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Distance & Displacement /

Your notes

Distance & Displacement

Distance

= Distanceis a measure of how faran object travels
= |tisascalarquantity - in otherwords, the directionis notimportant

Total running distance

> START | FINISH <

300 m RACE

e~
_—

The athletes run a total distance of 300 m

= Considersome athletesrunninga 300 mrace ona400 mtrack
= Thedistance travelled by the athletesis 300 m

Displacement

= Displacementis a measure of how far somethingis fromits starting position, along withits direction
= |notherwords,itis the changein position
= |tisavectorquantity - it describes both magnitude and direction

Total distance vs total displacement
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> START | FINISH < v

«—100m —> Your notes

300 m RACE

—
_—

The athletes run a total distance of 300 m, but end up 100 m from where they started

= Distanceis ascalar quantity because...
It describes how far an object has travelled overall, but not the direction it has travelled in

= Displacementis avector quantity because...
It describes how far an object is from where it started and in what direction

= Whenastudent travels to school, there will probably be a difference in the distance they travel and
theirdisplacement
= The overall distance they travelincludes the total lengths of all the roads, including any twists and
turns
= The overall displacement of the student would be a straight line between theirhome and school,
regardless of any obstacles, such as buildings, lakes or motorways, along the way
What s the difference between distance and displacement?
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4

Your notes

FINISH

DISPLACEMENT

Displacement is a vector while distance is a scalar quantity

= Considerthe same 300 mrace again

= The athletes have still run a total distance of 300 m (thisis indicated by the arrow in red)

= However, their displacement at the end of the race is 100 m to the right (this is indicated by the
arrow in green)

= |ftheyranthe full 400 m, their final displacement would be zero

Page 4 of 58

©2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers


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

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

@ Worked example

Aprofessorwalks around her garden following the path ABCDA.

15 km

D

Calculate, at the end of theirwalk

(a) the distance the professor travels.
(b) the displacement of the professor.

Answer:
(a) The distance the professor travelsis:

= The total distance of each side of the rectangle
15+9+15+9=48km

(b) The displacement of the professoris:

= Thedisplacementishow farthe professoris from their original position
= Astheytravelbackto point A, the total displacement = 0 km
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Speed & Velocity

Speed & Velocity
Speed

= The speed of an objectis the distance it travels every second
= Speedisascalar quantity
= Thisisbecauseit only contains a magnitude (without a direction)

= The average speed of an objectis given by the equation:
total distance

average speed = -
S¢ Sp time taken

= The Slunits for speed are meters per second (m s~') but speed can often be measured in alternative
units e.g. kmh='ormph, whenitis more appropriate for the situation

Velocity

= The velocity of amoving objectis similartoits speed and also describes the direction of the velocity
= Velocityis defined as:
The rate of change of displacement

= Velocityis, therefore, a vector quantity because it describes both magnitude and direction
The difference between speed and velocity

= Speedisascalar quantity whilst velocity is vector
= Velocityis the speedina givendirection

SPEED = 20 m/s SPEED =20 m/s
VELOCITY = 20 m/s EAST VELOCITY = 20 m/s WEST

The cars in the diagram above have the same speed (a scalar quantity) but different velocities (a vector
quantity). Fear not, they are in different lanes!

= This means velocity can also have a negative value
= E.g.aballthrown upwards at a velocity of 3m s~ comes down at a velocity -5 m s, if upwards is
considered positive
» However, their speeds are still 3m s~ and 5m s~ respectively
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Instantaneous Speed & Velocity

= Theinstantaneous speed (orvelocity)is the speed (or velocity) of an object at any given pointin time
= This could be foran object moving at a constant velocity or accelerating

= Anobjectat constant velocity is shown by a straightline on a displacement - time graph

= Anobjectacceleratingis shown by a curved line on a displacement - time graph

= Anaccelerating object will have a changing velocity

= Tofind theinstantaneous velocity on a displacement-time graph:
= Draw atangentat the required time
= Calculate the gradient of that tangent

s/m
12

10

TANGENT DRAWN
6 AT 1t=0s

(10-0)m
4 As
2
0 =
0 2 4 (3] 8 10 12 14 t/s
(14—-5)s
At

The instantaneous velocity is found by drawing a tangent on the displacement time graph

