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Vectors and Scalars
It is possible to split up quantities in physics into two distinct groups; those that have a direction assigned [or implied], and those that have no direction.

Some are obvious, it makes sense that force has direction; you can push or pull but only in one direction. It would be nonsense to give a direction to, say time; it took 5 seconds East just isn’t right.

It is important that you are familiar with which quantity falls into which grouping. 

Vectors are quantities which have direction and scalars those which don’t.
As we go through the course you will build up a bank of scalar and vector quantities. 

Draw a table with the headings below in a part of your jotter that you can easily access. You will add quantities under the relevant headings, and remember them as we go along.
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Vectors

Scalars

Vectors and Scalars relating to motion 

Distance and displacement:

Distance is a scalar; it is a measure of how far an object moves.

Displacement is a vector; it is a measure of how far away an object is from its starting point in a straight line. It must also indicate the direction between the starting and finishing point.
[image: image26.wmf][image: image27.wmf]Consider the journey below. A person walks along a path (solid line) from start to end.
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They will have walked further following the path than if they had been able to walk from start to end in a straight line (dashed line). 

The solid line denotes the distance 







= 3km
The dashed line denotes the displacement 







= 2.7 km East

Speed and velocity:

Speed is a scalar; it is a measure of how far an object moves in unit time (one second).

Velocity is a vector; it is a measure of how far away an object has moved from its starting point in a straight line in unit time. It must indicate the direction between the starting and finishing point.

The direction of the velocity vector will be the same as that for the displacement vector used in a calculation.

speed =
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velocity =
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Hopefully you will have remembered from last year that accelerations happen because of unbalanced forces. Force must have a direction and is always a vector. This means that acceleration must also be a vector with its direction being the same as the unbalanced force.

1. Complete the table you have drawn for vectors and scalars with the quantities
2. Write a simple description, in your own words, to distinguish between vector and scalar quantities.

3. What was the velocity of the runner in lane 1 in the women’s 400m final at the Beijing Olympics?

4. What is your average velocity from 3a.m. Monday to 
3a.m. Tuesday? Give a reason for your answer.
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Summary so far:
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Velocity

How do objects move?
Not to be confused with why do objects move? We’ll come to that later.

You will remember from last year that we can describe the motion of an object in terms of its velocity and acceleration.

Because we are physicists we like to write information in a shortened way, the dreaded equations! Just think how much you would have to write down if we didn’t use equations though.

v = 
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Instead of: ‘the velocity is equal to the displacement divided by the time taken for that displacement.’
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So don’t let me hear you complain about equations again!!

Higher level equations of motion:
We tend to talk of the three equations of motion
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1. 
v = u + at


u = initial velocity

2.
s = ut + ½ at2


v = final velocity
3.
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s = displacement







a = acceleration







t = time

The quantities in these equations are all vectors except time. This means that direction is important.
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Example:

If car 1 has a velocity of 4m/s, then we must assign a value of -6m/s for the velocity of car 2 since it is travelling in the opposite direction to car 1.

All examples you will encounter can be thought of as moving in a straight line.

You will now work through a series of experiments and tutorial questions to build up your understanding of the equations of motion.

Motion-time graphs

In all areas of science, graphs are used to display information. Graphs are an excellent way of giving information, especially to show relationships between quantities. In this section we will be examining three types of motion-time graphs.

Displacement-time graphs

Velocity-time graphs

Acceleration-time graphs

If you have an example of one of these types of graph then it is possible to draw a corresponding graph for the other two factors. 

Displacement – time graphs

This graph represents how far an object is from its starting point at some known time. Because displacement is a vector it can have positive and negative values. [+ve and –ve will be opposite directions from the starting point.]
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Displacement time graph 1
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OA – the object is moving away from the starting point. It is moving a constant displacement each second. This is shown by the constant gradient.

gradient = 
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We can determine the velocity from the gradient of a displacement time graph.

AB – the object has a constant displacement so is not changing its position, therefore it must be at rest. The gradient in this case is zero, which means the object has a velocity of zero [at rest] 
BC – the object is now moving back towards the starting point, reaching it at time x. It then continues to move away from the start, but in the opposite direction. The gradient of the line is negative, indicating the change in direction of motion.

