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[bookmark: _Toc477167401] Units, Prefixes and Scientific Notation
Contents Statements
· I know the units for all of the physical quantities used in this unit.
· I can use the prefixes: micro ( μ ), milli (m), kilo (k), mega (M) and Giga (G)
· I can give an appropriate number of significant figures when carrying out calculations (This means that the final answer can have no more significant figures than the value with least number of significant figures used in the calculation).
· I can use scientific notation when large and small numbers are used in calculations.
SI Units
In Physics we always use the International System of Units (SI Units for Système International d'Unités) which is the standard across the globe (aside from the United States because they have to be special –see the story about the time NASA lost a billion dollar Mars orbiter because a contractor used Imperial units instead of SI units).
There are only 7 base units/quantities in SI units. All other units are derived from these base units, which are as follows.
	Quantity
	Quantity Symbol
	Unit
	Unit Symbol

	Length
	d
	metre
	M

	Mass
	m
	kilogram
	kg

	Time
	t
	second
	s

	Electric Current
	I
	Ampere
	A

	Temperature
	T
	Kelvin or Celsius
	K or oC

	Luminous Intensity
	IV
	candela
	cd

	Amount of Substance
	
	mole
	mol



These SI units can be used in conjunction with the prefixes and scientific notation to express very big or very small values.
Prefixes & Scientific Notation
Throughout the course, attention should be given to units, prefixes and scientific notation.
	Prefix
	Symbol
	Power
	Multiplier

	Tera
	T
	1012
	x 1,000,000,000,000

	Giga
	G
	109
	x 1,000,000,000

	Mega
	M
	106
	x 1,000,000

	Kilo
	k
	103
	x 1,000

	Centi
	c
	102
	/100

	Milli
	m
	10-3
	/1,000

	Micro
	µ
	10-6
	/1,000,000

	Nano
	n
	10-9
	/1,000,000,000

	Pico
	p
	10-12
	/1,000,000,000,000



In this section the prefixes you will use most often are milli (m), micro (µ), kilo (k), mega (M) and giga (G).  It is essential that you use these correctly in calculations.
In Physics, the standard unit for time is the second (s) and therefore if time is given in milliseconds (ms) or microseconds (µs) it must be converted to seconds. Do not confuse milliseconds (ms) with the unit of speed (ms-1)!
Examples
1 A car takes 2 ms to pass a point in the road.  How many seconds is this?
Solution:  2 ms = 2 milliseconds = -3 s = 2/1000 = 0.002 seconds.
In Physics, the standard unit for distance is the metre (m) and therefore if distance is given in kilometres (km) it must be converted to metres.  
2.	A car travels 15.6 km in ten minutes.  How far, in metres, has it travelled?
Solution: 15.6 km = 15.6 kilometres =  m = = 15 600 metres.
3.	An object experiences a force of 15 kN.  How many Newtons is this?
Solution: 15 kN = 15 kiloNewtons =  N =  = 15 000 Newton
Practice
Convert the following numbers into their prefixes.
	a. 
	4x107 m 
	b. 
	3.2 x107 ms-1

	c. 
	7.25 x10-10  kg
	d. 
	9.356x102 V

	e. 
	23500000 Hz
	f. 
	0.000234 s

	g. 
	0.0304 m
	h. 
	6.9 x10-6 A	



It is OK (in Physics) to write numbers as 45103 kg.  You do not need to convert it to 4.5104 kg as you would have to in Maths.

Convert the following to 3 significant figures.

	a. 23 760 000 V
	e.
	78 945 379.97 Hz   

	b. 7 600 043.7 ms-1
	f. 
	45.6783 

	c. 1 254 879 V
	g.
	0.1023 

	d. 67 593 268.0076 m
	h. 
	1 214 687 A        


[bookmark: _Toc477167403]1. Speed
Content Statements
·  I can perform calculations involving the relationship between speed, distance and time (d=vt)
· I can determine average and instantaneous speed
· I can interpret speed-time graphs to describe motion and can calculate distance travelled from them for objects which are speeding up, slowing down, stationary and moving.
1.1 Speed =distance over time
Speed is described by the equation below. Speed describes the distance travelled in unit time.

	Symbol
	Definition
	Unit
	Unit Symbol

	v
	Speed
	metres per second
	ms-1

	d
	Distance
	Metre
	m

	t
	Time
	second
	s



We use the letter v to represent speed as it is used for the similar term velocity, although these terms are different. s is also used for the quantity displacement, which we will meet later.
To rearrange, you can use the following triangle:d



Average & Instantaneous SpeedThe average speed of an object is defined as the total distance travelled divided by the time for the journey, or the rate of covering a distance.

This is shown by the equation:
The bar over any quantity in Physics denotes that it is an average value.
Examples
Tony walks 40m in 30s what is his average speed?
                          	               						ms-1
You could write 1.3ms-1 or 1.33ms-1 or 1.333ms-1 and get the mark. If you write 1.33. ms-1 or 1  ms-1 or 1.333333 ms-1  you lose the mark for the answer! This is because you have used too many significant figures.  Mrs H calls this “calculator diarrhoea” and you can fix it by always ensuring that the number of significant figures you have are no more than the number of sigfig in the quantities you calculated the answer from.
The instantaneous speed of a vehicle at a given point can be measured by finding the average speed during a very short time as the vehicle passes that point.  Average speed and instantaneous speed are often very different e.g. the average speed of a runner during a race will be less than the instantaneous speed as the winning line is crossed.

The symbol Δ is used in physics to denote a small change in. For example, the change in time is very short as is the distance measured.

Measuring Average Speed
To measure the average speed you need to measure the distance for the whole journey and measure the time taken for the whole journey. The distance can be measured with a trundle wheel, tape measure etc., and the time can be measured with a stop watch. Use the formula:
…to calculate the average speed for the journey.
Measuring Instantaneous Speed
To measure instantaneous speeds, it is necessary to be able to measure very short times.  With an ordinary stopclock, human reaction time introduces large errors.  These can be avoided by using electronic timers.  The most usual is a light gate.
[image: http://www.djb.co.uk/Graphics/Physics/Mechanics_Large/Light_Gate.gif]        [image: Light Bridge Connected]
A light gate consists of a light source aimed at a photocell. The photocell is connected to an electronic timer or computer.  The timer measures how long an object takes to cut the light beam.  The distance travelled is the length of the object which passes through the beam.  Often a card is attached so that the card passes through the beam.  The length of the card is easy to measure.  The instantaneous speed as the vehicle passes through the light gate is then calculated using:

	Symbol
	Definition
	Unit
	Unit symbol

	
	Speed of vehicle
	metre per second
	ms-1

	
	length of card
	metre
	m

	t
	Time
	second
	s


Example
A vehicle moves through a light gate as shown in the diagram.  Using the data from the diagram, calculate the instantaneous speed of the vehicle as it passes the light gate.Solution







Light gate connected to computer
0.25 s 
2.5 cm






Speed, Distance and Time Calculations
1. A runner completes a 200 m race in 25 s. What is his average speed in ms-1?
2. A friend asks you to measure his average cycling speed along flat road. Describe which measurements you would take and the measuring instruments you would use.
3. An athlete takes 4 minutes 20 s to complete a 1500 m race. What is the average speed?
4. On a fun run, a competitor runs 10 km in 1 hour. What is her average speed in
a) km/h 			b) ms-1?
5. Describe how you could measure the average speed of a car as it passes along the road outside your school/college.
6. Concorde can travel at 680 ms-1 (twice the speed of sound). How far will it travel in 25 s at this speed?
7. A girl can walk at an average speed of 2 ms-1. How far will she walk in 20 minutes?
8. How long will it take a cyclist to travel 40 km at an average speed of 5 ms-1?
9. How long (to the nearest minute) will the Glasgow to London shuttle take if it flies at an average speed of 220 ms-1 for the 750 km flight?
10. How long, to the nearest minute, will a car take to travel 50 km if its average speed is 20 ms-1?
11. Look at this timetable for a train between Edinburgh and Glasgow:
	Station
	Time
	Distance from Glasgow

	Glasgow
	08:00
	0 km

	Falkirk
	08:20
	34 km

	Linlithgow
	08:28
	46 km

	Edinburgh
	08:50
	73 km


a) What was the average speed for the whole journey in ms-1?
b) What was the average speed in ms-1 between Glasgow and Falkirk?
c) Explain the difference in average speeds in a) and b).
12. Describe how you would measure the instantaneous speed of a vehicle as it reached the bottom of a slope.
13. In an experiment to measure instantaneous speed, these measurements were obtained:-
	Reading on timer
	=
	0.125
	S

	Length of car
	[image: ]=
	5
	cm


Calculate the instantaneous speed of the vehicle in ms-1.
14. A trolley with a 10 cm card attached to it is released from A and runs down the slope, passing through a light gate at B, and stopping at C.
Time from A to B = 0.8 s.
Time on light gate timer = 0.067 s
a) What is the average speed between A and B?
b) What is the instantaneous speed at B?
Speed Homework
	1.	A top class sprinter covers the 100m in a time of 10 seconds. Calculate the sprinter's average speed.
	2.	How long will it take a Formula 1 car to travel one lap around a 5 km long circuit if it is travelling at an average speed of 180 kmh-1?
	3.	A physics pupil tries to calculate his friend’s instantaneous speed when running by timing how long it takes her to cross a line. He uses a stopclock to measure the time.
		(a)	Explain why this method will give poor results for the instantaneous speed.
		(b)	Suggest the equipment needed to make the experiment more accurate.
	4.	Calculate a car’s acceleration if its speed increases by 12 ms-1 in a time of 3 s.
	5.	A physics pupil running away from a wasp accelerates from rest to 5 ms-1 in a time of 1.25 s. Calculate the pupil’s acceleration.
	6.	Read this passage on Thinking and Braking and then answer the questions that follow it.
		You are travelling at 30 mph in a car in good road conditions when you suddenly see children crossing the road. By the time you react and apply the brakes, the car has travelled a total distance of 23 m. If the car had been travelling at 60 mph the stopping distance would have been 73 m.
		The stopping distance consists of two parts: the thinking distance and the braking distance. The thinking distance is the distance travelled in the time between seeing a hazard on the road and pressing the brake pedal. This time is called the reaction time.
			thinking distance = speed x reaction time
		Reaction times vary from person to person. An average driver has a reaction time of about 0.8 seconds. A professional racing driver has a reaction time of about 0.2 seconds. Your reaction time is likely to be much longer if you have taken drugs or alcohol. Even a small amount of alcohol can greatly increase your reaction time.
		(a)	What is meant by the term ' thinking distance'?
		(b)	What will happen to the thinking distance if the car is going faster?
	(c)  If a car is going faster will the reaction time alter? Explain your answer.
[bookmark: _Toc477167402]Scalars & Vectors 
Content Statements
· I can identify vector and scalar quantities such as: force, speed, velocity, distance, displacement, acceleration, mass, time and energy.
· I can calculate the resultant of two vector quantities in one dimension or at right angles.
· I can determine displacement and/or distance using scale diagram or calculation.
· I can make use of appropriate relationships to calculate velocity in one dimension (s = vt).
What are Scalars & Vectors?
Physical quantities can be divided into two groups:
a scalar quantity is completely described by stating its magnitude (size) & unit.
a vector quantity is completely described by stating its magnitude, unit and direction



The following table lists some of the scalars and vectors quantities that will be encountered in this course.
	Scalars
	Vectors

	Energy
	Velocity

	Temperature
	Weight

	Pressure
	Acceleration

	Time
	Displacement

	Mass
	Momentum

	Current
	Force

	Speed
	Gravitational field strength

	Volume
	

	Voltage
	

	Distance
	

	Area
	

	Resistance
	

	Frequency
	


[image: ]
[image: ]
 Distance = “how far we’ve travelled”
·  symbol d
· units metres, m
· scalar quantity

Displacement = “how far we’ve travelled in a straight 
line (from A to B)” (include your direction)
· symbol s
· units, metres, m
· Vector quantity
· Must quote the direction

Speed is a scalar quantity


Velocity is a vector quantity so quote a direction. 
[image: ]
Vector Addition
A vector is often drawn with an arrow to indicate its size and direction.  The starting point of the arrow is called the “tail” and the arrow end is called the “head”.head
tail


Resultant Forces
When several forces act on one object, they can be replaced by one force which has the same effect. This single force is called the resultant or unbalanced force.
Combining forces in a straight line
Draw a diagram of the object and mark in all the forces acting, using an arrow to represent each force. (Do not forget weight, which is often not specifically mentioned in the question).
Use arithmetic to find the resultant:
• add together forces which act in the same direction12 N
8 N

e.g F1 + F2 = Fu  12 + 8 = 20 N
• subtract forces which act in the opposite direction12 N
8 N

e.g F1 + F2 = Fu  12 + -8 = 4 N
air resistance 
30 000 N

weight 
980 000 N

thrust 
350 000 N


A diagram like this is called a free body diagram. 
Example
A short time after take-off, a rocket of mass 10 000 kg has a thrust of 350 000 N and experiences air resistance of 30 000 N. Draw a free body diagram and find the resultant force acting on the rocket.
Total upward force = 350 000 N
Total downward force = 980 000 N + 30 000 N = 128 000 N
Resultant force upwards = 350 000 – 130 000 = 220 000 N
Combining forces at right angles
There are two possible methods for finding the size and direction of the resultant of two forces acting at right angles to each other.
• Draw a scale diagram: 
• Use Pythagoras and trig functions.
[image: ]Example
What is the resultant force produced by two forces of 10 N and 30 N which act on an object as shown in the diagram?

Method 1: Choose Scale and record it on the paper: 1 cm = 5 N
Draw vectors head to tail, complete triangle, then measure resultant size and direction.
[image: ]
Resultant measures 6.3 cm angle is measured as 72
Resultant = 6.3 5 = 31.5 N at an angle of 72to the 10 N force.


Method 2: Draw sketch of vector diagram, but not to scale.
[image: ] 
Using Pythagoras








In some cases that means that the two vectors have to be redrawn so that they are being added “nose/tip to tail”.  See example below.
becomes

Then join a line from the tail of the first vector to the nose/tip of the second vector.  This is the resultant vector.
resultant

There are two possible methods for finding the size and direction of the resultant of two vectors acting at right angles to each other.
•	Draw a scale diagram
•	Use Pythagoras and trig functions.
 Examples
1. Two forces are applied to a box as shown below:
12 N
8 N

Solution: Resultant = 12 – 8 = 4 N to the right
2.If there are two forces pulling a sledge (see diagram below) then calculate the resultant force acting on the sledge.
20 N
15 N
N
sledge

Solution:
Step 1
Redraw the diagram with the vectors ‘tip to tail’. The first way to do this is below.
15 N
Resultant force
S
20 N
F
x
15 N
20 N
S
F
x
S  =  Start
F  =  Finish
Resultant force
OR

Step 2 
Do the calculation using Pythagoras to find the resultant force.
Resultant =  (152  +  202 )  =   (225  +  400 )  =  25 N
Step 3
BUT resultant force must have a direction. This can be found by drawing a scale diagram.

Rules for Drawing A Scale Diagram 
· Select a scale which will allow you to draw a diagram that fits on about half a page.
· Mark North and the starting point.
· Draw the two vectors and the resultant.
· Measure the angle between the first vector and the displacement.
This is the direction.
Angle x = 530
(Trigonometry can also be used   tan x = 4/3  x = tan-1(4/3) = 53.1o)
Displacement is 5 m in a direction of 53 o East of North or at a bearing of 053o.
Step 4
Write down the full answer.
Resultant force is 25 N at 530 North of East or at a bearing of (037). 
3. A strong wind blows at 30 ms-1 Eastward.  What is the resultant velocity of a plane flying due North at 10 ms-1?
10 ms-1
30 ms-1
becomes
10 ms-1
30 ms-1

Solution 3: Scale Diagram
N
10 ms-1
30 ms-1
x

Velocity = 31.6 m/s 180 north of east or at bearing of (072).
Trigonometry
Velocity = √(302 + 102)  =  31.6 ms-1
tan x = 10/30 => x = tan-1(10/30) = 180 => direction is 180 north of east or at a bearing = (072)
Velocity = 31.6 ms-1 at bearing of (072) or 180 north of east
 
Displacement and Distance
Distance is a measure of how far a body has actually travelled in any direction. 
Distance is a scalar as it only requires a magnitude
Displacement is the measurement of how far an object has travelled in a straight line from the start to the finish of its journey. 
Displacement is a vector and so a magnitude and a direction is required.
Example
1. 

A walker has followed a path through a forest as shown.  The distance travelled is much larger than their displacement from the starting position.

2. A skateboarder travels 3 m due North, then turns and travels due East for 4 mThey have travelled a distance of 3 + 4 = 7 m


3 m
4 m
displacement
X
The displacement is calculated as follows: 
 (Displacement)2 = 32 + 42 = 25    displacement = 25 = 5 m
BUT displacement must have a direction. This can be found by drawing a scale diagram.
Angle x = 530

Trigonometry can also be used
tan x = 4/3  x = tan-1(4/3) = 53.1o
Displacement is 5 m in a direction of 53 o East of North or at a bearing of 053o.

Velocity s=vt
Velocity is described by the equation below. Velocity is a vector quantity. The direction of the velocity will be the same as the direction of the displacement. 