= [nthe graphabove, att=9s, the velocityis:

d-t_m_ln -1
grazen—14_5—. msS

Average Speed & Velocity

= Theaverage velocity Vofan object canbe calculated using

Page 7 of 58

©2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


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

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

7= X s

Your notes
= Where:
u AX=totaldisplacement,orchangeinposition(m)
s At =totaltimetaken(s)
= [ftheinitial velocity u and final velocity v are known, the average velocity can also be calculated from
(u + v)

2

Vv =

= To find the average velocity on a displacement-time graph, divide the total displacement (on the y-
axis) by the total time (on the x-axis)

= This method canbe used forboth a curved ora straight line on a displacement-time graph

@ Worked example
Florence Griffith Joyner set the women’s 100 mworld record in 1988, with a time of 10.49 s.
Calculate her average speed during the race.

Answer:

= Sprinters typically speed up fromrest to a maximum speed

= Because Florence’s speed changes over the course of the race, we can calculate her average
speed using the equation:

average speed = total distance + time taken

= Where:
= Totaldistance,s=100m
= Timetaken,t=10.49s

average speed=100+10.49=9.5328=9.53ms"!
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@ Worked example &/

Your notes
The variation of displacement of a box sliding across arough surface with time tis shown on the graph

below.

S/m/

The magnitudes of the instantaneous velocities of the trolley at time t;and t, are vy and v, respectively.

List the following velocitiesin order from fastest to slowest:

Vi Vs average velocity

Answer:
Step 1: Sketch the velocities from the graph

= Theinstantaneous velocity is the gradient of atangent at a certain time
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s/m/\ d

Vz Your notes

\'

[y T—
=~

= Theaverage velocity is the total displacement over the total time
Step 2: Compare the gradients of each velocity

= The fastest velocity will have the steepest gradient and the slowest velocity the shallowest
gradient
= Inorderfromfastestto slowest:
vy > average velocity > v,

© ExaminerTip

When you draw a tangent to a curve, make sure it just touches the point at which you wish to calculate
the gradient. The angle between the curve and the tangent line should be roughly equal on both sides
of the point.

If you are asked to find the instantaneous velocity from a graph, you will be told the time at which they
want this velocity for.
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Acceleration /

Your notes

Acceleration

= Accelerationis defined as:
The rate of change of velocity

= Accelerationis a vector quantity and is measured in metres per second squared (m s2)
= |tdescribeshow muchanobject's velocity changes every second
= The average acceleration of an object can be calculated using:

change in velocity

average acceleration = -
2 time taken

_AV
N

= Where:
= 4 =average acceleration(m s72)
» A v=changeinvelocity(ms-)
= A t=totaltimetaken(s)

= The changeinvelocity is the difference between the initial and final velocity, as written below:
change in velocity = final velocity - initial velocity

Av=(v-u)

Equations linking displacement, velocity, and acceleration
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SPEED AND VELOCITY ARE
MEASURED IN METRES PER

SECOND (ms~)
VELoeiTy = CHANGE IN DISPLACEMENT  _ as
B TIME At
CHANGE IN VELOCITY
ACCELERATION = q= &V
TIME At

ACCELERATION IS MEASURED
IN METRES PER SECOND EACH

SECOND (ms—2)

IN PHYSICS, THE SYMBOL A MEANS "CHANGE"

As = CHANGE IN DISPLACEMENT
At = CHANGE IN TIME
Av = CHANGE IN VELOCITY

Instantaneous Acceleration

= Theinstantaneous accelerationis the acceleration of an object at any given pointin time
= This could be foran object with a constantly changing acceleration
= Anobjectacceleratingis shown by a curvedline on a velocity-time graph

What is a negative acceleration called?

= Theacceleration of an object can be positive or negative, depending on whether the objectis
speeding up or slowing down
= |fanobjectis speedingup,its accelerationis positive
= |fanobjectis slowing down, its accelerationis negative (deceleration)
= However, acceleration can also be negative if it is accelerating in the negative direction
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1] 4
Your notes
M i
p)

a=-5m/s?

THIS CAR |S DECELERATING
AS ORDERED TO SLOW DOWN
BY THE PERSON

a=+30 m/s?

THIS ROCKET IS
ACCELERATING UP
TO SPACE

Arocket speeding up (accelerating) and a car slowing down (decelerating)
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@ Worked example
AJapanese bullet train decelerates at a constant rate in a straight line.

