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Lesson 
	Core ideas 
	Learning outcomes 
	R 
	A 
	G 

	
1. Speed
	
Speed = distance travelled ÷ time taken

	· Define speed as the distance travelled per unit time 
· State that the unit of speed used in physics are metres per second.
· Explain the difference between distance and displacement using examples
· Recall and apply the speed equation.
· (A) Suggest why the speed equation is sometime called the average speed equation
· (A) Evaluate the usefulness of the average speed equation by identifying situations when it can’t be used
	 
	 
	 

	2. Acceleration
	
The bigger the accelerating force, the bigger the acceleration

	· Recall the definition of acceleration
· Describe the effect of mass on acceleration
· Explain how the acceleration is affected by increasing the accelerating force
· Recall and apply the acceleration equation
·  (A) Evaluate the acceleration experiment to identify sources of error and suggest how this experiment could be improved.
	
	
	

	3. Balanced forces 1
	Be able Identify the forces on moving and stationary objects

	· Recall different types of forces.
· Identify the forces on moving and stationary objects.
· Identify force pairs.
· Draw free body diagrams.

	
	
	

	4. Balanced forces 2
	know what resultant force is and what it helps us to find out
	· State what a resultant force is
· Describe and explain what would happen to an object if the resultant force is a) zero and b) non- zero.
· Use free-body diagrams to calculate the resultant force
· Use a parallelogram of forces to find the resultant force of two forces at an angle
	
	
	

	5. Motion graphs
	what the shape of distance-time and speed-time graphs tell us
	· Recall the shapes of distance/time graphs and speed/time graphs for stationary, constant speed and constant acceleration.
·  (I,A) Analyse motion graphs to describe the types of motion they show
·  (A) Calculate acceleration using the gradient of a speed time graph
	
	
	

	6.Terminal velocity
	why the forces on objects moving in a fluid end up balanced, and what that means for speed
	· Recall the forces acting on a falling object
· Recall terminal velocity as occurring when a falling object has balanced forces
· Describe how the drag force is affected by speed and cross section area
· Describe how the forces on a falling object change as its speed increases.
· (A) Explain how terminal velocity is affected by the cross section area and the mass of the falling object.

	
	
	

	7. Mass and Weight
	Distinguish between mass and weight
	· Calculate weights given the strength of gravity and the mass. 
· Explain that an object on Earth has weight because of gravity. 
· Recall the direction in which gravity pulls, and the factors that affect its strength.
	
	
	

	8. Gravity and Space
	Understand orbits and satellites
	· Describe what effect gravity has
· Describe the factors affecting gravity
· Understand how different types of orbit work 

	
	
	

	9. 
	Literacy lesson
	 Literacy – Robert Hooke by Esther Haydock
	
	
	






Lesson 1 Speed
Lesson Key Words
speed		distance	time		mean		average		scalar		
vector		distance		displacement		instantaneous
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Core Activity
Match the speed to the object – 
	Speed
	Object

	30mph
	

	4cm/hr
	

	10 cm/s
	

	300,000 km/s
	

	300mph
	

	110km/h
	

	2.15cm/yr
	



Reading
Why different units?
Different units can be down to cultural reasons, different countries use different measurement systems. They can also be because somethings move very quickly (like light) or exceedingly slowly (like the continent of Africa).
The standard unit of speed in Physics is metres per second, m/s.
We can also use other units such as the kilometre per second km/s for things that move very fast, or if something moves very slowly we could use centimetres per second, cm/s, millimetres per second, mm/s, micrometres per second, µm/s, and nanometres per second, nm/s. For example: if bamboo grows at 4cm/hr we can say it grows at 0.011 mm/s.

Defining Speed
If the unit of speed is m/s we can use it for a definition of speed - 

“the distance travelled per unit time.”

This also tells us the equation for speed – 


[image: ]
Average Speed

This equation is often called the average speed equation.

[image: ]






	Example (DAFNE method)
	Partial example

	Calculate the speed of a runner who travels 100 m in 16 s.
D. list your DATA
[bookmark: _Int_bJ1eaLvl]s  = ? 
d  = 100 m 
t  = 16 s
A.ADJUST the units (not needed this time)

F. Write the FORMULA linking speed, distance and time
[image: ]


N: NUMBER values in

 
 E. EQUALS… 
 Speed = 6.25 m/s
  
	Calculate the speed of a car that travels 450 m in 15 s. 
D. list your DATA
[bookmark: _Int_Khmd0IXc]s = ? 
d = 450 m
t = 15 s
A.ADJUST the units (not needed this time)

[image: ]F. Write the FORMULA linking speed, distance and time




N: NUMBER values in

 

