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Aims 
The aims of this Unit are: 

To introduce methods of representing and analysing motion. 
To present some useful simple motion models. 

Objectives 
After working through this Unit, you should be able to: 

Derive the position, velocity and adera t ion  of points on a body from 
each other, as functions of time, either algebraically or by graphical 
methods from motion curves (SAQs 3, 4, 5, 6, 8, '3, 14, 15, 16, 37: 
Sections 1, 3) 
Recognize circumstances where the constant-acocleration model is 
appropriate and apply it correctly (SAQs 7, 9, 10, 11, 12, 34: Sections 
2,6) 
Solve simple relative motion problems by the use of velocity diagrarna 
(SAQs 21,22,23,24,30,31: Sections 4, 5) 
Utilize the ideas of tangential velocity, tangential acctlerntion and 
centripetal acocleration in the analysis of circular motion (SA@ 17.18. 
19, 20.25, 26.27: Scctions 3.6) 
Obtain and use relationship between the kinematic behaviour of 
connected objects, including simple gearing and pulley problems (SAQs 
28, 29, 32, 33, 35, 36: Scctions 5, 6) 

Kinematics is the study of motion without regard to the causes of the 
motion. In other words, in Kinematics we do not consider the forces 
involved. In practical problems naturally the foras are often of prime 
intemf and you will be studying the relationship between force and 
motion in Block 4, Dynamics. Sometimes the kinematics part of a 
problem may come first. In thc design of a mechanism or machine the 
required motion characteristics may be choscn first, and thc kinematic 
analysis is followed by dynamic analysis to sec that the components are 
strong enough. As another example, in controlling a satellite or spacecraft 
the required motion (kinematics) will dictate the required forces (dy- 
namics), i.e. the duration and direction of rocket k g .  Alternatively, in 
some problems the dynamic analysis will come first, telling us acceler- 
ation~, and the kiiematic analysis follows to determine velocities and 
distances. An example of this would be to estimate the performance of a 
motor car given mechanical data such as engine performance.. 

You can set  that kiiematic and dynamic analysis are intimately related in 
real problems. However, it is convenient to have a separate area of study of 
motion alone. The term Kinematics comes from the G m k  word for 
motion, as does the familiar example from motion pictures, the cinema. 

Noto onacwrny 
In Unit S the solutions to some SAQs require the use of information 
derived from graphs. As a rough guide, if your answer is within f 5% of 
the given answer you may assume that it is correct. 



1 Position, veiociw and acceleration 
Sincc Kinematics is the study of relationships between position, sped, 
acceleration and so on, then you must be able to determine any one of 
these from the appropriate other ones. You should constantly btar in mind 
that for many of the quantities, their d k & n  is just as 7 
size. It is no good driving fast if you go in tbe wrong d i r c c t i o a  so . . 
imwrtant that we actuallv have different words. velocitv and s d  to 

/ 

erd~ks-vector nature I shall write vector acceleration. This does - - 
not mean that the plain term 'acceleration' is not a vector. Since we often 
work with a rectangular co-ordinate system, with x and y axes, the 
position vector can be expressed by ( X ,  y), the velocity vector by (v,, v,), 
and the acceleration vector by (a., a,), all these showing the x and y 
components of the vector. Thc magnitude and direction of the vector can 
be found by vector addition as you have seen, but do be carcful to take 
account of the sign of each component. A sketch helps. 

That example of co-ordinates was for two-degree-of-frccdom motion - we 
needed two rectangular co-ordinates (X, y) to represent the position. For 
the complete kinematic analysis of an object such as an aeroplane, with six 
degrees of freedom, you would need six position parameters (say X, y, z and 
three angles for rotation), plus their velocities and amlerations. 

This can all get pretty complicated! However, this does not introduce new 
PMC~P~CS, SO YOU Can kill th0SC pri l l~ple~ without ~0rkklg On Such 
involved examples. In this course I shall conantrate on plane motion, and 
as you should now know, the specification of the position of a body in a 
plane requires thnc parameters, say X, y and B. In fact, in many examples 
rotation will not be important, in which case a pair of (X, y) co-ordinates 
would be sutficient. For motion in a straight lime only one parameter is 
used, usually X. For a car moving along a winding road, although the 
motion is not straight and flat, one parameter such as distance along the 
road is often sufficient. 

In motion analysis, just as in the position analysis in Block 1, you will need 
one parameter for each relevant degree of freedom. In some problems this 
will mean choosing just an x-axis, sometimes a pair of rectangular axes 
with appropriate position and orientation, sometimes an angle, and 
occasionally some other variable such as a path length. One point to bear 
in mind is that in some problems you will only be interested in velocities 
and accelerations. In this case the position of the origin of your axes will 
not matter, but the orientation of the axes will matter because that will 
indicate the direction of the X and y components of velocity and 
acceleration. 

Sometimes the axes are a h d y  apparent from the question itself - they 
have already been chosen and are implied by the phrasing of the question. 
If not, then it is up to you to choose convenient ones. This important step 
is aided by experience in problem solving. 

SA0 l 
In an (X, y) co-ordinate system with x East and y North, a fast ship has the 
following parameters: 

v.=8ms-',v,= -15ms-' 



A mechanism link pin has the velocity and acceleration indicated h 
Figure l. Express these as co-ordinate pairs (v,, v,) and (a,, g). 

. I have said that a antral  problem in Kinematics is deriving one quantity 
from another, e.g. acceleration from velocity. How is this actually done? 
You saw the principle in Unit 2. The exact method depends upon the form 
in which the information is given to you. The basic thing to remember is 
that acceleration is the time derivative of velocity, which is itself the time 
derivative of position. Figure 2 shows the speed-time curve for a motor car 
at maximum performance. Notice that the curve is not completely smooth 
- there are sharp corners in the curve at gear changes. 

Figure 3 shows the speed-time curve for a metal ball falling through a 
viscous liquid such as oil. In this case the curve is a smooth one. 

Because of the erratic shape of the car's speed curve it would be di5cult to 
6nd an aaurate algebraic representation of it, although by smoothing out 
the curve ('neglecting' the gear changea) I could h d  a rough approxi- 
mation. In the case of the ball in oil, for some conditions there is a 
remarkably accurate algebraic representation. The great advantage of this 
is that by the use of algebraic differentiation and integration it is possible 
to find an expression for the acceleration and position at any time. This is 
why engineers like to use 'analytic' models when possible - they are quick 
to analyse. However, the acceleration and position of the ball could be 
found by the graphical methods you used at the end of Unit 2, and the 
advantage of this method is that it can be applied to peculiarly-shaped 
graphs without any particular problems. 

Such k i i a t i c  information is likely to be presented to you in one of three 
forms. Firstly, graphical - such as the case of the car. Secondly, as an 
algebraic expression, otten in polynomial form, for example x = a + bt 
+ cta + dts + .-, when the expression has been made to fit experimental 