The velocity of the train decreases from an initial velocity of 50 m s~'to a final velocity of 42ms1in 30
seconds.

(a) Calculate the change invelocity of the train.
(b) Calculate the deceleration of the train, and explain how your answer shows the train is slowing
down.

Answer:
(a)

= Thechangeinvelocityis equal to

= Where:
= Initial velocity,u=50ms-!
= Finalvelocity,v=42ms™

Av=42-50=-8ms""

(b)
= Accelerationisequal to

Av

a=

At

= Where the time takenisAt=30s
a=——=-027ms"!
30

= The answeris negative, whichindicates the trainis slowing down

O Examiner Tip

Remember the units for acceleration are metres per second squared, ms=2. In other words,
acceleration measures how much the velocity (in m s~') changes every second, (ms™1) s~
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Kinematic Equations 4

Your notes

Kinematic Equations

= Thekinematic equations of motion are a set of four equations that can describe any object moving with
constant oruniform acceleration

= Theyrelate the five variables:
= s=displacement
=y =initial velocity
= v =final velocity
= a=acceleration
= t=timeinterval

Kinematic Equations of Motion

= There are four kinematic equations:

SUMMARY
2
v=u+at s=ut+%at
+
s:%t vZ2 = u? + 2as

How to derive the kinematic equations
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Deriving v =u +at

4 —
X <

FINAL
SPEED

N THE GRADIENT OF THE

E | LINE IS EQUAL TO

S , ACCELERATION

L |

> |

|
INITIAL :
SPEED .
0 TIME t t

THE VELOCITY-TIME GRAPH SHOWS A STRAIGHT LINE,
THEREFORE, THE OBJECT’S ACCELERATION IS CONSTANT

FROM THE GRADIENT LAy _av_ (v-u

WE CAN DEDUCE Ax At t

ACCELERATION IS

EQUAL TO (v —u) MULTIPLY BOTH
° 92 7% SIDES BY t

o at=(v—-u

REARRANGING
LEADS TO

o v=u+at

Derivationofv = u + at
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S e (u+V)t
X

Deriving s= >

AVERAGE VELOCITY

VELOCITY

DISPLACEMENT IS THE AREA
UNDER THE VELOCITY-TIME
GRAPH

0 TIME

THE OBJECT’S AVERAGE VELOCITY IS HALF-WAY BETWEEN u AND v:

(v +u)
2

DISPLACEMENT IS EQUAL TO AVERAGE VELOCITY = TIME SO:

(v +u)
> t
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+_ 1., Your notes
. el
X _:' Deriving s =ut 2at
vV
___________________ |
|
> |
! !
8 | THE TWO TERMS ut AND
Uk ____ : 1/2at? MAKE UP THE AREA
S , UNDER THE GRAPH
|
ut ,
|
|
0 TIME t Tt
TAKING THE EQUATIONS WE SUBSTITUTING EQUATION (1) AND (2)
DERIVED ABOVE
MULTIPLY EVERYTHING
ov=u+at 1 IN THE BRACKET BY t
( ) . (U+u+at) %
v+ u °os=——(F
=—1t (2) 2
T2
0 § = E + G_tz
SEPARATE THE 2 2
t AND t* TERMS
o s=ut + iqtz
s=u 5
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Deriving  v®=u®+ 2as

-+ —
X <+

TAKING THE EQUATIONS WE SUBSTITUTING (1) INTO (2)
DERIVED ABOVE
_v+u) (v—u)

ov=u+at —> t:";” 1) - 2 a

. P sk MULTIPLY BOTH
s=->t @ 2a SIDES BY 2a

o vZ=Uu? + 2as

This final equation can be derived from two of the others

Key Takeaways

= The keytermstolook out forare:
'Starts fromrest'

= Thismeansu=0andt=0
= Thiscanalso be assumed if the initial velocity is not mentioned
'Falling due to gravity'

= Thismeansa=g=9.8ms2
= |tdoesn't matter which way is positive or negative for the scenario, aslong asitis consistent for all
the vector quantities
= |f downwardsis considered positive, thisis 9.81ms=2, otherwise, itis -9.81ms—2
= Forexample, if downwards is negative then for a ball travelling upwards, s must be positive and a must
be negative
'Constant accelerationin a straight line’

= Thisis akeyindication for the kinematic equations are intended to be used
= Forexample, an object falling in a uniform gravitational field without air resistance

How to use the kinematic formulae

= Step 1: Write out the variables that are givenin the question, both known and unknown, and use the
context of the question to deduce any quantities that aren’t explicitly given
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» e.g.forverticalmotiona=+9.81ms2, an object which starts or finishes at rest willhave u= 0 orv = ,
0
= Step 2: Choose the equation which contains the quantities you have listed Your notes

= e.g.theequationthatlinkss,u,aandtiss=ut+ Yrat?