[image: image40.jpg]


Converting displacement time to velocity time graphs

The velocity time graph is essentially a graph of the gradient of the displacement time graph. It is important to take care to determine whether the gradient is positive or negative.
Questions

1. Draw a displacement time graph to represent the following information:

Billy walks 50m East, at a constant rate, in a time of 40s. He then turns and walks 30m West in 30s. He stops for 20s before continuing West for another 50m in a time of 20s.

2. Draw Billy’s corresponding velocity time graph.
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3. Sketch velocity time graphs for the displacement time graphs below. No numerical values are required. [Hint: think of the gradient!]

Velocity time graphs
It is possible to produce a velocity time graph to describe the motion of an object. All velocity time graphs that you encounter in this course will be of objects that have constant acceleration.
Scenario: Lydia fires a ball vertically into the air from the ground. The ball reaches its maximum height, falls, bounces and then rises to a new, lower, maximum height.
What will the velocity time graph for this motion look like?

First decision: will I choose up or down as my positive direction? 

We will choose up as positive.
Now we need to think, what is happening to the velocity?

The ball will be slowing down whilst it is moving upwards, having a velocity of zero when it reaches maximum height.

The acceleration of the ball will be constant if we ignore air resistance.

Part one of graph.
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Once the ball reaches its maximum height it will begin to fall downwards. It will accelerate at the same rate as when it was going up. The velocity of the ball just before it hits the ground will be the same magnitude as its initial velocity upwards.
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Part two of graph 

The ball has now hit the ground. At this point it will rebound and begin its movement upwards. In reality there will be a finite time of contact with the ground when the ball compresses and regains its shape. In this interpretation we will regard this time of contact as zero. This will result in a disjointed graph.

The acceleration of the ball after rebounding will be the same as the initial acceleration. The two lines will be parallel
Part three of graph 
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This now is the velocity time graph of the motion described in the original description.

Thinking Questions

1. Why will the acceleration of the ball be the same when it is moving upwards as when it is moving downwards?

2. What will the acceleration be if Lydia does this experiment on Earth?
3. Why will the velocity of the ball immediately after rebounding be less than the initial velocity of the ball?

4. Sketch a graph showing the velocity time graph if the time of contact during rebound was not zero.

5. Sketch a graph showing the velocity time graph if the air resistance was not zero.
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Converting velocity time to acceleration time graphs 
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What is important in this conversion is to consider the gradient of the velocity time graph line. In our example the gradient of the line is constant and has a negative value. This means for the entire time sampled the acceleration will have a single value.

All acceleration time graphs you are asked to draw will consist of horizontal lines, either above, below or on the time axis.
Reminder from S. Grade/Int.2

The area under a speed time graph is equal to the distance travelled by the object that makes the speed time graph.

In this course we are dealing with vectors so the statement above has to be changed to:

The area under a velocity time graph is equal to the displacement of the object that makes the speed time graph.

Any calculated areas that are below the time axis represent negative displacements. 

You will now complete the series of tutorial questions relating to this section.

Motion on a slope
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If an object is on a slope then it may move down the slope. Depending on the forces acting on the object it may be travelling at a constant velocity or it may be accelerating. 

1. Describe the forces acting on the object when:

(a) it is moving with constant velocity.

(b) it is accelerating down the slope.

2.  Explain what you think will happen to the acceleration if the angle is increased

Freefall
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When an object is allowed to fall towards the Earth it will accelerate because of the force acting on it due to gravity. This will not be the only force acting on it though. There will be an upwards force due to air resistance. Air resistance increases with speed; you may notice this if you increase your speed when cycling.
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If an object is allowed to fall through a large enough distance then the air resistance force may increase to become the same magnitude as the force due to gravity acting on the object.
When this situation occurs the forces acting on the object will be balanced. This means the object will fall with constant velocity.

Write a heading and answer the questions below.

1. Draw a diagram to show the forces acting on a 3kg mass at the instant it is released.

2. What will the initial acceleration of the object be?

3. What happens to the magnitude of the air resistance acting on the object as it falls? Explain your answer.

4. Describe what happens to the acceleration of the object as it falls, you must justify your answer.

5. Give an example of a situation when the air resistance is greater than the weight of a falling object.

6. Why can the air resistance not exceed the weight of the object for any length of time? What would happen if this situation did occur?