	Symbol
	Definition
	Unit
	Unit symbol

	
	velocity
	metre per second
	ms-1

	
	displacement
	Metre
	m

	t
	time
	Second
	s



If the velocity is measured over the whole journey then it is known as average velocity, with the symbol .				
	Symbol
	Definition
	Unit
	Unit symbol

	
	Average velocity
	metre per second
	ms-1

	
	total displacement
	Metre
	m

	t
	Time
	Second
	s



Example
A remote control toy car goes 6 m due South and then 8 m due East.  It takes two minutes to do this journey.
a) Find the distance it travelled and its displacement. 
b) Calculate its average speed and velocity.
Solution
First draw a diagram to help.
6 m
8 m
displacement
X
a) Distance = 6 + 8 = 14 m
(Displacement)2 = 62 + 82 = 100    displacement = 100 = 10 m

Direction:  Angle x can be calculated using trigonometry
tan x = 8/6 => x = tan-1(8/6) = 53 0

or by scale diagram

Displacement is 10 m in a direction of 53o East of South or at a bearing of (127)


b) 	Average Speed
	d = 14m
t = 2 minutes = 2 x 60 = 120s
v = ?
	v=
v=
v=
v=
	d/t
14/120
0.1166
0.12 ms-1


Velocity
	s = 10m
t = 2 minutes = 2 x 60 =120s
v = ?
	v =
v =
v =
	s/t
10/120
0.083 ms-1


Vectors and Scalars Tutorials
1. [image: ]What is the difference between a vector quantity and a scalar quantity?
2. Use your answer to question 15 to explain the difference between distance and displacement.
3. A man walks from X to Y along a winding road.
a) What is his displacement at the end of his walk?
b) What distance has he walked?
4. If the walker in question 3 took 40 minutes for his walk, what was
a) his average speed
b) his average velocity?
5. One complete lap of a running track is 400m. 
[image: ]An athlete completes one lap in 48 s in the 400 m race. What is his
a) distance travelled
b) displacement
c) average speed
d) average velocity.
6. Repeat Q5 for a runner in the 800 m race whose winning time was 1 min 54 s.
7. A car travels 40 km north, then turns back south for 10 km. The journey takes 1 hour.
What is
a) the displacement of the car
b) the distance the car has travelled
c) the average velocity of the car }use km h-1
d) the average speed of the car? }
8. [image: ]A car drives 60 km north, then 80 km east, as shown in the diagram. The journey takes 2 hours. Calculate the 
a) distance travelled
b) displacement
c) average speed
d) average velocity.



Gravitational Field Strength and Acceleration Due to Gravity
The force of gravity pulls every object near or on the Earth's surface down towards the centre of the Earth with a force of 9.8 newtons for every kilogram of mass.
This downwards force (weight) per kilogram of mass is called the g _ _ _ _ _ _ _ _ _ _ _ _ f _ _ _ _ s _ _ _ _ _ _ _. (Symbol __ ).
Near the Earth's surface,
g = ___ Newtons per kilogram (N/kg)

  

The force of gravity acting on all objects with mass which are close to the Earth's surface, causes the objects to accelerate towards the Earth's surface - The objects have "acceleration due to gravity".
The objects all have the same value of acceleration (if the effects of air resistance are negligible [very small]):
acceleration due to gravity, g, = 9.8 ms-2

GRAVITATIONAL FIELD STRENGTH and ACCELERATION DUE TO GRAVITY are
"EQUIVALENT TERMS".
[bookmark: _Toc477167405]Acceleration
Content Statements
· I can use the relationship involving acceleration, change in speed and time (a = ∆v/t).
· I can calculate the acceleration of a vehicle between two points using appropriate relationships with initial and final velocity and time of change (a = (v – u)/t ).
· I can find the acceleration from a velocity–time graph.
Introduction to Acceleration
Have you ever looked closely at advertisements for cars? Most of them will say something like this:
 0 – 60 mph in 8 seconds. What does this tell you?
It’s not how fast the car can go – cars can manage more than 60 miles per hour. It’s not how fast the car can go – cars can manage more than 60 miles per hour.
It’s how quickly the car gains speed – the car’s acceleration. The less time a car takes to gain speed, the greater its acceleration.
When a driver of a car puts her foot down on the accelerator (throttle or right pedal), the car goes faster - it accelerates!
Imagine two drivers side by side at a set of traffic lights, the lights are on red. Hollie is in a very fast sports car, and Callum is sitting in his lorry. The lights turn green and both vehicles set off. Both vehicles accelerate; the speed of both vehicles increases.
After a while both vehicles reach the same speed. But we can tell that the sports car will accelerate faster than the lorry. Acceleration is not just about the increase in your speed, it takes account of how quickly your speed changes. The time it takes your speed to change must be in the equation.
When your speed or velocity is changing you are accelerating.
Acceleration is the rate of change of velocity. (how quickly you change your velocity). 
If you change your velocity quickly you have a high acceleration.
If the change in speed is measured in metres per second (m/s) and the time is measured in seconds, then the acceleration is measured in metres per second per second (ms-2 or m/s2).
For example, if a car accelerates at 2 ms-2,then its speed increases by 2 metres per second every second. 
If it was stationary when the clock is started, then after the first second it will be going at 2 ms-1, after the second second it will be travelling at 4 ms-1, and after ten seconds the car will be travelling at 20 ms-1. what will be the speed of the car after sixty seconds?
[bookmark: _Toc477167406]
a =∆v/t
Measuring Acceleration
[image: ]
You can measure acceleration in the lab with EITHER one single mask and two light gates or a double mask and one light gate.

Whichever way the experiment is conducted the measurements that need to be made are:
· Width of the mask or masks.
· Time for first light beam to be broken.
· Time for second light beam to be broken.
· Time between the breaks in the light beam to be measured.
[image: Single]The formula to use is: 
where; 
u = starting speed
v = final speed
t = time for change in speed.
To find the speed 
	Measurements
	[image: ]Calculations

	t1 time to pass first light gate
	

	t2 time to pass second light gate
	[image: ]

	t3 time between light gate
	[image: ]

	Length of mask
	L


  Acceleration is the “rate of change of velocity”, that is how quickly you change your velocity Or change of velocity per second

.
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[image: C:\Users\JH\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\PS0314UC\auto2-red-400px[1].png]If an acceleration is negative the car is slowing down (deceleration) Negative acceleration is deceleration.
[image: C:\Users\JH\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.IE5\H1J56T2K\blue_car_by_qmer[1].png]Red car takes 20s to go from 0mph to 60mph. 
Blue car takes 6s to go from 0mph to 60mph.
Red car acceleration is (60-0)/20=3mph/s
Blue car acceleration is (60-0)/6=10mph/s
Most vehicles do not travel at the same velocity all the time. If their velocity increases, they are said to accelerate. If they slow down, they decelerate. Acceleration describes how quickly velocity changes.  Acceleration is a vector quantity.  Only the acceleration of vehicles travelling in straight lines will be considered in this course.
Acceleration is the change in velocity in unit time.

	Symbol
	Definition
	Unit
	Unit symbol

	
	change in velocity
	metre per second
	ms-1

	
	Acceleration
	metre
	ms-2

	t
	Time
	second
	S



Units of Acceleration
The units of acceleration are the units of velocity (metres per second) divided by the units of time (seconds).  The result is metres per second per second.  This is usually called metres per second squared and is written ms-2.  
An acceleration of 2 ms-2 means that every second, the velocity increases by 2 ms-1.


	Symbol
	Definition
	Unit
	Unit symbol

	
	final velocity
	metre per second
	ms-1

	
	initial velocity
	metre per second
	ms-1

	
	Acceleration
	metre
	ms-2

	t
	Time
	second
	S



Note 
If a vehicle is slowing down, the final velocity will be smaller than the initial velocity, and so the acceleration will be negative.  A negative acceleration is a deceleration. 
Examples
1. A train accelerates from rest to 40 ms-1 in a time of 60 s.  Calculate the acceleration.
	a
	=
	

	a
	=
	

	a
	=
	0.67 ms-2


u = 0 ms-1
v = 40 ms-1
t = 60 s 



2. A car is moving at 15 ms-1, when it starts to accelerate at 2 ms-1.  What will be its speed after accelerating at this rate for 4 seconds?
u = 15 ms-1
	2
	=
	

	v
	=
	8 + 15

	v
	=
	23 ms-1


a = 2 ms-2
t = 4 s 


3. A car, travelling along a straight road, speeds up from 6 ms-1 to 24 ms-1 in a time of 32s. What is its acceleration?


            
A car slows down from 16 ms-1 to 0 ms-1 in 8s. Find a


                   
THE NEGATIVE SIGNS TELLS US THE CAR IS SLOWING DOWN
Questions
1) A Jaguar can reach 27 ms-1 from rest in 9.0 s. What is its acceleration?
2)  The space shuttle reaches 1000 ms-1, 45 s after launch. What is its acceleration?
3) A car reaches 30 ms-1 from a speed of 18 ms-1 in 6 s. What is its acceleration?
4)  A train moving at 10 ms-1 increases its speed to 45 ms-1 in 10 s. What is its acceleration? 
5) A bullet travelling at 240 ms-1 hits a wall and stops in 0.2 s. What is its acceleration?
6) A car travelling at 20 ms-1 brakes and slows to a halt in 8 s. 
a) What is the acceleration of the car?
b) What is the deceleration of the car?
7) Describe how you would measure the acceleration of a small vehicle as it runs down a slope in the laboratory.
8) On approaching the speed limit signs, a car slows from 30 ms-1 to 12 ms-1 in 5 s. What is its deceleration?
9) A bowling ball is accelerated from rest at 3 ms-2 for 1.2 s. What final speed will it reach?
10) How long will it take a car to increase its speed from 8 ms-1 to 20 ms-1 if it accelerates at 3 ms-2?
11)  A cyclist can accelerate at 0.5 ms-2 when cycling at 4 ms-1. How long will she take to reach            5.5 ms-1?

12)  The maximum deceleration a car’s brakes can safely produce is 8 ms-2. What will be the minimum stopping time if the driver applies the brakes when travelling at 60 mph (27 ms-1).
The table below gives some performance figures for cars.
	Car 
	Time for   0 - 60 mph
	max. speed in mph

	Mondeo 1.8 LX
	10.2 s
	122

	Peugeot 106 XN1.1
	12.5 s
	103

	Renalt Clio RL
	14.3 s
	95

	Nissan Micra 1.0 S
	15.2 s
	89

	Porsche Boxster
	6.5 s
	139



a) Which car has the smallest acceleration?
b) Which car has the largest acceleration?
c) Assuming that the acceleration remained constant, how long would it take for
the following cars to reach their top speed?
i) Mondeo  		ii) Porsche
Acceleration from a Velocity-Time Graph
Acceleration can be calculated using data from a velocity-time graph.  The acceleration is equal to the gradient of the slope.
Constant velocity
Increasing velocity
(acceleration)
Decreasing velocity
(deceleration)
time
velocity
time
velocity
time
velocity

· While the slope is steady, the acceleration is constant.  
· If the line gets steeper, the acceleration (or deceleration) gets greater.  
· If the slope has zero gradient, and the line is flat, then the acceleration is zero and the velocity is constant.


a) Which line on the graph shows the vehicle reaching the highest velocity?
b) Which line on the graph shows the vehicle with the largest acceleration?
c) Which two graphs indicate the same acceleration?
Time (s)
Velocity (m/s)
A
B
C
D







Time (s)
Velocity (m/s)
u
v

Gradient= rise/run
Or v/h
In our case that is
vertical= (v-u)
Horizontal=t
Gradient=(v-u)/t
Gradient = acceleration
A train leaves the station and take 30s to accelerate to 15m/s.
It remains at this speed for a further 15 seconds.
[image: ]As it approaches the next station it slows to 5m/s.  It takes 20 seconds to decelerate to this speed
As it finally pulls into the next station it slows to a stop in 15 seconds. 



[image: ]

[image: ][image: ]

[bookmark: _Toc477167407]Velocity-Time Graphs
Content Statements
· I can draw velocity–time graphs for objects from recorded or experimental data.
· I can interpret velocity–time graphs to describe the motion of an object.
· I can find displacement from a velocity–time graph.
[bookmark: _Toc477167404]1.3 Speed-Time Graphs 
The motion of any object can be represented by a line drawn on a speed-time or velocity-time graph. This gives a visual indication of how objects are moving. 
A speed-time graph is a useful way to describe the motion of an object.  Time is always plotted along the x-axis, and speed is plotted along the y-axis.
	Examples
	
	

	speeding up
	uniform/ steady speed
	slowing down

	increasing velocity 
	(constant speed)
	negative acceleration

	(accelerating)
	constant velocity 
	(decelerating)


[image: ]
The gradient of a speed time graph (steepness) tells us the acceleration of the object. The steeper the graph (bigger the gradient) the greater the acceleration.
[image: ]
The AREA under a speed time graph tells us HOW FAR we have travelled (DISTANCE)
The object is travelling very fast. It is travelling at constant speed, its instantaneous speed is constant. It’s acceleration is zero.t(s)
V (m/s)
100
300
0

To find the distance travelled, d, we’d use the formula;

t(s)
v/ ms-1
10
30
0

                                   d = 100x 300= 30 000m
Find the average speed for this journey.



The area of the triangle is exactly the same as the area of the rectangle with a speed exactly half way between the two values, u & v


the area of the pink shape is the same as the area of the yellow triangle. Both give you the distance travelled0

v/ ms-1
This yellow area is the same as the pink area
10
Average  
speed
30
t(s)

 Example
If a toy car travels at a speed of 4ms-1 for a period of 6s, the speed-time graph looks like this:
0
4
6
Speed
(ms-1)
Time
(s)

Speed time graph questions
1. [image: ]Copy and complete the description of the velocity time graphs above. 
0-10s ___________ _______ from ___ ms-1 to ____ ms-1. (Constant/ uniform _____________).
10-14 s _____________ ___________ of ____ ms-1.
14-20 s _______________ ______       from ___ ms-1 to ms-1 (constant/ uniform _____________)
2. 
0-5s  ___________   _______ from ___ ms-1 to ____ ms-1. (Constant/ uniform _____________).
5-12 s _____________   ___________ of ____ ms-1.
[image: ]12 -17 s _______________    ______       from ___ ms-1 to ms-1 (constant/ uniform _____________)

3. On graph paper draw  graphs  representing the following motion. 
a) From	 0-5 s: speeding up from rest to 10 ms-1. Constant /uniform acceleration.
5 -15 s: steady speed of 10 ms-1
15-20 : slowing down from 10 ms-1 to rest (constant / uniform negative acceleration)

b) A cyclist travels at a steady speed of 9 ms-1 for 6 s before accelerating constantly / uniformly to a speed of 2 ms-1 in 7 s. She then travels at this steady speed for a further 5 s.

c) A racing car travels at a steady speed of 10 ms-1 for 2 s before accelerating constantly/ uniformly for 12 s to a speed of 90 ms-1. The car then immediately decelerates constantly / uniformly for 6s to a speed of 70 ms-1

The gradient of a velocity time graph (steepness) tells us the acceleration of the object. The steeper the graph (bigger the gradient) the greater the acceleration.
Homework 
	1.	A car's speed is recorded over a period and the results are show in the table below:

	Time (s)
	Speed (m/s)

	0
	0

	2
	6

	4
	12

	6
	18

	8
	24

	10
	30



(a)	Plot a graph of the car's motion over this 10-second period.
(b)	From the graph, find the car's speed 5 seconds into its journey.
(c)	Describe the car’s motion over the 10 seconds.
 

	2.	Look at the graph. This shows the speed of a car over a short journey. Use the graph to answer these questions.
B
C
D
Speed/    m/s
Time/s
10
20
30
40
50
40
30
20
10
A

		(a)	Describe the car’s motion between: 
			A and B;
			B and C;
			C and D.

		(b)	Estimate the car’s speed after 10 seconds.






	3.	A hot air balloon is released and it accelerates upwards. During the ascent, some sandbags are released and the acceleration increases. The graph shows its vertical motion during the first 50 seconds of its flight.Speed/   ms-1
Time/s
10
20
30
40
50
8
6
4
2



		(a)	Calculate the acceleration after the sandbags are released.	(2)
		(b)	How high had the balloon risen after the 50 seconds had passed?	(2)

Drawing Velocity-Time Graphs
A velocity-time graph is a useful way to describe the motion of an object. Time is always plotted along the x-axis, and instantaneous velocity is plotted along the y-axis. 
Interpreting Velocity-Time Graphs
The shape of the graph indicates whether the vehicle is accelerating, decelerating or moving at a constant velocity.
Constant velocity
Increasing velocity
(acceleration)
Decreasing velocity
(deceleration)
time
velocity
time
velocity
time
velocity

The slope (or gradient) of the line on a velocity-time graph indicates the acceleration.  
Examples
Calculate the acceleration shown in the graph below:
A
B
C
D
E
Velocity (m/s)
Time (s)
6
18
10
time (s)
velocity (ms-1)
Solution
v=18; u=6; t=10



The graph opposite describes the motion of a vehicle.  Explain in words the motion of the vehicle during each of the lettered stages.
Solution
A : Vehicle starts from rest and accelerates uniformly to its maximum velocity.
B : Vehicles travels at a constant velocity
C : Vehicle decelerates uniformly to its new lower velocity.
D : Vehicle travels at this new (lower) constant velocity.
E : Vehicle decelerates uniformly to rest.


1.1 Displacement from a Velocity-Time Graph
If an object is accelerating it is often not possible to easily find its average speed.  This in turn prevents the use of the equation distance = average speed x time to find the distance travelled.
Thankfully there is another way - we can use a velocity time graph
To find displacement travelled the area under the velocity time graph is calculated.
Distance gone = area under a speed-time graph

Displacement = area under a velocity-time graph




Remember that displacement and distance are not the same thing. However, if the object is travelling in a straight line then they will be the same.  
This rule applies to any shape of graph.
[image: ]
[image: msotw9_temp0]
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[image: msotw9_temp0]


Speed time graphs, when drawn accurately can be used to find the total distance travelled during a journey.  No matter what the shape of the graph….Total distance covered = Area under a velocity- time graph




Often, to find the area, the graph will need to be split into standard geometrical shapes like triangles and rectanglesTime (s)
Speed (m/s)




· The gradient of a velocity time graph gives the acceleration of an object the area under a velocity time graph gives the total distance travelled
· Increasing or decreasing gradient gives the rate at which the acceleration is increasing or decreasing
· Zero gradient means the object is travelling at constant speed
Example
Speed (m/s)
    16
    4
    10
  0
  12
Time 
(s)
1
2
3





				



It is best to split the area under the graph into rectangles and triangles.  Calculate the area of each and then add them together.  [Area of a triangle is ½ base x height]
Distance gone = area 1 + area 2 + area 3
Distance gone = (½ x 12 x 4) + (12 x 6) + (½ x 6 x12)
Distance gone = 24 + 72 + 36 = 132 m






The graph below shows how the velocity of a car varies over a 40 s period.

[image: ]
a) Describe the motion of the car during this 40 s period.
b) Calculate the acceleration of the vehicle.
c) How far does the car travel while accelerating?
d) What is the total distance travelled by the car?
Use the graph below to answer the following questions. [image: ]
[image: ]
a) During which time is the vehicle travelling at a constant velocity?
b) Calculate the values of i) the initial acceleration ii) the final deceleration
c) What is the braking distance of the car?
d) What is the total distance travelled?
e) What is the average velocity of the car?
Draw a velocity-time graph to describe the following motion:-
A car accelerates from rest at 2 m/s for 8 s, then travels at a constant velocity for 12 s, finally slowing steadily to a halt in 4 s.