= Step 3: Convert any units to Slunits and then insert the quantities into the equation and rearrange
algebraically to determine the answer
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@ Worked example

The diagram shows an arrangement to stop trains that are travelling too fast.

speed 50 ms™ o maximum speed
direction A
10 ms
of travel
_—
train * *
marker 1 marker 2

At marker1, the driver must apply the brakes so that the train decelerates uniformly in order to pass
marker 2 atnomorethan10ms.

The train carries a detector that notes the times when the train passes each marker and will apply an
emergency brake if the time between passing marker1and marker 2 is less than 20 s.

Trains coming from the left travel at a speed of 50 m s,
Determine how far marker 1should be placed from marker 2.

Answer:

STEP 1 OUR KNOWN VARIABLES ARE

o u="50ms1
o v=10ms™1
c t=20s

AND WE ARE ASKED TO FIND DISTANCE,s.

STEP 2 SO THE EQUATION THAT LINKS u,v,t AND s IS
_{u+w)
s_.—2 1

STEP 3 NO REARRANGING IS REQUIRED SO WE SIMPLY

PLUG IN THE VARIABLES:

. _ (50 +10)

> x20 = 30 x20 = 600 m
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@ Worked example ,

Your notes
Acyclistis travelling directly east through a village, which is completely flat, at a velocity of 6ms='. They

then start to constantly accelerate at 2 m s=2for 4 seconds.

(a) Calculate the distance that the cyclist coversin the 4 s acceleration period.
(b) Calculate the cyclist's final velocity after the 4 sinterval of acceleration.

Lateronintheirjourney, cyclist Ais now cycling through a different village, at a constant velocity of 18
ms™!. Cyclist A passes a friend, Cyclist Bwho begins accelerating from rest at a constant acceleration
of 1.5 ms=2inthe same direction as Cyclist A at the moment they pass.

(c) Calculate how longit takes for Cyclist B to catch up to Cyclist A.

Answer:
(a) Calculate the displacement, s
Step 1: List the known quantities

= Initial velocity,u=6ms-!

= Acceleration,a=2ms2

= Time,t=4s

= Displacement = s (this needs to be calculated)
Step 2: Identify the best SUVAT equation to use

= Since the question states constant acceleration, the kinematic equations can be used
= |nthis problem, the equation thatlinks s, u, a, and tis

1
s=ut+ —at
2

Step 3: Substitute the known quantities into the equation
S=(6x4)+(0.5x2x42)=24+16
Displacement: s=40m
(b) Calculate the final velocity, v
Step 1: List the known quantities

= Initial velocity,u=6ms-!

= Acceleration,a=2ms=2

= Time,t=4s

= Finalvelocity = v (this needs to be calculated)
Step 2: Identify and write down the equation to use

= Since the question states constant acceleration - SUVAT equation(s) - can be used
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= |nthis problem, the equation thatlinksv, u, a, and tis:
v=u+ at

Step 3: Substitute the known quantities into the equation
v=6+(2x4)
Finalvelocity: v=14ms-!
(c) Calculate the time tforBto catchup to A

Step 1: List the known quantities for cyclist A

= Initial velocity, u, =18ms-!

= Acceleration, aA =0ms2

= Time=t

] Displacement:SA

Step 2: List the known quantities for cyclist B

Initial velocity,u=0ms™!
s Acceleration,a=1.5ms2
= Time=t

= Displacement = SB

Step 3: Write expressions for Cyclist A and Cyclist B in terms of their displacement

= Cyclist A'smotion canbe expressed by:

= — 2
SA uAt+ 2aAt

s =18t + 0= 18t
A
= CyclistB's motion can be expressed by:

= —_— 2
SB uBt + 2aBt

1 3
Sp 0 \2X15Xt/ 4t

Step 4: Equate the two equations and solve for t

= The two equations describe the displacement of each cyclist respectively
= When equating them, this will find the time when the cyclists are at the same location

S, 7 Sp
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3 3
18t= =2 = —£2-18t=0 /
4 4 Your notes
(2 - 24t =0

= Therefore, solving fort, it can be two possible answers:
t=0sort=24s

= Since the questionis seeking the time when the two cyclists meet after first passing each other,
the finalansweris 24 s
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@ Worked example ,

. . . . , Your notes
A science museum designed an experiment to show the fall of a featherin a vertical glass vacuum tube.

