Physics-Dynamics

Someone once told me that all you needed to know for a Dynamics exam was:
I = g

and everything else could be derived from that. I never found out if he was right, I
learnt these ones too:
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If you're already familiar with the equations you might want to skip ahead to the
next section, otherwise I'll explain where they came from and how to use them.

The Basics

When dealing with measurements you can use scalar or vector quantities.
Scalar quantities:

Have a magnitude only.

Energy, Length, Mass, Speed, Temperature and Time are all scalar quanities.



Vector quantities:

Have both a magnitude and a direction.

Displacement, Force, Velocity, Acceleration and Momentum are all vector
quantities.

It might seem sometimes that speed and velocity are the same thing (often they're
equal to each other), but they are actually slightly different. Speed is just how fast
something is going, it doesn't matter if it's going up, down, left or right, all that
matters is how far it travels in a set time. Probably the best way to consider
velocity is if you think or an ordinary x,y-axis. If a body is travelling horizontally in
a straight line with a speed of 10ms-1 then stops and goes in the exact opposite
direction, with a speed of 10ms-1 there has obviously been a change, however the
speed does not reflect this. The speed before it turned around is the same as after.
The velocity however is not the same. If we said that the velocity to begin with was
the same as the speed: 10ms-1, then when the body is travelling in exactly the
opposite direction, with the same speed, the velocity would be -10ms-1.

Newtons Laws

Isaac Newton was a clever bloke. We have him to thank for gravity (I should
probably add he discovered, not invented it, otherwise people will start blaming him
everytime they fall over). The things Newton is most famous for (aside from the
incedent with the apple) are his laws of motion:

A particle will remain at rest or continue with its motion, unless acted upon by an
external force.

The force on an object is equal to its mass multiplied by it's acceleration. You may
be more familiar with it being referred to as F=ma

Every action has an equal and opposite reaction.
All that's fine, but what do these laws really mean?

A particle will remain at rest or continue with its motion, unless acted upon by an
external force.

This just means that provided no external force acts upon a particle it won't change
it's motion in any way. If there was no friction or air resistance, then a particle
moving at 5ms-1 would carry on indefinitely. Obviously in real life this does not
happen as there are air resistance and friction, so it's almost impossible to have no
external force on a moving particle. However, if you think about a stationary



particle, this makes far more sense. Unless a force is applied to a stationary
particle, it doesn't start moving.

The force on an object is equal to its mass multiplied by its acceleration.

More simply known as F=ma, this is probably one of the most fundamental
formulae in Dynamics. It's one of those which pops up all over the place in
Dynamics and is a really good idea to learn. It's not too difficult to understand
either. It makes sense that if something has a greater mass, it would take a larger
force to give it the same acceleration as something with less mass.

Every action has an equal and opposite reaction

This law basically means that if you push against a wall, it pushes you back, which
is a good job really because otherwise you'd go straight through!

Constant Acceleration Formulae

These go by so many different names it's hard to keep up sometimes. You may
have heard them referred to as kinematic equations, equations of motion, suvat
equaions, or maybe you've not heard of them at all. First of all lets take a look at
them:
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There may seem a lot to remember there, but believe me, it's not as difficult as it
seems. Like F=ma these equations are incredibly important in Dynamics.

v=u+at

As you probably already know, velocity divided by time is equal to acceleration and
velocity multiplied by time is equal to displacement. This means that on a speed vs.
time graph, the gradient of the line is equal to accleration and the area under the
line is equal to displacement.

If you have an initial velocity u and a final velocity v the graph would look
something like this:



t

As I previously said, the gradient of the line is equal to acceleration a. So a=(v-
u)/t. Rearranging this to make v the subject, gives us our first constant acceleration
formula:
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s=ut+1/2at2
Okay, so one down, just 4 to go!

We know that the area under the graph is equal to the displacement. So we know
that u multiplied by t gives us the bottom rectangle of the area and v-u divided by
2, gives us the top triangle. This gives us:

s=ut+(v-u)t/2.

