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Scalars & Vectors ,

Your notes

Scalars & Vectors

Mechanics uses a variety of different scalar and vector quantities.

What are scalars?
= Scalars are quantities without direction, they only have a size (magnitude)
= e.g.aspeedof’7m/s,adistance of 5m, atime of 15 s oramass of 12 kg

= Scalars canonly be positive- you can’t have a negative distance or speed!

What are vectors?

= Vectors are quantities which also have a direction, this is what makes them more than
justascalar

= e.g.two objects with velocities of 7m/s and -7 m/s are travelling at the same speed
butin opposite directions

= Vector quantities can have positive or negative components

= Some examples of vector quantities you may come across are displacement, velocity,
acceleration, force/weight, momentum

= Displacementis the distance movedin a given direction from a starting point
= Velocityis aspeedinagivendirection (displacement over time)

= Accelerationis the changeinvelocity overtime

INITIAL VELOCITY u VELOCITY v AFTER
CONSTANT t SECONDS
ACCELERATION a

s METRES
INITIAL &’_yposmow AFTER
POSITION t SECONDS

| DISPLACEMENT s

ms~1 = m/s = METRES PER SECOND

ms=2 = m/s*= METRES PER SECONDS
SQUARED
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Vector quantities of displacement, velocity and acceleration

o

Worked Example

State whether each of the following is a scalar or a vector quantity.
a) Aspeedboat travels at 3m/s on a bearing of 052°

b) Agardenis1.7 mwide

c)Acaraccelerates at 5.4 ms=2

d) A filmlasts 2 hours 17 minutes

e)An athlete runs at an average speed of 10.44 ms™!

f) Aballrolls forwards 60 cm before stopping

Answer:
a) VECTOR @’—E’SPEED WITH A GIVEN DIRECTION IS VELOCITY
b) SCALAR HA LENGTH WITH NO DIRECTION|
¢) VECTOR e—EACCELERAﬂON HAS DIRECTION|
d) SCALAR <<—{TIME HAS NO DIRECTION|
e) SCALAR HSPEED WITH NO DIRECTION IS A SCALAR
f) VECTOR é—E:DLSPLACEMENT HAS DIRECTION]

o

Examiner Tips and Tricks

= Make sure you fully understand the definitions of all the words in this section so
thatyou canbe clear about what your exam questionis asking of you

= Vectors appearinbold (non-italic) fontin textbooks, on exam papers, etc(i.e. F, a
) butin handwriting should be underlined(i.e. E, a)
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Fundamental Units ,

Your notes

Fundamental Units

What are fundamental units?

= Fundamental units or S.l. units are the international standardised units used around the
world

= The three main units you will be using are:
= Length measuredin metres (m) (also called displacement)
= 1km=1000m,Tm=100cm,1cm=10 mm
= Time measuredin seconds (s)
= Thour=60 minutes, Iminute = 60 seconds
= Mass measuredin kilograms (kg)
= 1kg=1000g,1g=1000 mg

= Allother quantities can be measured in units derived from S.I. units
.

o

Worked Example

Convert the followinginto S.I. units:
a)27.8km

b) 3.8 hours

c)0.054¢

Answer:
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a) S| UNIT FOR LENGTH IS METRES (m)
27.8km x 1000 = 27 800 m

o 1km = 1000 m

b} SI UNIT FOR TIME IS SECONDS (s)
3.8 hours x 3600 = 13680 s

1 HOUR = 60 MINS x 60 SECONDS = 3600 SECONDS

¢) S| UNIT FOR MASS IS KILOGRAMS (kq)
0.54 GRAMS + 1000 = 0.000054 kg = 5.4 x 10~ kq

1kg = 1000 GRAMS

\
;
Examiner Tips and Tricks
= Make sure you fully understand the definitions of all the words in this section so
that you canbe clear about what your exam questionis asking of you.
= Make sure you are confident converting between fundamental S.I Units
e.g. 17minutesand 42 seconds =1062 seconds
2.4km=2400m
86000 mg=0.086kg.
= Watch out forexam questions using non S.I. units such as feet and inches or miles
perhour.
= Remembermass (measuredinkg)is not a weight (a force measuredin Newtons).
\

4

Your notes
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Derived Units ,

Your notes

Derived Units

What are derived units?