The time of fallfromrestis 0.5s.

g

feather

vacuum

Use an appropriate SUVAT equation to calculate the length L of the tube.

Answer:

IN THIS PROBLEM, WE ONLY NEED TO CONSIDER VERTICAL MOTION.
FIRST WE MUST LIST THE KNOWN WVARIABLES.

a=9.81ms™2 u=0 t=05s L=7¢

THE EQUATION THAT LINKS THESE WVARIABLES IS

A _arl
= + —at
SE=Alite P

x9.81x0.5° =1.2m
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O Examiner Tip /

L . . . . . L Your notes
Thisis one of the mostimportant sections of this topic - usually, there will be one, ormore, questionsin

the exam about solving problems with the kinematic equations equations. The best way to master this
sectionis to practice as many questions as possible!

Watch out for the direction of vectors: displacement, acceleration and velocity. Take a single direction
as positive (and hence the opposite directionis negative) and stick with it throughout the question,
this is the most common pitfall.

Don'tworry, youwon't have to memorise these, they are give in your data booklet in the exam.

Youmay sometimes see these equations referred to as 'SUVAT' equations.
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Motion Graphs

Motion Graphs

= The motion of objects can be analysedin terms of position, velocity and acceleration
= Theseare allrelated to each other by gradients and areas under curves
= Three types of graphs that canrepresent the motion of an object are:
= Displacement-time graphs
= Velocity-time graphs
= Acceleration-time graphs

Displacement-Time Graphs

= Onadisplacement-time graph:
= Slope equals velocity
= They-intercept equals theinitial displacement
= Astraight (diagonal) line represents a constant velocity
= Acurvedlinerepresents anacceleration
= Apositive slope represents motionin the positive direction
= Anegative slope represents motionin the negative direction
= Azeroslope (horizontal line) represents a state of rest
= Theareaunderthe curveis meaningless

VELOCITY INCREASING VELOCITY INCREASING,

CONSTANT VELOCITY AT A CONSTANT ACCELERATION INCREASING
RATE AT A CONSTANT RATE

£ £ £ /

~ ~ ~

w w w

- - -

= = =

Ll L L

= = =

L (VN] L

Q (@] (@]

< < 2

I - —

o o o

0 % @

[m] 0 [a]

0 TIME t/s g TIME t/s 0 TIME +/s
DISPLACEMENT —TIME DISPLACEMENT —TIME DISPLACEMENT —TIME
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Displacement-time graphs displacing different values of velocity
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Velocity-Time Graphs ,

Your notes

= Onavelocity-time graph:

Slope equals acceleration

The y-intercept equals the initial velocity

Astraight (diagonal) line represents uniform acceleration

Acurved line represents non-uniform acceleration

A positive slope represents acceleration in the positive direction

A negative slope represents acceleration in the negative direction
Azero slope (horizontal line) represents motion with constant velocity
The area under the curve equals the change in displacement

£ £ E
~ ~ ~
N > N
> > >
= = =
(@] (@] (@]
Q (@] (@]
— .| —
L w w
S S >
TIME t/s 0 TIME t/s 0 TIME t/s
VELOCITY -TIME VELOCITY-TIME VELOCITY-TIME
GRAPH FOR CONSTANT GRAPH FOR INCREASING GRAPH FOR INCREASING
VELOCITY VELOCITY ACCELERATION

Velocity-time graphs displacing different values of acceleration

Acceleration-Time Graphs

= Onanacceleration-time graph:
= Slopeis meaningless
= They-intercept equals theinitial acceleration
= Azero slope (horizontal line) represents an object undergoing constant acceleration
= Theareaunderthe curve equals the change in velocity
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How displacement, velocity and acceleration graphs relate to each other