7. Sketch a velocity time graph for the motion of an object that experiences air resistance; assume it is falling from a very large height.
Rockets
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The motion of a rocket once it starts to lift off is complex.  We need to consider all the forces acting on the rocket. 
At the instant of lift off: in order for the rocket to lift off the thrust must be greater than the weight. This produces an unbalanced force which makes the rocket accelerate upwards. 
a = 
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where FU = Thrust – weight, easy to calculate if we know the thrust and the mass of the rocket.
So far so good, but we’ve only moved a couple of centimetres at this point.
As the lift off continues: When the rocket is moving, the air resistance will increase as the speed increases. This acts against motion so the unbalanced force will be reduced. 
But wait a minute, as the rocket uses up fuel its mass will decrease, reducing the weight increasing the unbalanced force. 
Not only that as the rocket gets further from the Earth the gravitational field strength will reduce making the weight smaller again. 
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Also the air will get thinner as altitude increases, reducing the air resistance.
All of this is based on the assumption that the thrust remains constant. If it changes then this becomes an even bigger headache.
How do all of these different factors act together to affect the acceleration of the rocket?

Essentially the net effect is that the acceleration increases as the rocket rises.

Vector components
[image: image57.emf]
You may remember from S. Grade/Int.2 that it is possible to analyse the motion of a projectile by separating its vertical and horizontal motions. This is known as vector resolution and the vertical and horizontal motions are known as components.

This technique can be used to simplify the analysis of other types of motion and of forces that act at an angle to the direction of motion.

We will consider the example of the mass on a slope and determine the magnitude of the components parallel and perpendicular to the slope.
Enlarging and isolating the forces acting on the mass.


It is possible to draw a triangle relating the three forces on the diagram.
Using simple trigonometry it can be shown that sinθ  = 
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  so  Fllel = mgsinθ
In a similar way F  = mgcosθ


The ability to resolve forces into components is important when designing structures that have supports that are not only vertical and horizontal. It is also important to be able to determine the forces acting at an angle such as in a ski tow.

Attempt the experiment and the tutorial questions

Have you noticed that when you are in a lift you experience a strange feeling when the lift starts to move and as it begins to slow to a stop.  However when the lift is in the middle of its journey you cannot tell if you are moving at all.

This is because at the start and end of the journey you will experience an acceleration and consequently an unbalanced force. This unbalanced force is what you ‘feel’.

When you stand on a set of scales the reading on the scales is actually measuring the upwards force. This is the force the scales exert on you. Now this is fine when you are in your bathroom trying to find your weight. Normally, you and your bathroom scales will be stationary and so your weight will be equal to the upwards force [balanced forces].
However Physicists seem to enjoy weighing themselves in moving lifts, well according to the text books anyway! When you weigh yourself when you are accelerating the reading on the scales will not be your weight. The reading will give you an indication of the unbalanced force acting on you, which could then be used to calculate an acceleration.  Accelerometers which can use this principle are found in more and more electronic devices. Wii handsets, phones where you can move between functions by shaking the handset, lap tops that know when they’re falling and protect themselves before they hit the ground, the list goes on and on.
Momentum and Impulse

Momentum is a measurement relating to the motion of an object. Momentum is defined as the product of mass times velocity for an object. Effectively the number obtained gives us an indication of how difficult it would be to stop the object moving. The bigger the momentum the more difficult it would be to stop the object.

Consider the following

A shopping trolley, mass 5kg travelling at 0.5m/s


An oil tanker, mass 10,000,000kg travelling at 0.01m/s
A bullet mass 0.01kg travelling at 500m/s
The trolley has a greater velocity than the tanker and a greater mass than the bullet, but would be the easiest (and safest!!) to stop moving.

As always we can write an equation to describe the relationship.

p = m x v



p = momentum 
kgm/s







m = mass

kg







v = velocity

m/s

In any closed system, that is one which is not acted on by an outside force, momentum is always conserved. 


At higher we will examine situations where two objects collide or one object breaks into two parts which fly apart. [collisions and explosions]

