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1.1 Basic Concepts (9/10/07)
1.1.1 Space And Time

During this course we must assume that:

· Space is Euclidean (3 Dimensional)

· Time is universal (it is experienced the same for all observers)

We will also use an origin and a co-ordinate axis (Cartesian) to create a form of reference.

1.1.2 Vectors
(Vectors / Scalars UPWMP Ref: 1.7, MMITPS Ref: Page 96)
Notation:
Vectors are indicated by a boldface in type e.g. A, with a component of a vector with a subscript e.g. Ax is the x component of A. In handwritten pieces and from in these notes a vector will be indicated with a line below the letter e.g. r   

Definitions:

Vector:
A physical / mathematic quantity which has both magnitude and direction.

Scalar:

A physical / mathematic quantity which has magnitude alone.

A position vector of a point with the co-ordinates (2,-4,5) is:       r = 2i – 4j +5k
Where:


(Unit Vectors UPWMP Ref: 1.9)
i is the unit vector (with a magnitude of 1 and no units) in the direction of the x-plane.
j is the unit vector (with a magnitude of 1 and no units) in the direction of the y-plane.
k is the unit vector (with a magnitude of 1 and no units) in the direction of the z-plane.
The magnitude of a position vector (the distance from the origin, its length) can be found thusly by applying the Pythagorean Theorem e.g.
r = 
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N.B. (No line beneath r as magnitude is a scalar)
Generally:

r = 
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 EMBED Equation.3  [image: image4.wmf] 
In two dimensions
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 EMBED Equation.3  [image: image7.wmf]In three dimensions

i.e.
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All results should be given in SI units.
1.1.3
Point Particles 

(Justification 3.4.2)
Definition:

Point Particle:
An idealized object which mass, with the defining feature that it is 0D, not taking up any space, lacking spatial extension “a point”. It represents an object whose size, shape and structure is irreverent in a given context.

e.g. The Earth’s orbit, calculation can be made about the Earth’s orbit by representing

it as a point particle with the Earth’s mass. 
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However, this cannot always be done, the notable exceptions are:

· Rotation About An Axis 
(Lecture 4.1)
· Tidal Forces 


(Lecture 5.3)
1.1.4
Basic Kinematics

Definitions:

Kinematics:
The mathematical description of motion.

Dynamics:
The mathematical theory of the causes of motion.

e.g.

If a particle starts at 
r1 = 2i – 4j + 5k

and moves to

r2 = 2i + 2j – 3k
in 5 seconds then its displacement is: 

Displacement 

= 
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=  r2 – r1



=  0i + 6j – 8k m

Average Velocity 
=  vav




= 
[image: image11.wmf]t

r

D

D





= 
[image: image12.wmf]k

j

5

8

5

6

+

 ms-1
Average Speed
= vav

N.B. (No line beneath v as speed is a scalar)
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As 
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1.1.4.1 Velocity
= v 
= 
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1.1.4.2
Speed 

= 
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= Magnitude of v

[image: image18]
Therefore:

1.1.4.3 The direction of v at any instant is equal to the direction of motion at that instant
1.1.4.4
Acceleration 

= a
= 
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Acceleration includes both:

· Changes in speed (magnitude of v)
· Changes in the direction of the velocity (v)
e.g.
Motion in circles, even though the speed is constant (
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), there is acceleration as the direction changes therefore v changes. 
(Lecture 3.5)
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   Position of a point particle at t











   Position of the point particle at t + dt





v = � EMBED Equation.3  ��� in the same direction as dr





Earth’s orbit





Sun





Earth modelled as a point particle





v1  Far left


v2  Far Right
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