Noels notes from site
Revision: 1. Linear Acceleration

Constant acceleration

If acceleration is constant throughout then use equations of motion rather than a diagram (see next page).
Fnet = ma question

Usually these are quite straightforward but you may have to use the line of slope as the x-axis, which therefore means that you will have to calculate the component of gravity in that direction also.

This means that you will have to know how to resolve forces into two perpendicular components.
You may wish to come back to these either after you have covered the chapters in Leaving Cert Physics entitled Vectors, and Force, Mass and Momentum, or after the Pulleys and Wedges chapter in Applied Maths.
Examples: 2005 (b), 2004 (b), 1999 (a)

Vertical Motion
Concept of t and (t+2)

Ball A is thrown up into the air and two seconds later ball B is thrown up. The balls collide after a further t seconds.

Key: For the collision, A is in the air for t seconds and B is in the air for (t-2) seconds 

Or

B is the air for t seconds and A is in the air for (t+2) seconds.

The second option is preferable because it’s easier to deal with ‘pluses’ than ‘minuses’.

Example: 2004 (a).

Remember to take g as minus 9.8 m s-2.
(i) Two balls are thrown up and collide in the air
Key: s1 = s2 
If a ball is thrown up vertically its velocity at the very top is zero.

(ii) Distance travelled
You need to be able to distinguish between the concepts of distance and displacement. 
On the way up, distance and displacement will be the same, but not when the ball is coming down (distance is total distance travelled, while displacement is only the height above the ground).
Note that in our equations of motion s always corresponds to displacement, not distance, although in most cases these will be the same.
If you are asked for distance travelled you will first have to establish whether the ball is on the way up or the way down. For this you will have to calculate the time of collision and the time taken to reach max. height.
Examples: 2008 (a), 2004 (a).
Train-track questions 

Here the acceleration is constant throughout and we are given information about different stages.

Usually we are given information on two sections of an objects travel; the first is from the beginning, and another section is straight after.

We need to get an equation for both and solve, but to do this the variables (particularly u) must represent the same number for both equations.

The only way to do this is to make the second equation represent the first two sections, i.e. bring it back to the beginning. This means the distance s must be the distance from the beginning.

2007 (a), 2003 (a), 2002 (b), 2000 (a) 

Man just catches bus

A man runs after a bus and just catches it.

Key: vMan = vBus. Why? It’s the word Just that’s crucial here. If the man was going quicker than the bus when he got up to it then you wouldn’t use the term “he just caught it”. On the other hand if the man was going slower than the bus then he wouldn’t catch up with it at all (at all).

Example: 2003 (b).

Greatest gap

The greatest gap between them also occurs when vman = vBus  (because if their speeds are unequal then the gap is either increasing or decreasing). Another way of solving this is getting an expression for the distance between them (sBus – sman) and then differentiating and letting the answer = 0. i.e. d(sBus – sman)/dt = 0.
Velocity-Time graphs

(i) Acceleration – constant velocity – deceleration 

If there are a number of different accelerations, use a velocity-time diagram.
You need to be pretty nifty with algebra to solve these guys.
You will most likely have to make use of the fact that the area under each section = distance travelled.

Write out as many relevant equations as you can to begin with.

You will usually need to incorporate information from the acceleration/deceleration section below also.

(ii) Acceleration / deceleration
If the second acceleration is twice the first acceleration then in relation to the velocity-time graph:
1. t1 is twice t2.
2. t1 is two thirds of the total Time, t2 is one third of the total Time.
3. Area 1 is twice Area 2 {If  starting from rest}.
4. Angle 1 = ½ Angle 2.
5. a = v/t  (if starting from rest)
6. Final velocity v = at (if starting from rest)
Examples: 2007 (b), 2006 (a), 2001 (a), 1999 (b), 1998 (a)
Other miscellaneous points:
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. 2007 (b), 1998 (a) 
‘Retardation’ is the scientific term for ‘deceleration’, i.e. acceleration is minus (strictly speaking we physicists would say that the car is simply accelerating in the ‘minus’ direction).

Power = Force × velocity: 1999 (a).