E.EQUALS… 
 Speed = 




 
Application Questions
1. Define speed.
2. State the standard units for speed.
3. Recall the equation that links speed, distance and time.
4. Suggest a suitable unit for the speed of:
a) A car
b) A snail
c) A person walking
d) A Saturn V rocket
5. How is average speed different to instantaneous speed?
6. Calculate the average speed, in m/s, of the following:
a) A rabbit that runs 12 metres in 4 seconds.
b) A dog that runs 20 metres in 8 seconds.
c) An athlete who runs 800 m in 2 minutes 40 seconds.
7. At a school sports day, Mark runs the 100 metre race in 10 seconds, while James runs the 200 metre race in 25 seconds. Who was faster? Show your working out.
8. Calculate the average speed of each train in the table below. Which one is travelling fastest?
	
	train A
	train B
	train C

	journey
	from London to Liverpool
	from Leeds to London
	from Reading to London

	distance
	240 km
	200 km
	60 km

	time taken
	3 hours
	2 hours
	1.5 hours


9. A plane travels from Vienna to London, a distance of 800 km in 75 minutes. Calculate the average speed of the plane in km/h.
Reading
Distance and Displacement
We are familiar with using the word “distance” to describe how far something travels. In Physics, we often have to consider the specific direction of travel as well.
All quantities can be categorised as scalars and vectors.
Scalar – a quantity with magnitude (size) only.
E.g. distance, speed, mass, energy, time.
Vector – a quantity with a magnitude and a direction.
E.g. displacement, velocity, acceleration, momentum, force.
Distance is a scalar and is defined as how far an object travels.
Displacement is a vector and is defined as how far an object travels in a particular direction.
As the crow flies
The old saying how far something is “as the crow flies” is a direct reference to the concept of displacement. Consider the journey from School to the centre of Warrington. The distance is 3.7 miles, but were a crow to fly direct and in a straight line, the total ground covered would be less. This would be the displacement.
[image: ]











When quoting a displacement, you must also state the direction, so in the above example:

Upper School to Warrington Bus Station
Distance = 3.7 miles
Displacement = 3.5 miles, NNW
[image: ]
We will learn more about scalars and vectors later in the topic.

Application Questions
1. Define distance and give the standard unit.
2. Define displacement and give the standard unit.
3. Define a scalar quantity.
4. Give three examples of scalar quantities.
5. Define a vector quantity.
6. Give three examples of vector quantities.
7. In 2009, Usain Bolt set a new world record for the 100 m sprint, completing the race in 9.58 seconds. Calculate Usain Bolt’s average speed for this race.
8. Explain why Bolt’s actual top speed in the race is actually faster than that calculated in question 7.
9. During his world record run, Usain Bolt was measured to have reached a top speed of 10.44 m/s. Explain the difference between average speed and instantaneous speed.

Plenary - True or False?
1. If I walk 2 miles in 1 hour, I am going at the same speed as someone who walks half a mile in half an hour.
2. If a car travels 15 miles in half an hour, it is going at the same speed as a lorry that travels 30 miles in 1 hour.
3. A cat takes 2 minutes to walk between two lamp posts. A dog takes 1 minute. The dog is walking faster than the cat.
4. It takes an apple 4 seconds to fall from a tree to the ground. A conker takes 6 seconds to fall. The apple was falling faster than the conker.
5. A snail moves 15 cm in 2 minutes. It is moving slower than a slug, which takes 1 minute to move 8 cm.
Lesson 2 Acceleration
Lesson Key Words
[bookmark: _Hlk113045354]acceleration		velocity		accuracy	precision	
directly proportional		inversely proportional
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[image: ]Modelling
An elephant and a frog are on skateboards on a smooth flat road, if you want them to have the same acceleration which one will be harder to push?

Reading
Velocity
We looked last lesson at the difference between quantities that are classed as scalars and vectors, such as distance and displacement.
Speed tells us how fast an object is travelling and is defined as the distance travelled per unit time. Speed is a scalar, so therefore does not have a direction.
We can also use the term velocity to describe how fast an object is travelling, however velocity is a vector and therefore has a direction as well. Strictly speaking, the definition of velocity is the displacement per unit time and is calculated using the equation:


What is acceleration?
Acceleration can be used to describe when something changes speed and this can be either speeding up or slowing down. In everyday language, we call it an acceleration if it is getting faster, and a deceleration if it is getting slower, however in Physics, the term acceleration can be used for both.
As acceleration is also a vector quantity, we should actually refer to it as a change of velocity rather than a change of speed.
If the acceleration is large the object will change velocity quickly. If the acceleration is small the object will change velocity more slowly. So, acceleration is defined as “the change in velocity per unit time”.
We can use the equation below to calculate acceleration:





What are the units of acceleration?
We can use the acceleration equation to calculate acceleration and work out its units, i.e. the change in velocity (in metres per second) per unit of time (seconds), so the unit of acceleration is metres per second per second, which we write as metres per second2 (m/s2).











