CHAPTER 2

VECTORS

2.1 Digtance and displacement

Digance is ameasure for which you will not need and explanation; the sandard measure of
digance is the metre with kilometres and millimetresin congtant use. We will returnto a
previous example to explain displacement, the satement ™Y ou will need to travd three
kilometresto get home" is ussful but you may aso need to know the directionto travel. A
digance with adirection is a displacement. Displacement is an example of avector, a vector
isaquantity with both alength (or magnitude) and adirection, for avector quantity we will dso
need to identify the correct units for a complete description.

When we drive through the suburbs following aroad map we drive dong one dreet (ina
particular direction for a particular distance) and then we turn and follow another street and so
on. Each trip dong agreat is a digolacement, our totd journey isthe sum of these
digplacements. Vectors add together in asmilar fashion, one follows the other in sequence. If
we take ashort cut then another set of displacement vectors will get usto the same degtination,
if wetrave directly in agraght line (as the crow flies) we find that one diolacement vector
represents the sum of dl the other journeys.

2.2Vectors

While displacement is agood example of avector many other quantities are measured or
specified in vector form, in this course we shdl encounter forces, momentum, and the eectric
and magnetic fidds. If we do not need to specify adirection we have a scaar quantity, distance
isascda we may not need to know the direction we are going, the disance donewill hdp us
esimate how long we will take and how best to trave. Other examples of scaarsthet we have
met are mass and volume, timeis another common scaar. Vectors are distinguished from scaar

® ®
quantities uang bold symbolsthus A. Other forms of notationare A or A or AB. A vector
is represented in adiagram thet indicates its magnitude by a (scaled) length and the direction by

anarow.

Asthings gand it is hard to describe this picture, this becomes eesier if we add the usud
X and y axes.
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Inthissat of Cartesan (,y) co-ordinates we have shown the perpendicular projectionsof A on
to the x and y axes, these are called the components of the vector, the x-componentisA, and
the y-component is A, Asthe projections form arectangle (or two congruent right-angled
triangles) we can find the length of the vector, A (often written |A|) using the Pythagorean

theorem
A =JA§+A§.

Y ou should dso know enough trigonometry to recognise thet
A, =Acosq
and A, = Asing,
where gisthe anticlockwise angleto A from the x-axis. The dope of A isfound from
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2.3 Adding vectors

Vectors add together in the same fashion as the displacements added together, when we
described ajourney dong different streets. One vector starts a the same point that the previous
vector finished, the sum of the vectorsis the direct digolacement from the beginning of the first
vector to the end of the last one.

A+R

A

Whilethis pictureis a useful representetion of the vector sum we can only determine A+B using
direct messurements with aruler and a protractor. To determine the sum mathematically, we
add the components

(A+B),=A,+B,
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It isadso acommon practise to draw dl vectors as garting a the origin, in this representation
their sumisadiagond of the paraldogram formed between the two vectors
by

A+B

Thelengthof A+B is
2
A+Bl=4[A, +B,) +(a, +B))
and the angle between A+B and thex-axisisfound from
2,8,
tanqz(
A, +B,)
In writing these formulae we had to use VA + BY4to describe the length of A + B the quantity
described as A + B isnot the length of A + B.

If you have dready met diagrammatic vector representation, you will know thet the difference of
two vector requires alittle thought before you can draw it. However if we usethe dgebraic
form we can easlly find the difference between two vectors

(A - B)X=AX- B,
| (A-B),=A,-B,

24 7Zero ums

When we gart to discuss forceswe will seethat it is necessary condition for equilibriumis: the
sum of the forces acting on a body must be zero. In common problems you will be given two
forces and will need to find athird force thet will give this equilibrium condition. The vector
dgebratha we must magter to interpret equilibrium can be Sated as: given two vectorsfind the
third vector thet givesthem a zero sum, or given A and B find C so that:

A+B+C=0.

The problem may wdl comein amixed form, such as
given A, =A cosg,
A, =A s,
and avector of length B that makes an anglef g with the y-axis, whét is the length and direction
of athird vector that completes a zero sum?
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Tofind Cweneedtoknow dl of A,, A, B, and B Theanglefrom the x-axisto B isf g plus
90° and we can write
B,=Bcoyf z+90°)=-Bdnfg

and B,=Bdn(f g +90°) =B cosf ;.
Next we rearrange
A+B+C=0
as Cy=-A,-By
and G =-A-B,
or C,=-Acosg, +Bdrfg
and C,=-Asdng, -Bcosfg .

Theselagt two equations give us both components for C and these values endble usto draw C
in the falowing diagram.

:—C?
Thelength of C (or ¥£Y) isfound from

C=.ci+c?
y

« €, ¢

g, =acian +

while &, o

and in our example we would expect this angle to lie in the fourth quadrant.

Another common case thet requires zero sum vectorsiis the gpplication of theprinciple of
conservation of momentum, when two partides callide the sum of ther find momenta must be

equd to the sum of thelr initid momenta. Symbalicdly thisiswritten as
pai + pbi = paf +pbf

14



Tofind the find momentum of partide b thet is p; We would use

(pbf)x :(pai)x +(pbi)x - (paf)x
and (pof)y:(pai)y"'(pbi)y' (paf)y"
For both examples of vector sums given in this section you are not expected to learn formulae,
rather you are expected to take numerica examples and solve them by goplying the techniques
outlined in this section.

2.5 Relative quantities

In al messurements that you make the result is a quantity thet is given with reference to another
quantity; for example, if the gpesdometer of your car reads 60 km hr-1 you may not think that
you are speeding, but if the "peedo” doesn't Sart to register until the car ismoving a 30 km hr-
1 then you should not trust subsequent readings. Again the statement thet "1 have been here for
two hours" implies that two times were measured , one & the beginning and the other when the
caculaion was made.

The rule for finding quartity B relative to quantity A, isto subtract thevaluefor A fromB. If s,
isthe displacement of A ands; isthe displacement of B,  then the digplacement of B relative
toAis

Sga=Sg " Sa -
Vay often, agiven timeinterva iswritten as

tingeadof t - t,
where thetimeis rdativeto t, = O (perhaps the time when a topwatch was Started).
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