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Study Tips - The following summary covers the knowledge and understanding part of the Transport unit. You need to know this material thoroughly - you will be tested on it in the Prelim and Final SQA Exam and this material is your basic starting point for tackling problem solving questions.
Notes - In order to study effectively, it is best to make your own notes in some form that allows for self-testing. 
How? – Use a Note-taking System

Your objective is to capture on paper the main facts and ideas so that you can study them thoroughly. Divide an A4 page into a narrow (5 cm) left hand “recall” column and a wide right hand “notes” column. You may also want to leave a margin at the bottom of the page where you can write a one or two sentence summary of all the information contained on that page. The wide column on the right is where you write the notes. Don't crowd them - leave plenty of white space. After completing your notes, read them over and make sure you clearly understand each fact and idea, then, in the narrow column on the left, write a brief, meaningful question (or note down key terms, concepts or formulae). 

An alternative is to use a spider diagram (or “Mind Map”) as notes or to use “flash cards” with questions on one side and answers and examples on the other. Flash cards are very portable so they are especially useful for testing yourself during spare moments on a bus etc.

It is important to use a method that gets you to ask questions. The process of asking questions helps you focus on the essential material and helps you understand things more clearly. 

How do I remember it all? - Recitation is the most powerful method known for embedding facts and ideas into your memory. 
E.g. if you have written notes as suggested: Cover the notes in the wide column exposing only the questions in the narrow column. Recite the answers in your own words. Recite over and over again until you get the right answer

What else can I do? - Practice!
A critical component of physics is solving problems. Work at as many problems as possible, especially exam style questions. Attempt all the questions in this booklet.
Your teacher will help you complete the ‘Targets section above.

Measuring average speed.
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Average speed = distance travelled

distance d is measured in metres (m)


  time taken

time t is measured in seconds (s)




average speed v is measured in 
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metres per second (m/s)

The distance can be measured by using a measuring tape. The time can be measured by using a stopwatch. 

Examples:

(a) 
A car travels a distance of 45 m in 30 s. 
Calculate the average speed.
(b) 
An athlete runs for 11 s at an average speed of 9 m/s. 

Calculate how far she ran.

Answer: 
v 
= 
d
=
45
=
1.5 m/s




t

30


Answer: d = vt  = 9 x 11  =  99 m

(c) A cat runs a distance of 8 m at an average speed of 5 m/s. How long did it take to run this distance?

Answer: 

t 
= 
d
=
8
=
1.6 m/s



v
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Measuring instantaneous speeds.

The instantaneous speed is the speed at a particular point (or instant) in time. The same formula as for average speed is used but the time interval must be very short. A light gate and an electronic timer must be used to measure instantaneous speeds. When the light beam is broken the timer starts, when the beam is no longer broken, the timer stops. A cardboard “mask” is usually used to break the beam. 

instantaneous speed =     mask length     .     





       time to break beam

The smaller the time interval, the closer the measured speed is to instantaneous speed. 

A hand operated stopwatch will be very inaccurate because of the reaction time of the person operating it.
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Force = mg

Acceleration.

acceleration = change in speed
v is final speed (m/s)


               time
u is initial speed (m/s)



t is time (s)

     
a   = 
v — u

a  is acceleration measured in 



    t

metres  per second per second (m/s2)

(If the speeds are given in miles per hour then the units for acceleration are miles per hour per second).

Example:

A car travelling at 15 m/s increases its speed to 35 m/s in 30 s. Calculate its acceleration.

Answer: 

a 
= 
v – u
= 
35 – 15
=
20
=
0.67 m/s2


   t

    30

30


Example:

A cyclist accelerates at 0.3 m/s2 for 5 s. If she reaches a speed of 13 m/s, calculate her initial speed. 

Answer: 


a 
= 
v – u
=>
0.3
= 
13 – u
=>
0.3 x 5 
=
13 – u
=>
u
=
11.5 m/s




   t



   5


Speed-time graphs.
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Acceleration from a speed-time graph.
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Example:

Graphs of speed against time are shown for two different cars. Calculate the acceleration of each car. 

Answer: 

(a)
a = v – u = 10 – 5 = 1.25 m/s2



        t
4

(b)
a = v – u = 2 – 8 = -1.5 m/s2
(a deceleration


        t
 4
   of 1.5 m/s2)

Distance from a speed-time graph.