	Example (DAFNE method)
	Partial example

	A sports car needs 2.5 seconds to accelerate from 10m/s to 20m/s. Calculate the acceleration of the car.
D. list your DATA
t  = 2.5 s 
initial v  = 10 m/s 
final v = 20 m/s
a  = ?
Δv = 20 – 10 = 10 m/s
A.ADJUST the units (not needed this time)

F. Write the FORMULA linking acceleration, change in velocity and time



N: NUMBER values in

 
 E. EQUALS… 
 Acceleration = 4 m/s2
  
	A runner needs 4 seconds to accelerate from 2 m/s to 9 m/s. Calculate their acceleration. 

D. list your DATA





A.ADJUST the units (not needed this time)

F. Write the FORMULA linking acceleration, change in velocity and time




N: NUMBER values in

 

E.EQUALS… 
 Acceleration = 





Core Activity
Demonstration Practical: Investigating Acceleration
1. Set up the equipment as shown in the diagram.
2. Attach a 100 g mass to the string
3. Release the trolley and start the timer.
4. Record the time to travel 80 cm
5. Repeat so you have 3 times
6. Increase the mass by 100 g and repeat the experiment until you have results for 7 masses.
7. Draw a graph with force on the x axis and average speed on the y axis

[image: ]












Results
	Mass/ g
	Force/ N

	Time 1/ s
	Time 2/ s
	Time 3/ s
	Mean (average) time/ s
	Average speed/ m/s
	Final velocity/ m/s
	Acceleration/ m/s2

	100
	1.00
	
	
	
	
	
	
	

	200
	2.00
	
	
	
	
	
	
	

	300
	3.00
	
	
	
	
	
	
	

	400
	4.00
	
	
	
	
	
	
	

	500
	5.00
	
	
	
	
	
	
	

	600
	6.00
	
	
	
	
	
	
	

	700
	7.00
	
	
	
	
	
	
	


Conclusion (Use data from your results table in your answers)
1.Describe the trend in the acceleration of the car.
2.Define the term directly proportional.
3.Define the term inversely proportional.
4.Describe the relationship between force and acceleration. Use data from the table to justify your conclusion.

Evaluation (Use data from your results table in your answers)
1.	Was your data accurate? 
2. 	Was your data precise?
3.	Suggest a source of error in your experiment and explain how you could improve your experiment to remove this source of error.

Application Questions

Speed
1. Kelly took 100 seconds to skate a 1000 m race. 
a) Write down the equation you should use to calculate her speed
b) How fast was she skating? 
2. John skated for 40 seconds at a speed of 9 m/s. 
a) How do you need to arrange the equation to work out the distance he skated?
b) How far did he skate?
3. Josie's average speed for her 500 m race was 13 m/s. 
a) How do you need to arrange the equation to work out long she took to finish the race?
b) How long did it take her to finish the race?
4. Speed skiers can go much faster than skaters. The record is about 250 km/h. This is about 111 m/s. Asif is trying to break the record. His time for 500 m is 4.75 seconds. Has he broken the record?
5. Winston's average speed downhill is 50 m/s. He skis down a 3 km course. How long will he take to ski the course?
6. Sally skis downhill at 40 m/s for an hour. How far does Sally go?

Acceleration
7. Poppy is riding her bike. She accelerates for 6 seconds increasing her speed by 12m/s. 
a) Write down the equation you need to calculate her acceleration
b) What is her acceleration?
8. David is driving his car, he accelerates at 8m/s2 for 3 seconds, 
a) How will you arrange the acceleration equation to calculate how much speed changes?
b) How much does his speed go up?
9. David applies the brakes, he decelerates at 10m/s2 for 2 seconds, how much does his speed go down?
10. A dog has an acceleration of 5m/s2, how long will it have to accelerate for if its speed changes by 15m/s?
11. Poppy wants her speed to increase by 16m/s, if her acceleration is 2m/s2 how long will she need to accelerate for.
12. Jake is in a race, he accelerates at 4 m/s2 for 8 seconds, what is his final speed?
13. Abby drives a van, at the traffic lights she has an acceleration of 5m/s2. How long will it take for her speed to get to 15m/s?
14. Michael runs to chase the football, it takes him 5 seconds to get to his top speed of 12.5m/s. What is his acceleration?
15. Abby is driving at 10m/s and accelerates at 4m/s2 for 3 seconds. What is her speed after accelerating?

Lesson 3 Balanced Forces
Lesson Key Words
forces	 	friction		drag		tension		normal contact force		upthrust		magnetism		gravity		weight		electrostatic				stationary	Newtonian pair		free-body diagram	
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Reading
	Force type
	Description
	examples

	Friction
	This happens when two surfaces slide past each other. It acts in the opposite direction to attempts at motion.
	Child moving down a slide.

