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Deriving the suvat Formulae 4
Your notes

Deriving the suvat Formulae

Whatis suvat?

= suvatis anacronym for the five quantities used when modelling motion in a straight-line
with constant acceleration

= s-displacement (fromthe starting point)

= u-initial velocity

= v-finalvelocity

= a-acceleration

= t-time
= Allexcepttime are vector quantities and can be negative

= timeisascalar quantity
What are the suvat (constant acceleration) equations?
= The five equations for motionin a straightline are:

v=u+t at

vZ = u? + 2as

1
s = 5(u+ V)t

1
s = ut + = at?
)

s = vt ——at?
2

= The equations canonly be used when the motion has constant acceleration
= Allequations connect four of the five quantities
= Knowing any three allows a fourth to be found

= Theequations are not provided in the exam so you need to memorise them

How do | derive the suvat equations?
= The fourequations thatinvolve time can be derived from a velocity-time graph
= The velocity-time graph will be a straight line as the acceleration is constant

= The fifth equation can be found by choosing any two of the equations and
eliminating the t variable (see the worked example)
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VELOCITY ,

v Your notes

GRADIENT = ACCELERATION
AREA = DISPLACEMENT
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.
Worked Example

Use the constant acceleration equations
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1 ,
s="—_ (u+v)tandv=u+at

2 Your notes

to show that
vZ=u2+2as.
Answer:

We need to eliminate the ‘t’

Step 1: Rearrange v=u+at
v —u
a

1t =

Step 2: Substitute into s= %(u + vt

1 v —u
=—
S > u+v)( . )

Step 3: Rearrange into the required form
2as = (u+v)v —u) by multiplying by 2a
2as =v? —u? by expanding

vZ=u?+ 2as

o

Examiner Tips and Tricks

= |f asked to derive any of the formulae there may be a velocity-time graph
provided. Make sure you show each step and state any reasons such as the
gradient of the graph being the acceleration.

= |fthe question does not ask you to derive the formulae then you can use them
freely without proof.
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suvatin1D /

Your notes

suvatiniD
What are the suvat equations (constant acceleration
formulae)?

= Forconstant acceleration there are five suvat formulae:

v=u-++ at
vZ = u? + 2as

1
s = 5(u+ V)t

s =ut+ —at?

2
s = vt — —at?
2
INITIAL VELOCITY u VELOCITY v AFTER
CONSTANT + SECONDS
ACCELERATION a

ums™t

v mg™1

s METRES
INITIAL /HvPOSITION AFTER
POSITION + SECONDS

| DISPLACEMENT s

ms~?" =m/s = METRES PER SECOND

ms™2 = m/s*= METRES PER SECONDS
SQUARED

How do | find suvat values from a question?

= Common phrases for displacement:

= "_returnstoitsstarting position .." isaway of sayings = 0

= Common phrases for velocity:

= “_initiallyatrest..”, “.. stationary ..” are ways of sayingu =0
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= “.comestorest..”isaway of sayingv=0 ,
= Common phrases foracceleration: Your notes
s “_fallsfreely..”isaway of saying a = * g (see the gravity section)

= Sometimesyou willneed to use othertechniques (such as Newton's Laws of Motion) to
find the acceleration

How do | solve problems involving constant
acceleration?

= Step 1: Sketch (oradd to) a diagram
= Usekeyinformationinthe questiontoinclude allrelevant values
= Make sure you clearly show which direction you are choosing to be positive

= Choose the positive direction wisely, try to choose the direction which will
resultin fewer negative values needed

= You could choose theinitial direction of motion to be positive oryou could
choose the direction of acceleration to be positive.

= Step 2: Write down what you know and what you are trying to find
= Youshould know 3 of the variables and need to find a 4th

= |t'sagoodideatogothrougheach of the lettersin the word suvat and make a note
of the ones you know and which one you are trying to find

= Step 3: Select the appropriate equation(s)
= Step 4: Solve the equation(s) and problem

= |nclude unitsinyour answer and give your answer in context if appropriate

Canluse the suvat equations for vertical motion?

= The suvat equations also apply to vertical motion (provided the accelerationis
constant)

= The positive directionis particularly important

= Accelerationwill often be related to gravity

How can suvat questions be made harder?
= Some problems involve splitting the motion into more than one part
= Forexampleif acceleration has changed (butis constant for each part)

= Akeyfeature of these problemsis that v (final velocity) for the first part of the
motion will be u (initial velocity) for the second part of the motion

= Some problems do not appear to give you enough information
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= You may have to form two equations using the suvat formulae and solve them
simultaneously

= There may be more than one particle or multiple stages to the motion

o

Worked Example

Acaris driving along a straight horizontal road with speed 9 m s-'when it begins to
accelerate uniformly. The car accelerates at 1.5 m s~2 for 216 m. The driver then applies
the brakes which causes it to decelerate at a constantrate. The carcomes torest
afterdecelerating for 4 seconds.

(a) Find the speed at the instant that the brakes are applied.

Answer:

Choose a positive
a) Step 41: Draw a sketch direction
9 1.5 v +
o 2%em
t seconds

Step 2: Write down the values we know/want
s=216 u=9 v=v a=15

Step 3: Select the equation

vi=u?+ 2as

Step 4: Solve
v2=9"+ 2(1.5)1216)
vi=729
v =27

v=27ms™" v is positive ds it is dccelerating
so v>u

(b) Find the deceleration of the car after the brakes have been applied.