For the vehicle in the previous question, what are the values of 
a) the maximum velocity
b) the distance travelled
c) the average velocity?
40. The graph below describes the motion of a cyclist.
time in s
6
20 40 60 75
8
velocity in m/s
a) What is the value of the maximum positive acceleration?
b) Show by calculation whether the cyclist travels farther while accelerating, or
while cycling at the maximum velocity.

FORCES AND THEIR EFFECTS
[image: newtonbalance]Effects of forces
Forces can only be detected by their effects.
They can change:
· the shape of an object (stretch it, squeeze it etc)
· the speed of an object
· the direction of movement of an object
Forces are vectors
A force is a vector quantity because to describe it properly direction and size are required.  
Measurement of Forces
Forces are measured in units called newtons (N).  (See later for definition).  
Forces can be measured with a newton balance or spring balance.  This instrument uses the effect of a force on the shape (length) of a spring.  The extension of the spring is directly proportional to the force applied to it.  
The scale is calibrated to measure the size of the force in newtons.
The force to be measured is applied to the hook, which is attached to the spring inside the spring balance.  The force causes the spring to stretch.  The bigger the force the more the spring stretches and the marker moves across the scale.
A force can be described as a push or a pull. A better way to recognise a force is by seeing the effects it causes.
A force can change an object’s:
· direction
· shape
· speed (cause an acceleration)
eg 
changing the direction
· a steering wheel turns and causes the car to turn (via a long process)
· hitting a foil against another foil
· wind blowing in the trees
changing the shape
· clicking a pen
· plastercine
· hitting a bat against a ball
changing the speed
· accelerating in a car
· kicking a ball
· driving a car into a wall

The instrument for measuring forces is the Newton Balance, spring balance or Forcemeter. Forces are measured in units of NEWTONS (N)

NEWTONS THREE LAWS OF MOTION
Newton’s First Law states:
A body will remain at rest or travel at a constant speed in a straight line, unless acted upon by an unbalanced force.
A body will remain at rest or travel at constant velocity, unless acted upon by an unbalanced force.
Newton’s Second Law we normally write as a formula:




Newton’s Third Law states:
For every action there is an equal but opposite reaction.
or
If A exerts a force on B, B exerts an equal but opposite force on A.
The Force of Friction
Friction is a resistive force, which opposes the relative motion of two surfaces in contact.  
This means that it acts in the opposite direction to the relative movement of the two surfaces.  
Friction acts between any two surfaces in contact. When one surface moves over another, the force of friction acts between the surfaces and the size of the force depends on the surfaces, e.g. a rough surface will give a lot of friction.  
Friction is a very common force.  
Friction between two solid surfaces depends on two factors:
· how rough the two surfaces are
· the size of the force between the two surfaces [how hard they are pressed together.]
Friction increases the rougher the two surfaces are and the bigger the force between them.
If there is no friction between surfaces then the surfaces can move easily over each other.
This can be achieved by placing a layer of a different material between the surfaces.
An example of this is air being used in an air puck.
[image: http://uncrate.com/p/2006/05/hovercraft.jpg]  [image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcS90z1IDEYf1plUQidvQjlDHpBzt5eDkcbEWys8j83BNu4V3ZPxTQ]
           tsgphysics.mit.edu							funcrate.com
Friction is a force which tries to stop things moving. Friction occurs between two solid surfaces. Friction can be good or a nuisance
	Friction good
	Friction bad

	braking
	shooting (drag slows the bullet)

	walking
	sledging

	space craft re-entry
	skiing

	running
	ice skating

	writing
	snowboarding

	sky-diving (drag)
	putting on clothes (chaffing)

	opening bottles
	swimming

	cutting things
	wears down tyres

	putting spin on an object
	engines wear away

	rock climbing
	slide

	steering wheel
	F1 racing !!!!

	striking matches
	ceramic brakes!!!

	cats using to drink
	in space things don’t stop easily

	slugs
	boats

	conveyor belts
	rotating machinery slowed down and wears away

	sports
	

	sharpening knives
	

	holding things
	

	grip for tyres/shoes
	



A teardrop is a very streamlined shape. Air can flow over it without producing turbulence (little winds!) To reduce fuel consumption cars and lorries are made as close to this shape as possible, but with wheels, doors, mirrors etc the shape is compromised.
The force of air resistance can also be called DRAG. Drag is a force like friction which opposes motion. Drag occurs when a solid moves through a liquid or gas.
	Increasing Friction
	Decreasing Friction

	less aerodynamic
	lubrication eg oil, wax, grease, soap

	greater surface area
	streamlining

	spoilers
	more aerodynamic

	increase mass
	reduce mass 

	surface rough eg sand
	rollers

	gritting roads
	layer of air

	stickier surface
	polystyrene beads

	rougher tyres
	smooth surface

	
	ice

	
	water on road

	
	LORRIES BOARD

	
	

	
	

	
	




Newton’s First Law
Two forces which are equal in size but which act in opposite directions are called balanced forces. 
30 N
30 N


Balanced forces have the same effect as no force at all.  When the forces on an object are balanced (or when there are no forces at all), then neither the speed nor direction of movement will change.  
[image: ]philvaz.com


Newton said :If balanced forces are applied to a body that has velocity, the object will remain moving at that velocity.


If balanced forces are applied to a body that is not moving, the object will remain at rest.





If there are no forces acting on an object or the forces are balanced then the object will remain at rest or travel at a constant speed in a straight line.
This is why a passenger in a bus (not wearing a seat belt) will continue to move forward after the bus has applied its brakes. The force was applied to the bus and not to the passenger. Therefore the passenger will continue moving forwards until a force stops them (usually the backrest from the seat in front of them). 
In everyday life it is unusual to have balanced forces.
If a pencil is pushed along a desk. Once the pushing force is removed, the pencil will come to a stop, as the force of friction acts against the motion.
Examples of balanced forces
[image: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcT0ePSoqlRn-ClDnENstCBqs_UqAmPGHone1d9TdOKgEjy5HbUK][image: http://sr.photos3.fotosearch.com/bthumb/CSP/CSP218/k2182287.jpg] 
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Force, Mass and Acceleration
Newton followed up his first law about balanced forces with a second law that describes how an object will accelerate if there is an unbalanced or resultant force acting on it.  When the forces are balanced an object will remain at rest or travel at a constant speed in a straight line.  But when the forces are not balanced the velocity cannot remain constant.  It will change.  The acceleration tells you how quickly the velocity is changing.
The acceleration of an object (produced by an unbalanced force) is: 
· directly proportional to the magnitude of the unbalanced force, 
· in the same direction as the unbalanced force 
· inversely proportional to the mass of the object.




	Symbol
	Definition
	Unit
	Unit symbol

	
	force
	newton
	N

	
	mass
	kilograms
	kg

	
	acceleration
	metres per second squared
	m/s2


This formula defines the newton.One newton is defined as the force that makes a mass of 1 kg accelerate at 1 ms-2


Example
A car of mass 1 000 kg has an unbalanced force of 1 600 N acting on it.  What will be its acceleration?
	F
	=
	ma

	1600
	=
	1000 x a

	a
	=
	

	
	=
	1.6 ms-2


 F = 1 600 N
m = 1 000 kg


Mass and Weight
Mass measures the amount of matter in an object.  It is measured in kilograms (kg).  
The value of mass does not change from place to place.  
Weight is a force caused by gravity acting on an object’s mass.  On Earth, it measures the pull of the Earth on the object.  It is measured in newtons.  
Weight always acts vertically downwards.  Weight depends on the mass of the object, and the strength of the gravitational field at that place.
The strength of gravity in a particular place is called the gravitational field strength.  
This tells you the weight of 1 kilogram.  
Its symbol is g and its unit is newtons per kilogram, N/kg.  On Earth g is rounded to 10 N/kg.  
Mass and weight are connected by the following formula:-

	Symbol
	Definition
	Unit
	Unit symbol

	
	weight
	newton
	N

	
	mass
	kilograms
	kg

	g
	gravitational field strength
	newtons per kilogram
	N/kg


The gravitational field strength is different for different planets within our solar system.
Consequently, a 1 kg bag of sugar will have a mass of 1 kg everywhere, but its weight varies on different planets.

Example
Calculate the weight on Mars of a component for the Mar’s Rover, if its mass on Earth is 5.6 kg.
Gravitational field strength on Mars is 3.8 N/kg
m = 5.6 kg
	W
	=
	mg

	W
	=
	5.6 x 3.8

	W
	=
	21.28

	W
	=
	21 N


g = 3.8 N/kg

Resultant Forces
When several forces act on one object, they can be replaced by one force, which has the same effect. This single force is called the resultant or unbalanced force.
Combining forces in a straight line
To combine forces acting in one direction:
· draw a diagram of the object 
· mark in all the forces acting - use an arrow to represent each force’s direction.  
Do not forget weight, which is often not specifically mentioned in the question.
Use arithmetic to find the resultant by:
· adding together forces which act in the same direction
· subtracting forces which act in the opposite direction.
A diagram like this is called a free body diagram.
Example
A short time after take off, a rocket of mass 10 000 kg has a thrust of 350 000 N and experiences air resistance of 30 000 N.  Draw a free body diagram and find the resultant force acting on the rocket.
This can be illustrated as followsWeight = mg = 10000 x 10 = 100 000 N
Air resistance  = 30 000 N

Force from engines = 350000 N

The free body diagram would be:Centre of mass
Engine force = 350000 N
Weight + air resistance =130 000 N







Resultant force = force from engine – (air resistance + weight)
Resultant force = 350 000 – (100 000 + 30 000) = 220 000 N upwards
Real Life Situation
Engineers working in the space industry use this type of calculation to find out the size of the engine force that is required to launch a spacecraft. 
They also calculate the size of the engine force which would be required to slow the spacecraft down so that it can land in a safe, controlled manner. 
Example
A landing specialist working at NASA is given the following information about a space craft landing on to Mars. He does some initial calculations and knows how to ensure that the space craft approaches the surface of the planet at the correct velocity. 
However he must now calculate the size of the force that the rocket engines must apply in order to maintain the constant velocity.
He uses the following information:
Mass of rocket 15 000 kg. 
Gravitational field strength = 3.8 N/kg
Draw a free body diagram and calculate the size of the force that the rocket engines must produce.
Constant velocity means that there are no unbalanced forces acting on the space craft.
Free Body Diagram
Centre of mass
Engine force  - to be calculated
Weight = (15000x 3.8) N







Total downward force = weight 
	W
	=
	mg

	W
	=
	15 000 x 3.8

	W
	=
	57 000 N


m = 15000 kg
g = 3.8 N/kg
Upwards force = weight
Force applied by rocket engines = 57 000 N upwards
Calculations Using F = ma For More Than One Force
If there is more than one applied force in a problem then draw a free body diagram and mark on all the known forces.
Use this to calculate the resultant force (F in the equation) before using the equation F = ma.


Examples
1. A car of mass 1 000 kg experiences friction equal to 500 N. If the engine force is 1 300 N, what will be the car’s acceleration?  
[image: ]Friction = 500 N
Engine force = 1300 N


Resultant force = 1300 – 500 = 800 N

F = 800 N
	F
	=
	ma

	800
	=
	1000 x a

	a
	=
	

	a
	=
	0.8 ms-2


m = 1 000 kg


2. [image: ]Given that the tank below has a mass of 6000 kg, calculate its acceleration.
Resultant force = 2000 – 1200 = 800 N
	F
	=
	ma

	800
	=
	6000 x a

	a
	=
	

	a
	=
	0.8 ms-2



F = 800 N
m = 6 000 kg

Acceleration Due To Gravity And Gravitational Field Strength
Weight is the force which causes an object to accelerate downwards. 
W = mg where g is the gravitational field strength.
The value of the acceleration caused by weight can be calculated from Newton’s second law, using the equation F = ma where F is now the weight W, and W = mg.  (This assumes that friction is negligible).

Using Newton’s Second Law:

In this case the force is weight so:

W = mg giving:

The numerical values of the acceleration due to gravity and gravitational field strength are equal. Their units, N/kg and m/s2 are also equivalent.
Example
On the moon, where the gravitational field strength is 1.6 N/kg, a stone falls and takes 1.5 s to reach the surface.  What is its velocity as it hits the surface of the moon?  
(There is no atmosphere to cause any air resistance on the moon).
	a = g
	=
	

	1.6
	=
	

	v
	=
	1.6 x 1.5

	v
	=
	2.4 ms-1


u = 0 m/s
g = 1.6 N/kg (=1.6 m/s2)

t = 1.5 s 

Free Fall
When an object is released from a height and allowed to fall vertically down under the influence of gravity then:
· the object’s initial vertical velocity is zero. 
· the vertical velocity increases as the object accelerates at 10 m/s2
The object will continue to accelerate until the force acting downwards (weight) and the force acting upwards (air resistance) on the object are balanced. 
When this happens the object will fall at a constant vertical velocity. This vertical velocity is known as the terminal velocity.
If an object is falling as described above and the only two forces acting on it are weight and air resistance then the object is said to be in free fall.
When a parachutist first jumps out of an aircraft they are in free fall until they open their parachute. This is best illustrated using a velocity time graph.
0
Velocity (m/s)
time (s)
A
B
C
E







D

At O :The parachutist leaves the aircraft
OA: The parachutist accelerates towards the earth. 
As their velocity increases, their air resistance also increases.
Air resistance will increase until the air resistance acting upwards is equal in size to the weight of the parachutist acting downwards.
When these two forces are balanced the parachutist has reached their terminal velocity.
(Point A on graph above)
AB: Parachutist falls at a constant velocity.
BC: At B, parachutist opens their parachute and they rapidly decelerate due to increased air resistance.
Once the upward and downward forces are balanced again the parachutist will fall at their (new) lower terminal velocity. (Point C on graph above).
DE: Rapid deceleration as parachutist (safely) lands.
Weight, Mass, and Space
An object's mass does not change from place to place, but an object's weight does change because of the gravitational field strength.
As you already know W = mg.
For the space shuttle in low earth orbit, the weight is not zero.  This is because at this orbit height there is still a gravitational force acting on the shuttle. 
The "weightlessness" experienced by astronauts on board the Shuttle is caused by the free fall of all objects in orbit. The Shuttle is pulled towards the Earth because of gravity. The shuttle’s high orbital speed causes the fall towards the surface to be exactly matched by the curvature of the Earth away from the shuttle. In essence, the shuttle is constantly falling around the Earth.
The gravitational field strength at the surface of the Earth (9.8 N/kg) is due to the mass of the Earth and the radius of the Earth. There are different gravitational field strengths for every planet in the solar system.  
Example
Of particular interest for future Space Exploration is the gravitational acceleration of the moon which is 1/6 of the value on earth. This means that the engine thrust required to launch from the moon is much less than the thrust required to launch from the earth. 
For more information please use:
http://exploration.grc.nasa.gov/education/rocket/rktwt1.html
Work Done and Energy
Energy cannot be created or destroyed, but it can be changed from one form into another.  All forms of energy are measured in the same unit: the joule (J).  When a force causes movement, some energy is changed from one form to another (it is transformed) and we say that work is done.  For example, the force of friction causes kinetic energy to be transformed into heat.

Work Done
The work done is a measure of the energy transformed. It is equal to the force multiplied by the distance the force moves.  The force and distance must be measured in the same direction.
Work is measured in the same units as energy: joules. The symbol for work is EW.


	Symbol
	Definition
	Unit
	Unit symbol

	
	energy
	joules
	J

	
	force
	newtons
	N

	d
	distance
	metres
	m


Example
Calculate the work done by a gardener who uses a wheelbarrow to move 15 kg of soil a distance of 500 m.
	W
	=
	mg

	W
	=
	15 x 10

	W
	=
	150 N


m = 15 kg
g = 10 N/kg

The weight is equivalent to the force the gardener has to apply to move the wheelbarrow of soil.
	EW
	=
	Fd

	EW
	=
	150 x 500

	EW
	=
	75 000 J 


F = W = 150 N
d = 500 m


[bookmark: _Toc232834660]Newton’s Third Law
Newton noticed that forces occur in pairs.  He called one force the action and the other the reaction. These two forces are always equal in size, but opposite in direction.  They do not both act on the same object.  Newton’s Third Law can be stated as:
If an object A exerts a force (the action) on object B, then object B will exert an equal, but opposite force (the reaction) on object A.



Examples
A footballer heading a ball.
[image: ]Object A is the head.  Object B is the ball.  When the player heads the ball, the head exerts a force to the right on the ball.  The ball exerts a force on the head that is equal in size and opposite in direction.
Please note the deformation of the shape of the ball


Watch
http://www.youtube.com/watch?v=seg7eLmw5pY
for slow motion kicking of a rugby ball
http://www.youtube.com/watch?v=lBMA2wWuqh8
for slow motion kicking of a football


Object A is the rocket.  Object B is the exhaust gases from the fuel.  When the rocket takes off, the rocket exerts a force downwards on the exhaust gases.  The exhaust gases exerts a force on the rocket that is equal in size and opposite in direction.