The distance travelled by an object can be found by calculating the area under the speed-time graph. 

Distance travelled 
= area under the graph 


= area 1 + area 2 + area 3
Example:

A graph of speed against time is shown for a bus journey. 

Calculate the total distance travelled by the bus.

Answer: 

Area 1 = 0.5 x 12 x 10
Area 2 = (28 – 12) x 10
Area 3 = 0.5 x (48 – 28) x 10


= 60
= 160
= 100

Distance travelled 
= area under graph = area 1 + area 2 + area 3 


= 60 + 160 + 100 = 320 m
1. In what way is instantaneous speed different from average speed?

2. Sketch a speed time graph which represents the motion of a car as it starts from rest, accelerates for 2 seconds to a steady speed of 20 mph and maintains this speed for 3 seconds until it decelerates to rest again over a period of 3 seconds.

3. Describe a method of measuring the average speed of a cyclist.

4. A bus travels from 20 miles per hour to 38 miles per hour in a time of 2 seconds. Calculate its acceleration.

5. How can we work out the distance a vehicle has travelled just by using a speed time graph of its motion?

6. What is the equation that links distance, time and average speed?

7. What units are used to measure acceleration?

8. Explain why using different methods to measure time can have an effect when you come to calculate an object’s instantaneous speed.

9. A pupil calculated the acceleration of a bus to be –5 m/s/s and could not understand why she got a negative answer. Explain.

10. Why are the times of runners at the Commonwealth Games not recorded by a timekeeper with a stop watch?

Forces at Work.

Forces can change an object’s shape, speed or direction of travel.

A Newton balance (or spring balance) can be used to measure force. The balance contains a spring which becomes longer when a force is applied. The longer the spring, the bigger the force. 

The unit of force is the Newton (N).

Weight is a force and is the Earth's pull on the object.

On the Moon, your mass is the same but your weight is different. This is because your weight depends on the strength of the gravitational field. The gravitational field strength, g is the weight per unit mass. 


g = W
gravitational field strength g is measured in Newtons per 

       m
kilogram (N/kg), 



weight W is measured in Newtons (N), 



mass m is measured in kilograms (kg)

On the Earth’s surface g = 10 N/kg. To find the weight of any mass on Earth, multiply the mass by 10. For example, a bike of mass 20 kg has a weight of 200 N, a 60 kg pupil has a weight of 600 N.

The force of friction opposes the motion of a body - it slows things or stops them.

Friction can be decreased: by making surfaces smoother (e.g. waxing skis); by adding a lubricant (e.g. oil in an engine); reducing air resistance by streamlining. Friction can be increased: by putting on brakes; by increasing air resistance with a parachute.

Equal forces acting in opposite directions on an object balance each other and are equal to no force at all. When balanced forces (or no force) act on an object its speed stays the same, there is no acceleration
An object will accelerate if the pushing force is greater than the resistance force. When the resistance force is equal to the pushing force, the object can go no faster. (This steady speed is called the terminal speed of the object).

Newton’s first law - a mass will remain at rest or move with a steady speed in a straight line unless an unbalanced force acts on it.

E.g. seat belts apply a force in the opposite direction to the movement of the vehicle to stop you moving into the windscreen. If the seat belt was not worn, you would continue to move forward at a steady speed when the vehicle halted.

An unbalanced force will cause an object to accelerate. The larger the unbalanced force, the larger the acceleration. Acceleration also depends on mass. An object with a small mass will have a bigger acceleration than a large mass, if both have the same unbalanced force acting on them.

Newton’s second law.


F = m a
force F is measured in newtons (N)



mass m is measured in kilograms (kg)



acceleration a is measured in m/s2



Example:

A pilot of mass 65 kg has an acceleration of 6 m/s2. Calculate the force acting on the pilot.

Answer:
F = ma = 65 x 6 = 390 N

Example:

A motor cyclist with her bike has a combined mass of 200 kg. The engine produces a force of 1400 N and friction acts against her with a force of 150 N. What is her acceleration?