That means the total momentum before a collision or explosion is equal to the total momentum after. In reality there will normally be some external force, usually friction. When we conduct experiments we attempt to reduce frictional effects to a minimum.
It is important to remember that velocity and momentum are vector quantities and consequently direction is important. Opposite direction, opposite sign.
You will conduct experiments to attempt to verify the above statement.
Momentum and Kinetic Energy
Both momentum and kinetic energy are quantities that are directly related to movement, it is not possible though to determine one directly from the other.
Example








p = 8kgm/s
EK = 8J







p = 8kgm/s
EK = 4J








p = 8kgm/s
EK = 32J

We have three situations which have identical momenta but completely different kinetic energies. If the numerical value of a momentum and a kinetic energy are the same it is a coincidence.
Elastic and Inelastic Collisions
In the previous section we examined, and hopefully verified, the law of conservation of momentum. 
If, in a collision, kinetic energy is conserved then that type of collision is known as an elastic collision. When kinetic energy is not conserved the collision is known as inelastic. 
All real collisions are inelastic, however it is possible to make up a collision where both momentum and kinetic energy are conserved from the data given, so you cannot assume that a collision will always be inelastic in a given question.
Questions
1. Write your own version of the law of conservation of momentum. [It has to be correct physics!!]

2. Explain why kinetic energy cannot be conserved in an explosion.

3. 
Explosions and Newton’s Laws

Far from being some abstract physics law from a text book the law of conservation of momentum has direct consequences in our lives. If you have ever been in a plane or on a jet ski then the motion of these vehicles  depends on this law.

The propulsion system works by the engine expelling some form of exhaust at high speed in one direction. The conservation of momentum means that something else must move in the opposite direction to conserve momentum. In the cases above that thing is the engine, which is attached to the vehicle causing it to move.  

This is essentially what is meant by Newton’s third law: every action[force] has an equal and opposite reaction[force].

Impulse

If an object is acted on by an external force its speed may change, resulting in a change in momentum. This change in momentum is also known as impulse. How much an objects speed will change due to an applied force will depend on the size of the force and how long it is applied for. It would be possible to obtain the same impulse with a small force applied over a long time or a large force applied over a short time.

impulse = change in momentum = force applied x time

p = Ft
(
m(v-u) = Ft
(
F = 
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Again we have a situation where by considering momentum we arrive at one of Newton’s laws, namely Newton’s second law.

It is hardly surprising that moving objects must obey the same basic principles otherwise every situation would need its own set of laws.

The analysis of the force acting on an object causing it to change speed can be complex. Often we will examine the force over time in graphical form. The area under a force-time graph is the impulse.
Consider what happens when a ball is kicked.


Once the foot makes contact with the ball a force is applied, the ball will compress as the force increases. When the ball leaves the foot it will retain its original shape and the force applied will decrease.

This is shown in the graph below.


If a ball of the same mass that is softer is kicked and moves of with the same speed as that above, then a graph such as the one below will be produced.

The maximum force applied is smaller but the time it is applied has increased.  Since the ball has the same mass and moves off with the same speed its impulse will be the same as the original. This would result in a graph of the same area but different configuration.
This is useful in the design of safety features in cars.

Essentially the greater the time you can take to decelerate an object, the smaller the force you need to apply. If your face is slowed by the dashboard the time to stop after you make contact with the dashboard will be small, resulting in a large force and a big oh yah!!
Projectiles

A projectile can be thought of any object that is moving through the air [or in space] where the only force acting on it is weight. If we consider objects on Earth in the first instance it may be easier to analyse the motion.

The diagram above represents a method of analysing projectile motion. At any point in time a projectile will have a velocity, v. This can be split into two rectangular components, vH and vV. 

By ignoring air resistance there will be no forces acting on the object in the horizontal direction, leading to the object moving at constant speed in that direction. [Newton I]
Vertically, the object will accelerate downwards with acceleration 9.8m/s2, again ignoring air resistance.

This makes analysis relatively simple.

Golden Rules of Projectile Motion
1. Motion upwards is positive, downwards is negative.

2. Horizontally: speed, distance, time since there is a constant speed.

3. Vertically: suvat since there is an acceleration.

Experiment and problems on projectiles

Now Isaac Newton, as well as giving us the three laws, came up with an ingenious thought experiment for satellite motion that predated the first artificial satellite by over 300 years. 
Essentially Newton suggested that if a cannon fired a cannonball it would fall towards the Earth. If it was fired at ever higher speeds then at some speed it would fall towards the Earth but never land since the curvature of the Earth would be the same as the flight path of the cannonball. This would then be a satellite. You would need a high mountain and a ginormous cannon, but it could work.
Gravity and Mass

If there is one thing that causes confusion in physics [aye, it would be good if it was only one thing!] then the distinction between mass and weight could be it.

 Being physicists we can solve the problem. We’re the Bob the Builder of the scientific community – ‘Can we do it? Yes we can!’