Acceleration can eitherbe
= Uniformi.e. aconstantvalue. Forexample, acceleration due to gravity on Earth
= Non-uniformi.e. a changingvalue. For example, an object with increasing acceleration

Motion of a Bouncing Ball

Forabouncing ball, the acceleration due to gravity is always in the same direction (in a uniform
gravitational field such as the Earth's surface)
= Thisis assuming there are no other forces on the ball, such as air resistance

Since the ball changesits direction when it reaches its highest and lowest point, the direction of the
velocity will change at these points
The vector nature of velocity means the ball will sometimes have a:

= Positive velocity if it is travelling in the positive direction

= Negative velocity if itis traveling in the negative direction

An example could be a ball bouncing from the ground back upwards and back down again
= The positive directionis taken as upwards
= Thiswill be either stated in the question or can be chosen, as long as the directionis consistent
throughout

Ignoring the effect of airresistance, the ball willreach the same height every time before bouncing
from the ground again

When the ballis traveling upwards, it has a positive velocity which slowly decreases (decelerates) until it

reachesits highest point
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= Atpoint A (the highest point):
= The ballis atits maximum displacement
= The ballmomentarily has zero velocity
= The velocity changes from positive to negative as the ball changes direction
= Theacceleration, g, is still constant and directed vertically downwards

= At point B (the lowest point):
= The ballis at its minimum displacement (on the ground)
= |tsvelocity changesinstantaneously from negative to positive, but its speed (magnitude) remains
the same
= Thechangeindirection causes a momentary acceleration (since acceleration = change in velocity
/time)
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@ Worked example ,

. . . Your notes
Torais training for a cycling tournament.

The velocity-time graph below shows her motion as she cycles along a flat, straight road.

14

12

10

]

VELOCITY (m/s)

[A |
0 A 1 T |
0] 5 10 15 20
TIME (s)

(a) Inwhich section (A, B, C, D, or E) of the velocity-time graphis Tora’s acceleration the largest?
(b) Calculate Tora’s acceleration between 5 and 10 seconds.

Answer:
(a)
Step 1: Recall that the slope of a velocity-time graph represents the magnitude of acceleration

= The slope of avelocity-time graph indicates the magnitude of acceleration
Therefore, the only sections of the graph where Tora is accelerating is section B and section D

= Sections A, C,and E are flat - in other words, Tora is moving at a constant velocity (i.e. not
accelerating)
Step 2: Identify the section with the steepest slope

= Section D of the graph has the steepest slope
= Hence, thelargestaccelerationis shownin section D
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(b)
Step 1: Recall that the gradient of a velocity-time graph gives the acceleration

= Calculating the gradient of a slope on a velocity-time graph gives the acceleration for that time
period
Step 2: Draw alarge gradient triangle at the appropriate section of the graph

= Agradient triangleis drawn for the time period between 5 and 10 seconds below:

14

12

10

-]

VELOCITY (m/s)

I
I
I

8 IRISE
I
I

|
! RUN
0 A < >§|/ | 1
0 5 10 15 20
TIME (s)

Step 3: Calculate the size of the gradient and state this as the acceleration

= Theaccelerationis given by the gradient, which can be calculated using:

acceleration = gradient = e l ms—2

= Therefore, Toraaccelerated at 1ms-2between 5 and 10 seconds
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@ Worked example /

Your notes
The velocity-time graph of a vehicle travelling with uniform accelerationis shownin the diagram below.

4505\
VELOCITY /
kmh™"!
100 -
50 -
T T T T >
0 10 20 30 40
TIME /s

Calculate the displacement of the vehicle at 40 s.

Answer:
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THE DISPLACEMENT IS EQUAL TO THE AREA UNDER A VELOCITY-TIME GRAPH

kmh.1 T
O T T BASE
100- A
Z’Z’Z/'
S0-FE T g
| :"i’//’ NV
[ 11 T
0 10 20 30 40
TIME /' s

EACH DIVISION IS EQUAL TO

50 _ —1
0 5 kmh

BASE = TIME = 40s

HEIGHT = VELOCITY = 105 kmhk ™

AREA OF A TRIANGLE = %x BASE x HEIGHT

DISPLACEMENT = VELOCITY *x TIME =

N>

CONVERT kmh' TO kms™

105

2 0.0292 kms1
60 x 60 ms

WORK OUT THE
DISPLACEMENT

x A0 x 0.0282 = 0.6km OR 600 m
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Projectile Motion

Projectile Motion

What s a projectile?