Friction
1. Define what friction is.
2. Give two examples where friction slows things down.
3. Give two examples of where friction helps things move.
4. Describe two methods of increasing friction.
5. Describe three methods of decreasing friction.
6. Where in a bicycle is friction deliberately
a) increased
b) decreased?
7. What is friction commonly called when the one of the surfaces involved is air? 
8. What is friction commonly called when the one of the surfaces involved is water?
Balanced Forces and Newton’s First Law
1. The diagram below shows the forces acting on a car moving at constant velocity.
Other friction = 450 N
Force E
Force D
Normal reaction
= 10 000 N
Air resistance = 400 N




Buoyancy force = 2000 N

Balloon rising at a constant velocity

Force A


a) What can you say about the forces acting on this car?
b) How big is the engine force E?
c) 	What is the weight of the car ?
2. The diagram shows the forces acting on a balloon as it rises.
a) What will be the size of force A?
b) 	If the balloon was falling at a constant velocity, what would be the size of force A?
3. State Newton’s First Law.
4. Explain, using Newton’s First Law, why passengers without seat belts in a moving car appear to be “thrown forwards” in the car, when the car stops suddenly.
5. Explain how a parachutist reaches a terminal velocity.
[image: ]Resultant Forces
1. What is meant by the resultant force on an object?
2. What are the resultants of the following forces?
3. By using a scale diagram or otherwise, find the resultant of the following pairs of forces.  Remember to draw the vectors “tip to tail”. 
a)			b)	5 N
15 N
5 N
12 N





c)			      			d)	N
8 N
10 N
24 N
18 N





Newton’s Second Law
1. What force is needed to accelerate a 5 kg mass at 3 m/s2?
2. What will be the acceleration of a 12 kg mass acted on by a force of 30 N?
3. What mass would accelerate at 2 m/s2 when acted on by a 12 N force?
4. What force will accelerate 250 g at 2 m/s2?
5. What force would be needed to accelerate a 10 tonne lorry at 1.5 m/s2? 
(1 tonne = 1000 kg)
6. Give two reasons why a car will have a smaller acceleration in similar conditions when a roof rack is added.
7. Describe an experiment to investigate the effect of varying the unbalanced force acting on a fixed mass.
8. A car of mass 1200 kg experiences friction equal to 500 N when travelling at a certain speed. If the engine force is 1400 N, what will be the car’s acceleration?
9. A car of mass 2000 kg has a total engine force of 4500 N. The frictional drag force acting against the car is 1700 N. What is the acceleration of the car?
10. Two girls push a car of mass 1000 kg. Each pushes with a force of 100 N and the force of friction is 120 N. Calculate the acceleration of the car.
11. A boat engine produces a force of 10000 N and the friction and water resistance total 3500 N. If the mass of the boat is 2000 kg, what will be its acceleration?
12. A careless driver tries to start his car with the hand brake still on. The engine exerts a force of 2500 N and the hand brake exerts a force of 1300 N. The car moves off with an acceleration of 1.2 m/s2. What is the mass of the car?
13. A car of mass 1200 kg can accelerate at 2 m/s2 with an engine force of 3000 N. What must be the total friction force acting on the car?
14. A helicopter winches an injured climber up from a mountainside. The climber’s mass is 
65 kg.
a) What is the weight of the climber?
b) If he is accelerated upwards at 1.0 m/s2, what unbalanced force is required?
c) 	What total upwards force must be produced by the helicopter?
15. An 800 kg car is accelerated from 0 to 18 m/s in 12 seconds.
a) What is the resultant force acting on the car?
b) 	At the end of the 12 s period the brakes are operated and the car comes to rest in a time of 5 s. What is the average braking force acting on the car?


Calculations using F = ma for more than one force
Draw a free body diagram and mark in all the known forces. Use this to calculate the resultant force (F in the equation) before using the equation. When adding more than one vector they must be added “tip to tail”.  That means that the tip of the first vector must point at the tail of the next vector.
Example
A car of mass 1000 kg experiences friction equal to 500 N. If the engine force is 1300 N,
what will be the car’s acceleration?
Friction forces = 500 N Engine Force = 1300N
Resultant force = 1300 – 500 = 800 N
a = F = 800 = 0.8 m/s2
m 1000

Projectile Motion
When an object is dropped it falls due to _____________ This is because the object is pulled towards the _____________________. The object accelerates at ____ms-2
If the object is also kicked with a horizontal speed then the object is a projectile.
The object moves in a curved path.
The curved path of a projectile can be treated as two independent motions.
[image: ]
In the vertical direction, the motion is the same as an object in freefall (it accelerates downwards at 9.8 ms-2). It has constant acceleration of 9.8 ms-2, this is provided we ignore air resistance.
In the horizontal direction, the projectile moves at constant speed, providing air resistance is ignored.
The projectile follows the combined motion.
(N.B. As Fw = mg, which is a form of F=ma then g=a,
So whatever the value of g in N/kg, it is the same value of a in ms-2 if the object is in freefall)

Any object which is projected (fired) through the air is known as a projectile.
An object which is originally projected (fired) in a horizontal direction, follows a c _ _ _ _ _ p _ _ _ known as a t _ _ _ _ _ _ _ _ _.
The c _ _ _ _ _ p _ _ _ is due to a combination of 2 separate motions in the
h _ _ _ _ _ _ _ _ _ and v _ _ _ _ _ _ _ directions:
[image: ]



The diagram below shows the position of a ball projected horizontally at three different velocities. In each case, the ball takes exactly 3 seconds to reach the ground. 

[image: ]
[image: ]
The greater the horizontal velocity of a projectile, the f _ _ _ _ _ _ it travels horizontally before landing. __Every second, the downward vertical distance travelled by a projectile
i _ _ _ _ _ _ _ _ because the force of g _ _ _ _ _ _ acting on it causes it to a _ _ _ _ _ _ _ _ _.
We can use this acceleration equation to calculate the downward vertical velocity of the ball in the above diagram as it lands:


downwards acceleration (a) due to gravity = 9.8 ms-2
initial vertical velocity (u) = 0 ms-1




PROJECTILES
-On Earth g = 9.8 m/s2
NB If you were on a different planet the value of g would alter

	vertical

a=9.8m/s2

	horizontal

travels at constant speed



	[image: ]
[image: ]
but u=0 m/s
distance or height = area under the graph.
OR
distance (height) = average speed x time
average speed =(v+u)/2
or ½ vt (if u is 0)
	

[image: ]


TIME IS THE LINK BETWEEN THE TWO MOTIONS



ANSWERING PROJECTILE QUESTIONS
1. Make a table as below
	Vertical
	Horizontal

	sv=
	sh=

	uv= will = 0 m/s
	vh=

	vv=
	t=

	av= (on Earth=9.8m/s2)
	

	t=
	



2. Fill in the table, making sure vertical and horizontal are in the correct places
3. Remember time is the only thing the same in both sides
4. Look at what you know and what you are to find out
5. Choose the correct equation
6. Do the sum
7. Remember units!

(a)  	In 1971, a lunar module carrying two astronauts landed on the Moon’s surface. The gravitational field strength on the Moon is different from that on Earth.
(i)    What is meant by “gravitational field strength”?	(1)
It is the WEIGHT PER UNIT MASS on an object
(ii)	The gravitational field strength at the surface of the Moon is 1.6 N/kg.
What is the value of the acceleration due to gravity at the surface of the Moon?	(1)
1.6m/s2
(b) 	One of the astronauts played golf on the moon. The golf ball was struck horizontally from the edge of a steep crater. It landed 2 seconds later, 25 m away as shown in the diagram below.

(ii)  Calculate the vertical speed of the ball on landing.	(2)
iii)	How would the horizontal distance travelled  by 
[image: ]a ball projected with the same horizontal speed from the same height on Earth compare with that on the Moon? Explain your answer.	(3)
PROJECTILE QUESTIONS
(a)  What is a projectile?
(b) What is special about its motion? 
(c) A projectile is fired horizontally at 100m/s. 
(i) How long will it take it to travel a horizontal distance of 50m? 
(ii) What will be its vertical velocity when it hits the ground? 
(iii) What will be its average vertical speed?
(iv) How far will it fall in the 50m? 
(d) 	A ball rolls along a flat roof at 2m/s and rolls off the edge. 
(i) If it takes 1.5s to fall to the ground what is the speed on landing?
(ii) How high is the roof? 
(iii)  How far away from the base of the building will it land?

1) Jordan the goalkeeper punches a football which has been kicked across his goal mouth. The football leaves his glove with a horizontal velocity of 11.5 m/s to the right and takes 0.80s to land on the pitch.
[image: ]
(a) Describe the horizontal velocity of the football from the instant it is punched to the instant it lands.
(b) Show, by calculation involving horizontal motion, that the horizontal displacement travelled by the football during the 0.8 s is 9.2 m to the right.
(c) At the instant the football leaves Jordan's hand, the downward vertical velocity of the football is 0 m/s. Calculate the downward vertical velocity of the football as it lands.
(d) From what height was the ball pitched?



2) The Physics Department's pet cat jumps horizontally to the right from a window ledge. The cat lands on the floor 0.36 s later. Its horizontal displacement is 1.8 m to the right.
[image: ]
(a) During the jump, does the horizontal velocity of the cat increase, decrease or remain constant?
(b) Show, by calculation involving horizontal motion, that the horizontal velocity of the cat just before landing is 5 m/s to the right.
(c) What was the height of the window ledge? 
(d) At the instant the cat jumps from the window ledge, its downward vertical velocity is 0 m/s. Calculate the downward vertical velocity of the cat as it lands.

3) Ellen's hand hits a volleyball from a point directly above the central net.
The volleyball leaves Ellen's hand with a horizontal velocity of 8.4 m/s to the right. 
[image: ]
On leaving her hand, the volleyball follows a curved path, hitting the floor when its horizontal displacement is 6.3 m to the right.
(a) Show, by calculation involving horizontal motion, that the time taken for the volleyball to travel from Ellen's hand to the floor is 0.75 s.
(b) At the instant the volleyball leaves Ellen's hand, the downward vertical velocity of the volleyball is 0 m/s. Calculate the downward vertical velocity of the volleyball as it reaches the floor.
(c) From what vertical height was the volleyball punched?

4) A rocket is fired horizontally from a cliff top at 40 m/s to the right. The rocket hits the sea below after 4 s.
(a) What will be the rocket's horizontal component of velocity just before it hits the sea?
(b) What will be the rocket's range (horizontal displacement)?
(c) What will be the rocket's vertical component of velocity just before it hits the sea?
(d) Sketch the velocity-time graph for the rocket's vertical motion.
(e) Use the graph to determine the rocket's vertical displacement (the height of the cliff).

5) Fred kicks a football off a cliff with a horizontal velocity of 5 m/s to the right. The football lands on ground below the cliff 2.5 s later.
(a) What will be the ball's horizontal component of velocity just before it hits the ground?
(b) What will be the ball's range (horizontal displacement)?
(c) What will be the ball's vertical component of velocity just before it hits the ground?
(d) Sketch the velocity-time graph for the ball's vertical motion.
(e) Use the graph to determine the ball's vertical displacement (the height of the cliff).

6) Barney pushes a coin off a staircase. The coin's initial horizontal velocity is 0.5 m/s to the right. It hits the floor after 1.2 s.
(a) What will be the coin's horizontal component of velocity just before it hits the floor?
(b) What will be the coin's range (horizontal displacement)? 
(c) What will be the coin's vertical component of velocity just before it hits the floor?
(d) Sketch the velocity-time graph for the coin's vertical motion.
(e) Use the graph to determine the coin's vertical displacement (the height of the staircase).
7) Wilma throws a dart horizontally at 8 m/s to the right. 
The dart hits the floor after 0.6 s.
(a) What will be the dart's horizontal component of velocity just before it hits the floor?
(b) What will be the dart's range (horizontal displacement)?
(c) What will be the dart's vertical component of velocity just before it hits the floor?
(d) Sketch the velocity-time graph for the dart's vertical motion.
(e) Use the graph to determine the dart's vertical displacement (the height it was thrown from).
8) Betty fires an arrow horizontally at 25 m/s to the right. The arrow hits the ground after 0.4s
(a) What will be the arrow's horizontal component of velocity just before it hits the ground?
(b) What will be the arrow's range (horizontal displacement)?
(c) What will be the arrow's vertical component of velocity just before it hits the ground?
(d) Sketch the velocity-time graph for the arrow's vertical motion.
(e) Use the graph to determine the arrow's vertical displacement (the height it was fired from).
9). A stone thrown horizontally from a cliff lands 24 m out from the cliff after 3 s. Find:
a) the horizontal speed of the stone
b) the vertical speed at impact.

10. A ball is thrown horizontally from a high window at 6 m/s and reaches the ground after 2 s. Calculate:
a) the horizontal distance travelled
b) the vertical speed at impact.

11. An aircraft flying horizontally at 150 m/s, drops a bomb which hits the target after 8 s.
Find:
a) the distance travelled horizontally by the bomb
b) the vertical speed of the bomb at impact
c) the distance travelled horizontally by the aircraft as the bomb fell
d) the position of the aircraft relative to the bomb at impact.

12. A ball is projected horizontally at 15 m/s from the top of a vertical cliff. It reaches the ground 5 s later. For the period between projection until it hits the ground, draw graphs with numerical values on the scales of the ball’s
a) horizontal velocity against time
b) vertical velocity against time
c) From the graphs calculate the horizontal and vertical distances travelled.

13. In the experimental set-up shown below, the arrow is lined up towards the target.
As it is fired, the arrow breaks the circuit supplying the electromagnet, and the target falls downwards from A to B.
a) Explain why the arrow will hit the target.
b) Suggest one set of circumstances when the arrow would fail to hit the target (you must assume it is always lined up correctly).

14.	An osprey flying horizontally at a speed of 15m/s drops the fish it is carrying in to the lake. The fish hits the water 2seconds later.
a) sketch the path the fish took
b) at what height was the osprey flying when it dropped the fish?
c) Assuming the osprey does not change its speed or direction, where is it in relation to the fish when it hits the water.


Mass & Weight
Mass is a measure of the amount of matter (stuff) in an object. It is measured in kilograms (kg)
	Quantity
	Symbol
	Unit
	Unit Symbol

	mass
	m
	Kilogram
	kg

	weight
	W
	Newtons
	N

	Gravitational field strength
	g
	Newtons per kilogram
	N/kg



	Mass (g)
	Predicted weight (N)
	Weight (N)

	100
	
	1

	200
	
	2

	300
	
	3

	400
	
	4

	500
	
	5

	600
	
	6

	700
	
	7

	800
	
	8

	900
	
	9

	1000 (1kg)
	
	10


Weight is a force and it is the pull of gravity acting on an object. It is measured in Newtons.
Experiment
· Collect a 20N spring balance and a set of 100 g masses.
· Predict the weight (force of gravity) on 100 g.
· Record this in the table.
· Test your answer and record the measured weight.
· Repeat for other masses until you can discover a relationship.
· Replace the 20 N spring balance with a 50 N spring balance and place 5 kg on the end.
· Record carefully the value of the weight. 
Conclusion
From our experiment we have found out that the Earth pulls every 1kg with a force of ??N
Formula :    Weight =mass  ??
This value of ?? Newtons per kilogram is called the GRAVITATIONAL FIELD STRENGTH, g
Weight =mass  gravitational field strength
W = m  g
	Object
	Mass (kg)
	Weight (N)

	A bag of sugar
	1
	10

	A bag of tatties
	5
	

	A loaf of bread
	0.5
	

	An apple
	
	1

	A small car
	
	8000

	A small pupil 
	
	450

	ME
	
	

	Bag of crisps
	23g
	


Change 23g into kg =23 x 1/1000 = 0.023kg
Inertia is the tendency of an object to remain in a state of rest or uniform speed unless acted upon by an unbalanced force. That is, it is the resistance of an object to motion. Measurement of inertia is a way of measuring mass.
 “g” is the gravitational field strength. It is measured in NEWTONS PER KILOGRAM. It is the WEIGHT PER UNIT MASS (force of gravity on every kilogram)
	Gravitational field strength
	g
	Newtons per kilogram
	N/kg


My Weight on other planets
	Planet
	g (N/kg)
	m (kg)
	W (N) =m x g

	Mercury
	3.7
	
	

	Venus
	8.8
	
	

	Earth
	10.0
	
	

	(Moon)
	1.6
	
	

	Mars
	3.8
	
	

	Jupiter
	26.4
	
	

	Saturn
	11.5
	
	

	Uranus
	11.7
	
	

	Neptune
	11.8
	
	

	Pluto
	4.2
	
	



Calculate your own weight on each of the planets.
i) Find out the distance of each of the planets from the Sun.
ii) Present the above information on ‘g’ on a drawing of the Solar System.



[image: ]
Forces and the Newton Balance
Aim: To use the newton balance to pull and lift various known masses.
Apparatus: Newton balance
Selection of masses of known size
[image: ]
Instructions for experiment 1
[image: ]• Use the newton balance as in Diagram 1 to pull each mass across the top of your desk.
• Compare the force required to
a) start the mass moving
b) keep the mass moving slowly at a steady speed
c) keep the mass moving quickly at a steady speed.
Explain how the newton balance is used to measure force.

Instructions for experiment 2
• Use the newton balance as in Diagram 2 to lift each mass. 
• Compare the force required to
a) support the mass so that it is not moving
b) move the mass upwards at a steady speed
c) move the mass downwards at a steady speed.

Record your results in a table, recording the mass in kilograms (kg).
Extend your table, calculate the ratio of weight to mass; ie.
State the name given to this ratio.

Gravity, mass and weight
	Planet
	g (N/kg)

	Mercury
	3.7

	Venus
	8.8

	Earth
	10

	Mars
	3.8

	Jupiter
	26.4

	Saturn
	11.5

	Uranus
	11.7

	Neptune
	11.8

	Pluto
	4.2



The data table on the right may be required for questions 1-8.
Assume the questions refer to the Earth unless otherwise stated
1. What is the weight of a 10 kg bag of potatoes?
2. What is the weight of a 250 g bag of sweets?
3. What is the mass of a 450 N girl?
4. What is the weight of a 10,000 kg spacecraft on
a) Earth 	b) Mars 	c) Venus?
5. What would a 60 kg man weigh on Jupiter?
6. Which planet’s gravity is closest to our own?
7. An astronaut who weighs 700 N on Earth goes to a planet where he weighs 266 N.
Calculate his mass and state which planet he was on.
8. What would an astronaut weigh on Earth, if his weight on Venus was 528 N?
Gravitational Field Strength with Height
The value of g changes with the distance from a planet. On Earth the radius of the Earth is approximately 6400 km or 4000 miles. So on average the value of g on the surface of the Earth is just under 9.8 N/kg. However, you can see from the graph that the value of g takes a very long distance to reduce. 