Mass is a measure of how much matter an object contains. This will only change if matter is added to or taken from the object. 


Gravity is caused by mass, any object that has mass will have its own gravitational field. The magnitude of the field depends on the mass of the object. The larger the mass is, the greater the field strength.
The field of an object will then exert a force on any mass in its vicinity. The forces associated with masses smaller than planetary masses are so small that very sensitive equipment needs to be used to measure them.

You will have done an experiment to measure the Earth’s gravitational field using a set of masses and a Newton balance. You may even remember doing it!! If you measured the acceleration due to gravity earlier in the unit, then you have effectively measured the gravitational field strength since the magnitude of these two quantities is the same. 
Gravity is a force that permeates the entire universe; scientists believe that stars were formed by the gravitational attraction between hydrogen molecules in space. The attraction built up, over time, a large enough mass of gas such that the forces at the centre of the mass were big enough to cause the hydrogen molecules to fuse together, generating energy. This is what is happening in the centre of the sun. The energy radiating outwards from the centre of the sun counteracts the gravitational force trying to compress the sun inwards. 
In time the hydrogen will be used up, the reaction will stop and the sun will collapse under its own gravity. If you expect to live for 4 or so billion years you could worry about this, otherwise ‘don’t worry, be happy’.

When a star is formed there will be debris orbiting around it. This debris may join together to form planets, again due to the gravitational attraction between the particles. This is the explanation that is most commonly used to explain the formation of our own, and other, solar systems.

All this because some old guy in a bad wig was hit on the napper by an apple falling off a tree! 
Remember, Newton formulated the laws of gravity, he didn’t invent it. 

He produced what is known as the universal law of gravitation.

F = 
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This relationship shows that the force of attraction between any two masses depends on the magnitude of the masses and the distance between them.
G is the universal constant of gravitation and has the value 6.67 x 10-11 m3kg-1s-2. 
This gives the force of attraction between two pupils of average mass [60kg] sitting 1 metre apart as 2.4 x 10-7N.
If there were no resistive forces and one pupil were able to move under the influence of this force towards the other, it would take 22 355s to cover the 1m distance. 
When this is applied to gas molecules or dust particles then the aggregation of larger and larger masses becomes easier to understand. [Hopefully]

Another application of the gravitational force is the use made of the ‘slingshot effect’ by space agencies to get some ‘free’ energy to accelerate their spacecraft. Simply put they send the craft close to a planet, where it accelerates due to the gravitational field of the planet. Here’s the clever part, if the trajectory is correct the craft then speeds past the planet with the increased speed. Don’t get it right and you still get a spectacular crash into the planet, could be fun but a bit on the expensive side!

Special Relativity


Probably the theory that Einstein is best remembered for. The idea of relativity goes back a long way before Einstein though so as Julie Andrews said in The Sound of Music –‘Let’s start at the very beginning’
Gallileo was one of the first scientists to consider the idea of relativity. He stated that the laws of physics should be the same in all inertial frames of reference. If you were on a bus moving at constant speed you would experience the laws in the same way as if you were at rest.


Newton followed this up by expanding on Gallileo’s ideas. He also introduced the idea of universal time. He believed that it was the same time at all points in the universe as it was on Earth, not an unreasonable assumption you might think.

Then along came the boy Einstein. He had an idea.

Would he see his reflection? If he did then relative to the ground the light would be travelling at 6x108m/s. this caused problems because the speed of light should only depend on the medium it was moving through. He finally came up with a solution: the speed of light is the same for all observers. This means he would measure the speed of light as 3x108m/s and a stationary observer would measure the speed of light as 3x108m/s, seemples!
This theory led to some other interesting situations. Measured time will change for a moving system depending on who is observing the motion. 
You leave earth and your twin to go on a space mission.

You are in a spaceship travelling at 90% the speed of light and you go on a journey that lasts 20years. When you get back you will find that 46 years will have elapsed on Earth. Your clock will have run slowly compared to one on Earth, however as far as you were concerned the clock would have been working correctly on your spaceship. Mad eh? 
The good news is that your twin should have 26 more cards and presents to give to you than you have for them!
Time dilation explanation

Imagine we have a lamp, L, which sends out a pulse of light at the same time as producing a click. The light is reflected from a mirror, a distance D from the lamp, and when it arrives back at the lamp it produces a second click. The time between the clicks is t’.

The lamp and mirror are moving with velocity v. 

