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Scalars & Vectors

+ Ascalaris a quantity which only has a magnitude (size)
+ Awvectoris a quantity which has both a magnitude and a direction
= Forexample, if a person goes on a hike in thewoods to a location which is a couple of miles
from theirstarting point
o As the crow flies, their displacement will only be a few miles but the distance they
walked willbe much longer
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Displacement is a vectorwhile distance s a scalar quantity

+ Distanceis a scalar quantity becauseit describes how far an object has travelled overall,
but not the direction it has travelledin

« Displacementis a vector guantity because it describes how far an object is from whereit
started and in what direction

« Somecommeon scalar and vector quantities are shown in the table below:
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Scalars and Vectors Table

SCALARS VECTORS

DISTANCE DISPLACEMENT

SPEED VELOCITY

MASS ACCELERATION

TIME FORCE

ENERGY MOMENTUM

VOLUME

DENSITY

PRESSURE

ELECTRIC CHARGE

TEMPERATURE - 7
¢) ExamTip

i Do you have trouble figuring out if a guantity is a vector ora scalar? Just think - can

this quantity have a minus sign? Forexample - can you have negative energy? No.
Canyou have negative displacement? Yes!
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Combining Vectors
* Vectors arerepresented by an arrow

¢ Thearrowheadindicates the direction of the vector
e Thelength of the arrow represents the magnitude

* \ectors can be combined by adding them to produce the resultant vector
o Theresultant vectoris sometimes known as the ‘net’ vector (eg. the net force)

+ There are two methods that can be used to add vectors
o Calculation - if the vectors are perpendicular
o Scaledrawing - if the vectors are not perpendicular

Vector Calculation

* Vectorcalculations will be limited to twovectors atright angles
» This means the combined vectors produce aright-angledtriangle and the magnitude
(length) of the resultant vectoris found using Pythagoras’ theorem

MAGNITUDE OF THE IT VECTOR, R

a
[1][ADD TWO VECTORS aab | = > b
/
b
|LINK THE VECTORS HEAD-TO-TAIL|
a
FORM THE RESULTANT VECTOR R
FROM LINKING THE TAL OF a TO b
THE HEAD OF b
a
R= JJCIR'I- lD2
CALCULATE R USING PYTHAGORAS' ; b
THEOREM

a
The magnitude of the resultant vector is found by using Pythagoras’ Theorem
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+ Thedirection of the resultantvectoris found from the angle it makes with the horizontal or

vertical
o Thequestion shouldimply which angleitis referring to (ie. Calculate the angle from the

®-axis)

+ Calculating the angle of this resultant vector from the horizontal or vertical can be done
using trigonometry
o Eitherthe sine, cosine ortangent formula can beused depending on which vector
magnitudes are calculated

DIRECTION OF THE RESULTANT WVECTOR, R

ANGLE OF R FROM ANGLE OF R FROM
THE HORIZONTAL THE WERTICAL
4
hyp B b hyp B b
2 opp adj
. d a
adj opp
s 2RP b _ 3PP it
tan ad) a tanB8 = ad) = b

The direction of vectors is found by using trigonometry

Scale Drawing
+ When twovectors are not at right angles, the resultant vectorcan be calculatedusing a
scaledrawing
o Step1: Linkthevectors head-to-tail if they aren’t already
o Step 2: Drawthe resultant vectorusing the triangle orparallelogram method
o Step 3: Measurethelength of the resultant vectorusing a ruler
o Step 4: Measure the angle of theresultant vector (from Morth if it is a bearing) using a
protractcr
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ANGLES FOUND USING
A PROTRACTOR

LENGTHS OF
VECTORS DRAWN
WITH A RULER

SCALE
1em = 1m

ALWAYS CHECK THE SCALE TO
CONVERT BACK TO THE UNITS
NEEDED (IN THIS CASE, METRES)

Ascale drawing of two vector additions. The magnitude of resultant vector Ris found using
arule andits direction is foundusing a protractor

+ Notethatwith scaledrawings, a scale maybe given for the diagram suchas1cm=1km
since only limited lengths can be measurad using a ruler
* Thefinalansweris always converted back to the units needed in the diagram
o Eg.Forascaleoflcm =2km, aresultant vector with alength of 5 cm measured on your
ruleris actually 10 kmin the scenario

* There are two methods that can beused to combine vectors: the triangle method and the
parallelogram method
* Tocombinevectors using the triangle method:
o Stepl:link the vectors head-to-tail
o Step 2: theresultant vectoris formed by connecting the tail of the first vectorto the
head of the second vector

+ Tocombinevectors using the parallelogram method:
o Stepl:link thevectors tail-to-tail
o Step 2: complete the resulting parallelogram
o Step 3: theresultant vectoris the diagonal of the parallelogram

Vector Addition

, Draw the vector c=a+b
@
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~

TRIANGLE METHOD

STEP 41: LINK THE VECTORS
HEAD-TO-TAIL

STEF 2: FORM THE RESULTANT
VECTOR FROM LINKING THE TAIL

/\"A

OF a TO THE HEAD OF b

c=a+b

PARALLELOGRAM METHOD

STEP 1: LINK THE VECTORS
TAIL-TO-TAIL

STEP 2: COMPLETE THE
RESULTING PARALLELOGRAM

STEP 3: THE

IS THE DIAGONAL OF THE PARALLELOGRAM

RESULTANT VECTOR

+b
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Vector Subtraction

9 Draw the vector c=a-b
(]

. Sy e B

FIRST REVERSE_THE DIRECTION
OF VECTOR b TO MAKE -b

TRIANGLE METHOD

STEP 41: LINK THE VECTORS
HEAD-TO-TAIL

STEP 2: FORM THE RESULTANT
VECTOR BY LINKING THE TAIL
OF a TO THE HEAD OF -b

PARALLELOGRAM

METHOD

STEP 4: LINK THE VECTORS
TAIL-TO-TAIL

STEP 2: COMPLETE THE
RESULTING PARALLELOGRAM
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-b -b