Answer the questions in reverse chronological order, omitting the following particularly difficult questions the first time around:

2007 (b), difficult.

2006 (a), difficult.

2003 (b): Man just catches bus, also involves differentiation to solve the ‘closest distance’ question.

1999 (b): difficult.

1998 (a): difficult2. 
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Most of the relative motion questions can be broken down into the following three categories:
1.  Body and Carrier

2. ‘Wind Appears’ problems

3. Two Independent Bodies
It is good practice to briefly look over all the Relative Motion questions and indicate which category each falls into.

Exam Questions (these obviously need to be updated)
INDEPENDENT BODIES: 2001 (a), 2000, 1999 (b) – v.difficult last part, 1998 (a), 1996, 1995 (a), 1994, 1990

BODY AND CARRIER: 2001 (b), 1999 (a), 1998 (b) – note sin 80 = sin 100 due to symmetry about 90, 1995 (b), 1993 (b), 1992

WIND APPEARS: 1997, 1993 (a), 1991, 1989. Try in the following order: ‘93, ‘89, ‘91, ‘97 (‘97 is tough)

1. Body and Carrier

For these questions it is always easier to use a diagram rather than vector analysis

Various ways of announcing vbc 
 vbc = ‘the velocity of a body relative to a carrier’, e.g. velocity of a plane relative to the wind, or velocity of a boat relative to the river).

1 “The velocity of the body relative to the carrier”

2 “The velocity of the body in still air”

3 “The velocity at which it starts”

Note:

The direction of Vbc will be the direction that it heads off at – before the wind or river kicks in.

“Crosses as quickly as possible” means ‘begins by going straight across’ = Vbc.

Various ways of announcing vp
1 “The velocity of the body”

2 “The velocity of the body as observed from the ground”

3 “The velocity of the body after taking the carrier into account”
Key - Draw a diagram

A diagram needs to be drawn for both position and velocity.

If drawing both on the same diagram do not get them confused i.e. don’t express an angle as being the sin of a distance over a velocity (doesn’t apply to 1992 and 2001 –similar questions, does to 1995 (a) and 1998).

Sometimes, when finding it hard to establish an angle, it may be helpful to extend the lines (lightly) on all sides.

How to draw the diagram: Golden rule – you need two sides and an included angle
1. You will be told the direction of either vp or vpw – begin by drawing in this vector.

2. Now knowing the direction in which the wind is blowing should enable you to establish the direction of the unknown quantity – put it in.
3. Remember that the vectors vp and vpw both originate from the same point.
4. Then use the vw vector to complete the triangle by going from the head of vwp to the head of vp.

‘The wind appears to blow’ (Wind Appears)

Here we use vector analysis. An observer walks in one direction (at a given speed) and notices the wind to have a certain velocity. He then changes direction (and speed) and as a result notices that the wind seems (‘appears’) to have a different velocity. The question is ‘What is the actual velocity of the wind?’

To answer this we make use of the fact that the true velocity of the wind (vw) was the same in both scenarios, so we get an equation for this (in terms of the velocity of the observer (vo) and the apparent velocity of the wind(vwo)) in both cases and let one equal the other. 

ie let vw = vwo + vo, where vw will have the same value in both cases.





         

“The wind blows towards the East; vw = Xi

“The wind comes from the East; (Wind is going towards the West) vw = -Xi

“The wind comes from the South-East”; (Wind is going towards North-West)         vw = -Xi + Xj

“The wind blows from the direction 2i + 3j; vw = -2Xi + 3Xj  (see1991)

If you are told “The wind appears to be …” then this becomes vwo, not vow.

Note the variation to this question in 2008. See the ‘guide to answering questions’ for a suggested approach.

Two Independent Bodies

‘Independent Bodies’ are usually solved using a combination of vector analysis and diagrams, but you will notice that solutions 1997 – 2000 mostly use diagrams,

1990 – 1994 mostly use vectors, while 1995 and 1996 can be readily done either way.

Here we have two bodies – usually cars or ships – moving (let’s call them A and B).

Invariably we will be told where they are at a certain moment in time, and then expected to find the velocity of one relative to the other - ie find vab.