	Drag
	The friction force that occurs when an object moves through a ___________
	Upward force on a parachute, backward force on a speed boat 

	Tension
	This is felt by ropes and wires that are being pulled or hung.
	Force on a rope in a tug of war, upward force on a chandelier.

	___________ contact force
	A force that acts on an object touching another object. It acts at 90 degrees to the surface.
	Force on a bag of cement resting on the ground.

	Upthrust
	Upward force on an object that is floating in a liquid.
	Upward force on a floating piece of wood.

	Magnetism
	Force that a magnet puts on magnetic materials, including other magnets as well as metals like iron, nickel and cobalt.
	Magnet picking up an iron nail.
Compass pointing _________.

	Gravitational force (weight)

	An attractive force between two objects with mass.
This is the pull experienced by every mass due to the presence of every other ________. It is larger for larger objects that are closer.
	Pull of the sun on the earth. Pull of the earth on the moon. 

	Weight
	The force on a mass due to gravity.
	The force a person exerts on the ground due to gravity.

	Electrostatic force
	Force caused by electrically charged objects. Can act on other charged objects as well as uncharged objects.
	Clothes sticking together after going through the tumble dryer.
Dust sticking to a polished table.







Application Question
[image: ]Identify the forcesA

[image: ]B[image: ]

A – 				

B – 				

C – 				

D – 				

[image: ]E – 				D[image: ]


[image: ]F – 				C[image: ]


				

G – 				








[image: ]E[image: ]











[image: ][image: ]G[image: ]
F[image: ]





Reading
Thinking about paired forces (Newtonian Pairs or Force Pairs)
A Newtonian pair is a pair of forces that are:
· the same type 
· the same size
· but act in the opposite direction, 
· and on different objects (i.e. they act on each other).
The concept comes from Newton’s Third Law of Motion which states that:
[image: Newton's Third Law (5.7.4) | AQA GCSE Physics Revision Notes 2018 | Save My  Exams]If an object A exerts a force on another object, B, then B will exert a force that is the of the same size and type but opposite in direction on object A.
In the diagram to the left, we have two examples of force pairs. 
However, the two forces in the diagram below are NOT a force pair as:
1) they are not the same type
2) the two forces are both acting on the ball i.e. the normal contact force from the ground on the ball and the gravitational attraction from the ground (weight) on the ball.[image: Force Pair - Key Stage Wiki]Weight


Free body diagrams
[image: Part 4]A free-body force diagram of an object shows the forces acting on it.
Free-body force diagrams can be used to find how an object will move.
A free-body force diagram shows the forces acting on an object without any other objects or other forces shown. Each force is shown on the diagram by an arrow pointing in the direction of the force. The size and direction of the arrow shows the size and direction of the force.


Application Questions
Draw free-body force diagrams for the following:
a) A box resting on the ground.
b) A magnet stuck to the bottom of a car.
c) A punchbag hanging from the ceiling.
d) A fly hitting the windscreen of a car.
e) A person pushing a large box.


Reading
What can forces do?

When the forces on an object are balanced, the object will either remain at rest or continue travelling with a constant velocity.
(Resultant) forces can change the:
· shape, 
· size, 
· direction 
· and velocity of an object.


Extension/Plenary work


1. Who is right about the forces Kevin uses to keep the weight steady? Explain your answer.
[image: Screen Clipping]2. What mistakes do you think the other three made? What would you say to help them understand?










Lesson 4 – Balanced Forces 2

Lesson Key Words
Resultant forces	 	vectors		balanced		unbalanced






RETRIEVAL AND WCSI/WPS
Reading
Resultant force.
The resultant force is equal to all of the forces on an object added up together (vector addition).
The size (and direction) of the resultant force determines what happens to the object.
If the resultant force is non-zero, (i.e. the forces on an object are unbalanced) it can change the
· shape, 
· size, 
· direction 
· and speed of an object.

A zero resultant force means that the direction and velocity will stay the same. The forces are said to be balanced.

This idea comes from Newton’s First Law of Motion which states that:

Every object will remain at rest or in uniform motion in a straight line unless acted upon by an external resultant force.

Application Questions
Decide if there is a non-zero resultant force (unbalanced) or if the resultant forces is zero (balanced).
	Diagram
	balanced or unbalanced?
	object will…

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


[image: Screen Clipping]
1






2

[image: Screen Clipping]
[image: Screen Clipping]
3






[image: Screen Clipping]5
4


[image: Screen Clipping]





Extension – are the diagrams free body diagrams? Explain your answer!


Reading
Calculating the resultant force
Resultant forces are found using vector addition.

A) If the forces acting on an object are parallel and in the same direction, the resultant force is found by adding them together.

