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F=ma /

Your notes

F=ma

Whatis Newton’s first law of motion?

= Anobjectat rest will stay at rest, and an object moving with constant velocity will
continue to move with constant velocity, unless an unbalanced force acts on the object

= Thislawis explored more in 3.1.1Equilibriumin 1D and 3.1.2 Equilibrium in 2D but has
beenincluded here forcompleteness

What is Newton’s second law of motion (N2L)?

= Theresultant force (F, ;) acting onabodyis equal to the product of the mass of the
body andits acceleration

= F=ma
= [istheresultant force (N)
= misthe mass(kg)
= aistheacceleration(ms)

= Thiswill probably be the most familiar of Newton’s Laws of Motion as it has an equation (F
=ma)that you willuse frequently in mechanics problems.

Whatis Newton’s third law of motion?

= Fortwo bodies, the force exerted on the second by the firstis equal in magnitude but
oppositein direction to the force exerted on the first body by the second

= Thisis sometimesloosely referred to as “forevery action there is an opposite and equal
reaction”

Whendoluse F=ma?
= Useitto setup and solve equations when motionis involved

= Somerelated equations may come from the constant acceleration equations (‘suvat’)
but F= mais needed when force(s) and mass are mentioned orinvolved (neither force
nor mass are involved in the ‘suvat’ equations)

= |fnotaskeddirectlyinaquestionit willbe implied by the information given - motion and
acceleration will be involved and the mass of the particle will be relevant too

How do | solve problems using F = ma and suvat
equations?

= F=macanbeusedinconjunctionwith the ‘suvat’ equations - the linking connectionis
acceleration (a)
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= ‘suvat’ only questions will notinvolve mass or (resultant) force ,

= Step 1. Draw a diagram and label all forces acting on the particle(s) Your notes
= |abelthe positive direction and any other usefulinformation
= |f adiagramis given, add anything missing to it

= Step2.UseN2L,F=ma,oranappropriate ‘suvat’ equation.
= |fthereis more than one particle involved you may have to do this foreach

= Step 3. Solve the equation

= |nharder problems simultaneous equations may arise.

How do | deal with forces acting in different
directions on a moving particle?

= AtASlevel,if forces are actingin different directions, those directions willbe
perpendicular to one another

= Thus nearly all questions at AS level involve forces acting horizontally (x-direction)
and/or vertically (y-direction)

= |nsuchcaseswe apply N2L (F = ma) and ‘suvat’ equations separately to both directions

IF F-F=0 THEN F,=0 HORIZONTALLY AND
THE PARTICLE IS NOT IN MOTION IN THE

HORIZONTAL DIRECTION,

KN IF F—FE=0 THEN F.=0 VERTICALLY AND THE
PARTICLE IS NOT IN MOTION IN THE VERTICAL
DIRECTION.
USE F..=0 TO SET-UP AND SOLVE PROBLEMS
< > IN EITHER OR BOTH DIRECTIONS AS
EN FEN  APPROPRIATE

(NOTICE HOW FE.,=0 1S N2L, "F = ma"
WITH "a=0"

IF F-FE#0 AND/OR E-F#0 THEN THE

4

PARTICLE IS IN MOTION. USE F..=ma TO
SET-UP AND SOLVE PROBLEMS IN EITHER OR
BOTH DIRECTIONS AS APPROPRIATE.

How do luse F = main problems involving weight?
= Weightisaforce
= W=mgNwhere gms~?isthe acceleration due to gravity
= Weight always acts vertically downwards (towards earth)

= |fupwardsis the positive direction (and assuming no other vertical forces are
involved) then acceleration would be negative, a=-9.8 ms™2
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AN APPLE, OF MASS mkg, FALLING UNDER THE
FORCE OF ITS OWN WEIGHT ONLY.