From this any one of a number of questions could be asked, the most common being “Calculate the shortest distance between the cars/ships in subsequent motion,” - other common questions are listed at the end.

We work out vab using vector analysis, 

Draw out separate position and velocity diagrams – often you will have to use an angle from the position diagram to give an angle in the velocity diagram. From this you can work out vab, and then the shortest distance between them.

Note:

Usually one of the cars will have to be brought to the junction – so which one?

Technically it doesn’t matter, but the solution is more straightforward  if the car which is subsequently ‘stopped’ is brought to the junction.

You now have to find out how far the other car has travelled in the time it took the first car to get to the junction – it may not have yet reached the junction, or it may have gone past the junction – either way you now draw a new position diagram, putting in the actual position of A and B, and a line representing the velocity of one relative to the other.

The other questions which tend to get asked are

‘How long did it take for them to reach this point (of shortest distance)?

How far has each car travelled by this stage?

For how long were they within a certain – specified - range of each other (say 10 km)?

To solve this one draw a circle around the ‘stationary’ object and find the length of the chord using Pythagoras’ Theorem. 
If two moving bodies are going to collide then either their i- or (more usually) their j- components will be equal (1999) if using a vector analysis.

3. Projectiles

Aways write down ux, uy vx, vy, sx, sy at the beginning.

Note that time to reach maximum height is half of the time for full flight (if starting and finishing on horizontal ground).
1. How would you find time of flight?
Answer:
Find t when sy = 0.

2. How would you find the range of a particle?
Answer: 
Find t when sy = 0 and sub this time in to sx.

3. How would you find the Maximum height reached by a particle?
Answer:
At maximum height vy = 0, so find t from this and sub this value in to sy.
Or
Use the equation v2 = u2 + 2as for the y direction (which becomes 0 = uy2 + 2(-9.8)s)
4. How would you find the magnitude of a particle’s velocity after 3 seconds?
Answer:
First find vx and vy when t = 3. Magnitude is then found from the formula Magnitude = ( (vx2 + vy2)
5. How would you find the direction of a particle after 3 seconds?
Answer:
First find vx and vy when t = 3. Direction is then found from the formula Direction = Tan-1 (vy / vx)
6. If an object is fired from a cliff which is 200 metres above sea-level, how will this affect our approach to answering the question?
Answer:
sy = - 200

7. If a bullet is fired horizontally what does it mean?
Answer:
uy = 0

8. When would we ever take ‘g’ to be positive?
Answer:
When an object is given an initial velocity downwards (this rarely comes up).

9. If two projectiles collide in mid-air then . . .?

Answer:

(i) sy for first projectile = sy for second projectile
(ii) sx for first projectile plus sx for second projectile equals the total distance between them at the beginning.
10. If a projectile just clears a wall (or hits a dart-board) which is 3 m away and 5 m high then . . .?

Answer:

Sx = 3 when Sy = 5
Higher Level Projectiles: projectile is fired up a hill

11. If the particle travels down the plane then . . .?
Answer:
The component of g in the x-direction is positive.
12. A Projectile lands perpendicular to the slope then . . .?

Answer:
vx = 0 when sy = 0.

13. If the projectile lands horizontally then . . .?

Answer:
We use the fact that the tan of the landing angle is always  (-vy / vx).
In this case the landing angle (() is also the angle between the horizontal and the slope. 
Therefore Tan-1 ( = (- vy / vx) when sy = 0.

14. Find the angle of projection which will result in maximum range.

Answer:
Get an expression for the range (sx); it will be in terms of sin 2(. Then use the fact that the maximum value of sin ( is 1; this occurs if the angle is 900. Therefore in this case 2( = 900. Therefore ( = 450.

4. Pulleys and Wedges (Connected Particles)
In all of these problems we want to apply Newton’s Second Law (F = ma) to each object.
· Use BIG diagrams!
· Draw a force diagram for each object separately (decide a sign convention for each object and then be consistent).
· Don’t forget to include arrows.
· Note the mass of each object.
· Draw in the acceleration of each object (be careful to allow for relative acceleration).
· Draw the acceleration off to the side so that an examiner doesn’t think you are treating it as a force.