Now we already know that v=u+at so we can rearrange that to give v-u=at and
then substitute this into our equation for displacement. From this we have
s=ut+(at)t/2.

If we just multiply out the bracket that provides us with our second formula:
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For those of you who like to find maths where the can (So... no one) you might be
interested to know that s=ut+1/2at2 is the integral of v=u+at with respect to t. If



that makes no sense to you, why not go take a look at the wonderful Integration
section, where all will become clear!

Well if you're as tired as I am yet, you'll probably want me to get on with it and
explain the remaining ones right? So here goes...

s=vt-1/2at2

Now those of you who are keen on spotting patterns may have noticed that this
equation looks a lot like the last one. This is because it's a lot like the last one.
Those of you who decided not to go to the Integration page might regret that now.

If you rearrange v=u+at to make u the subject you get:
u=v-at
Now you just need to integrate this result to give you our 3rd equation:
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We've already established that the area under the graph (equal to displacement s)
is equal to:

s=ut+1/2(v-u)t

If we multiply out the bracket we get:
s=ut+1/2vt-1/2ut

which is the same as:

s=1/2ut+1/2vt

Finally we just factorise this to give:
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We can rearrange v=u+at, to make t the subject:
t=(v-u)/a

Then we just substitute this value of t into our previous equation: s=1/2(u+v)t,
which gives us:

s=1/2(u+v)(v-u)/a
2as=(v+u)(v-u)

v2-u2=2as

vé=u*+2as

And that's that! These equations are definitely worth learning since they're useful
time and time again. There are a couple of rules, for instance they can only be used
in cases where there is constant acceleration. This means that if the acceleration is
something like 12 ms-2 they're fine, but if the acceleration is along the lines of 12x
ms-2 then they won't work since the acceleration varies with x.

Motion in a Straight Line
Motion on a Flat Surface

This is the most simple instance in dynamics. A body moves along a flat surface in
a straight line. For example:

la. The Rev is driving his car, when suddenly the engine stops working! If he is
travelling at 10 ms-1 and his decceleration is 2 ms-2 how long will it take for the
car to come to rest?

Okay, it's always a good idea with these kind of problems to list what you know.
We're given initial velocity, u, and acceleration, a. We also know that if the car is



going to finish at rest, that final velocity, v, must be Oms-1. We want to find out
time, t. Personally I find it's best to lay this information out like this:

u=10 ms-1
v =0 ms-1
a=-2ms-2
t=7s

From this we can see which equation we need. In this case we can see that the
equation we want is v = u + at. We rearrange this (If you have difficulty doing this,
you might want to check out the maths section) to make t the subject, giving us t

= (v - u)/a.

Finally, we put the numbers into the equation:
t =(0-10)/(-2)
t = 5 seconds.

1b. Michael steps into the road, 30 metres from where the engine stops working.
The Rev's glasses have fallen off and he does not see Michael. Will The car stop in
time to miss hitting Michael?

Once again, it's best to lay out all the information we have:

u=10 ms-1
v=0ms-1
a=-2ms-2
t=5s
s=7?m

This time we want to find displacement, s, so we need to pick an equation with that
in. I'm going to use v2 = u2 + 2as. I could have used s = 1/2(u + v)tor s = ut +
1/2at2, however, since we're not given time, but have instead worked it out
ourselves, any error made in previous calculations would be carried forward into
this one.

Again, I'm going to rearrange the equation, this time to give s as the subject. This
is a good habit to get into, it might not make much difference now whether you



rearrange the equation before or after putting numbers in, but with more complex
formulae it can get really messy if you don't rearrange it first. Also in exam
situations, if you make a mistake, you may still get method marks if the examiner
can see what you've done.

Anyway, this gives us s = (v2 - u2)/2a
Putting the numbers into the equation gives us:

s = (0 -100)/(-4)

s = 25 m so Michael will not be hit! (Phew!)

