Scalars and Vectors

All physical quantities (e.g. speed and force) are described by a magnitude and a unit.

VECTORS – also need to have their direction specified   

examples: displacement, velocity, acceleration, force.
SCALARS – do not have a direction

examples: distance, speed, mass, work, energy.

Representing vectors in diagrams

An arrowed straight line is used.

The arrow indicates the direction and the length of the line is proportional to the magnitude.

Vector addition

(1) Co-linear vectors (all along one straight line)






    plus
gives resultant vector: 







    plus


 gives resultant vector:  

(2) Co-planar vectors (all in one plane)

(a) The polygon of vectors

Draw the first component vector. Draw the second component vector with its tail end on the arrow of the first vector. Draw the third vector with its tail on the arrow of the second vector etc… The resultant vector is the line drawn from the tail of the first vector to the arrow end of the final vector.

Example: Calculate the total displacement of a car that travels 

2km NORTH; 3km EAST and finally 1km SW.
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(b) The triangle of vectors

This is a special case of the polygon of vectors. The resultant vector forms the third side of a triangle formed by the two component vectors and the resultant.

(c) The parallelogram of vectors

To add TWO vectors draw both of them with their tail ends connected. Complete the parallelogram made using the two vectors as two of the sides. The resultant vector is represented by the diagonal drawn from the two tail ends of the component vectors.

Example: Calculate the total force on an object if it experiences a force of 4N upwards and a 3N force to the left.








(d) Calculation

All the above methods can be done by scale drawing but sometimes is quicker to calculate the resultant vector. For example, in the above case the answer can be found using Pythagoras’s theorem and trigonometry.

Resultant force = √ (42 + 32) = 5N

Angle θ :  As tan θ = 4 / 3 = 1.33;   angle θ = 53.1o
NOTE: You are expected to know the calculation method with two perpendicular vectors (the case above).
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Scalars and vectors

The addition of vectors by calculation or scale drawing. Calculations will be limited to two perpendicular vectors.
The resolution of vectors into two components at right angles to each other; examples should include the components of forces along and perpendicular to an inclined plane.

Conditions for equilibrium for two or three coplanar forces acting at a point; problems may be solved either by using resolved forces or by using a closed triangle.

Moments

Moment of a force about a point defined as 

force x perpendicular distance from the point to the line of action of the force; torque.

Couple of a pair of equal and opposite forces defined as force x perpendicular distance between the lines of action of the forces.

The principle of moments and its applications in simple balanced situations.

Centre of mass; calculations of the position of the centre of mass of a regular lamina are not expected.
Motion along a straight line

Displacement, speed, velocity and acceleration.

v = Δs / Δt  and  a = Δv / Δt  

Representation by graphical methods of uniform and non-uniform acceleration; interpretation of velocity-time and displacement-time graphs for uniform and non uniform acceleration; significance of areas and gradients.

Equations for uniform acceleration;

v = u + at ,  v2 = u2 + 2as

s = ½ (u + v) t ,  s = ut + ½ at2
Acceleration due to gravity, g; detailed experimental methods of measuring g are not required.
Terminal speed.


Projectile motion

Independence of vertical and horizontal motion; problems will be soluble from first principles. The memorising of projectile equations is not required.
Newton’s laws of motion

Knowledge and application of the three laws of motion in appropriate situations.

For constant mass, F = ma.

Work, energy and power

W = Fs cos θ

P = ΔW / Δt 

P = Fv

Conservation of energy

Principle of conservation of energy, applied to examples involving gravitational potential energy, kinetic energy and work done against resistive forces.

ΔEp = mgΔh

Ek = ½ mv2
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Resultant force =  ?


Angle θ = ?





Resultant displacement = ?


Direction = ?





2km N





1km SW





3km E





4N RIGHT





6N RIGHT





3N RIGHT





2N LEFT





9N RIGHT





6N RIGHT





Displacement 25m at 45o North of East





Displacement 50m EAST