[image: F:\My Documents\SCHOOL\National 5\DYNAMICS & SPACE\ISS 2016.png]
http://heavens-above.com/IssHeight.aspx

This plot shows the orbital height of the ISS over the last year. Clearly visible are the re-boosts which suddenly increase the height, and the gradual decay in between. The height is averaged over one orbit, and the gradual decrease is caused by atmospheric drag. As can be seen from the plot, the rate of descent is not constant and this variation is caused by changes in the density of the tenuous outer atmosphere due mainly to solar activity.
89

[image: ]

Plot your own graph of height against g using the data in the table below.
	Height in km
	gravitational field stegnth (N/kg)

	0
	9.8

	200
	9.2

	400
	8.7

	600
	8.2

	800
	7.7

	1000
	7.3

	2000
	5.7

	2600
	4.9

	2800
	4.7

	3000
	4.5

	3800
	3.8

	4000
	3.7

	4800
	3.2

	5000
	3.1

	6000
	2.6

	7000
	2.2

	8000
	1.9

	9000
	1.7

	10000
	1.5

	11000
	1.3

	12000
	1.2

	13000
	1.1



1 Choose your birthday or a significant day and find the approximate height of the ISS on this day. Record the day and the height. 
2 Using the information in the graph of g against height, find the value of the gravitational field strength on the ISS when it is at your chosen height.
3 What would be the calculated value of your weight on the ISS?
4 Why would you be described as “weightless”
Test your current ideas about weightlessness:
Astronauts on the orbiting space station are weightless because...
A. There is no gravity in space and they do not weigh anything. 
B. Space is a vacuum and there is no gravity in a vacuum.
C. Space is a vacuum and there is no air resistance in a vacuum.
D. The astronauts are far from Earth's surface at a location where gravitation has a minimal effect.
http://www.physicsclassroom.com/class/circles/Lesson-4/Weightlessness-in-Orbit
Find the answer at the website above, I think some of you might be surprised by the answer.



Weightlessness
The answer to the multiple choice question above was that none of the answers were correct, I promise the SQA won’t write a question like that! 
When we say “weightless” what we generally mean is “in freefall”.
According to the formula:
	W= mg      
	Where W = weight
	m = mass
           g = gravitational field strength


 To be weightless you must travel to a region where there is no gravitational field. Even in space, where spacecraft travel, ‘g’ has a value greater than zero. An example of what actually happens is when a car goes over a bump in the road too fast and takes off. Both the car and the occupants fall back to the road at the same rate and so the occupants momentarily feel ‘weightless’ because they are not being supported by anything. Being in contact with the ground makes us aware of our weight. In a spacecraft the spacecraft and the occupants are falling to Earth at the same rate so they feel weightless even though there is gravitational force acting on them. The astronauts are actually in freefall.

Weightlessness is simply a sensation experienced by you when there are no external objects touching and exerting a push or pull upon you. Weightless sensations exist when all contact forces are removed. These sensations are common when you are momentarily in a state of free fall. When in free fall, the only force acting upon your body is the force of gravity - a non-contact force. Since the force of gravity cannot be felt without any other opposing forces, you would have no sensation of it. You would feel weightless when in a state of free fall.
Scale Readings and Weight
Technically speaking, a scale does not measure your weight. While we use a scale to measure our weight, the scale reading is actually a measure of the upward force applied by the scale to balance the downward force of gravity, weight, acting upon an object. When an object is at rest or in motion at constant speed, these two forces are balanced. The upward force of the scale upon you equals your weight (the downward pull of gravity). And in this instance, the scale reading (that is a measure of the upward force) equals the weight of the person. However, if you stand on the scale and bounce up and down (not on my scales though!), the scale reading undergoes a rapid change. As you undergo this bouncing motion, your body is accelerating. During the acceleration periods, the upward force of the scale is changing. And as such, the scale reading is changing. Is your weight changing? Absolutely not! You weigh as much (or as little) as you always do. The scale reading is changing, but remember: the SCALE DOES NOT MEASURE YOUR WEIGHT. The scale is only measuring the external contact force that is being applied to your body.
Weightlessness in orbit
Many students believe that orbiting astronauts are weightless because they do not experience a force of gravity. If a person believes that the absence of gravity is the cause of their weightlessness, then how would they explain why the astronauts are orbiting the Earth? The fact is that there must be a force of gravity in order for there to be an orbit.
Astronauts are weightless because there is no external contact force pushing or pulling upon their body. In each case, the force of gravity is the only force acting upon their body. Being an action-at-a-distance force, it cannot be felt and therefore would not provide any sensation of their weight. If there was no force of gravity on the astronauts, then they would not be orbiting in circular motion but would drift off into space at a constant speed in a straight line.

http://www.physicsclassroom.com/class/circles/Lesson-4/Weightlessness-in-Orbit

Friction
Friction is a resistive force, which opposes the relative motion of two surfaces in contact.  
This means that it acts in the opposite direction to the relative movement of the two surfaces.  
Friction acts between any two surfaces in contact. When one surface moves over another, the force of friction acts between the surfaces and the size of the force depends on the surfaces, e.g. a rough surface will give a lot of friction.  
Friction is a very common force.  
Friction between two solid surfaces depends on two factors:
· how rough the two surfaces are
· the size of the force between the two surfaces [how hard they are pressed together.]
Friction increases the rougher the two surfaces are and the bigger the force between them.
If there is no friction between surfaces then the surfaces can move easily over each other.
This can be achieved by placing a layer of a different material between the surfaces.
An example of this is air being used in an air puck.
[image: http://uncrate.com/p/2006/05/hovercraft.jpg]  [image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcS90z1IDEYf1plUQidvQjlDHpBzt5eDkcbEWys8j83BNu4V3ZPxTQ]
           tsgphysics.mit.edu							funcrate.com
Friction is a force which tries to stop things moving. Friction occurs between two solid surfaces. Friction can be good or a nuisance
	Friction good
	Friction bad

	braking
	shooting (drag slows the bullet)

	walking
	sledging

	space craft re-entry
	skiing

	running
	ice skating

	writing
	snowboarding

	sky-diving (drag)
	putting on clothes (chaffing)

	opening bottles
	swimming

	cutting things
	wears down tyres

	putting spin on an object
	engines wear away

	rock climbing
	slide

	steering wheel
	F1 racing !!!!

	striking matches
	ceramic brakes!!!

	cats using to drink
	in space things don’t stop easily

	slugs
	boats

	conveyor belts
	rotating machinery slowed down and wears away

	sports
	

	sharpening knives
	

	holding things
	

	grip for tyres/shoes
	



A teardrop is a very streamlined shape. Air can flow over it without producing turbulence (little winds!) To reduce fuel consumption cars and lorries are made as close to this shape as possible, but with wheels, doors, mirrors etc the shape is compromised.
The force of air resistance can also be called DRAG. Drag is a force like friction which opposes motion. Drag occurs when a solid moves through a liquid or gas.
	Increasing Friction
	Decreasing Friction

	less aerodynamic
	lubrication eg oil, wax, grease, soap

	greater surface area
	streamlining

	spoilers
	more aerodynamic

	increase mass
	reduce mass 

	surface rough eg sand
	rollers

	gritting roads
	layer of air

	stickier surface
	polystyrene beads

	rougher tyres
	smooth surface

	
	ice

	
	water on road

	
	LORRIES BOARD



Title: Friction and Movement
Aim: To investigate the force of friction between various surfaces.
Apparatus:
· Newton balance
· Block of wood
· Different surface materials
· A range of masses from 1 kg upwards.
[image: ]
Instructions
• Set up the apparatus as shown above using one of the surface materials.
• Using the newton balance, pull the block along the board at a steady speed.
• Record the reading on the balance in a table.
• Repeat the above for different surface materials.
• Repeat the above increasing the mass on top of the block.
Results
• List the surfaces in order of increasing friction with the wooden block.
• For each of the surfaces, plot a graph of the mass on block against the pulling force.
Questions
Answer the following questions in your jotter.
9. Describe two methods of
a) increasing friction 		b) decreasing friction.
10. Where, in a bicycle, is friction deliberately
a) increased 		b) decreased?

[bookmark: _Toc477167408]8. Newton’s Laws
Content Statements
8.1.  I can use Newton’s 1st law and balanced forces to explain constant speed, making reference to frictional forces.
8.2. I can use Newton’s 2nd law to explain the movement of objects in situations where only one force is acting.
8.3. I can apply Newton’s laws and balanced forces to explain constant velocity, making reference to frictional forces.
8.4. I can make use of Newton’s 2nd law and its application to space travel, including rocket launch and landing.
8.5. I can make use of Newton’s 3rd law and its application to explain motion resulting from a ‘reaction’ force. 
8.6. I can use Newton’s laws to explain free-fall and terminal velocity.

Newtons Laws of Motion
FORCES AND THEIR EFFECTS
A force can be described as a push or a pull. A better way to recognise a force is by seeing the effects it causes.
A force can change an object’s:
· direction
· shape
· speed (cause an acceleration)
eg 
· changing the direction
· a steering wheel turns and causes the car to turn (via a long process)
· hitting a foil against another foil
· wind blowing in the trees
· changing the shape
· clicking a pen
· plastercine
· hitting a bat against a ball
· changing the speed
· accelerating in a car
· kicking a ball
· driving a car into a wall

The instrument for measuring forces is the Newton Balance, spring balance or Forcemeter. Forces are measured in units of NEWTONS (N)

NEWTONS THREE LAWS OF MOTION
Newton’s First Law states:
A body will remain at rest or travel at a constant speed in a straight line, unless acted upon by an unbalanced force.

A body will remain at rest or travel at constant velocity, unless acted upon by an unbalanced force.

Newton’s Second Law we normally write as a formula:






Newton’s Third Law states
For every action there is an equal but opposite reaction.
or
If A exerts a force on B, B exerts an equal but opposite force on A.


Newton’s First Law
Isaac Newton made statements in his Laws of Motion about the effect of balanced and unbalanced forces.
Newton's First Law is concerned with balanced forces. It states that if a body is at rest and the forces acting on it are balanced then the body will remain at rest. However if the body is moving and the forces acting are balanced then the body will keep moving at constant speed in a straight line. 
Newton’s Second Law
The motion of all objects that are speeding up, slowing down or changing direction is governed by Newton's Second Law of Motion. In Physics, we use Newton's Second Law to explain different types of motion and to do calculations involving force, mass and acceleration.
Newton's Second Law is concerned with unbalanced forces. Unbalanced forces produce acceleration. The greater the unbalanced force the greater the acceleration. This law is usually written as an equation:


Where the symbols have the following meanings:
	Symbol
	Definition
	Unit
	Unit Symbol

	F
	Unbalanced Force
	newton
	N

	m
	Mass
	kilogram
	kg

	a
	Acceleration
	metres per second per second
	ms-2



Remember that it is an unbalanced force that is required here.
Examples
A car’s engine force is 3000N and its mass is 1500kg. A frictional force of 500N acts over a distance of 20m.
Calculate the acceleration of the car.
Solution
    Unbalanced force:
 N; kg


ms-2
     The acceleration of the car is 1.67ms-2.


[image: ]
Balanced Force & Constant Velocity
'Unchanging motion' is when the body is at rest or is moving with a steady speed in a straight line. Balanced forces are responsible for unchanging motion.
Balanced forces are forces where the effect of one force is cancelled out by another. A tug of war, where each team is pulling equally on the rope, is an example of balanced forces. The rope will have an acceleration of zero under the action of these balanced forces. It will therefore remain stationary.

PARACHUTES
http://www.physicsclassroom.com/mmedia/newtlaws/sd.cfm
W

· The instant the parachutist leaves the plane his vertical speed is zero!
·  Friction is zero 
· There is a force acting downwards -WEIGHT 
· The parachutist accelerates downwards according to Fw=ma. 
· The weight is an unbalanced force on the parachutist 
· The parachutist accelerates at 9.8 ms-2

As the parachutist falls his speed increase 
· AIR RESISTANCE/ DRAG increasesF
W
Fun

· WEIGHT remains constant
· There is still an unbalanced force on the parachutists but this is less than before.
· The parachutist accelerates downwards but the acceleration is much less than 9.8 ms-2
· The parachutist does not slow down but speeds up slower!


F
W

Finally the magnitude of the AIR RESISTANCE is equal to WEIGHT
· The forces on the parachutist are now BALANCED (overall effect ZERO)
· The parachutist travels at CONSTANT VELOCITY (acceleration is zero)
· The parachutist travels at TERMINAL VELOCITY

F
W
Fun



As the parachute opens AIR RESISTANCE/ DRAG INCREASES 
WEIGHT remains constant
AIR RESISTANCE>>WEIGHT
There is an unbalanced force on the parachutist upwards
The parachutist decelerates  (slows down very quickly)



As the parachutist slows downF
W

AIR RESISTANCE DECREASES until is equal to the weight
The forces on the parachutist are now BALANCED (overall effect ZERO)
The parachutist travels at CONSTANT SPEED 
(acceleration is zero)
The parachutist travels at a new TERMINAL VELOCITY
(Obviously less than before but
 still enough to break a leg on impact!)



As the parachutist landsR
W
Fun

· WEIGHT remains constant
·  but there is a very big force from the ground
· There is an unbalanced force on the parachutist upwards
· The parachutist decelerates to a stop!
· PHEW!




[image: graph]
http://www.darvill.clara.net/enforcemot/friction.htm
http://www.physicsclassroom.com/mmedia/newtlaws/sd.cfm

Newton’s 2nd Law & Space Travel
The lift-off of a space shuttle is an example of an unbalanced force in action. The space shuttle accelerates upwards from its launch pad. The thrust T from the rocket engines is greater than the weight W of the rocket system. Since force T upwards is greater than the force W downwards, the effect of one force does not cancel that of the other. The forces acting are unbalanced.
Newton’s Third Law
Newton's Third Law concerns equal and opposite forces. It states that, 'If A exerts a force on B, then B exerts an equal but opposite force on A.'
It is Newton's Third Law that allows rockets to launch into space. The rocket exerts a force on the gases downwards and so the gases exert a force on the rocket upwards. (In the diagram above, the thrust, T, is the reaction force of the gases pushing back at the rocket).
Free-Fall & Terminal Velocity
Newton's First Law applies particularly well under freefall conditions.
Sky divers who jump from a plane do not continue to accelerate to the ground at ever increasing speeds – if they did, how could they create spectacular formations? After jumping out of a plane the skydiver begins to accelerate downwards at 9.8ms-2.
However, as the skydiver's speed increases the frictional force due to air resistance also increases. There comes a point when the skydiver's upward frictional force equals the skydiver's downward weight. The forces are now balanced.
If the vertical forces on the skydiver are balanced then according to Newton's First Law, the skydiver will continue downwards at a constant speed. This constant speed (or velocity) is known as the terminal velocity.
Homework

	1.	(a)	A boy of mass 45 kg slides down a chute at a leisure centre. His acceleration is initially 2 m/s2. Find the force acting on him.			(b)	A car's engine applies a force of 3000 N, and this accelerates it at 4 m/s2. Calculate the mass of the car.	(1)


	2.	Explain, using the theory of forces, how a seat belt can prevent injury in a car crash.


	3.	(a)	Explain the term balanced forces.
		(b)	What are balanced forces equivalent to?
		(c ) State Newton’s First Law. 

 (
200 N
700 N
)	4.	The diagram below illustrates the forces acting on a motorbike. The combined mass of the bike and rider is 125 kg.





		(a)	Calculate the resultant force acting on the bike.
		(b)	Calculate the acceleration of the bike.


	5.	Look at the pairs of forces acting on the objects below. In each case, state the resultant force and the direction in which it is acting.

		(a)		(b)
10 N
5 N
12 N
20 N



FRICTION
Friction is a force which tries to stop things moving. Friction occurs between two solid surfaces. Friction can be good or a nuisance
	Friction good
	Friction bad

	braking
	shooting (drag slows the bullet)

	walking
	sledging

	space craft re-entry
	skiing

	running
	ice skating

	writing
	snowboarding

	sky-diving (drag)
	putting on clothes (chaffing)

	opening bottles
	swimming

	cutting things
	wears down tyres

	putting spin on an object
	engines wear away

	rock climbing
	slide 

	steering wheel
	F1 racing !!!!

	striking matches
	ceramic brakes!!!

	cats using to drink
	in space things don’t stop easily 

	slugs
	boats

	conveyor belts
	rotating machinery slowed down and wears away

	sports
	

	sharpening knives
	

	holding things
	

	grip for tyres/shoes
	

	
	

	


	

	Increasing Friction 
	Decreasing Friction

	less aerodynamic
	lubrication eg oil, wax, grease, soap

	greater surface area
	streamlining

	spoilers
	more aerodynamic

	increase mass
	reduce mass 

	surface rough eg sand
	rollers

	gritting roads
	layer of air

	stickier surface
	polystyrene beads

	rougher tyres
	smooth surface

	
	ice

	
	water on road

	
	LORRIES BOARD

	
	

	
	

	
	










A teardrop is a very streamlined shape. Air can flow over it without producing turbulence (little winds!) To reduce fuel consumption cars and lorries are made as close to this shape as possible, but with wheels, doors, mirrors etc the shape is compromised.
The force of air resistance can also be called DRAG. Drag is a force like friction which opposes motion. Drag occurs when a solid moves through a liquid or gas.

[bookmark: _Toc477167409]Relationship between forces, motion and energy
Content Statements
· I can carry out calculations using the relationship between force, mass and acceleration in situations where only one force is acting (F = ma).
· I can carry out calculations using the relationship between weight, mass and gravitational field strength within our solar system (W = mg). 
· I understand the risks and benefits associated with space exploration including challenges of re-entry to a planet’s atmosphere. The use of thermal protection systems to protect spacecraft on re-entry.
· I can carry out calculations involving the relationship between unbalanced force, mass and acceleration for situations where more than one force is acting (F = ma).
· I can carry out calculations involving the relationship between work done, unbalanced force and distance/displacement (Ew = Fd).
· I can carry out calculations involving the relationship between weight, mass and gravitational field strength during interplanetary rocket flight (W = mg).
F = ma
We use words like acceleration, constant speed and stationary to describe motion. Forces acting on a body cause the motion of that body to change. Newton's First Law and Second Law explain the different types of motion.
This can be denoted as such:

Homework
1. 	Calculate the weight of a girl who has a mass of 40kg.		     			
2. 	What is the gravitational force acting on a 30g rock on the Earth’s surface?         
3. 	Find the mass of a boy who weighs 550N.
4.	During the Apollo 11 expedition to the Moon, 21kg of soil samples were brought from the Moon to the Earth. The gravitational field strength was not constant throughout the journey
a)	What is meant by gravitational field strength?
b) Copy and complete the table to show the mass and weight of the soil samples at various stages of the journey
	Stage
	Gravitational field strength (N kg-1)
	Mass (kg)
	Weight (N)

	On the Moon
	1.6
	21
	

	At a point during the journey
	0
	
	

	On the Earth
	9.8
	
	



5. 	An astronaut on the Moon uses a newton balance to measure the weight of a 20kg rock. If the reading on the balance is 32N, calculate the gravitational field strength on the Moon.
6. The gravitational field strength on Venus is 8.8Nkg-1. If a robot probe of mass 270kg lands on Venus, how much will it weigh?
7. 	If a man weighs 700N on Earth, how much would he weigh on Jupiter which has a gravitational field strength of 26Nkg-1?
Homework 2
1. 	Find the unbalanced force required to accelerate a 6kg mass at 3ms-2.
2. 	Find the acceleration of a 200kg rock, rolling down a hill, if the unbalanced force acting on it is 1kN.
3. 	What is the mass of a trolley if an unbalanced force of 12N causes it to accelerate at 4ms-2?
4. 	The forces acting on a car of mass 1000kg are shown below.
                                                 [image: tn00217_]2kN
6kN
Engine force
Friction

(a) Find the unbalanced force acting on the car.
(b) Calculate the acceleration of the car.	