· Fill in F = ma for each object and solve the resulting set of equations as required.
Particle sliding down a wedge – relative acceleration: solving the equations

1. We take the positive direction of the x-axis (i axis) to be along the direction of motion.
2. Write out all four equations (even though you will only need three for all ‘standard’ questions).

3. If resolving a force make sure to use dotted lines to let the examiner know that you know that these are not additional forces.
4. Use log tables to lose Sin, Cos etc.

5. Lose the brackets.
6. Lose the fractions.
7. Use the shortest equation (e.g. R = 3Ma).
8. Sub this into the other equation which has just R and a in it.
9. Solve for a.
10. Sub into the last equation (containing a and b) to get b.

Pulleys - relative acceleration

· Same string ( Same tension

· Different strings ( different tensions

· Light pulley ( no mass ( right hand side of F = ma equation is 0
· A fixed pulley is external to the system so don’t consider it when getting equations of motion.
· Watch out for questions where the acceleration on one side is twice the acceleration on the other (tip: use a and 2a rather than a/2 and a).

· If you don’t know which way the system is accelerating don’t worry – just guess, and then be consistent for each object. If you guessed wrong your answer will just turn out to be minus. You will still get full marks, although you should recognise the significance of the minus.
We need to have two equations with only a and b in them.

We do this as follows

1. Arrange all four equations together, with similar variables over each other.

2. Add the two longest equations (the two S’s cancel out) to get the first of our two equations.

3. We get the second equation by adding together all four initial equations. We may have to change the sign in one equation to allow all the S’s and T’s to cancel. 

4. Solve these two simultaneous equations

5. Collisions

You need to be comfortable playing with trigonometric expressions for all topics in Applied Maths, but particularly for this chapter.

· Cos  (  = Sin (90–(), Sin ( = Cos (90 –() 1995
· This also means if (+(  = 900, then Cos (  = Sin ( and vice versa. 1989
Prove this for yourself using a 3, 4, 5 triangle and putting ( and ( as the different angles.
· Sin ( is symmetrical about 90 0, e.g. Sin 75 0 = Sin 1050.

· Cos2 ( = 1/ Sin2( = 1/1+ Tan2(
Take note of others as you come across them in all topics and gradually build up a bank for future use.
Two Laws
1. The Principle of Conservation of Momentum (P.C.M.)

P.C.M.: M1 U1 + M2 U2 = M1 V1 + M 2V2
2. Newton’s Law of Restitution (N.L.R.)
N.L.R.: V2 – V1 = -e (U 2– U1) {along line joining the centres}
Always begin with these and calculate the velocity for each sphere after the collision.
Not that it is only the i-component which changes ( if the i-axis is along the line of centres at impact).
However in 1995 (b), when a single sphere fell on to a sloped surface, it was the j-component which changed.

Both velocities afterwards will be in terms of e if e is not given.

When nothing is known about either the speeds or the directions of the spheres after impact, it is easier to write them as follows:

	A
	U Cos ( i + U Sin ( j
	M1
	V1 i + U Sin ( j

	B
	0 i + 0 j
	M2
	V2 i + 0 j


This assumes sphere B was initially at rest – this won’t always be the case.

Remember that the respective angles are calculated by using Tan (angle) = j / i or alternatively if you’re asked to show that Tan (angle) = some expression, they may be looking for you to divide the j component of the relevant velocity by the i component. 1995 (b)
The spheres move at right angles after the collision 

If the second sphere was at rest initially, and if after impact both move at right angles to one another, then the i component of the first sphere has been reduced to zero (it becomes 0 i + U Sin ( j if using the table above).
Kinetic Energy

Change in Kinetic Energy  (K.E. after minus K.E. Before)

When calculating the absolute change in K.E., just use the i-component of the velocities (because the j component doesn’t change so the j-component before will simply cancel out with the j-component after).

When calculating the fractional  change in K.E.,  divide the absolute change by the original (total) K.E.  