If an observer moving with the lamp observes the light being reflected they will observe the light travelling a distance of 2D[ to the mirror and back]

This means the time observed within the system will be

t’ = 
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where c = speed of light.
An observer who is stationary with respect to the system will observe a different scenario. Not only will they see the light move up and down to and from the mirror, they will also observe the light travel to the right as the system moves with velocity v.

Shown on the diagram below.


The stationary observer will see the light travel a distance 2h between clicks.
For them the time between clicks will be 

t = 
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In this time the system will move a distance d = vxt where v is the velocity of the system.

Using Pythagoras gives a relationship between D, d and h.

h2=(½d)2 + D2
[eqn1]
t = 
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h = 
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d = vt

½d = ½vt
t’ = 
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D = 
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Substituting these values into eqn 1 gives
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If we solve this quadratic for t, [if you have a spare half hour, give it a go], we get

t’ = 
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This is known as the time dilation relationship. This means that the measured time depends on whether or not the observer is moving relative to the timer.
Now I hear you ask, “How do we know this? You’re just having us on!”

Well there is experimental evidence to support Einstein’s theory. There is a particle known as a muon that is created in the upper atmosphere. It only exists for a short time, a half-life of 1.56 x 10-6s. This means that for every million muons created at a height of 10km only 0.3 should reach the surface of the Earth.

In actual fact around 5000 are detected. This is because the ‘muon clock’ runs slowly compared to the observer on Earth and the muon reaches the ground.
http://www.scivee.tv/node/2415 



The Expanding Universe
Doppler and Redshift

The Doppler effect is the change in frequency you notice when a source of sound waves is moving relative to you.  When the source moves towards you, more waves reach you per second and the frequency heard is increased.  If the source moves away from you less waves reach you each second and the frequency heard decreases.

You will have noticed this change in pitch as a car comes first towards you then passes and goes away from you.
Police radar guns use the Doppler effect to measure the speed of motorists. Doppler is used to measure the speed of blood flow in veins to check for deep vein thrombosis [DVT] in medicine. 

Hubble’s Law


The astronomer Edwin Hubble noticed in the 1920’s that the light from some distant galaxies was shifted towards the red end of the spectrum.

He examined the spectral lines from various elements and all were shifted by the same amount for each galaxy. This shift was due to the galaxy moving away from the Earth at speed. The bigger the magnitude of the shift the faster the galaxy was moving.
Over the course of the few years Hubble examined the red shift of galaxies at varying distances from the Earth. He found that the further away a galaxy was the faster it was travelling. The relationship between distance and speed of galaxy is known as Hubble’s Law.
V = Hod


z = v/c
Where 







Z = redshift (no units!)

H0 = the Hubble constant




c = speed of light





d = distance to galaxy

The value of the Hubble constant is not known exactly, however, for our work in Higher, we will assume a value of 2.3 x 10-18s-1.
Galaxies are moving away from the Earth and each other in all directions, which suggests that the universe is expanding. This means that in the past the galaxies were closer to each other than they are today. By working back in time it is possible to calculate a time where all the galaxies were in fact at the same point in space. This allows the age of the universe to be calculated. Currently NASA have a value of 13.7 billion years as the age of the universe from this method.
The Expanding Universe
It is generally accepted, based on the evidence given previously, that the universe is expanding. What is not known however is, what is going to happen to the universe in the future? There are essentially two scenarios.

1. Closed universe: the universe will slow its expansion and eventually begin to contract.
2. Open universe: the universe will continue to expand forever.

Which of the two scenarios is more likely depends on one factor, what is the mass of the universe?

We come back to our old friend gravity.
How can we measure the mass of objects in space? You would need a big set of scales. In fact astronomers can relate the orbital speed of galaxies to their masses. The problem is that the masses measured seem to be bigger than the mass that can be accounted for by the number of stars present in a galaxy. This leads to the theory of ‘Dark Matter’. Basically there appears to be stuff there that we can’t see and don’t know what it is, so for the moment give it a name and hope we find out what it actually is later.
Now if that was the only thing it might not be too bad, but the universe is expanding at a greater rate than astronomers would expect. It seems that something appears to be opposing the gravitational force. 

“Give it a name” I hear you cry!