STEP 3: THE RESULTANT VECTOR
IS THE DIAGONAL OF THE PARALLELOGRAM

> Worked Example
L ]

Ahikerwalks a distance of 6 km due east and 10 kmdue north. Calculate the
maagnitude of their displacement and its direction from the horizontal

Step 1: Draw a vector diagram

(O Km

okm
Step 2: Calculate the magnitude of the resultant vector using Pythagoras’ Theorem

R =v6°+10°
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Step 3: Calculate the direction of the resultant vector using trigonometry

(o)

(0 Km

)

Gkm (o)
opposite 10
1an(®) = gjacent = 6

8 = tan’! %D) = 59°

) ExamTip
- Pythagoras' Theorem and trigonometry are consistently used in vector addition, so
make sure you're fully confident with the maths herel

Resolving Vectors

Two vectors can be represented by a single resultant vector
o Resolving a vectoris the opposite of adding vectors

Asingle resultant vectorcan beresolved
o This means it can be represented by two vectars, which in combination have the same
effect as the original one

When a single resultant vectoris broken down intoits parts, those parts are called
components

For example, a force vector of magnitude F and an angle of #to the horizontalis shown
below
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F IS A RESULTANT WVECTOR

YA

=<V

0]

Theresultant force F at anangle @to the horizental

+ |tis possible toresolve this vectorinto its horizontal and vertical components using
trigonometry

YA

el

Yooy

=V

Page 10 of 15
For more help, please visit www.exampaperspractice.co.uk




EXAM PAPERS PRACTICE

Theresultant force F can be splitintoits horizontal and vertical components

+ Forthe horizontal component, Fy=Fcos @
* Forthe vertical component, Fy=Fsin 8

Forces on an Inclined Plane

* Objects on aninclined planeis acommon scenario in which vectors need to beresolved
o Aninclinedplane, oraslope, is a flat surface titted at an angle, §

+ Instead of thinking of the component of the forces as horizontal and vertical, itis easierto
think of them as parallel or perpendicularto the slope
+ Theweight of the objectis vertically downwards and the normal (or reaction) force, Ris
always vertically up from the object
* Theweight Wis a vector and can be splitinto the following components:
o Wecos(t) perpendiculartothe slope
o Wsin (0) parallel tothe slope

= Ifthereis nofriction, the force Wsin () causes the object to move down the slope

(0)

The weight vector of anobject onaninclined plane can be splitintoits components parallel
and perpendicular to the slope
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) Worked Example

Ahelicopter provides a lift of 250 kN when the blades are tilted at 15° from the
vertical.

LIFT 250KN

Calculate the horizontal and vertical components of thelift force.

Step 1: Draw a vector triangle of theresolved forces

25050 (15)

950 ¢c05((S)

250N
A - '60

Step 2: Calculate the vertical component of thelift force
Vertical =250 xcos(15) =242 kN
Step 3: Calculate the horizontal component of thelift force

Horizontal = 250 = sin(15) = 64.7 kN
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¢) ExamTip
-
If you're unsure as to which component of the forceis cos #or sin @, just remember

that the cos dis always the adjacent side of theright-angled triangle AKA, making a
‘cos sandwich'

FcosB

F‘cos SANDWICH"

Equilibrium

* Coplanarforces can berepresented by vectortriangles
+ Forces arein equilibrium if an object is either

o Atrest

o Moving at constant velocity

* Inequilibrium, coplanar forces are represented by closed vector triangles
o Thevectors, when joined together, form a closed path

+ Themostcommon forces on objects are
o Weight

Mormal reaction force

Tension (from cords and strings)

o Friction

[

a

The forces on a body in equilibriurn are demonstrated below:
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A VEHICLE IS5 AT REST ON A SLOPE AND HAS THREE FORCES
ACTING ON IT TO KEEP IT IN EQUILIBRIUM

NORMAL
REACTION
R
FRICTION R
F F
)’V \; R
W
Vw -
WEIGHT
STEP 1: STEP 2: STEP 3:
DRAW ALL THE FORCES REMOWE THE OBJECT REARRANGE THE FORCES
ON THE FREE-BODY AND PUT ALL THE INTO A CLOSED VECTOR
DIAGRAM FORCES COMING FROM | | TRIANGLE.
A SINGLE POINT KEEP THE SAME LENGTH
AND DIRECTION

Three forces onan object in equilibrium form a closed vector triangle

* Worked Example

®
Aweighthangs in equilibriumfrom a cable at point X. The tensions in the cables are
Trand T2 as shown.

Which diagram correctly represents the forces acting at point X?
A B C D
T; T T T
w W W W
T, T, T, T

Page 14 of 15
For more help, please visit www.exampaperspractice.co.uk




FIE
EXAM PAPERS PRACTICE
ANSWER: A

STEP 1 IDENTIFY THE DIRECTION OF ALL THE FORCES

STEP 2 ARRANGE THESE INTO A VECTOR TRIANGLE KEEPING
THE SAME MAGNITUDE AND DIRECTIONS

T!
W
Ty
STEP 3 ENSURE THE DIRECTION OF THE VECTORS FORM

A CLOSED PATH

v X

O ExamTip

The diagrams in exam questions about this topic could ask you to draw to scale, so
make sure you have a ruler handy!
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