= Aprojectileis a particle moving freely (non-powered), under gravity, in a two-dimensional plane

= Examples of projectile motioninclude throwing a ball, jumping off a diving board and hitting a baseball
with a baseball bat

= |nthese examples,itis assumed that:

= Resistance fromthe air or liquid (known as fluid resistance) the object is travelling throughiis
negligible

= Acceleration due to free-fall, gis constant as the object is moving close to the surface of the Earth

THIS SKETCH COULD
BE USED TO MODEL

A FOOTBALL BEING
X GROUND
KICKED

[THIS SKETCH COULD | O O DE

MODEL AN ANGRY
BIRD BEING PROJECTED| U O O
FROM THE TOP OF A | BUILDING

BUILDING AT A PIG ON |:| |:|
THE GROUND

GROUND

Examples of objects in a projectile motion trajectory

= Anobjectissentinto aprojectile motion trajectory with aresultant velocity, u at an angle, 8 to the
horizontal

= Examples of thisinclude a ball thrown from a height and a cannonball launched from a cannon
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) C/ S

7 RESULTANT
/| VELOCITY, u

Anobjectin a projectile motion trajectory has a resultant velocity at a given angle to the horizontal
ground

= Some key terms to know, and how to calculate them, are:

= Time of flight (total time): how long the projectileisin the air.
= Fortypical projectile motion, the time to the maximum height is half of the total time

= Maximum height attained: the height at which the projectile ismomentarily at rest
= Thisis when the vertical velocity component =0
= Whenthe projectile isreleased and lands on the ground the projectile is at its maximum height

when half of its total time has elapsed
= Range: the horizontal distance travelled by the projectile
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VERTICAL
COMPONENT 1/2 TIME ELAPSED
OF VELOCITY T=1/2t
=0
MAX. TOTAL
y HEIGHT, H TIME
ELAPSED
T=t
RANGE, R

An objectin projectile motion will have a vertical velocity of zero at maximum height when half the time
has elapsed

Horizontal and Vertical Components

= Thetrajectory of an object undergoing projectile motion consists of a vertical component and
a horizontal component

= These quantities are independent of each other

= Displacement, velocity and acceleration are all vector quantities that are differentin both
components

= Theyneedtobe evaluated separately using the SUVAT Equations

Horizontal Component Vertical Component

=  Maximumrange at the end of
the motion when the total
time has elapsed
= Half the range at the

Maximum height is at the top of

Displacement the motion when half the time has

elapsed
maximum height when half P
the time has elapsed
Velocity Constant Zero at maximum height

Acceleration of freefall, g=9.8
ms~?

Zero (because velocity remains
constant)

Acceleration = Positive when an objectis
falling towards Earth
= Negative whenanobjectis

moving away from Earth
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\,, INCREASES V4
\/, DECREASES (AND CHANGES DIRECTION) Your notes
vv= 0
|
IS ALWAYS
%% r . CONSTANT
W \
g \\
ACCELERATION
g IS ALWAYS v\,ﬁ”
CONSTANT g
\ \/H
v, 40

Acceleration and horizontal velocity are always constant whilst vertical velocity changes

= Theresultant velocity of an object in projectile motion can be splitinto its horizontal and vertical
vector components using trigonometry where:
= Vertical component = opposite side of the projectile triangle
= opposite =sind x hyp = u sinf
= Horizontal component = adjacent side of the projectile triangle
= adjacent=cosf x hyp =ucosf

Page 39 of 58

©2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



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

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

4

e N Yournotes
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7 RESULTANT

VELOCITY, u OPPOSITE

Lh *u 1%

OPPOSITE = sin® x HYPOTENUSE
VERTICAL VELOCITY =sin® x RESULTANT VELOCITY

V, =sinB * u

ADJACENT = cos® x HYPOTENUSE
HORIZONTAL VELOCITY = cos® * RESULTANT VELOCITY

Uy=U,=cosb x u

The resultant velocity at an angle to the horizontal can be resolved using trigonometry into the
horizontal and vertical components

= |tcanbe helpful to see how different equations calculate different quantities using SUVAT equations

= Examples of obtaining the equations for total time, maximum height and range are shown below
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VERTICAL MOTION (1)