Example.
The forces are both pushing forwards.  They add together.
The resultant force
 	
= 40 + 10

= 50 N

The resultant force is 50 N forwards

B) If the forces acting on an object are parallel and in the opposite direction, the resultant force is found by subtracting them.
Example

The forces are pushing against each other.

Resultant force = forward force – backwards force
= 60 -15

						 = 45 N

The resultant force is 45 N forwards

C) If the forces acting are perpendicular, then the resultant force and direction would be found using a scale drawing of a parallelogram of forces.

10,000 N
4000 N
10,000 N
4000 N

10,000 N

10,700 N
(10.7 cm)
(10 cm)


68o

[image: ]4000 N

(4 cm)



[image: Parallelogram of forces, Forces in balance, Physics, Year 10 GCSEs Diagram  | Quizlet][image: Force Diagrams]

Application Questions

1.Work out the size and direction of the resultant force on each toy car.

Draw lines to link up the diagram with the answer.
2.Describe what would happen to the motion of each car?

[image: ]

2.

[image: ]










3.a)

[image: ]
	object
	speed…
	direction… 
	shape…

	balloon

	
	
	

	brick

	
	
	


b)

[image: ]

4. work out the resultant force in each picture. Link each picture with what happens next.
[image: ]










	Diagram
	Resultant force (size and direction)

	a

	

	b

	

	c

	

	d

	













Reading 
Using a Parallelogram of Forces to Find the Resultant
If there are several forces acting on an object, they can be combined to give a resultant force. If the forces all act along the same line, working out the resultant is easy – you just add up the forces in each direction and subtract the backwards forces from the forwards forces. However it is slightly more complicated if the forces are not acting along the same line.
This drawing shows two people pulling a log across a field.
[image: B 448a]








In situations like this, you can work out the resultant force using a scale drawing.
A) [image: B 448b]Draw the forces at the correct angles and make the lengths of the lines proportional to the force.




B) Draw the lines parallel to the two forces, to make a parallelogram.





C) Draw in the diagonal. The angle of this line is the angle of the resultant force, and its length represents the size of the resultant force.





Application Questions
1 a	What is the size of the resultant force? (Hint: measure the diagram.)
b	Why is this smaller than the sum of the two forces (180N)?
c	At what angle is the resultant force acting?
d	What will happen to the log?
2 	Both people pull the log with a force of 80N at an angle of 20° from the centreline of the log. Draw a diagram like the one above to work out the size of the resultant force.
3 	This aeroplane has just taken off. What is the resultant force on it? (Hint: work out the resultant force in the forwards/backwards direction first, then draw a diagram to work out the overall resultant.)
[image: B 449a]





























Lesson 5 Motion Graphs (Distance-Time Graphs & Speed-Time Graphs)Lesson Key Words
Distance-time graph	 	speed-time graph		gradient		area		speed	acceleration		distance	velocity		displacement	
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Reading
Motion graphs such as distance-time graphs and speed-time graphs are used in Physics to analyse the motion of objects at different stages of their journey. Time is on the x-axis of both types of motion graph.

[image: ]Distance-Time Graphs
Rules for distance time graphs…
Flat, horizontal line – the object is stationary (not moving)
Straight diagonal line – the object has a constant speed
Curved line – changing speed (getting steeper = faster, shallower = slower)
THOUGHT – how does the word gradient help us?
Application Question
Which graph shows…
1. an athlete moving away at constant speed?
2.  a stationary athlete?
3.  an athlete moving back to the start at constant speed?
4.  a ball rolling away from you on a rough carpet?

5. Ravi drives his car on a straight road. His motion is shown by the distance time graph opposite.
a) What kind of motion is shown in section A?
b) Calculate his speed in sections A and B, in km/minute.
c) What is happening to his speed in section C?
d) What is happening in section D?
[image: ]












Reading
Velocity-Time Graphs
[image: ]Rules for velocity time graphs…
Flat, horizontal line – steady (uniform) speed (can mean stationary, if steady speed = zero)
Straight, diagonal line – constant acceleration (includes slowing down)
Curved line – changing acceleration
Application Question

Which graph shows…
1. a constant velocity?
2. a uniform deceleration?
3. a uniform acceleration?
4. a falling tennis ball reaching terminal velocity?

5. The graph represents the motion of a car along a road on which there is a set of traffic lights.
a	When did the car stop at the traffic lights?
b	For how long did the car stop at the traffic lights?
c	What did the car do between B and C?
d	What did the car do between D and E?
e	For how long did the car travel at a constant speed?
[image: P3b1_fig_02T]









Reading
Calculation of acceleration using the gradient of a speed – time graph
The speed-time graph below shows Tina’s parachute jump. The slope of a speed-time graph (called the gradient) shows how fast the object was accelerating. If the line slopes upwards, the object is speeding up. If the line slopes downwards, the object is slowing down. This is acceleration in the negative direction, also called deceleration. 
You can work out the acceleration at any point on a speed–time graph by working out the gradient of the graph.