= Derived units for quantities such as velocity, acceleration and force etc. are
combinations of S.I. units

= Speed or Velocity = distance = time = m/s orms™' (Velocity is just speed with
direction)

= Acceleration = velocity + time =ms™' /s = m/s% or ms 2

= Weight or Force = mass xacceleration = kgms'2 orN (N = Newtons)

IF YOU EVER FORGET A FORMULA, USE THE UNITS
IT IS MEASURED IN TO FIGURE IT OUT
e.g. m/s=METERS + SECONDS = DISTANCE + TIME = VELOCITY

d SPEED OR VELOCITY = DISTANCE + TIME
m/s OR ms™*
v t (VELOCITY IS JUST SPEED WITH DIRECTION)
V ACCELERATION = VELOCITY =+ TIME
m/s? OR ms2
a t
F WEIGHT OR FORCE = MASS x ACCELERATION
kgms= OR N
m a (N = NEWTONS)

MAKE SURE YOU ARE CONFIDENT CONVERTING BETWEEN THESE
DERIVED UNITS e.g. 5.8 kmh" = 1.6 ms™

USING 1km =1000m AND 4hr =3600s

5.8 x 1000 + 3600 = 1.61 CONVERTS kmh™ INTO ms

o

Worked Example
(a) Convert the followinginto S.I. units
) 72kmh 2 i) 50 cmperminute iii) 14gcm3

Answer:
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Deal with each conversion in turn ,

a) (i) Derived S| unit for dcceleration is ms™ Your notes
72kmh? x 1000 + 3600° = 0.00556 ms2

1km = 1000 m o &E‘ 1 hour = 3600 seconds

(i) Derived S| unit for speed/velocity is ms™
50 cm min™ + 100 + 60 = 0.00833ms™

1m =100 cme ’&E 1 min = 60 seconds }

(i) If the units are unfamiliar carry out each conversion separately
14 gcm™ + 1000 x 100° = 14000 kg m-3

'1kg—'lOOOg ’Im—‘100cm
Be careful here, this is g/cm?

so we should multiply by
100° instead of dividing

(b) Acyclist takes 15 minutes to travel 2.54 km. Calculate the average speed inms™1?

Answer:
b) It is easiest to convert the units before calculating with them
15 mins = 900 seconds
x 60 &E‘ — Remember S|
1 min = 60 seconds } L Gl
254 km = 2540 m St
Seconds (s)
x 1000 Kil (ka)
1km = 1000 metres | iLograms (kg
g =D _ 2540 = 282ms"
T 900

If you do use origindl units to calculate make sure
you convert the units at the end

x 1000 + 60 =2.82ms™

'l km = 1000 m o KE 1 min = 60 seconds

-

Examiner Tips and Tricks

= Watch out forexam questions using non S.I. units such as feet and inches or miles
perhour.

= Make sureyou are confident converting between these derived units,

= Rememberspeed s velocity without direction and weight is a force measuredin
Newtons, not amass measuredin kg.
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= |fyoueverforgetaformula, use the unitsitis measuredinto figureit out, ,

e.g.m/s = metres + seconds = distance + time = velocity. Your notes
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Types of Force 4

Your notes

Types of Force

Whatis a force?
= Aforceisavector quantity, it has both magnitude and direction
= Aforceisapushorapullonanobject
= Aforceis measuredin Newtons

= |nAlevelmathematical models, forces act at a single point called a particle which
occupies asingle pointin space

What types of force are used in mechanics?
= Weightis the effect of mass and gravity, it always acts downwards
= Tensionis apulling force, it always acts away from an object
= Thrustis a pushing force, it always acts towards an object
= Frictionis aresistive force, it acts to oppose the motion of an object

= Every surface will produce areaction force, it will always act perpendicular to the
surface

Mass, Gravity and Weight
= Massis ameasure of the amount of matterinan object
= Massis ascalar quantity, measured in kilograms, kg
= Massisuniversal, it does not change based onlocation

= Gravity is the force by which a body (usually a planet or a star) pulls objects towards its
centre

= gisthe acceleration due to gravity, measuredinms ~2
. OnEarth,gisapproximately9.8ms'2,althoughitsexactvaluevarieswithIocation
= gisdifferent elsewhereinthe universe

= Weightis the product of mass and gravity, itis a force measuredin Newtons
= Weightis a vector quantity

= Weight varies with location

= Weight always acts vertically downwards towards the ground
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TYPES OF FORCE SUMMARY ,
Your notes

WEIGHT
(MASS AND GRAVITY)

s W=mgN

og=9.8ms—2 UNLESS
TOLD OTHERWISE

s WEIGHT ALWAYS ACTS

DOWNWARDS

e " FORCE, ACNG AWAY FROM
AND THRUST ,
AN OBJECT

TENSION

o THRUST (COMPRESSION) 1S
A PUSHING FORCE, ACTING
TOWARDS AN OBJECT

THRUST

T T
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° FRICTION AND/OR RESISTIVE ,
FORCES ALWAYS ACT TO Your notes
OPPOSE MOTION

FRICTION AND
RESISITIVE FORCES

FRICTION —>>
<«
\
7
R ° EVERY SURFACE WiILL
NORMAL
REACTION PRODUCE A REACTION
FORCE, PERPENDICULAR
TO THE SURFACE
° USUALLY CALLED R OR N
W

COULD BE ANYTHING...