APPLYING N2L ="F = ma":
WEIGHT IS THE ONLY FORCE ACTING ON THE APPLE

W = ma

&q ms2

s

Your notes

TAKING THE POSITIVE DIRECTION AS DOWNWARDS

a=g (ACCELERATION DUE TO GRAVITY)

SW=mg
W N
NOT JUST APPLES!

o

Worked Example

has velocity 35 ms"!
(a) Find the acceleration of the train engine.

Answer:

al  Step 41: Draw a sketch

Write down known values...

t=38
S= 250
V=35

...and what we are finding
a

1 .2
's=vt-—at’"
STVETR

Step 3¢ Solve
250 = 35x8 —%xc x 82

* a=0.9375 ms2

(b) Find the resultant force acting on the train engine.

Answer:

1, SaveMyExams
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THIS APPLIES TO ANY OBJECT OF MASS mkg,

Atrain engine of mass 5 tonnes is moving along a straight track with constant
acceleration. Inan eight second period, it covers a distance of 250 m at which point it

(We also know mass, but with no force
mentioned in part (a), we cannot use N2L,
'F = ma" to find the acceleration)

Step 2: Choose the appropriate ("suvat’) equation

Get more and ace your exams at savemyexams.com
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b)  Step 1: We can use the diagram from part (a)

Step 2: Choose the appropriate equation —
it must be 2NL, as ‘resultant force’
is involved
'F = ma"
m =5 tonnes =5000 kg kg is the standard
unit for mass

Step 3 Solve
F.. = 5000x0.9375 F..is resultant force

net n
o F.=4687.5N

net

(c) Giventhat the (only) driving force is 6250 N, find the total of any resistive forces
acting onthe trainengine.

Answer:

c)  Step 1: Sketch a diagram

RN <— /-, o) = DN
Total of the Driving
resistive forces force

Step 2: Choose an appropriate equation

Logical thinking in this case:
IIF

net

=D R

= Driving forces — Resistive forces"

Step 3: Solve
4687.5=6250 - R
R=6250 — 4687.5

o Total of any resistive forces is 1562.5N

o

Examiner Tips and Tricks

= Sketching, oradding to given, diagrams can help to understand problems and
can help you decide which direction to take as positive.
= Rememberthat F(in N2L)is the resultant force, sometimes seen as Fpet- be

by F. To avoid confusion, use quote marks around “F=ma" to show that the
quoted F, m do not necessarily correspond to a mentioned in the question.

= Depending onwhich directionis taken as positive, the resultant force, FN, may
be negative and/or acceleration, am s 2, may be negative (this is particularly
relevant for vertical motion)

carefulnot to get it muddled with any other forces that are, or could be, denoted

s

Your notes
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= Write alist of the quantities that are givenin a question and another list of those ,
you are asked to find. This will help you decide which equation(s) to use.

= Athirdlist of the quantities you are not concerned can help as these may be used Your notes
to find intermediate results.
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Connected Bodies (Ropes & Tow Bars) ,

Your notes

Connectedbodies (ropes & tow bars)

What are connected bodies/particles?

= The phrase connected particles refers to situations where two (or more) bodies
(objects) are connectedin some way.

= Common examplesinclude:
= acartowinga caravan or trailer
= aloadbeingraisedbyalift(3.2.3)
= two bodies connected by arope that passesoverapulley (3.2.4)

= Problems may involve the particles being stationary (in equilibrium) orin motion - in the
latter case Newton’s Laws of Motion will be involved.

What are Newton’s laws of motion?

= Full details of Newton’s Laws of Motion canbe foundin 3.2.1F = ma but Newton’s Third
Law of Motion (N3L) is particularly relevant for the problems covered in this note

= Fortwo bodies, the force exerted on the second body by the firstis equal in
magnitude but opposite in direction to the force exerted on the first body by the
second

How are ropes modelled?