In this case you must use both components (U = U Sin ( + U Cos () for original velocity (alternatively you could just let U be the magnitude of the original velocity).

When calculating percentage change in K.E., divide the absolute change by the original K.E. and multiple by 100 
Impulse

Impulse = Change in Momentum (mu – mv) of one of the spheres.

Due to conservation of momentum both changes are equal in magnitude but opposite in direction.

Inequalities

Inequalities (<  or  >) usually arise in one of the following two circumstances:

1. The limits of e are 0 and 1 (perfectly inelastic and perfectly elastic respectively).
2. The sign in front of the spheres’ velocities is determined by their directions. This means that if you have to show that the two spheres move in opposite directions after the collision, one of the velocities must be > 0 and the other must be < 0. 

Angle of Deflection

This is a very popular type of question.

This is equal to the difference between the tan of the angle before collision and the tan of the angle after collision (with respect to the horizontal in each case). 

Method One

Tan (( - () can be found by calculating tan-1 ( j/i ) for the incident and exit velocities (angles in degrees) and then subtracting the first from the second. 

This can only be used when you can express the angles in degrees.  i.e. sometimes vi and vj are not expressed in degrees but in terms of e.

Method Two

This is adapted from page 9 of the log tables, having changed the relevant signs. 
This method is a little more complicated but sometimes must be used to produce the required expression.

Find the slope of its path before: m1
Find the slope of its path after: m2

Then use Tan ( = m1 – m2 / (1 + m1m2), where ( is the angle of deflection. 
Sphere A collides with Sphere B which in turn goes on to collide off a wall and bounce back.

The key in this situation is to look at the different time intervals and describe each individual time in terms of velocity divided by distance.

A common error here is to assume that when a velocity is negative, the time will be also. But time is a scalar and therefore cannot be negative. Therefore if you get a negative time, simply ignore the minus sign.

6. Circular Motion

There is remarkably little to this in principle.

There are only two (or three) equations to worry about:

1. Conservation of energy

2. Net inward force = mv2/r

3. Reaction force R = 0 when the object is at the point of moving off the surface

Notes

· You will need to use the diagram to work out tan( or sin( in terms of height and radius.

· Establishing a base line; we would like to put it where the ball is at the end, but we may not be able to find heights from here, so it may be more helpful to reference it from a line going through the centre of the circle.
· Try to get an expression for mv2 from both equations and equate them.
6. Simple Harmonic Motion

OMG, I can’t remember the difference between extension and amplitude!!!

This is a killer. Picture the situation; a string has got a natural length of 1 m. A mass hangs from it and as a result the string now is 1.5 m in length.

The string is next pulled down a further 2 metres and is then released.

The Extension is the distance between the object’s Current Position (C.P.) and the end of the natural length of the string (in other words, how much the string is extended by).
The Amplitude is the distance from the Release Point (R.P.) to the Equilibrium Position (E.P.). 

In the scenario above the extension changes with time but the amplitude is fixed at 2 m throughout the question, regardless of where the mass is.
To begin with, it doesn’t matter where the object is released from!!! 

This is because the amplitude only comes into play towards the end of the question, so if you are told this, ignore it completely until later on.
Steps
1. Find the position of equilibrium

Forces left = Forces right, or Forces up = Forces Down.
This gives a value for d, and hence a position of equilibrium.
If however, you are dealing with a string which lies horizontally on a table, then simply take the equilibrium position point to be at the end of the natural length of the string.
If we refer to this extension as ‘d’ it avoids confusion with ‘x’ which we should be using in the next step.
2. Show that the object exhibits SHM (and finding ()

Extend the object a distance x from equilibrium.
Now let Fsmall – Fbig = ma
The forces are either k(ext), or else mg.
The formula is rearranged to give a = - (constant) x.
This constant now equals (2.

3. Calculate the period T. 
T = 2(/(
4. Note the Amplitude
At this stage we look again at the question to see where the object is released from.
The Amplitude A corresponds to the distance between this release point and the equilibrium position.
5. Answer the question

Okay, it seems like a silly thing to say, but really it is only at this stage that you need consider what the question is asking you to do.