Example 1 – working out the gradient of a line[image: ][image: ]Δx = 1
Δy = 10
· Pick two points on the line.
· Draw a right-angled triangle between the two points.
· Measure and label the length of the vertical side (Δy) and the horizontal side (Δx), using the scale on the axes.
· Calculate the gradient by dividing the vertical side by the horizontal side




Example 2 – acceleration when the line is a curve
If the line on the graph is a curve, you need to draw a straight line at a tangent to the curve, and find the gradient of this line. The diagram shows how to work out the acceleration at point
[image: B 474a][image: B 474a]


Δy = 15



Δx = 4








Gradient = 3.75 m/s2
Application Questions
Speed – time graph of Tina’s parachute jump
[image: B 473a]Do question 1 now. The remaining questions may need to be done once the next lesson has been taught!
1 Calculate Tina’s acceleration at these times. You will need to draw on the graph on this page.

a 0 seconds

b 4.5 seconds

c 9 seconds

d 13 seconds

e 15 seconds. (Hint: you should get a negative answer for this one.)








Lesson 6 Terminal VelocityLesson Key Words
Drag		air resistance		weight		surface area		resultant force		balanced		unbalanced		acceleration		aerodynamic		streamlined	
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Reading
What Affects the size of drag?
[image: ]Drag is a frictional force that occurs when you move through a liquid or a gas. You have to push particles out of the way. The particles push back, which slows you down. We call the force from the particles drag. Air resistance and water resistance are examples of drag.
More push back means more drag. So, an object has more drag force if
· It moves faster
· It has a large surface area (as illustrated in the diagram)
· It has a “sticky” surface
· If its shape is not “aerodynamic” (easy for particles to flow across)

Application Questions
1. What is a “frictional force”.
2. List the different frictional forces.
3. What causes the force of drag?
4. What 4 things make a difference to the size of drag force?
5. If you drop a sheet of paper, drag force acts on it. If you scrunch the paper up and then drop it again, a different drag force acts on it. Explain why the drag force is different.
6. All cars have a top speed. Explain why this happens, using the idea of drag in your answer.
Reading
Terminal velocity 
Drag increases as the speed of an object increases. When drag and weight are the same a falling object has balanced forces. This means the acceleration is zero, so it can’t speed up anymore. This maximum speed is called the terminal velocity.

The Journey of a Skydiver
Consider the journey of a skydiver. There are five key points of the journey to explain.
1. The instant they jump out of plane.
2. After some time, accelerating.
3. Later on, travelling at a constant speed (terminal velocity).
4. After opening the parachute, decelerating.
5. Later on, travelling at terminal velocity with the parachute open.

Core Activity
Turn your exercise book landscape, take a full page and split into five sections.
In each section, draw a free-body diagram to illustrate and explain the forces and motion of the skydiver at the five key points listed above.











Application Questions
1 	a	What causes air resistance? Use ideas about particles in your answer.
b	Why does air resistance increase when something is moving faster?
[image: B 473a]
In lesson 5, we looked at the speed-time graph for Tina during her parachute jump. The following questions link the concepts studied in the last two lessons.

2 There is the same downwards force on Tina at all points on the graph. Explain why her acceleration changes continuously from 0 to 13 seconds.
3 Why is her acceleration at 15 seconds negative? Explain in as much detail as you can.
4 Explain how the speed–time graph would be different if:
a Tina had a much bigger mass
b Tina used a smaller parachute.

5 Tina opens her parachute at a height of 800m. How long will it take her to reach the ground from that point?

Lesson 7 Mass and Weight
Lesson Key Words
Mass 		weight		force		gravity		kilograms	newtons
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Reading
Mass – this is the amount of material present in an object. It is measured in kilograms, kg, (other units can be used, e.g. grams). The mass of an object does not change when it is moved to a different place in the universe.
Weight – this is a force that acts on an object that has mass due to gravity (i.e. if it is in a gravitational field, like for example when it is on the surface of a planet). Weight is a force, so it is measured in Newtons, N. Weight always pulls down to the centre of the planet. Weight can be different on different planets, because the strength of gravity can be different. 
Gravity – an attractive force between two objects with mass. Gravity is a force so is also measured in Newtons, N.
Gravitational Field Strength – this is the force per unit mass that acts on an object within a gravitational field. It is measured in newtons per kilogram, N/kg. At the surface of the Earth, gravitational field strength, g = 9.8 N/kg.