= Aropeistypically used to connect two inanimate objects such as blocks, crates,
containers, etc

= Arope would be modelled as alight inextensible string

= The modelling assumptionlight means the rope’s massis so small relative that it can
beignored

= Mathematically this means that the tensionin the stringis constant throughout
its length (i.e. tensionis equal on both sides of the string)

= The modelling assumptioninextensible means the rope cannot be
extended/shortenedinlength

= Mathematically this means that both connected particles will have the same
acceleration

= Astring would only be in tension (not thrust - see tow bars for thrust)

= Astring can go slack - forexample if one particle is disconnected - in which case
the model being used would no longer apply and a new scenario would ensue with
no tension involved
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TN TN /

Your notes

THE CONNECTION BETWEEN TWO BLOCKS (ROPE) WOULD BE
MODELLED AS A LIGHT INEXTENSIBLE STRING, WITH TENSION
IN THE STRING ACTING AWAY FROM THE BLOCKS

What are tow bars and how are they modelled?

= Atow baris a mechanism by which a car (or similar vehicle) canbe connectedto a
caravan, trailer (or similar)

= Atow baris modelled as alight (inextensible) rod
= Arod caneitherbeintension orthrust (compression)

= Foracartowinga caravan by alightrod, the rod would be in tension when the
caris accelerating, thrust whenitis decelerating

THE CONNECTION BETWEEN A CAR (TOW BAR) AND A CARAVAN
(TOW HITCH) WOULD BE MODELLED AS A LIGHT ROD

UNDER ACCELERATION THE ROD WOULD BE IN TENSION
(USUALLY DENOTED BY T N)

UNDER DECELERATION THE RCD WOULD BE IN THRUST
(THRUST IS ALSO USUALLY DENOTED BY T N SO BE CAREFUL
WHICH WAY THOSE ARROWS ARE FACINGD

Whatis a coupling?

= Acouplingis ageneraltermreferring to the connection between two objects - usually a
relatively complex system, such as how two train carriages are connected - but for
modelling purposesis simplified to a string or rod

4 SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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How do | solve problems involving tow bars and
ropes?

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

If a particleisin motionin the direction being considered, then Newton’s Laws of
Motion apply souse “F=ma” (N2L)

If a particleis notin motionin the direction being considered then “F = 0” can be used,
although

“F=ma” with “a = 0” will also work
Step 1.Draw a series of diagrams,
= Labelthe forces and the positive direction of motion.
= Colourcoding forces acting on each particle may help.
Step 2. Write equations of motion, using “F =ma ” (orif no motion “F = 0”)
Step 3. Solve therelevant equation(s) and answer the question
= Some trickier problems may lead to simultaneous equations

If both particles are travelling in the same direction the system can be treated as one
particle (as well as separate particles)

= Thereisno tension at either side of the stringwhen the systemis treated as one -
mathematically they cancel each other out

For constant acceleration the ‘suvat’ equations could be involved

4

Your notes
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THE WHOLE SITUATION: | ,

R,N ams-2 R,N Your notes
—>>
DN
mkg | TN TN | mykg
F, N l F,N \L
myg N m,g N
TREATING THE PARTICLES AS ONE:|
(R,+R,) N
ams—2
—>>
DN
(m,+ m,)kg
(F,+ F,)N l
(tm,+ m,)g N
TREATING EACH PARTICLE SEPARATELY=’
R.lN ams~2 RzN ams™2
—>> —>>
DN

mkg | TN TN | mykg
% %
F, N l F,N l
m,g N m,g N

» ams2isthe acceleration of the system

= mikgandmykg are the masses of the two bodies

= mpgNandmygN are the weights of the two bodies

= TNisthetensioninthe string

= DNisthedriving force of the system

= FNandF;N are theresistive forces acting on the two bodies
= RyNandR2N are the normalreaction forces of the two bodies

= *Youdonotnecessarily need all diagrams but if in doubt draw all as they may help you to
understand the problem more clearly **
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How do | find equations for problems involving tow j
bars andropes?