Usually we need to find the time which it takes the object to go from its release point to some final position.
Usually this involves passing through the equilibrium position and out the other side.
We deal with this in two stages:
The time to go from the release point to the equilibrium position corresponds to the time to go through one amplitude.
As this is one quarter of the total oscillation, the time for this stage corresponds to T/4

Notes
· The time to go through one complete oscillation is the period T.

· The time to go from one extreme to the other corresponds to the time to go through half an oscillation, and this equals T/2.

· The time to go form the release point to the equilibrium position corresponds to the time to go through one amplitude, and this equals T/4.
However at any other sub-intervals the distance travelled is not directly proportional to the time, and this is why we revert to the equation: x = A Sin(t etc.

Also with these equations, x always corresponds to the distance between the given position and the equilibrium position. This can cause confusion if the object is released from an extreme and the formula: x =A Cos(t is used.

Know the significance of the phrase ‘when the string is taut’, and ‘when the string is slack’ (when the string is taut the object will be undergoing SHM, but not when it is slack).
Quite often the object will only be exhibiting SHM for part of its motion; you must be able to figure out when it is and when it is not exhibiting SHM. It will only be exhibiting SHM when the string is stretched.

You should be able to use VUAST for the other situations.
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Know the following equations 

1. A = - (2x

2. v2 = (2(A2 – x2)

3. x = A Sin (t (if the particle starts at the centre)

4. x = A Cos (t (if the particle starts at the extreme)

5. x = A Sin ((t + () (if the particle starts somewhere else)

6. vmax = (A

7. amax = (2A

8. T = 2π/(
7. Statics

It’s always a good idea to begin with a big diagram showing clearly all forces. All forces will need to be resolved into vertical and horizontal components.

After that there are just three equations:

1. Forces up = forces down

2. Forces left = forces right

3. Moments clockwise = moments anti-clockwise

The key is determining what point to use as the reference when calculating moments. 

Golden Rule

When picking a point for moments, ask yourself which point will rule out the greatest number of variables, 
or 
which point will leave you with an equation involving only those variables which will prove helpful (i.e. variables which you already have from another equation).
This may not always be the shortest equation. Look for trigonometry to help you find the perpendicular distance from the line of action.

Remember that when calculating the moment of the force it is the perpendicular distance between the line of action of the force and the fulcrum. It may help to visualise the line of action by extending the force vector on both sides.

For objects hinged to a wall remember to put in two perpendicular forces.
If it’s a standard question involving a ladder leaning against a wall then it’s a good idea to make the length of the ladder 2L.

Sometimes you can spend too long wondering where to start; better by far to get stuck in.
Remember that the centre of gravity of a triangular lamina is two-thirds of the way from the vertex to the midpoint of the opposite side.

[image: image3.emf] 


Two Ladders:
See example in textbook.

Take moments about bottom corner for the system, and for one rod about the top. This way you don’t need to worry about any forces acting on the top of either rod.

8. Rigid Body Motion

Part (a) 

Theorem - 20 marks

6 steps

The problem uses the general expression for moment of inertia as I = ((m r2 and applies it to the particular shape in question.

1. Define ( = Mass/Length or Mass/Area.
2. This implies Mass = ((Length) or ((Area).

Now you have to find an expression for Area (of a rectangle or circle).
Set this aside and use it again near the end.
3. (m = (((x) or (((area)
{now you have to find an expression for (Area (for a rectangle or a circle)}

4. Now substitute in to the general formula I =  ((m r2; we assume that the lengths become infinitely small so we use the following notation:


( becomes ∫

(x becomes dx


r2 becomes x2
5. Integrate, using appropriate limits. Note how the limits change for a circle – can you see why?
6. Finally use the substitution ( = whatever (from point number one above to lose ( and introduce m).

Part (b)
This can be sub-divided into two types of problem
1. Find periodic time T
2. Find angular velocity (
In each case you will first have to calculate the moment of inertia I.
When looking over these questions begin by identifying the questions as either type 1 or type 2.

Calculating moment of inertia for different shapes

Go through each question and establish that you are able to calculate the moment of inertia for each.