4. A model motor boat of mass 4 kg is initially at rest on a pond. The boat’s motor, which provides a constant force of 5 N, is switched on. As the boat accelerates, the force of friction acting on it increases. A graph of the force of friction acting on the boat against time is shown.
[image: ]5

a) 
i) State the force of friction acting on the boat 2 s after the motor is switched on.
ii) Calculate the acceleration of the boat at this time.
b) Describe and explain the movement of the boat after 7 s
6.	Stephen and Jack are invited along to ‘Techno toys’ workshop to try out a new remote control car. They line the car up to race along the 200 m track and then start it off.


(a)	Describe how the designers could work out the car’s instantaneous speed as it goes round the corner of the track. Your answer must include:
			any apparatus they would need
			any measurements they would take
			any calculations they would do.
7. 	The speed time graph below represents the motion of the car during part of the race.

8. 
0
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	(b)	Calculate the acceleration of the car during the first 6 seconds.
(c)	How far did the car travel during the 18 seconds represented by the graph.
(d)	During the period 6 s to 14 s the car exerted an engine force of 450 N. What size are the frictional forces acting on the car at this time.
(e)	How could the designers reduce the frictional forces acting on the car.
(f)	Draw the graph that would have been produced if the race had taken place on a wet day.
Examples
Gravitional Calculations in our Solar System W=mg
Large bodies such as the Sun, the Moon and the Earth all have very large masses. Due to the large mass each body has a gravitational field that attracts smaller masses to it. Mass (m) is a measure of the quantity of matter that makes up an object. It is measured in kilograms (kg). The mass of an object can only change if some mass is added or taken away.
Weight (W) is a force, measured in newtons (N). Weight is caused by the pull of gravity acting on a mass, usually near the surface of a planet. The weight of an object can change if it is on a different planet, with a different gravitational field strength, g. The bigger the body, the greater the gravitational field strength measured in Newtons per kilogram (Nkg-1 ).
For example, we are attracted to the Earth. The Moon is attracted to the Earth, which is why it stays in orbit around the Earth. The Earth is attracted to the Sun and so the Earth stays in orbit around the Sun.
The gravitational field strengths of different objects in our solar system are shown in the table.
	Object in our solar system
	Gravitational field strength on the surface in Nkg-1

	Earth
	9∙8

	Jupiter
	23

	Mars
	3∙7

	Mercury
	3∙7

	Moon
	1∙6

	Neptune
	11

	Saturn
	9∙0

	Sun
	270

	Uranus
	8∙7

	Venus
	8∙9



The gravitational field strength for a planet (or satellite – like the Moon) indicates the force on a 1 kg mass on the planet or moon’s surface.
The force that holds you on the Earth – on the seat you are sitting on now – is known as your weight. Weight can be calculated as:


Example
The lunar rover used by the Apollo 15 astronauts has a mass of 120kg.
a) What is the weight of the rover on the Earth?
b) What is the weight of the rover on the Moon?
Remember wherever you go, your mass will be the same.
Solution
a)  kg;	Nkg-1;	N
b) kg;	 Nkg-1;	N
Re-Entry
If astronauts are in orbit then they are usually travelling very fast. The International Space Station orbits the Earth about 12-15 times a day. In space, with no air, this is not a major problem in terms of air friction.
However, on returning to Earth, the spacecraft will re-enter the atmosphere. While the air itself may not seem dense, travelling very fast through air creates very high frictional forces generating extremely high temperatures.
To protect astronauts from these high temperatures, the spacecraft must be able to:
· absorb a certain amount of heat energy.
· radiate heat energy back into the atmosphere.
Spacecraft have heatproof tiles on the underside. These protect the occupants from the high temperatures and prevent the spacecraft from being destroyed on re-entry. Re-entry temperatures can reach as high as 1,650oC.
Unbalanced Force, Mass & Acceleration (F = ma expanded)
'Changing motion' includes movement where the body is speeding up or slowing down. It also includes motion where the direction in which the body moves is changing, ie the body is moving in a curved path. 'Changing motion' is caused by unbalanced forces.
Unbalanced forces are generally due to a forward force (or thrust) and a frictional force working against each other.
Friction is a force that opposes motion. It is present whenever two surfaces rub over each other, such as when you rub your hands together, or when you apply the brakes on a bike or in a car. Friction also prevents an object from starting to move, such as a shoe placed on a ramp. When friction acts between two surfaces that are moving over each other, some kinetic energy is transformed into thermal (heat) energy.
Friction can sometimes be useful. For example, we rely on the soles of our shoes to not slip over the ground that we are walking on, and the friction between a car tyre and the road surface helps cars to speed up, slow down and turn corners. Sometimes though, friction can be a nuisance. For example, the friction between a wheel and the axle that it rotates on wastes energy, so we try to minimise the friction using bearings and lubricants.
Work Done, Unbalanced Force & Displacement (EW=Fd)
Energy is 'lost' or not used effectively when frictional forces occur. For example, when a bike applies its brakes and slows down the kinetic energy of the bike is transferred into heat energy in the brakes.
How much energy is lost depends on the frictional force (F) and the distance over which the frictional force is acting (d).
This is called the Work Done against Friction (EW).

	Symbol
	Definition
	Unit
	Unit Symbol

	EW
	Work Done
	joule
	J

	F
	Frictional Force
	newton
	N

	d
	Distance
	metres
	m



Example
Travelling between stops, the average frictional force on a bus was N over a distance of 500 m.
Calculate the work done by the bus engine to overcome this frictional force.
Solution


J
Mass, Weight & Gravitational Field Strength in Interplanetary Rocket Flight
The lift-off of a space shuttle is an example of an unbalanced force in action. The space shuttle accelerates upwards from its launch pad. The thrust T from the rocket engines is greater than the weight W of the rocket system. Since force T upwards is greater than the force W downwards, the effect of one force does not cancel that of the other. The forces acting are unbalanced.
The rocket launch is a very good example to look at when considering Newton's First and Second Laws. When preparing for launch, the rocket is stationary. If the rocket is stationary then the forces on the rocket are balanced.
Remember:


When the engines are fired, an unbalanced force accelerates the rocket into the sky. The upward force of the thrust from the rocket engines is greater than the downward weight of the rocket. This results in an unbalanced upward force, causing the rocket to accelerate upwards.
Examples
1. If the weight of the rocket is 20,000N and the thrust of the engines is 50,000N, what is the unbalanced force accelerating the rocket?
2. If the mass of the rocket above is 2041kg, what is the acceleration of the rocket at take off?
Solutions
1. Unbalanced Force N
2. ms-1
Energy Transformations
1. Copy and complete these examples of energy transformations.
a) Car moving at a steady speed along level road:		chemical energy -> ________
b) Car accelerating along level road:		chemical energy -> ________ + _______
c) Car braking:	kinetic energy -> ________
d) Car freewheeling downhill (engine switched off):  ________ -> ________ + _______

2. A locomotive exerts a pull of 10000 N to pull a train a distance of 400 m.
How much work is done?

3. A gardener does 1200 J pushing a wheelbarrow with a force of 100 N.
How far did she push the barrow?

4. A man uses up 1000 J by pulling a heavy load for 20 m. What force did he use?

5. A girl is pushing her bike with a force of 80 N and uses up 4000 J of energy.
How far did she push the bike?

6. A man weighing 600 N climbs stairs in an office block which are 40 m high.
How much work does he do?

7. A worker pushes a 4 kg crate along the ground for 3 m using a force of 20 N, then lifts the crate up to a ledge 1 m high. How much work does he do altogether?

Work, Power and Time

8. A man pushes a wheelbarrow for 60 m using a 50 N force. If he takes 10 s, what is his average power?

9. The man’s son pushes the wheelbarrow for 60 m using the same force as his father, but he takes 13 s to do it.

10. How does 	a) his work 	b) his power compare to his father’s?

11. A machine lifts a load of 4000 N to a height of 5 m in 20 s. What is its power?

12. A boy who weighs 600 N can run upstairs of vertical height 8 m in 12 s.
a) What is his power?
b) A girl who weighs 500 N takes 10 s to run up the stairs. What is her power?
c) Do they do equal amounts of work?

13. Describe how you could estimate the average power of a student who is running up a flight of stairs. List measurements you would take, how you would obtain these, and indicate how you would calculate the result.

14. A lift can raise a total mass of 800 kg up 10 m in 40 s. What is its power?

15. A weight lifter lifts a mass of 250 kg from the ground to a height of 1.5 m in a time of 2 seconds. What was his average power during the lift?

16. A lift in a building can take a maximum of 10 people of average mass 70 kg. The mass of the lift is 500 kg.
a) What is the total weight of a full lift?
b) What is the power needed to raise the lift up 30 m in 10 s?

17. A bucket of water of weight 250 N is to be lifted up a 30 m well by a 500 W motor.
How long will it take to raise the bucket?
a) What will be the power of the electric motor of a lift which can raise a load of 4000 N at a steady speed of 2 ms-1?
b) What is the energy transformation?

Gravitational potential energy

18. A chairlift raises a skier of mass 60 kg to a height of 250 m. How much potential energy does the skier gain?

19. A brick of mass 3 kg rests on a platform 25 m above the ground on a building site.
a) How much potential energy is stored in the brick?
b) If the brick falls 25 m to the ground, how much potential energy will it lose?
c) What form of energy will the brick gain?

20. Estimate how much gravitational potential energy you would gain if you were lifted 30m up to the top of a fun-ride.

21. An apple, mass 100 g, has 300 J of potential energy at the top of the Eiffel Tower.
What is the height of the Eiffel Tower?

22. An astronaut of mass 70 kg climbs to a height of 5 m on the moon and gains 560 J of gravitational potential energy. What must be the gravitational field strength on the moon?



Kinetic energy

23. You are provided with an air track and vehicles, a light gate and timer and some elastic bands. Describe how you could use this apparatus to establish how kinetic energy depends on velocity. Include details of any measurements you would take and any additional measuring equipment needed.

24. Calculate the kinetic energy of the following:
a) a 5 kg bowling ball moving at 4 ms-1
b) a 50 kg skier moving at 20 ms-1
c) a 0.02 kg bullet moving at 100 ms-1.

25.  
a) How much kinetic energy does a 800 kg car have at a speed of 10 ms-1?
b) If it doubles its speed to 20 ms-1, calculate its new kinetic energy?

26. A cyclist who is pedalling down a slope reaches a speed of 15 ms-1. The cyclist and her cycle together have a mass of 80 kg.
a) Calculate the total kinetic energy.
b) Name two sources of this kinetic energy.

27. Calculate an approximate value for the kinetic energy of an Olympic 100 m sprinter as he crosses the line (time for race is about 10 s).

28. What is the speed of a stone of mass 2 kg if it has 36 J of kinetic energy?

29. A motor cyclist and his bike have a total mass of 360 kg and kinetic energy of 87120J.
What is his speed?

30. The apple in question 21 is dropped from the top of the Eiffel Tower.
a) How much kinetic energy would it have just before hitting the ground?
b) What will be its velocity as it hits the ground?

31. A car of mass 1000 kg is travelling at 20 ms-1.
a) How much kinetic energy does it have?
b) If the maximum braking force is 5 kN, what will be the minimum braking distance?
c) If the driver has a reaction time of 0.7 s, how far will the car travel during this ‘thinking time’?
d) What will the total stopping distance be?

EXOPLANETS
https://www.spaceplace.nasa.gov/all-about-exoplanets/e

Space Probes
Working in twos
Find the name of a SUCCESSFUL space probe and research about it. RESEARCH before answering the questions below. Complete a 4 slide presentation with the following information
1. What is a space probe?
2. Name of the space probe you have researched
3. When was it designed?
4. What is special about its design?
5. How is it fit for the purpose it was designed?
6. Who built it? 
7. Who funded it?
8. When was it sent into space?
9. Were the UK involved it its design, manufacture or tracking?
10. When was it launched and from where?
11. Where there any space probes similar to this one?
12. What is its purpose?
13. Has it found anything ground breaking?
14. How far has it travelled?
15. Any other interesting facts about this space probe?
https://en.wikipedia.org/wiki/List_of_Solar_System_probes#2006.E2.80.93present
[bookmark: _Toc477167410]Satellites
Content Statements
· I can describe the range of heights and functions of satellites in orbit around the earth, including geostationary and natural satellites.
· I can describe & explain the dependence of period of orbit on height.
· I can describe and explain the use of parabolic reflectors to send and receive signals.
· I can use the relationship between distance, speed and time in scenarios related to satellite communication (d = vt).
· I can describe a range of applications of satellites including telecommunications, weather monitoring and environmental monitoring.
· I understand the use of satellites in developing our understanding of the global impact of mankind’s actions.
Functions of Satellites
A satellite is any object that is in orbit around a planet. There are two types of satellite: natural and artificial. For example, our Moon is a natural satellite, but a communication satellite for relaying signals around the world or a weather satellite are examples of artificial satellites.
Artificial Satellites
Artificial satellites orbit the Earth. They are unmanned and do not leave the orbit of the Earth. The first satellite launched into space was Sputnik in 1957. Sputnik was only a tiny metal ball that transmitted a signal for about three weeks. It wasn't until 1962 that the first orbiting satellite provided long-term service to the Earth. That satellite was named Telstar.
Artificial satellites today have many different purposes and orbits. After the initial launches, the number of satellites and their complexity has continued to increase. Today there are thousands of man-made objects orbiting the Earth. If you go outside on a very clear night, there is a good chance you will see a bright light speed across the sky. These fast moving objects are often satellites that are reflecting the light of the Sun
Geostationary Satellites
Geostationary satellites take 24 hours to orbit the Earth. This is the same time that Earth takes to complete one rotation and so the satellite always remains above the same point on the Earth's surface. To achieve this orbit, the satellite must be at an altitude of 36,000 km and positioned above the equator of the Earth.
Ground stations send signals to the satellite using a curved dish transmitter to transmit a strong signal. At the satellite the weakened signal is collected by a curved dish receiver. It is then amplified and finally retransmitted, at a different frequency, back to the ground using another curved dish transmitter.
With three geostationary satellites placed in orbit around the equator worldwide communication is permitted. Each satellite communicates with ground stations on different continents.
Natural Satellites
Natural satellites of any planet are called MOONS. We have one natural satellite called “The Moon”, although it is also referred to as Lunar.
Other planets can have any number of moons. Venus has none, Mars has two and Jupiter has the most in our Solar System with 63 confirmed moons.
Orbital Period & Height
The time a satellite takes to orbit a planet is called its period, denoted T. If the satellite is at a high altitude above a planet's surface, it will take a long time to go around – it will have a long period. However if the satellite is closer to the planet's surface, i.e. it moves to a lower orbit, then it will take less time to go around – it will have a short period.
Parabolic Reflectors
Satellite dishes are designed to receive microwave signals from satellites.  These can be used in transmitters and receivers of waves, e.g. sound, infrared, visible light, microwaves, TV signals and satellite communication.  
The curved reflectors have a special parabolic shape that makes any waves that strike it reflect to the same point. This point is called the focus.
Transmitters
[image: parabolic2]
In a transmitter the transmitting device is placed at the focus of the parabolic reflector.  The waves are emitted from the transmitter and are reflected off the curved reflector.  
The special shape means that all the reflected waves come out in parallel straight lines.  This makes it very good for sending the waves in a particular direction. 
Outgoing waves are reflected out in a parallel beam.
[image: parabolic]This is what happens in searchlights, torches and in microwave transmitters sending messages up to satellites.
Receivers
In a receiver the receiving device, such as an aerial, is placed at the focus of the parabolic reflector.  The waves that strike the curved reflected are all reflected to the focus.  
This makes the signal at the focus much stronger.  The curved “dish” can gather more energy from the wave and focus it onto the receiver.
Incoming waves are reflected to the focus.
Curved reflectors are used in satellite receivers, radio telescopes, solar cookers and in many other applications. 
[image: satellite tv]d=vt and Satellite Communication
A satellite will have several receiving and several transmitting curved reflectors.  Signals are not “bounced” off satellites.  They are taken in (received), amplified and then retransmitted on a different frequency to avoid interference with the incoming signal.
However, as all the signals are electromagnetic spectrum, they all travel at the speed of light. This means that the signal is not instantaneously transmitted from A to B and there is a slight delay due to the constraints of the speed of light.