= Formthe equations as follows:

= Treating the particles asone

Your notes

Horizontally (—) D - (Fy+ F5) = (m; + my)a

= Thereisnoverticalmotionsouse “F=0"

= (M (R+Ry)-(M+my)g=0

= (F=mawitha =0 willlead to the same equation)

= Treating each particle separately

= Particle 1. Horizontally (=) T-F;=msa

= Vertically(?) Ry -m;g = O (No motion)

= Particle 2: Horizontally (=)D -T-F, =mja

= Vertically(™) R, -myg =0 (No motion)

= Youdo notnecessarily need all equations but if in doubt attempt all and it may help you
make progress

o

Answer:

Worked Example

(a) Find the engine force from the plane.

Step 1: Sketch appropriate diagrams

Asmallplane, of mass 1250 kg, is towing a glider, of mass 300 kg, along a runway prior
to take-off and accelerates fromrest at a constant1.5ms=2.

During the take-off period the plane experiences resistive forces of 580 N, whilst the
glider experiencesresistive forces of 255 N.

The plane and glider are coupled by a tow rope which is modelled as a light
inextensible string.

MEE Normal reactions
RN R, N

Gli

P

TN TN

der

255N

1, SaveMyExams

300g N

EN

Plane >

580N
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Step 2: Write equations for each situation
a=15

Horizontally (=) from Step 2 above
E —835=2325

Step 3: Solve
~ E=3160N

(b) Find the tensionin the tow rope.

Answer:

(b) Looking at glider only
Horizontally (=) from Step 2 above
T — 255 = 450
Step 3: Solve
s T=705N

were needed to answer this question.

understand or start a problem.

o

1, SaveMyExams © 2026 Save My Exams, Ltd.

s

System as one: (Rg +RpIN  ———>> Your notes
N (=) E-2835=1550+*15
Glider + Plane ——> (1) Rg+R,—1550g=0
(255 + 580N
(300 + 1250)g N
. . a=15
Glider only: Rg N —>>
TN (=) T —255=300x15
Glider |——> (M Rg—300g=0
255N
300gN
. a=15
Plane only: R, N —_—>>
TN EN (=) E-T —-580=1250%15
Eah— Plane > (M R, —-1250g=0
580 N
1250g N
(a) Treat system as one to eliminate tension

Notice that neither all diagrams nor all equations

(For example, there was no vertical motion involved.)
We’ve included them here for completeness and highly
recommend you do all if you are struggling to

Get more and ace your exams at savemyexams.com
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Examiner Tips and Tricks ,

= Sketchdiagrams oradd to any diagrams givenin a question. Your notes
= |findoubt of how to start a problem, draw all diagrams and try writing an equation

foreach. This may help you make progress as well as picking up some marks.
= Do notdismiss anequationinadirection because thereisno motion -use “F=0"

to write an equation for that direction and you may be able to find one of the

unknowns in a problem.
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Connected Bodies (Lifts) ,

Your notes

Connectedbodies (lifts)
Whatis alift problem?

Alift probleminvolves objects (particles) that are directly in contact with each other -
typically a person or cratein a lift

Ifitis not a personin the lift the objectis oftenreferred to as aload

There may be more than two objects involved - for example two crates stacked on top
of eachotheronalift floor

Vertical motionisinvolved so use g ms=2, the acceleration due to gravity, where
appropriate

= Gravity always acts vertically downwards

= Depending onthe positive direction chosen - and which other forces are acting
vertically - acceleration (a m s~2) may be positive or negative

Remember that acceleration links F= ma (N2L) and the ‘suvat’ equations

How do | solve 'lift problem' questions?