You should be able to identify when to use Idisc about an axis through the centre perpendicular to the plane and when to use Idisc about a diameter (see 2001 (b)), and how to proceed in each case.
When do you use the moment of Inertia about a diameter of the disc?

Ans: 

When the disc is being flipped about an axis which is in the same plane as the disc.

Note that you will therefore have to use the parallel-axis theorem here.
1. [image: image4.emf] 

Finding periodic time T
h represents the distance from the centre of gravity of the system to the fulcrum. 

The best way to find this distance is to put the system on its side and use the fact that the sum of the individual moments equals the moment of the entire object. 
M represents the mass of the system so don’t forget to change it!

Find the length that corresponds to the minimum periodic time.

Square T, then calculatate dT2/dx (you may need to use the chain rule) and let it equal 0. From this find x.

Find the periodic time of the equivalent simple pendulum 
[image: image5.emf]
Compare the equation to the equation for a simple pendulum and solve.

2. Finding angular velocity (

h represents the distance from the base-line to the centre of gravity of the object.
You will need to have separate mgh’s for each part, even though we can use a moment of inertia for entire object.

Where do you choose your base line?

Ans: Your base line should run through the centre of gravity of the lowest particle in the question.

You will notice that the Department of Education solutions use ‘Loss of Potential Energy = Gain in Kinetic Energy’. 

I suggest that you say ‘Total Potential Energy plus Total Rotational Energy at the beginning = Total Potential Energy plus Total Rotational Energy at the end. It’s a little longer but you’re less likely to leave out a part.
When can/do you include Kinetic Energy (½ mv2)? 
When the whole object physically moves from one place to another, e.g. 2001(b)
If asked to find the linear speed at a specific point you must use the relationship v = r( (where r is the distance from the fulcrum to the point in question.
Know how to go from K.E. = ½ mv2 to R.E. = ½ I(2. This did get asked once (see solution in the textbook).
Going in to the exam itself you should know the following:
· I for a rod, a rectangle and a circle (even though these are given on page 40 of the log tables).

· I for a point mass.

· Formulae for Simple Pendulum and Compound Pendulum.

· Parallel and Perpendicular axis theorems.

· To find I for a system, simply add the individual I’s. 
· The significance of h in the two separate formulae.
10. Differential Equations 
Up until now anytime we needed to connect v, u, a, s or t, we simply used our equations of motion. These equations only work however if the acceleration is constant.

In this chapter we will see that the acceleration is not constant and therefore we need to resort to integration to help us.

Be comfortable using logs and integration (particularly integration by substitution) – see textbook.

The maths part
Generally when the question says ‘solve’, the convention seems to be solve for the variable on top (usually y).

Begin by taking out common factors.

Then bring terms involving x to one side and terms involving y to the other side.

Ensure that dy and dx are on top on both sides.

For most questions you will use either a= dv/dt or a = v.dv/ds, 

Occasionally you will need to link s and t directly so you must first use either a = v.dv/ds (to get an expression for v in terms of s) or a = dv/dt (to get an expression for v in terms of t) and then substitute ds/dt for v and continue.
Part (b)

Either all terms must represent an acceleration or a force, but you cannot mix them.

If the left hand side is expressed as a force (e.g. mdv/dt) then all terms on the right hand side must be expressed as forces.
Similarly if the left hand side is given as an acceleration (e.g. dv/dt) then all terms on the right hand side must be expressed as accelerations.
Sometimes it’s not obvious whether a term in the question is an acceleration or a force: look at the units to help you.
If the resistance is expressed as kv2 N per unit mass then mathematically the resistive force = - mkv2 (it is a force).
Should I use constants of integration or limits?

It’s (slightly) interesting that the marking schemes usually use constants of integration for part (a) but tend to use limits of integration for part (b).

You can use either. Some students have a preference for one over the other.

Note that at maximum speed the acceleration will be zero (2007 (b), 2002 (b)).

Force = Power/velocity (can you show how this comes from our definition of Work?)

Make sure that your calculator is in radian mode when using these equations.
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(R.E. + P.E.) at the beginning = (R.E. + P.E. ) at the end