Answer:

Unbalanced force = 1400 — 150 = 1250 N


a   = 
F  = 
1250 = 6.25 m/s2


m
 200

1. What three effects can a force have on an object?

2. What is the difference between weight and mass?

3. Explain how a Newton Balance works.

4. What is the name of the force that opposes motion?

5. State Newton’s First Law of Motion.

6. What is the equation that links force, acceleration and mass?

7. Calculate the weight of a 1kg bag of sugar.

8. Give two examples where the force of friction is useful.

9. Give an example of where the force friction is unwanted and how you could reduce it.

10. A book is sitting at rest on a level table. What two forces are acting on it?

Energy.

Conservation of energy: No energy is gained or lost during energy changes. The total amount of energy remains the same. For example the table below shows the energy changes for a car at different points on a journey. No energy is lost - it is only changed into different forms.

Part of Journey
Energy Transformation


accelerates from rest
Chemical
to
Kinetic


going uphill
Kinetic
to
Potential


freewheeling down the hill 
Potential
to
Kinetic


going at constant speed 
Chemical
to
Kinetic


braking to a halt
Kinetic
to
Heat

Work is the amount of energy changed.

Work done =  force x distance moved in the direction of the force


EW
=
F x d
Work done, EW, is measured in Joules (J); 





force F is measured in newtons (N)





distance d is measured in metres (m)

Example:

A robot pushes a wooden block a distance of 8 m. If the robot used a force of 140 N, what is the work done by the robot?

Answer:
EW
=
F x d
=
140 x 8
= 
1120 J
Power.

Power is the rate of doing work. 

Power   =
  Work

Power P is measured in Watts (W)


   time

time t is measured in seconds (s)
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Work EW is measured in Joules (J)

Example:

A small child pushes a bag of mass 6 kg a distance of 3 m in 9 s. If the child used a constant force of 60 N, calculate the child’s power?

Answer:
EW = F x d   =  60 x 3  =  180 J


P   =    E/t    =     180/9    =   20 W
Kinetic Energy


All moving objects have kinetic energy (EK).  The greater the mass or the speed of a moving object, the greater is its kinetic energy.

EK =  1/2 mv2
Kinetic energy EK is measured in Joules (J); 


mass m is measured in kilograms (kg); 



speed v is measured in metres per second (m/s)

Example: 

A wheel of mass 6 kg rolls at a speed of 5 m/s. Calculate its kinetic energy.

Answer: 

EK = 
½ mv2   = 
½  x 6 x 52 = 75 J

Gravitational Potential Energy

Gravitational potential energy (EP) is the work done when an object is lifted. The force required to lift an object is equal to the weight of the object. 


Work done = force x distance lifted


EP = mgh
Gravitational potential energy EP is 


measured in Joules (J), mass m is 


measured in kilograms (kg), 



gravitational field strength g is 


measured in Newtons per kilogram 

 (N/kg), height h is measured in metres 

(m).
Example: 

A 5 kg mass is raised 3 m by a machine. Calculate the potential energy gained.

Answer: 
EP = 
mgh  = 5 x 10 x 3 = 150 J
Falling Objects. When the air resistance acting on a falling object is negligible, then the loss of gravitational potential energy is equal to the gain of kinetic energy. 


EP = EK 
=>
mgh  = 
1/2 mv2
Example: 

A spanner falls from a ledge 3.2 m above the ground. What is its speed when it reaches the ground? 

Answer: 
       mgh  =  1/2 mv2   
(the mass can be cancelled from both sides 
10 x 3.2 
=    v2/2



of the equation)


=> 
        v2 
=   64


=> 
        v 
=    8 m/s


1. What is the main energy change that takes place when a car free wheels downhill?

2. What is the missing word: When ……. is transferred work is said to have been done.

3. What is the unit that we use to measure Work?

4. What are the missing words: The greater the……… of an object and the greater the ……… of a moving object then the greater it’s kinetic energy.

5. What is the equation that links potential energy, mass, gravity and height?

6. What is the symbol and the unit that we use for gravitational field strength?

7. Give an example of when work is done against gravity.

8. Calculate the work done when a force of 20 N moves a block along a bench for 3 m.

9. What is the missing word: When a stone is dropped vertically downwards the potential energy it loses is equal to the ……… energy it gains.

10. Describe an experiment that you could do to calculate your power when climbing stairs. (Hint there are 2 equations you will need to use and you will need scales, a stopwatch and a tape measure).
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