Answer:

s

Your notes
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b) Step 1 Draw a sketch ,
a will be negative P ———— Your notes
in this direction /E s 5@ VEkeEihy =
27 a 0 +

Step 2: Write down the values we know/want
u=27 v=0 da=a t=4

Step 3: Select the equation
v=u+at

Step 4: Solve

0=27+ 4a
4a=-27
a=-6.75

We don’t need to write
Deceleration=6.75ms™  the negative sign as this

is implied by "deceleration"

o

Examiner Tips and Tricks

= |fanobjectisdecelerating thenits accelerationin that directionis negative. If you
are asked to find the deceleration then you do not need to include the negative
sign as thisisimplied by the word deceleration.

= |f youneedtouse the answer from one part of a question in subsequent parts
thenuse the full answer rather than the rounded answer, this avoids loss of
accuracy.
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Acceleration due to Gravity 4

Your notes

Acceleration due to gravity

What is acceleration due to gravity?

l ACCELERATION DUE TO GRAVITY I

e!
g g
- /
| ON EARTH, ACCELERATION DUE TO GRAVITY = 9.8 ms=2
/ l/ I Copyright ® Save My Exams. A \rqh—,-,\-uy.v \

= |[fmotionisvertical and no other forces are acting on a particle, the acceleration of the
particle willbe due to gravity

= Acceleration due to gravity is denoted by the letterg

= Thevalue for gravity on Earth varies depending onlocation (the average value is
9.80665)

= Takeg=9.8ms 2unless told otherwise

= |tis ofteneasiertoleave workingin terms of g asit sometimes cancels out orit can
be calculated at the end

= Some questions may ask forthe answerto be leftinterms of g

= Gravity will always actin the downwards direction towards the earth
= |fyoudecide upwardsis the positive direction,thena=-g
= |f youdecide downwards is the positive directionthena=g

= |tisimportant to be clear about which direction you have decided is positive

What s vertical displacement and vertical distance?
= Thereis a difference between displacement and distance
= [tismore pronounced invertical motion problems

= Particles typically travel in both directions (up and down)
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= What goesup must come down! ,
= Displacement, s, is avector Your notes
= |tisthe position of a particle (at time t) relative to its starting position
= |tonlytakesinto account where the particle started and ended
= |f aparticle hasreturnedtoits starting position thenits displacement will be zero
= Distance couldbe...
= . thedistance fromthe start
= inwhich case distance is the magnitude of displacement
= . thedistance travelled
= .. thedistance fromthe origin
= the originis not necessarily the starting position

= . thedistance fromanotherparticle
= Readthe question carefully to be clear about which of these you are finding
How do | solve freefall questions using suvat
equations?
= Virtually the same as suvatin 1D for horizontal motion
= Follow the same steps and be careful with negatives
= You might have to spot that gravity is the acceleration by seeing the phrases:
= "falling freely”
= "projected"
= "thrown/dropped"
= Adiagramisimportant to help make clear ...
= . the positive direction of motion
= . thewayinwhichaccelerationrelates to the positive direction
= . differencesbetweendisplacement and distance
= Particles moving upwards will reach a maximum height
= At the maximum height, velocity is instantaneously zero,v=0

= |fyouusethevalue 9.8 for g then your final answer must be written as adecimalto 2 or 3
significant figures

= You may lose marks if you leave your answer as more than 3 significant figures

re
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Worked Example

1

(a) Findthe maximum hei

Answer:

al  Step

ghtthe toy rocket reaches.

Draw a sketch

Speed = 0 at maximum

Step 2:

Step 3:

Step 4:

returns to the ground.

Answer:

1, SaveMyExams
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height %\ j
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1
:sm
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s

Your notes

Atoyrocketis projected vertically upwards from ground level with initial speed 18 m s~

Write down the values we know/want

s=s u=18 v=0 a=-g

Select the equation

vi=u?+ 2as

Solve

0 =324 - 2gs
324

s = —2g

*T200.8

Negative as it is
opposite direction
to positive direction

If your calculater gives you an exact
answer then change to a decimal as
a non—exdct value for g has been used

_ 810
=49

s = 16.530...

Max height =17 m (2 sf) or 16.5 m (3 sf)
As 9.8 was used, answer should be 2 sf or 3sf
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b) Step 1: Draw a sketch ,

PN Your notes
9¢ /l \\\
.', \\
/ \ Displacement =0 as it
- starts/end at the same point
/'

! \
!l ‘\
JA o

Step 2: Write down the values we know/want
s=0 u=18 a=-g t=t

Step 3: Select the equation

1 2
=yt + —at
T

Step 4: Solve

0 =18t — & gt?
2 ) Multiply by 2
2
0=36t-gt 2 Factorise
0 =+(36 - gt)
36

This is the t=0 or t=-—2
stdrting point 9

36
t= 98 = 3.6734...

Time =3.7s(2sf) or 3.67s(3sf)

\
(
Examiner Tips and Tricks
= |fyou are asked to find how longit takes before a particle returns to the ground,
you can simply use suvat with
= s=0if the particle started from the ground
= s=-hifthe particle started a height of hm above the ground
= Acommon mistake is thinking that the speed of the object whenit hits the ground
iszero. Thisisincorrect! The object will be travelling with a speed at the instant it
hits the ground. Itis the impact that causes the speed to go to zero. For an object
travelling vertically under gravity, the only time the speedis zerois whenitis atits
maximum height.
L
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