In the above example, friction has been completely ignored. In the real world we
can't do this (quite fortunate really because we'd fall over all the time and people
would think we were drunk). So now we'd better have a look at a situation with
friction. The coefficient of friction is given the symbol py. The resultant (normal)
force of the weight, balances the weight of the car (so it doesn't go through the
road). The force due to friction is y (or uN).

2a. The Rev's car has broken down on the M1. He needs to push it to the hard
shoulder. The car weighs 5000N. The Rev can push about 1800N. The coefficient of
friction between the car and the road is 0.6. Will The Rev be able to push the car to
the hard shoulder?

Okay, so firstly in situation like this it's good to draw a little sketch of what's going
on.




This image clearly shows the forces. This can also be represented, using a Free
body diagram as shown:
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From this we know that in order for the car to move, The Rev must be pushing with
a force of at least pR. By simply multiplying the coefficient of friction by the
resultant force, we find that the force due to friction is 3000N, so The Rev won't be
able to push the car to the side of the road.

2b. A body-builder happens to be passing by and in an attempt to ease congestion
on the ever busy M1, he decides to help. He can push with a force of 3200N. With
both the body-builder and The Rev pushing, what will be the acceleration of the
car?

NB - Take the mass of the car to be 510kg

So, same situation as before really, only this time the forces don't balance and so
there will be an acceleration. We get this from the oh-so-clever Isaac Newton's, F =
ma.

Remember that to find the overall force you need to take away the frictional force.
So that's (3200 + 1800) - 3000. That leaves an overall force of 2000N. Again we
need to rearrange the formula to give a as the subject this time. This gives us a =
F/m. Putting the numbers in we get:

a = 2000/510
a =3.9ms-2(2s.f.)

Motion on a Inclined Plane



This is pretty similar to motion on a flat surface, just one or two more variables...
oh and we won't be talking about The Rev's car anymore, since I'm not sure that
would make it up a hilll(Don't feel too bad for him, I checked the stats online, my
car does 0-60mph way faster!)

Anyway, I fear I may have wandered off track a little there. Introducing the
"inclined plane", or "slope" as it's known to most of us, means you're going to have
to brush up on your trigonometry, if it's a little rusty, hop on over to the maths
section first. On the plus side, you'll find out why people have been trying to drill it
into you for years! Provided you're familiar with good old chief SOHCAHTOA you
should do just fine.

So lets start with a nice easy example.
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The picture above shows us a block sitting on a slope. A good place to start with
this (probably the only place to start if you want a chance in hell of getting
anywhere with a question) is to resolve forces. Assuming that the block is at rest,
we know that it is in equilibrium, so the horizontal forces must be equal and so
must the vertical forces (unless it's one of those lovely levitating blocks).



Projectile Motion

Projectiles aren't completely dissimilar to Motion in a straight line, just instead of a
body just moving from left to right, it's going up or down aswell. First lets have a
look at a typical example of projectile motion:

A ball is thrown at an an angle of 30°. It has an initial velocity of 20ms-1. Find the
maximum height the ball would reach.

Okay so as per usual, we draw a diagram:
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Now lets list what we know:
u = 20sin30 ms-1

v =0ms-1

a = -9.81 ms-2

s=7?m

Now we pick one of the kinematic formulae, the one which is going to get us the
result in the most direct way is: v2 = u2 + 2as, and rearrange it to make s the

subject:
s = (v2 -u2)/2a

Then finally put the numbers into the equation:



s = (0 - 400sin230)/-19.62
and out pops the answer:
s=51m

See not so hard was it? Questions about projectiles can sometimes seem quite
difficult, but if you remember to just use trigonometry to find the x and y
components, you won't go too far wrong.

Sometimes you'll know the maximum height, but some other component will be
missing. For instance the time the ball is in the air... Again this isn't a problem, you
just have a look what you do know and use the formulae to work out the rest.

Source: http://www.physicsforidiots.com/dynamics.html