Examples
A signal station directly under a geostationary satellite orbiting at 3,500km “pings” a signal up to the satellite and receives a response signal. How long does it take for the signal to return?
 (as the signal is making a round trip) m
ms-1
s
Applications of Satellites
Satellites can be used for many different things. Here are some examples of what satellites are used for on an everyday basis. Can you think of more?
Weather Forcasting
Over 200 weather satellites carry equipment that allow real time detection of visible, infrared and microwave radiation.  Weather satellites are either “Geostationary” or “polar orbiting”.  The Geostationary satellites are used to photograph cloud cover, these images are then animated and used in weather forecasts on TV.  The earth turns underneath the Polar orbiting satellites allowing full global data collection.  Often these satellites are “sun-synchronous”, allowing data measurements to be recorded twice a day at the same point on the Earth’s surface at the same time each day. 
Three polar-orbiting satellites working together can observe the entire planet every six hours. This allows a closer look at the Earth, producing images and measurements with a high resolution. These satellites are however always on the move and therefore do not allow continuous observation of a particular geographical area.  Temperature, wind speed and direction, chemical content of the atmosphere, water vapour, cloud cover, precipitation, storms, and tropical cyclones can all be observed.
Environmental Monitoring
Satellites are ideal for observing the global environment, as they are capable of revealing and monitoring remote environments, hidden features, and even events that the human eye cannot detect. They provide reliable data 24 hours a day, seven days a week.  Satellites can also monitor how winds disperse smoke from wildfires or ash from volcanic eruptions. Information on land surface temperature, winds, vegetation cover, bodies of water, human settlements, soil moisture, depth and extent of snow and ice can all be recorded.
Details of the Ocean
Sea surface temperature, sea level height, ocean currents, and ocean winds are all monitored.  It is also possible to monitor accidents, such as large oil spills, and periodic changes in the sea that affect global weather patterns, such as El Niño in the Pacific Ocean.
Climate Monitoring
Satellites are ideal for monitoring climate change because they can monitor the concentration of greenhouse gases in the atmosphere, such as aerosols, water vapour, carbon monoxide (CO), carbon-dioxide (CO2) and methane.
Satellite Imaging/Sensing
The IKONOS satellite has been used to obtain detailed imagery of military sites and nuclear facilities across the world.  Coastal management, ground quality, irrigation, and many more applications can be found here http://www.satimagingcorp.com/services.html. 
GPS
[image: ]The GPS system uses 24 geostationary satellites transmitting microwaves to allow accurate determination of the position of an object.  This includes a time stamp signal so by comparing multiple distance measurements, an object’s velocity can be calculated. This allows your smartphone to give you directions using Google Maps and allows you to play Pokemon Go.
[image: ]A GPS receiver finds its position by measuring the distance between itself and three or more GPS satellites (called trilateration).  A microwave signal is sent out from one satellite to the GPS receiver, the receiver measures how long it took for the signal to reach it.  The signal travels at a known speed, the receiver then uses the length of travel time for the signal to calculate a circular range of possible locations. 
[image: ]Using the signal from a second satellite, possible locations of the receiver on the ground are narrowed to the two points where the circles intersect as shown. 
When a third satellite locates the receiver, an approximate location can be determined. Most GPS receivers give a location to within 100 metres using three satellites, but additional satellites will increase this accuracy. If four or more satellites are in range, the receiver can determine the user's position and elevation. 
Satellites and Understanding Human Impact
Satellites provide a very good way to view how humans have impacted the Earth and its environment.
[image: ]The image to the left is a comparison of sea ice in the Arctic from 1979 to 2012 as observed by NASA’s Nimbus-7 satellite and by the Special Sensor Microwave Imager/Sounder (SSMIS) from the Defense Meteorological Satellite Program (DMSP).
Below is an image of the changes in sea-levels between 1993 and 2012 as detected by satellite altimetry. 
[image: ]
Satellites can also be  used to track urban growth and see how humans affect the land around them.


[image: small-earth_image_2][image: small-earth_image_2]36,000 km (16 feet from SOS)
715 km
(4 inches from SOS)
Geostationary Orbit
Polar Orbit
Geostationary satellites orbit the Earth's axis as fast as the Earth spins. They hover over a single point above the Earth at an altitude of about 36,000 kilometers (22,300 miles). This orbit allows these satellites to continuously look at the same spot on the earth – important for locating the position of hurricanes and monitoring developing severe storms.
NOAA typically operates two geostationary satellites called GOES (Geostationary Operational Environment Satellite). One has a good view of the East Coast (GOES-East) while the other  focuses on the West Coast (GOES-West).
Geostationary Orbit
Polar satellites (also know as sun synchronous satellites) orbit above the Earth at about 715 kilometers (445 miles).  Polar satellites monitor strong storms that move across the poles (regions of the Earth that Geostationary satellites cannot view). 
NOAA typically operates two polar satellites. One satellite views the afternoon portion of the Earth, while the other views the morning portion of the Earth. 
Polar Orbit
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
U.S. DEPARTMENT OF COMMERCE
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Projectiles
Content Statements
· I can give an explanation of projectile motion.
· I can perform calculations of projectile motion from a horizontal launch using appropriate relationships and graphs.
· I can give an explanation of satellite orbits in terms of projectile motion.
What Is Projectile Motion?
When an object is dropped it falls due to gravity. This is because the object is pulled towards the Earth. The object accelerates at 9.8ms-2. If the object is also kicked with a horizontal speed then the object is a projectile.
The object moves in a curved path. The curved path of a projectile can be treated as two independent motions.
In the vertical direction, the motion is the same as an object in freefall (it accelerates downwards at 10 ms-2. It has constant acceleration of  9.8ms-2, this is provided we ignore air resistance. In the horizontal direction, the projectile moves at constant speed, providing air resistance is ignored.
The projectile follows the combined motion.
[image: ]
Projectile launched horizontally
At National 5, we only consider projectiles launched horizontally.
Thought Experiment
If you take two identical objects, throw one horizontally and drop one vertically at the same time from the same height, which one should hit the ground first?
They will both hit the ground at the same time as their vertical acceleration is equal.
https://www.youtube.com/watch?v=D9wQVIEdKh8 –a video showing this exact principle in action.
Calculations of Projectile Motion
To calculate projectile motion, you need to treat the vertical and horizontal motion as two independent motions, which are then combined using vector addition.
Because the vertical motion is accelerating and the horizontal motion is constant, projectiles follow an arc.
Example
A boy kicks a ball horizontally over the edge of a cliff with a speed of 6ms-1 as shown in the diagram.
[image: ]The ball hits the surface of the water 3s later.
a) Calculate the vertical speed of the ball when it reaches the water's surface.
b) How high is the cliff?
c) How far from the foot of the cliff will the ball land?
Solution
Horizontal motion: ms-1 ; s
Vertical motion: ms-1; ms-2; s; 

a) Use only the vertical information:
                                                                ms-1
b) The height of the cliff is simply the vertical distance travelled by the ball. If we draw a speed-time graph using the vertical motion, we can calculate the vertical distance travelled.
The ball has an initial vertical velocity of 0 ms-1 and accelerates uniformly over 3s to reach a final vertical speed of 30ms-1.
[image: ]The area under the graph is the vertical distance travelled:
                        m
So the height of the cliff is 44.1m
c) The ball travels for 3s before it hits the sea. The horizontal speed of the ball is constant so we can use:
                                               m
The ball is 18m from the cliff when it lands in the sea.

Projectile Motion
When an object is dropped it falls due to _____________ This is because the object is pulled towards the _____________________. The object accelerates at ____m/s2
If the object is also kicked with a horizontal speed then the object is a projectile.
The object moves in a curved path.
The curved path of a projectile can be treated as two independent motions.
In the vertical direction, the motion is the same as an object in freefall (it accelerates downwards at 9.8 m/s2. It has constant acceleration of 9.8 m/s2, this is provided we ignore air resistance.
In the horizontal direction, the projectile moves at constant speed, providing air resistance is ignored.
The projectile follows the combined motion.
(N.B. As Fw = mg, which is a form of F=ma then g=a,
So whatever the value of g in Nkg-1, it is the same value of a in ms-2 if the object is in freefall)


	On Earth g = 9.8 m/s2


	vertical

a=9.8 m/s2
[image: ]

[image: ]

but u=0 m/s



distance or height = area under the graph.
OR
distance (height) = average speed x time
from
[image: ]
[image: ]

	horizontal

travels at constant speed
[image: ]




TIME IS THE LINK BETWEEN THE TWO MOTIONS
NB If you were on a different planet the value of g would alter


	




	In 1971, a lunar module carrying two astronauts landed on the Moons surface. The gravitational field strength on the Moon is different from that on Earth.

(i)    What is meant by “gravitational field strength”?	(1)

(ii)	The gravitational field strength at the surface of the Moon is 1.6 N/kg.

What is the value of the acceleration due to gravity at the surface of the Moon?	(1)

     One of the astronauts played golf on the moon. The golf ball was struck horizontally from the edge of a steep crater. It landed 2 seconds later, 25 m away as shown in the diagram below.
[image: ]
(ii)      Calculate the vertical speed of the ball on landing.	(2)

iii)	       How would the horizontal distance travelled  by a ball projected with the same horizontal speed from the same height on Earth compare with that on the Moon? Explain your answer.	(3)
Satellite Orbits in Terms of Projectile Motion
In the previous section we have seen that a projectile will follow a very predictable curved path in air.
However when the projectile is given a greater speed, it goes further. The reality of the situation is that the Earth is curved. So what happens if you fire a projectile and it goes over the horizon?
It will probably land further away. So what happens if you increase the speed some more?
Now the projectile is so fast it will travel so far forward that by the time it drops, the Earth will have curved away. This is the start of satellite motion. This theory was first suggested by Sir Isaac Newton, so it was known as Newton’s Thought Experiment or Newton’s Cannonball.
[image: ]
Page from Newton’s Philosophiæ Naturalis Principia Mathematica Volume 3 showing the Thought Experiment
If the projectile has enough speed, it will move through space constantly falling towards the Earth in free fall. With the high horizontal speed – constant horizontal speed – the projectile falls around the curvature of the Earth. The higher the satellite, the longer it takes to orbit.
The International Space Station orbits at an altitude of approximately 350 km and takes just about 90 minutes to orbit the Earth. A geostationary communications satellite orbits at an altitude of 36,000 km taking 24 hours to orbit the Earth. This means that it will stay above the same geographical location.
[bookmark: _Toc477167412]Cosmology
Content Statements
· I can define: planet, moon, star, solar systems, exo-planet, galaxy and universe.
· I have an understanding of the scale of the solar system and universe measured in light years.
· I have knowledge of space exploration and its impact on our understanding of the universe and planet Earth.
· I understand the conditions required for an exo-planet to sustain life.
· I can use the term ‘light year’ and convert between light years and metres.
· I can give a description, origin and age of the observable universe.
· I can describe how different parts of the electromagnetic spectrum are used to obtain information about astronomical objects.
· I can identify continuous and line spectra.
· I can use spectral data for known elements, to identify the elements present in stars.
Definitions
· The universe consists of many galaxies separated by empty space.
· A galaxy is a large cluster of stars (eg the Milky Way).
· A star is a large ball of matter that is undergoing nuclear fusion and emitting light and other forms of electromagnetic radiation. The sun is a star.
· The Sun and many other stars have a solar system. A solar system consists of a central star orbited by planets.
· A planet is a large ball of matter that orbits a star (eg Earth or Jupiter). Planets do not emit light themselves.
· An exoplanet is a planet existing around another star, outside of our solar system
· Many planets have moons which are natural satellites. A moon is a lump of matter that orbits a planet e.g. The Moon orbits the Earth or Deimos and Phobos orbit Mars.
[image: ]Scale of the Solar System
The distance from the Earth to the Moon (the closest object to us in space) is 384,000,000m. From the Earth to the Sun is 149,597,871,000m. The distances of the major features of the Solar System from the Sun are given below:
	
	Distance from Sun (km)

	Mercury
	57,910,000

	Venus
	108,200,000

	Earth
	149,600,000

	Mars
	227,900,000

	Asteroid Belt
	329,100,000-478,700,000

	Jupiter
	778,500,000

	Saturn
	1,429,000,000

	Uranus
	2,877,000,000

	Neptune
	4,498,000,000



There are numerous scale models of the Solar System in the world to give an idea of how vast the distances are, and some include more than just the main planets given. The Swedish Solar System model (map on the right) runs the length of the east coast of Sweden and includes numerous dwarf planets and comets, as well as the Termination Shock, the end of the Heliosphere, where the solar wind drops to subsonic velocity. 
A virtual scale model of the universe can be found here, one where the Moon is only 1 pixel in size.
Space Exploration & Understanding
Our understanding of the universe is widely based off of observations made using telescopes.
Telescopes
Telescopes are devices used to observe the universe. There are many different types and some are even sited in space.
Optical telescopes observe visible light from space. Small ones allow amateurs to view the night sky relatively cheaply but there are very large optical telescopes sited around the world for professional astronomers to use.
Optical telescopes on the ground have some disadvantages:
· They can only be used at night.
· They cannot be used if the weather is poor or cloudy.
Radio telescopes detect radio waves coming from space. Although they are usually very large and expensive, these telescopes have an advantage over optical telescopes. They can be used in bad weather because the radio waves are not blocked by clouds as they pass through the atmosphere. Radio telescopes can be used in daytime as well as at night.
X-rays are partly blocked by the Earth's atmosphere and so X-ray telescopes need to be at high altitude, flown in balloons or carried in satellites above the Earth's atmosphere. Objects in the universe emit other electromagnetic radiation such as infrared, X-rays and gamma rays. These are all blocked by the Earth's atmosphere, but can be detected by telescopes placed in orbit round the Earth.
Telescopes in space can observe the whole sky and they can operate both night and day. However, they are difficult and expensive to launch and maintain. If anything goes wrong, sometimes only astronauts can repair them.
Experiments in Space
Many of the manned spaceflights commissioned have some form of experimental work to discover more about our universe. Some of the experiments conducted by NASA can be found here.
Exoplanets
Exoplanets are planets found in a planetary system that is not ours or around a star that is not the Sun. Over the last 20 years there have been hundreds of exoplanets found throughout the galaxy. Much focus in exoplanets has been towards looking for planets that could support life as we know it.
Life on Earth has several major requirements:
· oxygen to allow respiration
· water
· food
· energy from the sun
If we break it down to the basics, life really only needs two things: a stable and moderate range of temperatures that will allow biological reactions to take place and a source of energy. On the surface of the Earth, we use the Sun as our energy store.
Around each star there is a narrow range of distances where a planet can orbit and liquid water will exist on its surface. Too close to the star and the high temperature will cause the water to boil into steam. Whilst too far away and the temperature will be so low that any water will freeze.
[image: ]We call this the 'habitable zone' (sometimes called 'the Goldilocks zone') because it is the area around a star that is not too hot and not too cold to sustain the conditions required for life to exist. Liquid water is vital for life to exist on a planet.
To the left is a diagram showing the differences in habitable zones in our solar system and the system orbiting the star Gliese-581, including exoplanets already discovered to be orbiting it.
However, the habitable zone alone is not enough to say that the exoplanet could support Earth-like life.
To sustain life on its surface a planet must have an atmosphere. The atmosphere on Mars is very thin because Mars is too small to have a magnetic field. A planet's magnetic field protects its atmosphere from being stripped away by the constant bombardment of cosmic particles from the star.
Life on Earth is carbon-based. This is because carbon allows large structures to form that are the basis for all life on Earth. Nitrogen in the air is a fundamental part of our DNA and amino acids. Oxygen allows for respiration. Hydrogen and oxygen also form water, which is the foundation of life on Earth.
The conditions most likely to support life on exoplanets are:
· a planet inside the habitable zone (sometimes called the Goldilocks Zone) of a star
· a rocky planet that is large enough to sustain its own magnetic field
· a planet with an atmosphere that contains some or all of the following: carbon, oxygen, nitrogen and hydrogen
However, all of these simply describe Earth. It could be possible for life elsewhere in the universe to be as versatile as life on Earth. Planets that we consider uninhabitable could harbour very different forms of life.
Light Years
Astronomical data from observations of galaxies in space involve extremely large distances. The light year is a unit of distance used in astronomy, and it is defined as the distance that light travels in one year.
Light travels 300 million metres in one second (speed of light in a vacuum is 3x108 ms-1). In one year it will cover a distance of metres.
Light from our Sun takes approximately eight minutes to reach us.
After the Sun, the nearest star to us is Proxima Centauri which is 4.2 light years from Earth. One light year (distance) can be calculated as follows:



m
Example
The Crab nebula is approximately 6500 light years from Earth.
Calculate this distance in metres.
Solution



m


Origin of the Known Universe
Our current understanding of the origin of the universe is based on the Big Bang model. The model proposes that approximately 13.8 billion years ago, the universe came into existence as a singularity and rapidly expanded from an extremely hot dense state to what exists today. It is still unclear why this happened or what a singularity actually is, but we do know that the universe is still expanding at an increasing rate.
Evidence for the Big Bang Model
If the start of the universe was so hot, where has all that energy gone? The Big Bang theory predicts that as the universe expanded, it cooled. Cosmic Microwave Background Radiation has been detected in space as evidence of this cooling. The average temperature of the universe is currently around 2.7K or -270.5 oC.
[image: ]
Cosmic Microwave Background Radiation, gathered from 9 years of WMAP data
Observations of distant stars, show what is called a red shift in their colour spectrum. This red shift in galaxies is evidence the galaxies are moving away from us, indicating that they are moving further away from a single point when the Big Bang occurred. This is further covered in Higher.
Electromagnetic Spectrum & Cosmology
The electromagnetic spectrum consists of a group of radiations that all travel at the speed of light,   3  108 ms-1. In the middle of the EM spectrum is the visible spectrum consisting of a range of different colours of light:
· Red
· Orange
· Yellow
· Green
· Blue
· Indigo
· Violet
There are many other parts of the EM spectrum we cannot see. The diagram below illustrates those parts.
[image: http://www.mhhe.com/physsci/astronomy/arny/instructor/graphics/ch03/0305.jpg]
The electromagnetic spectrum
The electromagnetic spectrum ranges from long wavelength, low frequency waves (like radio waves which can be used for communication) to short wavelength, high frequency waves (like gamma rays which can be used for medical treatment). In the electromagnetic spectrum, waves with higher frequency have greater energy than lower frequency waves.
Because electromagnetic waves can travel through a vacuum and can carry information, they can be used to determine facts about deep space. Some telescopes detect radio waves instead of visible light and infrared imaging was used to gain the image of the CMB Radiation.
	Range of EM spectrum
	Information gained

	Gamma rays & x rays
	Extremely high energy particles, cosmic explosions, high speed collisions can be detected.  Material moving at extremely high speeds emit these rays. Some emanate from supernovae remnants.

	Ultra-violet
	Very young massive stars, some very old stars, bright nebulae, white dwarfs stars, active galaxies and quasars shine brightly in the ultraviolet region.

	Visible
	Chemical composition of the stars, particles at the outer edges of nebula

	Infra Red
	Infrared observations are used to peer into star-forming regions and into the central areas of our galaxy. Cool stars and cold interstellar cloud are detected.

	Radio Waves
	The study of the radio universe brought us the first detection of the radiation left over from the Big Bang. Radio waves also bring us information about supernovae, quasars, pulsars, regions of gas between the stars, and interstellar molecules.