Lift problems will only consider motionin the vertical direction
As motionisinvolved Newton’s Laws of Motion apply so use “F=ma” (N2L)
The steps for solving lift problems are the same as for solving rope problems

Asboth the lift and load are travelling in the same direction the system can be treated as
one particle (as well as separate particles)

= Thereisnoreactionforce acting on the lift orload when treating the particle as one
- mathematically they cancel each other out

= You can think of the upward force as counteracting the person’s weight and moving
the load upwards; N3L applies so there must be an equal force actingin the
opposite direction; - you can think of this as the force keeping the personin contact
with the lift floor whilstitis moving

For constant acceleration the ‘suvat’ equations could be involved

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

Your notes
]\R N ams™?

THE WHOLE SITUATION: |

Mg N L \L RN
mg N
TN
TREATING THE LIFT AND
PERSON/LOAD AS ONE:
ams2
(M+mlgN
TN
TREATING THE LIFT AND
LOAD SEPARATELY:
ams™? RN ams?
l/ (Mg +R)N mg N

How do | find equations for problems involving lifts?

= Formthe equations as follows:
= Treating theliftand person/load as one
= VWM+m)g-T=(M+m)a
= Treating thelift and person/load separately
Lift: (V) (Mg+R)-T=Ma
= Person/load:(V)mg-R=ma

= Youdo notnecessarily need all equations but if in doubt attempt all and it may help you
make progress

[
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P4
Worked Example Your notes

Alift of mass 800 kg is moving vertically downwards with acceleration 0.3ms 2. A
load of mass mkglies on the floor of the lift. The reaction force exerted on the load by
the liftis 399 N.

TN

la=03ms™

800g N mg N

(a) Briefly explain how the force of 800g N arises in this problem.

Answer:
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(a) The force 800gN is the weight of the lift. /
"W =mg" so the weight of the lift is the product

of its mass, 800 kg, and gms-2, the acceleration due Your notes
to gravity. Weight always acts vertically downwards.

Step 4: Sketch appropriate diagrams
(You can add to the given diagram)

fs

399N
/P a=0.3ms™
SOOgN‘l’ mg N \I’SQQN
System as one: Lift only: Load only:

fr fs

399N

a=0.3ms™2
a=0.3ms™?
—>
a=0.3ms™?

(800 + mlg (800g + 399) N mg N

Step 2: Write equations for each situation
(800 + m)g — T = (800 + m) 0.3
(800g +399) - T =800+0.3
mg — 399 =m=x=0.3

Step 3: Solve the appropriate equations (s)

(b) Find the mass of the load, mkg .

Answer:
(b) The "load only" equation involves m only

mg—399=0.3m

mlg — 0.3) =399

399
M oB—03 -4
- m=42kg
4 SaveMyExams © 2026 Save My Exams, Ltd. ~ Get more and ace your exams at savemyexams.com 17
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(c) Find the tension, TN, in the cable of the lift. ,

Answer: Your notes

(c) The "lift only" equation involves T only
(800g +399) - T =240
T =800=9.8+ 399 - 240 =7999N

. T=8000N (2sf)

Notice that neither dll diagrams nor dall equations
were needed to dnswer this question.

(The "system as one" was not needed.)

We've included them here for completeness and highly
recommend you do dll if you are struggling to
understand or start a problem.

=

Examiner Tips and Tricks

= Sketchdiagrams oradd to any diagrams givenin a question.

= |findoubt of how to start a problem, draw all diagrams and try writing an equation
foreach. This may help you make progress as well as picking up some marks.

= Watch out for “hiddenlift” problems - we’re not strictly talking elevators here! For
example, aload being raised by a crane; the “lift” would be a platform (such as a
pallet) and the “lift cable” would be the cable connecting the crane to the load.
Anothercommon alternative is a fast rising (or falling) fairground ride.
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Connected Bodies (Pulleys) 4

Your notes

Connected bodies (pulleys)
Whatis apulley?