[image: Apple Varieties - USApple][image: Apple Varieties - USApple]

Gravitational force from Earth on apple


[image: ]
Gravitational force from apple on Earth

Weight



Core Activity
Experiment to determine the gravitational field strength of the Earth
[image: https://spark.iop.org/sites/default/files/media/images/Introduction%20to%20forcemeters.jpg]Equipment
0-10N forcemeter
Set of slotted masses, 100 – 1000g
Stand and clamp
Safety goggles
Method
· Attach the fixed ring of the force meter to the clamp. Check that the force meter is reading zero – if not, adjust until it does (calibrate to eliminate zero error).
· Hang the mass hanger from the force meter – just the hook. This has a mass of 100 grams, which is 0.1 kg. Record the reading on the force meter.
· Add a slotted mass to the hanger, to make the total mass 0.2kg. Record the new reading on the force meter. 
· Repeat this step for further masses up to 1.0kg, recording your results.
· 
Results (copy into your exercise books).
	Mass (kg)

	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9
	1.0

	Weight (N)

	
	
	
	
	
	
	
	
	
	



Analysis: plot a graph of your results, with the independent variable on the x-axis and the dependent variable on the y-axis. 
Calculate the gradient of the graph, showing your working out on the graph paper.
This value is equal to the gravitational field strength on Earth, in Newtons per kilogram, or N/kg.

[image: B 396a]Application Questions

1 	Why don’t people in Australia feel like they are upside down?







[image: B 396b]2	The person on the top of the Earth is holding out a bag of shopping. Draw in a bag for the other person.









3	The cartoon shows some people in different 
places. The people all have the same mass.
a	Write a number next to each person to put 
them in order of their weight. Write a 1 next to 
the person with the biggest weight.

b	Explain how you worked out your answer to 
part a.

Reading 
Calculating Weight
Weight is calculated using the equation:

Weight = mass x gravitational field strength

W = m x g

(As weight is a force, you can also use the symbol F to represent weight).

	Example (DAFNE method)
	Partial example

	Terry has a mass of 85 kg and is standing on the surface of the Earth. Calculated Terry’s weight. The gravitational field strength = 9.8 N/kg.
D. list your DATA
m = 85 kg
W = ?
g = 9.8 N/kg
A.ADJUST the units (not needed this time)

F. Write the FORMULA linking weight, mass and gravitational field strength.

Weight = mass x gravitational field strength


N: NUMBER values in

Weight = 85 x 9.8
 
 E. EQUALS… 
 Weight = 833 N
  
	June has a mass of 67 kg and is standing on the surface of the Earth. Calculated June’s weight. The gravitational field strength = 9.8 N/kg.

D. list your DATA


A.ADJUST the units (not needed this time)

F. Write the FORMULA linking weight, mass and gravitational field strength.




N: NUMBER values in

 

E.EQUALS… 
 Weight = 





Application Questions
1	On the Earth, gravity pulls with a force of 9.8 N on every kilogram of mass.
To find the weight of a particular mass, multiply the mass by 9.8. If you know the weight and want to find the mass, divide by 10.
	Fill in the gaps in this table. Show your working out using DAFNE in your exercise books.
	Object
	Mass (kg)
	Weight (N)

	television
	8.0
	

	radio
	1.5
	

	chair
	
	50

	bag of sugar
	1.0
	

	bottle of lemonade
	
	20






2 Ytivarg is a made up planet that existed a long time ago in a galaxy far, far away.
[image: Planet Ytivarg Graph]
Two students, one from Earth and one from Ytivarg, conducted an experiment to determine the gravitational field strengths of their planets. Their results are shown above.
Use the data to answer the following questions.
a) What is the weight of a kilogram of potatoes on Ytivarg, in newtons? 
b) What is the weight of a kilogram of identical potatoes on Earth, in newtons? 
c) Will the potatoes have the same vitamin content on Ytivarg and on Earth? 
d) What is the only difference between the potatoes on Ytivarg and the same potatoes on Earth? 
e) What is the gravitational field strength on i) Earth and ii) Ytivarg?
f) How would you expect Ytivargian muscles to compare with muscles of Earth-dwellers? 
g) From the little information you have about the planet, how would you expect Ytivarg to be different to planet Earth?
h) Do you think that you would find birds in the Ytivargian atmosphere? 




Lesson 8 Gravity and Space

Lesson Key Words
Satellite	low-polar	geostationary		ellipse		elliptical



RETRIEVAL AND WCSI/WPS
Reading
Gravity – an attractive force between two objects with mass. Gravity is a force so is also measured in Newtons, N.
We are still not completely sure what causes gravity to happen.
[image: A close up of a logo

Description generated with very high confidence]While all objects with mass have a gravitational field of their own, it only becomes important with very large, massive objects, like stars, planets and moons. 
[image: What is gravity? | Live Science]



Remember, The Earth’s gravitational field pulls objects towards its centre, which is exactly what falling is. 
Falling is not just something which happens ‘automatically,’ or ‘downwards.’ Rather, gravity pulls the object towards the centre of the planet. 
This is why no matter where you are on earth, you won’t ‘fall off’ and wherever you stand, it feels the same. 

