration graphs
Activity: Distance–time graphs

	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	







	Lesson
	2.  Forces between objects

	Objectives linked 
to 9-1 Grades



	All students must 
1. Describe the difference between speed and velocity using an appropriate example.
1. Give the equation relating velocity, acceleration, and time.
Calculate the acceleration of an object using the change in velocity and time.
Most students 
1. Identify the features of a velocity–time graph.
1. Rearrange the acceleration equation in calculations.
Calculate the change in velocity for an object under constant acceleration for a given period of time.
Some students could 
1. Compare and contrast the features of a distance–time, displacement–time, and velocity–time graph. 
1. Combine equations relating to velocity and acceleration in multi-step calculations.
Calculate a new velocity for a moving object that has accelerated for a given period of time.

	Key Language
Literacy
Numeracy
	
	

	T&L
	 Activities for learning 
Lesson Overview
Starters
Getting nowhere fast (5 min) A racing driver completes a full circuit of a 3 km racetrack in 90 seconds. Ask what is his average speed? Why aren’t they 3 km away from where they started? Use this idea to explain the difference between distance travelled and displacement.

Treasure island (10 min) Provide the students with a scaled map with a starting point, hidden treasure, protractor, and ruler. At first, only give them the times they have to walk for, then the speeds they must go at, and finally the matching directions. See which group can find the treasure first. This shows how important direction is when describing movement. 

Main
Defining velocity (15 min) Use plenty of examples involving the description of the direction of motion as students can struggle with the difference between speed and velocity.

For higher-tier students you will need to discuss circular motion. Showing a conical pendulum, bolas, or a lasso can assist with this.

Acceleration (25 min) Students will understand acceleration to mean getting faster. Use this as a starting point and move towards the idea that it is possible to find out how much faster each second. This leads to the formal equation. The students will need to try several example calculations at this point. Ensure they can identify starting or end velocities of zero in the questions (e.g., at rest, stopped, stationary).
Students use the term deceleration in a description of an object slowing down to make sure they understand it.
 
Plenaries
Comparing graphs (10 min) Ask the students to make a comparison of what a distance–time graph and a velocity–time graph show. They should produce a chart/diagram highlighting the distinctions between what the features of these graphs represent.

Accelerated learning (10 min) The students should try a few
additional acceleration questions. Differentiate these so that there are several stages of calculation in some of the questions.
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	 
Resources
Activity: Acceleration
Interactive: Accelerated learning



	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	3.  More about velocity–time graphs

	Objectives linked 
to 9-1 Grades



	All students must 
1. Identify the feature of a velocity–time graph that represents the acceleration [the gradient], and compare these values.
1. Identify the feature of a velocity–time graph that represents the distance travelled [the area beneath the line], and compare these values.
Measure the acceleration of an object as it moves down a ramp.
Most students 
1. Describe sections of velocity–time graphs, and compare the acceleration in these sections.
1. Calculate the distance travelled using information taken from a velocity–time graph for one section of motion. 
Use a series of repeat measurements to find an accurate measurement of the acceleration of a moving object.
Some students could 
1. Calculate the acceleration of an object from values taken from a velocity–time graph. 
1. Calculate the total distance travelled from a multi-phase velocity–time graph.
Evaluate an experiment into the acceleration of an object in terms of precision based on the spread of repeat measurements.

	Key Language
Literacy
Numeracy
	
	

	T&L
	 Activities for learning 
Lesson Overview
Starter
Late again? (5 min) Give the students the distance from their last class to where they are now and ask them to work out their speed on the journey to you, using the time it took them to arrive. Provide some example distances from other likely rooms if students have no idea about how far it is between places.

Finding areas (10 min) Ask the students to calculate the total area of a shape made up of rectangles and triangles or circles.
 
Main
Investigating acceleration (25 min) After a brief recap of
the concept of acceleration, the students can carry out this
investigation depending on the equipment available.

Braking (15 min) In this activity the students look at what the
features of the velocity–time graph represent. They need to clearly identify the acceleration and distance travelled as separate concepts.
Summary questions 1 to 4 in the student book will provide
additional examples. 
Plenaries
Rushed off your feet (5 min) Wear a pedometer throughout the lesson, calculate your average step distance, and then ask the students to work out how far you have moved and your average speed. A typical example stride distance is 0.5 m with somewhere between 400 and 600 paces per lesson.

Matching motion (10 min) Students match velocity–time graphs with the descriptions of a car’s motion. They then interpret a velocity–time graph of an athlete during a training session.
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	 
Resources

Practical: Investigating acceleration

Interactive: Matching motion



	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	4.  Analysing motion graphs

	Objectives linked 
to 9-1 Grades



	All students must 
1. Identify a change in speed on a distance–time graph using change in gradient. 
1. Identify a change in acceleration on a velocity–time graph using change in gradient.
Calculate the distance travelled by an object at constant velocity using data extracted from a graph.
Most students 
1. Calculate the speed of an object by extracting data from a distance–time graph.
1. Use a tangent to determine the speed of an object from a distance–time graph.
Use the equation v2 − u2 = 2as in calculations where the initial or final velocity is zero.
Some students could 
1. Calculate the acceleration of an object by extracting data from a velocity–time graph.
1. Use the gradient of a velocity–time graph to determine the acceleration of an object.
Apply transformations of the equation v2 − u2 = 2as in calculations involving change in velocity and acceleration where both velocities are non-zero.

	Key Language
Literacy
Numeracy
	
	

	T&L
	 Activities for learning 
Lesson Overview
Starters
Graph matching (5 min) The students have to match the description of the movement of objects with distance–time and velocity–time graphs. Provide three different descriptions of journeys and three graphs that represent the movement for the students to match them with.

Plot (10 min) Give the students a set of velocity–time data for a moving object, and ask them to plot a graph of displacement against time. Check the graphs for accuracy of plotting and clear labelling of the axes. 

Main
Using distance–time graphs (15 min) H Lead the students through the process of determining the gradient of a line using tangents. Ensure the students can identify when the object is speeding up and when it is slowing down clearly. Students should find some velocities from example graphs to ensure they have mastered the technique.

Velocity–time graphs (15 min) Discuss finding acceleration from velocity–time graphs, making sure that students are aware of the difference between this type of graph and the earlier distance–time graph. Ask the students to analyse a few graphs and find acceleration using the gradient.

Velocity–time graphs and distance travelled (10 min) Recap the idea that the area beneath the line on the graph represents the distance travelled. This can now be linked to the mathematical equations which find the area of the shapes, noting that these are a product of the velocity and the time. Then discuss the origin of this equation of motion (v2 = u2 + 2as). Adding the area of the triangle and the rectangle together will lead to the expression. 
Plenaries
[bookmark: _GoBack]Dynamic definitions (10 min) The students should provide detailed definitions of speed, velocity, distance, displacement, and acceleration, including how they are represented on graphs.

Using graphs (10 min) Students answer true or false statements on velocity, then identify velocity–time graphs
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	 
Resources

Activity: velocity–time graphs
Interactive: Using graphs


	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