Apulleyis awheel like device that rotates as a string passes over it allowing motion of
any particles attached to the string

Pulleys allow a (inextensible) string to change its orientation

In Alevel mathematical models, pulleys will always be smooth and light, so thereis no
frictioninvolved at the pulley and its massis negligible

Apegis similarto a pulley butis a fixed point that a particle can be suspended from (like a
nail in a wall)

HAE a

EXAMPLES OF PARTICLES CONNECTED BY A LIGHT INEXTENSIBLE
STRING PASSING OVER A SMOOTH PULLEY.

NOTE HOW, IN BOTH CASES, THE PARTICLES ARE TRAVELLING

IN DIFFERENT DIRECTIONS.

How do | solve pulley questions?

In all pulley questions the particles are moving in different directions so are considered
separately rather than the system being treated as one

If a particleisin motionin the direction being considered then Newton’s Laws of Motion
apply souse “F=ma” (N2L)

For constant acceleration the ‘suvat’ equations could be involved
Step 1. Draw a series of diagrams
= |abelthe forces and the positive direction of motion for each particle.

= Colourcodingforces acting on each particle may help

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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4

N
\./ Your notes

| THE WHOLE SITUATION: ]

TN

ams? En;l oo
m,g N E"QEI $dms'2

m,g N

TREATING EACH PARTICLE SEPARATELY:|

TN

ams™2 E“:I oo
m,g N IE“QEI $c|ms'2

m,g N

© <

= Step 2. Write equations of motion, using “F=ma”
= Equations1and 2: Treating each particle separately
(MNT-mg=ma
(V)mog-T=moa
= Step 3. Solve the relevant equation(s) and answer the question

= Some trickier problems may lead to simultaneous equations

o

Worked Example

Ablock of mass 25 kg lies on a smooth horizontal table. Alight, inextensible string
passes over a smooth pulley attached to the edge of the table. The string connects

the 25 kg block to another, of mass 60 kg, that hangs freely as shown in the diagram
below.

The systemisreleased fromrest.

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 20
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s

aﬂsdz Your notes
25| TN
kg
‘ TN
i: fams?

Find the tension, TN, in the string and the acceleration, ams=2 ,of the system.

Answer:

Step 1: Sketch appropriate diagrams (You can add to the one given)

ams?
RN /I\ —>>
TN
25gN TN
:Lu ms?
60gN
25 kg block only: 60 kg block only:
ams™2
RN /]\ —> q\T N
TN y m -2
259N 60gN

4 SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 21
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Step 2: Write equations for each ,

(=) T=25a Your notes
() 60g-T =60

(We are not concerned with R sodo not need
to consider the vertical direction)

Step 3: Solve the appropriate equation(s)
Both equations involve T and a so solve simultaneously

T = 25a "
60g—-T =60a **

Substitute * into ** 60g — 25a =60a

85a = 60g
12
=12, -6.91764... g =938
a=379 g

T =25x6.91764 = 172.941...

T =173N (3s.f.)
a=6.92ms2 (3s,f.)

\
;
Examiner Tips and Tricks
= Sketchadiagram oraddto adiagram givenin a question.
= Allpulleys are smooth and light; in many questions the pulley itself can be
ignored.
= |npulley questions the particles willbe moving in different directions - so each
particle needs to be considered separately.
= |f one particleis on ahorizontal surface (such as a desk or table) then the weight
only need be considered if frictionis involved (since F = pRand Ris related to
weight).
L
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F = ma & Vector Notation /

Your notes

Forcesin 2D - Vector Notation

How are forces and vectors linked?
= Forces are vectors - they have magnitude and direction.

= The magnitude of a force is measured in Newtons and the direction of aforceis an
angle, usually measuredin degrees, anti-clockwise from the horizontal

= There are otherways to talk about direction - in particular Cartesian coordinates(x, y)
are used to describe the position of a pointin two-dimensional space (plane), relative to
afixed origin O.

= Youmay see questions start with a sentence along the lines of “Relative to the frame of
reference Oxy ..” - thismeans the two-dimensional space (plane) and distances within it
willbe based on horizontal (x) and vertical (y) components relative to the origin O.