So they did, they called it Dark Energy. Who said astronomers aren’t creative thinkers?
This increased expansion appears to verify Einstein’s inclusion of the cosmological constant in his Special Theory of Relativity. This was an inclusion that he called “His greatest blunder.”  He only added it because he could not agree that the universe would eventually collapse, a theory around at that time. There was no evidence to support his theory at the time and unfortunately he died before the evidence that could support his theory was uncovered.
Big Bang Theory
The universe started with a sudden appearance of energy which consequently became matter and is now everything around us. There were two theories regarding the universe

· The Steady State Universe: where the universe had always been and would always continue to be in existence.

· The Created Universe: where at some time in the past the universe was created.
Ironically the term ‘Big Bang’ was coined by Fred Hoyle a British astronomer who was the leading supporter of the Steady State theory and who was vehemently opposed to the, currently named, Big Bang theory.

What was the evidence that finally swung the balance towards the Big Bang theory?
We first need to consider how it is possible to determine the temperature of distant stars and galaxies. You will have seen what happens to a piece of iron as it is heated, as it gets hotter its colour changes from dull red to bright red to orange then yellow.

The observant amongst you may realize that these are the first colours in the visible spectrum. The temperature of an object determines the frequency of light it emits. This idea has been with us for a long time, Jožef Stefan proposed in 1879 that the power irradiated from an object was proportional to its temperature in Kelvin to the fourth power. 

P = σT4 

Where stefans constant, σ = 5.67 x 10-8 Wm-2K-4.
What this means is that by examining the spectrum of a distant star, its temperature can effectively be measured.

Gamow, Alpher and Herman, three physicists, had produced a paper in 1948 that if the Big Bang had actually taken place then there would be a residual background EM radiation, in the microwave region, in every direction in the sky representing a temperature of around 2.7K.
The discovery of this background radiation was another example of scientists finding something they weren’t looking for. 
Arnold Penzias and Robert Wilson were working for Bell Labs in the USA. They were working with a special radio telescope [shown in the picture above] experimenting with satellite communication. They were getting a residual signal that seemed to come from outside the galaxy. At first they though it was actually due to pigeon droppings from the pigeons that roosted in the horn. Finally they realised that they had found the echo of the Big Bang.
As one of their colleagues commented, "Thus, they looked for dung but found gold, which is just opposite of the experience of most of us."
In 1989 a satellite was launched to study the background radiation, it was called the Cosmic Background Explorer [COBE]. 
In 1992 it was announced that COBE had managed to measure fluctuations in the background radiation. This was further evidence to support the Big Bang theory.
An image of the fluctuations is shown below.


Other evidence to support the Big Bang theory includes the relative abundances of hydrogen and helium in the universe. 
Another is the explanation for Olber’s paradox. His paradox was in answer to the question, “why is the sky dark at night?”
This is not as obvious as you first might imagine. 

Tam says:

Wullie replies:

If the universe followed the Steady State model then there should be an even distribution of stars in all directions. All the stars in the universe should be visible. This means the light from the stars should reach Earth and the sky should be bright.

The Big Bang theory gives a finite age to the universe, and only stars within the observable universe can be seen. This means that only stars within the distance of 15 000 light years will be observed.  Not all stars will be within that range and so the dark sky can be explained. 

Thanks to Dick Orr, Armadale Academy for the content of this booklet.
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While we’re on the subject, a quick nag about equations...





We all know that the equations in the course can be found in the Data Booklet.  If you are to do well in Higher Physics you will need to become familiar with all the equations – THIS MEANS LEARNING THEM BY HEART – there is no short cut.
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ball moving upwards [+ve values for v] but accelerating downwards [-ve gradient]
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ball moving downwards [-ve values for v] and accelerating downwards [-ve gradient]
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velocity of ball just before landing same magnitude as initial velocity of ball.
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velocity of ball after rebounding less than initial velocity of ball.
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You need to get it clear in your mind now that an object can be moving in one direction but accelerating in the opposite direction.  Remember, acceleration is a change in speed in a given time, it is a VECTOR and direction matters.
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Component of weight parallel to, or down the slope = mgsinθ


Component of weight at right angles to the slope = mgcosθ
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I wonder, what would happen if I was travelling at the speed of light and looked in a mirror?
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Special Relativity in a Nutshell





Light travels at 3 x 108ms-1 for all observers.





To keep light at the 3 x 108ms-1 speed limit, �





spectrum of element on Earth





spectrum of element from galaxy
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The sun has set at night





What about all the stars? They’re suns as well
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