... THE DRIVING FORCE OF
AN ENGINE

... THE BRAKING FORCE

... APPLIED BY A PERSON
PUSHING/PULLING

OTHER
FORCES

o

Worked Example

The diagram below shows a car towing a trailer by a light inextensible string.
Forces D,R,Fand TN act onthe carand caravan as shown.
Write a brief description of which each force represents.

Answer:

L ]
m
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THE NORMAL REACTION IS FROM
THE ROAD, NOT THE ROOF OF
THE CAR. IT IS DRAWN LIKE THIS
AS THE CAR IS MODELLED AS
A PARTICLE AND HAS NO SIZE RESISTANCE FORCES
R ON THE TRAILER MAY
BE DIFFERENT TO
THAT ON THE CAR

K\QTENSION ACTS AWAY FROM
THE OBJECT

D =DRIVING FORCE OF THE CAR

R = NORMAL REACTION FORCE FROM THE ROAD
F =FRICTION / RESISTIVE FORCE ON THE TRAILER
T =TENSION IN THE TOW ROPE

Examiner Tips and Tricks

= There are many phrases/words that can be usedimplying the types of force

= Braking - suggests thrust
= Airresistance - suggests aresistive force
= Always sketch a diagram and mark the forces on the diagram clearly

= |twillhelp youunderstand the problem
= Addmore things to the diagram as you progress through the question
= Youmay not even need all the forces from your diagram
= You should always round your answers to three significant figures, however if
using g = 9.8 ms~2 within a calculation, use two significant figures.

4

Your notes

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com

12


https://www.savemyexams.com/?utm_source=pdf

Modelling Assumptions 4

Your notes

Modelling Assumptions

What is modelling in Mechanics?
= Mechanics uses modelling to solve problems inreal life situations

= We use assumptions to simplify real life problems in order to turn them into equations or
graphs that can be solved

= \We will sometimes need to criticise or refine our assumptions to improve the model

REAL LIFE

1

A MAN THROWS A BALL FOR HIS DOG WHO JUMPS TO CATCH IT

MATHEMATICAL MODEL |

Y, :
SOME PARTS OF THE . THE MODEL IS ONLY
MODEL WILL BE MORE 15 | VALID FOR CERTAIN
OBVIOUS THAN ! VALUES OF x
OTHERS... !
WHAT DOES THE 0 zl g
1.5 REPRESENT?

y=—-05x>+18x + 15 0O<x<4

THE BALL IS THROWN
AT x=0 AND CAUGHT
AT X = 4 N¥WN JHL A9 NMOUHL

SI Al N3HM T1TvE FHL 4O
LHOIFH ONILHVLS JHL :HIMSNY

What types of modelling assumptions are there?

= Gravity is constant and vertical Air resistance is usually modelled as negligible and can
beignored

= Asmooth surface has no friction

= Arough surface has a frictional force between the surface and any object that makes
contact withit
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A particle has negligible dimensions, therefore forces will allact on a particle at the
same point

Arod orabeam should be treated as along, rigid particle
Auniform object’s mass is distributed evenly
Alight object has zero mass

Aninextensible object cannot be stretched

o

Worked Example

Two blocks, Aand B are attached by means of a light inextensible string running over a
smooth pulley. Block Ahas mass 0.7 kg and is accelerating along a smooth horizontal
surface, block B has amass 0.2kg. Both Aand B are modelled as particles. State how
the following modelling assumptions can be used inyour calculations:

a)Aand B are both particles.

b) The stringis light.

c) The stringis inextensible.

d) The pulley is smooth.

e) The surface Ais moving along is smooth.

Answer:

a) Dimensions and air resistance can be ignored

Particles have no dimensions so air resistance
cdnnot dact on the object

b) The tension is constant throughout the string (same at A and B)

Light objects have zero mass

¢) Acceleration will be the same for both blocks

Inextensible means the string cannot stre'tch}

d) The tension in the string is the same on both sides of the pulley

Smooth surfaces provide no friction]

e) There is no frictional force between the surface and block A

o

Examiner Tips and Tricks

s

Your notes
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Make sure you fully understand the definitions of all the words in this section so that ,

you can be clear about what your exam questionis asking of you.
Your notes
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