What is vector notation?

= Forcesin 2D should be givenin the form pi+gjwhereiandjare unit vectors
= Both columnvectors andi, jnotation can be used for calculating resultant vectors

= Columnvectors can be useful when calculating with vectors as mistakes are less
common, but you mustremember to change the answer back toi, jnotation form

= Aforcewrittenasavectoris written with its two components separated so the
magnitude and direction of the vector are not directly known

What are the notations for magnitude and direction?

= The magnitude of the force FN would be denoted by |F|N or FN - notice the use of
bold anditalics in particular

= Directionis anangle, usually measuredin degrees anti-clockwise from the horizontal, 6°
isusually used

How dol find the magnitude and direction of a force fromits
components?

= ForaforceF=xi+yjNtofind
= itsmagnitude, [F|NorF N, use Pythagoras’ theorem

= jtsdirection(asanangle), use adiagram and trigonometry
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4

F=xi +y} OR Fz(")
- R 4 Your notes

FN
yN F’=x2+ y2  (PYTHAGORAS’)

0_ y
eo tan@ =%

7

x N

FINDING THE MAGNITUDE AND DIRECTION OF A FORCﬂ

I'<

= |f either (orboth) components are negative then still use a diagram and tan 0° =
X

but

= treatxandy as positive (so |x| and |y| strictly speaking)

= theanglefoundfromtan 0° = %mayneedadjustingdependingonwhere,and

which way, the directionis being measured from
e.g. Find the direction at which the force F = (-8i - 6j) N, giving your answer as an
angle measuredin degrees anti-clockwise from the positive horizontal direction

180° o_ 6
3N m _________ tanb = 3
0 6= tan™ (%) (= 36.869..%)
6N
FN 180° + tan™ (%) = 216.860..°

5 0'=216.9" (1d.p)
DIRECTION OF FORCE FN,
MEASURED ANTICLOCKWISE FROM
THE POSITIVE HORIZONTAL
DIRECTION, 1S 216.9° (1d.p.)

FINDING THE MAGNITUDE AND DIRECTION OF A FORCE
WHEN COMPONENTS ARE NEGATIVE

What does equilibrium with vectors mean?

= |ntwo dimensions a particle is in equilibrium if the resultant force acting onitin both

directionsis zero

= Forvectorsini-jnotation, aresultant force of zero would look like (Oi + Oj) N

= Bothforms may be writtenas O N (called ‘the zero vector’)

o

Worked Example
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Two forces, (3i + 8j) N and (—5i — Ilj) N act on a particle. ,

(i) Find the resultant force. Your notes

(i) Find the magnitude of the resultant force and its direction as an angle
measured anti-clockwise from the i-direction.

(iii) A third force is applied to the particle such that it is brought into equilibrium. Find
the third force, giving your answerin the form (Xi + y_]) N

Answer:

(il Let the resultant force be FN.
F=(3i+8))+ (=5 — 1)

& EN=(-2i-3)N

() F'=(=2+(-3"=13
Draw d diagram to help find the required direction

180°

tanf’ = %

Direction is 180" + tan™ (%)

FN

<~ Magnitude of FN is FN= \13' N
The direction of FN is 236.3° (1 d.p.)
anti—clockwise from the i—direction

(i) From part (a) we know the first two forces
give a resultent force F =(-2i-3jIN

S P+ xi+yd=0 (0 =0i+0j, the ‘zero vector’)

(-2+x)=0, x
(=3+y)=0, y=

2
3

» The third force is (2i + 3jIN

\
;
Examiner Tips and Tricks
= |deally you should stick to the i-,j- vector notationusedin a question butif you
preferto use column vectors within calculations you can use a mixture within the
same question. Justbe careful your final answerisin the correct format.
= Draw diagrams - including ‘mini’-diagrams of individual forces/vectors - this can
helpinunderstanding a problem and being accurate.
\
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