	Planet
	Surface gravity (N/kg)

	Mercury
	4

	Venus
	9

	Earth 
	9.8

	Mars
	4

	Jupiter
	26

	Saturn
	11

	Uranus
	12

	Neptune
	12


Factors affecting the strength of gravity
Mass of planet
A planet that has a larger mass will have a stronger gravitational field. This means that the weight of a standard mass of one kilogram is different on different planets.

For example, on Mercury, a 1kg mass has a weight as follows:
Weight = mass x gravitational field strength
Weight = 1 x 4
Weight = 4 Newtons.

On Neptune, a 2kg mass would have a weight of 24 kg:
Weight = mass x gravitational field strength
Weight = 2 x12
Weight = 24N
[image: ]Distance between objects
The planets are also different distances away from the sun, and so are affected by the sun’s gravity to a different extent.
The further away a planet is from the sun, the less it will be affected by the sun’s gravitational field. 

The force of gravity is related to the separation of the objects by an inverse square law. Inverse as in as one number increases, the other decreases, and square in that whichever factor the first number changes, the second number changes by the square of that factor.

E.g. If a planet is four times further away from it’s star than another planet of equal mass, the force of gravity between the star and the second planet would be 16 times less (a factor of 42).

Notice, the further away the planet, the slower it moves (the units are in miles per second so they are still moving pretty quickly!).
[image: ]

Application Questions
1.Copy and complete the paragraph below, using words from the box. You may use each word once, more than once or not at all.

Gravity is a ________ which pulls objects with mass ________ one another. All objects with a ________ have a gravitational __________. The __________ the mass, the greater the gravitational field ___________. The only objects with a noticeable gravitational field are massive ones like ___________. 
The influence of gravity is greatest at _________ range, and it _________ as you move further away. Therefore, a planet like _________ feels the suns gravity more than ________, as it is much _________. 
Gravity is responsible for ________, when objects in space are ___________ to one another but keep ___________ one another, causing a __________ motion. planets , greater, decreases, missing, force, towards, close, Mars, closer, orbits, strength, circular, attracted, field, Venus, mass









Satellites and Orbits
An object that travels around another object, due to the force of gravity keeping it there, is “in orbit”. The Earth is in orbit around the sun. the moon is in orbit around the earth.
An object that orbits something else is called a satellite. 
If it was put there by nature, it is a natural satellite. If humans put it there, it is an artificial satellite.
Satellites follow an orbit that is elliptical in shape. An ellipse is an “oval” shape. Satellites have elliptical orbits as opposed to circular ones due the pull of gravity from objects other than the one they are orbiting e.g. a satellite orbiting the Earth will also be affected by the gravitational pull of the Moon.

The moon also actually has an elliptical orbit, it follows more of an oval shape then a circular one. 
A lunar month is the time taken for the moon to complete such an orbit. 
This can vary slightly but takes on average 28 days. 

[image: A close up of a logo

Description generated with high confidence]


Artificial Satellites
Artificial satellites have different uses, depending on the type of orbit they are in. There are a number of different types of orbit that you need to know about. 
[image: ]

















Low Polar Orbits
Satellites in low polar orbit pass over the poles. They orbit between 100 km and 200 km above the Earth’s surface, taking around 90 minutes to make each orbit. The Earth spins beneath the satellite as it moves, so the satellite can scan the whole surface of the Earth. Low orbit polar satellites have uses such as:
· Monitoring the weather.
· Observing the Earth’s surface.
· Military uses including spying.

[image: ]
[image: A satellite in space

Description generated with very high confidence]







Geostationary satellites 
These are in orbit above the equator. The height of their orbit - 36,000 km - is just the right distance so that it takes them one day (24 hours) to make each orbit. This means that they stay in a fixed position over the Earth’s surface. Geostationary satellites have uses such as:
· Communications - including satellite TV.
· Global positioning or GPS - which is used for Sat Navs.

[image: Geosynchronous satellite - Wiki | Golden]
[image: Geostationary orbit diagram (Photos Framed, Prints, Puzzles, Posters,  Canvas,...) #6346539]↑Orbital path 
←Observable area



Application Questions
1.) Explain the difference between a geostationary and a polar orbiting satellite. State one use for each.
2.) Explain why the moon is considered a natural satellite of Earth.
3.) Explain what is meant by an elliptical orbit.
4.) Explain why the Moon has a weaker gravitational field than Earth.
5.) Explain why Neptune travels around the sun slower than Mars.
6.) Explain why someone standing in the south pole does not feel upside down, nor fall off the earth.
7) Copy and complete the table.
	Orbit
	Why it is special
	Uses

	
Elliptical
	an orbit that is ______ in shape
	The _______ has an elliptical orbit

	
Geostationary

	
	

	
Low Polar
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