Spectra
White light is made up of a range of colours. These colours can be separated by splitting white light with a glass prism to obtain a spectrum. Each colour of light is refracted by different amounts, depending on its frequency - higher frequency colours are refracted more than lower frequency colours. Violet is refracted most, red light least.
A spectroscope uses a prism to display the colours which make up a source of light. This continuous spectrum is what would be seen from a source of white light.
[image: ]
Continuous Spectrum of White Light
Every element in the periodic table produces a unique line spectrum when heated, consisting of specific colours at specific wavelengths seen as thin bands.
[image: ]
Hydrogen Spectra
[image: ]
Helium Spectra
[image: ]
Sodium Spectra
Using Spectra
By analysing the line spectrum (or combination of line spectra) from sources of light, e.g. a star, it is possible to determine the chemical elements that make it up. Alternatively, line spectra can drawn as a negative white rectangle with black bands.
[image: ]
Line spectra from our Sun
[bookmark: _Toc477167413]Space exploration
Content Statements
· I can give evidence to support our current understanding of the universe from telescopes and space exploration.
· I understand the impact of space exploration on our understanding of planet Earth, including the use of satellites.
· I understand the potential benefits of space exploration including associated technologies and the impact on everyday life.
· Risks and benefits associated with space exploration, including challenges of re-entry to a planet’s atmosphere.
Understanding the Universe
According to current estimates, the universe is approximately 13.8 billion (13.8 x 109) years old and consists of approximately 100 billion galaxies, each containing approximately 100 – 1000 million stars!!  
How do we know this?  Why are the numbers so approximate?  How has the world benefitted from Space Exploration?  Why are we still exploring Space?
[image: ]Our understanding of the immediate and distant universe comes mainly from two activities, space exploration and looking up.
 Impact of Space Exploration
With the vast amount of obsolete satellites and debris left over from manned space missions, the space around Earth is getting extremely cluttered with space junk. To the right is a computer simulation of space debris orbiting the Earth.
This debris can pose a risk to current satellites and manned space missions and some debris can fall to Earth and cause damage on the ground.
In 2009, a defunct Russian defence satellite collided with a commercial phone satellite and both were destroyed. This has led to interest in ways to collect space debris to prevent further collisions.
Potential Benefits of Space Exploration
Space exploration (and most scientific experiments) often leads to advances in everyday technology to allow for experiments to actually be conducted (for instance, the World Wide Web was created by a computer technician at CERN to allow for the massive amounts of experimental data to be shared to scientists across the globe).
Innovation is just one of the benefits –there has also been increases international cooperation to work on space exploration projects such as the International Space Station.
The possibility of colonising other planets and moons could help with the problems of overpopulation and lack of resources.
Risks & Benefits of Space Exploration
Risks of Space Exploration
Space exploration is a risky business. Space is a vacuum and humans cannot exist in a vacuum. This means that we have to create crafts and suits which provide an environment where humans can survive.
The risks involved with space exploration include:
· micrometeorites – danger from impact damage (to spacecraft and to astronauts during spacewalks)
· solar flares and radiation – danger from ionising radiations
· no atmosphere – we need air to breathe
· space debris – danger from impact damage
[bookmark: _GoBack]The main danger in space comes from temperature. It can vary from being extremely cold (in shadow, not in line of sight of the sun approximately -150 oC) to very hot (in line of sight of the sun, approximately +120oC). The suits and craft are designed to keep the environment at the temperature that we can live in – about 20 oC. So excellent cooling and heating systems are required in space.
Re-Entry into Atomosphere
As an aircraft moves through the air, the air molecules near the aircraft are disturbed and move around the aircraft. Exactly how the air re-acts to the aircraft depends upon the ratio of the speed of the aircraft to the speed of sound through the air.
As a spacecraft re-enters the earth's atmosphere, it is traveling very much faster than the speed of sound. The aircraft is said to be hypersonic. Typical low earth orbit re-entry speeds are near        7,820 ms-1 (approximately Mach 25 or 25 times the speed of sound).
The chief characteristic of re-entry aerodynamics is that the temperature of the air flow is so great that the chemical bonds of the diatomic molecules of the air are broken. The molecules break apart producing an electrically charged plasma around the aircraft. During re-entry the aircraft is actually an unpowered glider. The heat energy is so great (temperatures can reach 1650oC) during re-entry that a special thermal protection system is used to keep the spacecraft intact.  
On the Shuttle, special silicon tiles are placed on the aluminium skin to insulate the interior. On the leading edge of the wings, carbon-carbon composite material is used to withstand the heat. The high forces and high heat dictate that the Shuttle has short, blunt wings. The Shuttle flies at a high angle of attack during re-entry to generate drag to dissipate speed.
The Soyuz, Shenzhou, and all of the early Apollo, Gemini, and Mercury spacecraft used a thermal protection system that is different to the Space Shuttle. Each of these older spacecraft used an ablative, or "burning", heat shield. This heat shield is made of special ceramic materials and is designed to slowly burn away as it encounters the high temperature.  Large amounts of energy are required to change phase from solid to liquid (and then to gas) therefore reducing the energy that can reach the skin of the spacecraft therefore protecting the astronauts from the heat of re-entry.
Benefits of Space Exploration
Many areas of science and technology have made advances due to technological breakthroughs resulting from the manned exploration of space.
To get into orbit, powerful engines are required to provide thrust and hence velocity. Survival in space requires excellent environment control systems.
NASA has had to patent many applications to accomplish their tasks. Some examples include: water filters, ear thermometers, scratch resistant lenses, memory foam, shoe insoles, long distance communication, smoke detectors, enriched baby food and cordless tools.
Other benefits have included the development of satellites and associated technologies. With satellites we can communicate with anyone at almost any point on Earth. We can monitor weather systems to help predict the weather and we can monitor environmental conditions such as temperature and water content as well as gravitational field strength and the Earth's magnetic field.
We can also navigate ourselves with GPS (global positioning system). This system uses 3 satellites at any single time to pinpoint your location but there is a system of about 35 satellites that help us do this.
Further Task
Go research and find further technologies that have been developed to assist with space exploration and their everyday uses.
Latent Heat
1. Calculate the amount of heat energy required to melt 0.3 kg of ice at 0 °C.
(Specific latent heat of fusion of ice = 3.34 x 105 J/kg)

2. Calculate the specific latent heat of fusion of naphthalene given that 6 x 105 J of heat are given out when 4.0 kg of naphthalene at its melting point changes to a solid.

3. Calculate what mass of water can be changed to steam if 10.6 kJ of heat energy is supplied to the water at 100 °C. 
(Specific latent heat of vaporisation of water = 2.26 x 106 J/kg)

4. Ammonia is vaporised in order to freeze an ice rink.
a) Find out how much heat it would take to vaporise 1 g of ammonia.
b) Assuming this heat is taken from water at 0 °C, find the mass of water frozen for every gram of ammonia vaporised. 
(Specific latent heat of vaporisation of ammonia = 1.34 x 106 J/kg
Specific latent heat of fusion of ice = 3.34 x 105 J/kg).

5. [image: ]The graph below shows how the temperature of a 2 kg lump of solid wax varies with time when heated.

a) Explain what is happening to the wax in the regions AB, BC and CD.
b) If a 200 W heater was used to heat the wax, calculate the specific latent heat of fusion of the solid wax. 





Principle of Conservation of Energy

6. If 200 g of water at 40 °C are mixed with 100 g of water at 10 °C and no energy is lost, what is the final temperature of the mixture? (Specific heat capacity of water = 4180 J/kg°C)

7. If an immersion heater heats 300 g of water for 2 minutes and the temperature rises by 30 °C, find the power rating of the heater in watts.

8. A 350 W element is used to boil 300 g of water in a cup. The initial temperature of the water is 20 °C.
a) How long will it take to reach 100 °C?
b) State any assumptions made.

9. Meteors are small pieces of matter made mostly of iron. Few meteors hit the surface of the Earth because of the Earth’s atmosphere. Assuming all the kinetic energy of the meteor changes to heat energy in the meteor, if a 0.001 kg meteor, travelling at 30000 ms-1 crashes into the Earth’s atmosphere resulting in a change in temperature of 20000°C, calculate the specific heat capacity of the iron.

10. If a copper ball is dropped on a hard surface the ball is deformed, and we can assume all the kinetic energy is transferred to internal energy in the ball. From what height must the ball be dropped to raise its temperature by 2 °C? (Specific heat capacity of copper = 380 J/kg°C) 

11. An electric shower has a 1.5 kW heating element.
a) How much heat energy can it give out in five minutes?
b) If the element is used to heat 5 kg of water for 5 minutes, what would be the rise in temperature? (Specific heat capacity of water = 4180 J/kg).

12. A pupil put 2 litres of water at 20 °C into her 1000 W kettle. She switched it on and then forgot it for 15 minutes. Unfortunately, it did not have an automatic cut-out and when she came back the kitchen was full of steam. 1 litre of water has a mass of 1 kg. 
a) How much energy was required to bring the water to boiling point?
b) How much electrical energy had been used altogether?
c) How much water had been turned into steam?
d) Which of your answers are approximate and why?

13. A heating coil carries an electrical current of 2 A for 100 s at a voltage of 20 V. If this is sufficient to boil away 20 g of liquid nitrogen at its boiling point, what is the specific latent heat of vaporisation of nitrogen?

14. A 200 g bun is put in a 600 W microwave oven for one minute. If its temperature rises from 15°C to 45°C, what is the specific heat capacity of the bun?
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Glossary of Terms
	Term
	Definition

	acceleration
	The rate of change of velocity,  measured in metres per second squared. Acceleration = change in velocity/time taken

	average speed
	Average speed = distance ÷ time over a known distance and time. For example, the average speed of the bus between Edinburgh and Glasgow was 30 m s-1.

	balanced force
	 When the total force in opposite directions are equal in magnitude. For example, with a thrust of 15 N and a frictional force of 15 N, the body experiences balanced forces.

	bearing
	A direction given where due North is 000 and through a circle clockwise. Eg: Due East is 090, due South is 180 and due West is 270.

	constant speed
	When the speed of body does not change. eg The car was travelling at a constant speed of 30 m s-1.

	curvature
	The slight bending of horizon due to the roundness of the Earth, more noticeable at higher altitudes, e.g. the curvature of the Earth can be seen from the International Space Station

	deceleration
	Slowing down or negative acceleration, e.g. the car slowed down with a deceleration of 2 m s-1

	direction
	Information to give the direction of travel or the direction of a force

	displacement
	Quantity describing the distance from the start of the journey to the end in a straight line with a described direction, eg the hiker ended up at the hostel 50km due north of his original position.

	distance
	Numerical description of how far apart two things are. For example, the distance from Edinburgh to Glasgow is approximately 50 miles.

	element
	A substance made of one type of atom only

	energy
	The capacity of a system to do work. For example, electrical work. Measured in Joules (J). Eg: A signal with 0.002 J of electrical energy was received at the aerial.

	final speed
	The speed of a body after accelerating, e.g. after an acceleration for 5 seconds, the car's final speed was 20 ms-1

	force
	A push or a pull. The unit of force is the newton (N)

	freefall
	Falling freely in space/air, not attached to anything; e.g. the skydiver was in freefall after leaving the plane.

	frequency
	The number of waves produced each second. The unit of frequency is hertz, (Hz)

	galaxy
	A cluster of billions of stars held together by gravity

	geostationary
	A satellite, orbiting a planet, at the same rate as the planet. A geostationary satellite orbiting Earth has a period of 24 hours

	gravitational field strength
	Force per unit mass. Measure in newtons per kg

	horizontal
	Parallel to the ground

	infrared
	Radiation which transfers heat energy. Part of the electromagnetic spectrum with a longer wavelength than light waves but a shorter wavelength than radio waves.

	initial speed
	The speed of a body before accelerating, e.g. the car has an initial speed of 5ms-1

	instantaneous speed
	The speed at a particular point in time, e.g. the speed of the car at the corner was 5ms-1

	International Space Station
	Collection of modules constructed by several countries that currently orbits above the Earth at altitudes of 330km to 430km. A permanent space station. E.g. The ISS orbits the Earth 15 times a day

	kilometre (km)
	1000m. A large unit for distance.

	light year
	The distance travelled by light in one year - a very large distance, usually used to describe distances between stars. The closest star to our own is about 4.3 light years away.

	magnetic field
	Area of influence around and planets and stars that attract and affect the motion of other planets and stars. Also found around ferrous (iron) containing materials.

	mass
	The amount of matter an object contains. Mass is measured in kilograms (kg).

	microwaves
	Electromagnetic radiation with a frequency between that of visible light and radio waves.

	newton
	Unit of force named after British scientist Isaac Newton (1642-1727), e.g. the frictional force on the boat is 20,000N.

	optical telescope
	A device used to see distant objects more clearly. An optical telescope receives and refracts visible light using an arrangement of lenses.

	projectile
	An object travelling through space unaided by an engine, e.g. the cannon shot a projectile over the horizon

	radio waves
	Low frequency electromagnetic radiation used to transmit information such as television and radio programmes.

	radio-telescope
	A telescope that detects the Radio wave part of the EM spectrum. Often used to detect signals from other star systems and space.

	rest
	A stationary object which has a speed of zero, e.g. the bus started from rest before it reached a speed of 8ms-1

	satellite
	Body that orbits a planet. For example, the Moon is a natural satellite of the Earth but communication satellites are artificial satellites of the Earth.

	scalar
	A quantity that requires only a size, for example, distance travelled is 20m.

	scale diagram
	A diagram drawn where each length represents a exact magnitude in direct proportion. Eg: a scale of 1:10 in a diagram means that 1cm will represent a force of 10N.

	speed
	The distance travelled in a fixed time period, usually 1 second. The unit of speed is metres per second

	star
	 A large mass at the centre of a solar system (if there are other bodies present) that produces heat and light, eg the star at the centre of our solar system is called the Sun.

	stationary
	Not moving.

	temperature
	How warm or cold something is

	thrust
	A force used to move a body forwards or up, e.g. the rocket had a thrust of 10,000N.

	time
	Term that describes the order and duration of events. For example, the Physics lesson was 50 minutes long.

	universe
	All the energy and matter that exists.

	vacuum
	A volume that contains no matter.

	vector
	A vector describes a movement from one point to another. A vector quantity has magnitude (size) and direction.

	velocity
	The speed of an object in a particular direction. The unit of velocity is metres per second

	vertical
	At right angles (perpendicular) to the ground or the horizontal axis)

	visible
	You can see this part of the spectrum.

	wavelength
	The length of a single wave, measured from one wave crest to the next.



Useful Revision Links
http://mrsphysics.co.uk/n5/	  Mrs Physics 
http://www.bbc.co.uk/education/topics/zv8k7ty     BBC Bitesized National 5 Physics Dynamics & Space Topic - 
http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html    Hyperphysics (be warned some sections go up to AH level) - 
http://www.sqa.org.uk/sqa/45731.htmlSQA Nat 5 Physics Resources (Past Papers & Content Statements) 
http://mrmackenzie.co.uk/national-5/Fizzics With Mr McKenzie

Some SQA perfect Answers to SPACE questions

Light from a star produces a line spectrum.
What information is obtained about the star from this spectrum?
information about atoms (or elements) present OR age of star OR (1)
distance to star OR speed of star OR type of star OR temperature of star
(i)  Explain why different types of telescope are used to detect signals from space.
different detectors (1) are required for different radiations/ frequencies/wavelengths (1)

One of the astronomers suggests replacing the objective lens in this telescope with one of larger diameter.
State an advantage of doing this.
fainter objects can be observed OR telescope gathers more light

Numerical Answers
	NUMERICAL ANSWERS
Kinematics
1. 8 m/s 26. 3.5 m/s2
3. 5.8 m/s 27. 1200 m/s2
4. a) 10 km/h 28. –2.5 m/s2
b) 2.8 m/s 30. –3.6 m/s2
6. 17000 m 31. 3.6 m/s
7. 2400 m 32. 4 s
8. 8000 s ( 2 h 13 min ) 33. 3 s
9. 57 min 34. 3.4 s
10. 42 min 35. a) Micra
11. a) 24.3 m/s b) Porsche
b) 28.3 m/s c) i) 20.7 s ii) 15.1s
13. 0.4 m/s 36. b) 1.5 m/s2
14. a) 0.75 m/s c) 75 m
b) 1.5 m/s d) 525 m
17. a) 2 km west 37. a) 30 - 90 s
b) 3.6 km b) i) 1m/s2 ii) –2 m/s2
18. a) 1.5 m/s c) 225 m
b) 0.83 m/s west d) 2475 m
19. a) 400 m e) 23.6 m/s
b) 0 39. a) 16 m/s
c) 8.3 m/s b) 288 m
d) 0 c) 12 m/s
20. a) 800 m 40. a) 0.3 m/s2
b) 0 b) accelerating 200 m
c) 7 m/s constant velocity 160 m
d) 0
21. a) 30 km north
b) 50 km
c) 30 km/h north
d) 50 km/h
22. a) 140 km
b) 100 km at (053)
c) 70 km/h
d) 50 km/h at (053)
23. 3 m/s2
24. 22.2 m/s2
25. 2 m/s2

	Dynamics
41. 100 N 72. a) 1200 N
42. 2.5 N b) 2880 N
43. 45 kg 73. 2.4 m/s
44. a) 100000 N 74. a) 8 m/s
b) 38000 N b) 30 m/s
c) 88000 N 75. a) 12 m
45. 1584 N b) 20 m/s
47. 70 kg Mars 76. a) 1200 m
48. 600 N b) 80 m/s
51. a) 2000 N c) 1200 m
b) 2000 N 77. b) i) horizontal = 75 m
52. b) 850 N ii) vertical = 125 m
c) 10000 N
56. a) 800 N to left
b) 100 N down
c) 100000 N to right
57. a) 13 N at (067)
b) 15.8 N at (198)
c) 30 N at (053)
d) 12.8 N at (309)
58. 15 N
59. 2.5 m/s2
60. 6 kg
61. 0.5 N
62. 15000 N
65. 0.75 m/s2
66. 1.4 m/s2
67. 0.08 m/s2
68. 3.25 m/s2
69. 1000 kg
70. 600 N
71. a) 650 N
b) 65 N
c) 715 N
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Finding the area of different shapes

Q. How would you find the area
of a square or a rectangle?

A. You would multiply the base
by h
the height to find the area.

Q. How would you find the area
of a triangle?

The triangle is half of a
rectangle with the same base
and height. The triangle

therefore has haif the area of
A h
————
b

the rectangle.

A. The area of the triangle is
Y% base x height.
Area=Y2xbxh
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Q. How could you find the area
of this shape (called a
trapezium)?

You could divide it up into
triangles and rectangles, and
then find the area of each part.
h
T A
Area 1 ="Y2xbxhy
2 Area2=bxh,
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