INITIAL SPEED, u=usinf
ACCELERATION, a=9.81ms2
DISPLACEMENT =0

HORIZONTAL MOTION (=)

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

RANGE, R

TIME OF FLIGHT
u=usinB v=0 a=-g t=7

THE EQUATION THAT RELATES THESE
QUANTITIES IS

v=u+at

0 = usinB — gt IF THE TIME TO MAXIMUM

. HEIGHT IS ¢,
usinB
t= ) THEN THE TIME OF
) FLIGHT 1S 2t
o4 = 2u;m8

MAXIMUM HEIGHT ATTAINED
u=usin@ v=0 a=-g H=?

THE EQUATION THAT RELATES THESE
QUANTITIES IS

vZ =u? + 2as

0 = (usin®)® — 2gH

2gH = (u sind)
. 2
= (usinB)
2g
RANGE (R)
u=ucosf _t=2unsme a=0 R=7
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INITIAL SPEED, u=ucosb
ACCELERATION, a=0
DISPLACEMENT = R

Examples of using SUVAT equations to determine the time of flight, maximum height and range of a

Solving problems with projectiles

= Youmay berequired to calculate the missing quantities from the following projectile motion scenarios:
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=

THE EQUATION THAT RELATES THESE
QUANTITIES IS

DISTANCE = SPEED x TIME

R = (ucosB)t
2u2sind cosd USING THE TRIG
R=——F—— IDENTITY:
5. 2sinB cosB = sin26
u“sin 26
R= 3

projectile

= Vertical projection above the horizontal
= Vertical projection below the horizontal

= Horizontal projection

= Projection at an angle, the most common scenario
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@ Worked example

Astoneis dropped from the top of a cliff 50.0 m high at an angle of 25.0° below the horizontal. The
stone has aninitial speed of 30.0 ms~'and follows a curved trajectory. The stone hits the ground at a
horizontal distance D from the base of the cliff with a vertical velocity of 33.8 ms!.

CLIFF

50 m

Calculate the distance D.

Answer:
Step 1: Understand the information given in the question

= The final vertical velocity of the stone, v =33.8 ms™!
= The horizontal velocity will remain constant throughout the motion
= The question wants us to calculate the range of the stone
= The vertical accelerationis +g ms=2
Step 2: Resolve velocity into the vertical and horizontal components

Draw a triangle on the diagram to show the vertical and horizontal velocity components
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i VERTICAL VELOCITY
I

= QPPOSITE
Lu *u T

Copyright © Save My Exams. Al Rights Reserved

Calculate the initial vertical component of velocity, u, using trigonometry:

= U, =oOppositeside
=y, =sinf x hypotenuse side

= U, =sin(25)x 30=12.68 ms™

Calculate theinitial horizontal component of velocity, uy using trigonometry:

= yy=adjacentside

= yy=cosO x hypotenuse side
= uy=cos(25)x30=2719ms™

Step 3: Consider the equations of motion in the vertical and horizontal directions

Vertical Motion Horizontal Motion
u 12.68ms™! 2719 ms!
v 23 8ms-! 2719 ms™!
a +9.81ms™2 Oms™2
s 50m Dm?

Step 4: Calculate the time of flight from the vertical motion
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v=u+at

33.8=12.68+9.81t

33.8-12.68=9.81t
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[ 33.8 — 12.68 /

9.81 Your notes

t=2.15s
Step 5: Calculate the range of the stone, D using the elapsed time and horizontal motion
s=ut
D=2719x2.15

D=58.46m=58m(2s.f)
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@ Worked example
Aballis thrown from a point P with aninitial velocity u of 12m s at 50° to the horizontal.

Whatis the value of the maximum height at Q7 (ignoring air resistance)

Q Path of the ball

u=12ms™"

P 50 horizontal

Answer:
Step 1: Consider the situation

= |nthis question, vertical motion only needs to be considered to find the vertical height
Step 2: List the known quantities

» u=12sin(50)ms™"!
= v=0ms™~!

= 9=-9.81ms2

= s=7?

Step 3: State the correct kinematic equation
vZ = u? + 2as
Step 4: Rearrange the equation to make height, s the subject

2a

Step 5: Substitute in the known quantities and calculate maximum height, s

02 - (12sin(50))?
*T T 2% —98l

s= —43m
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@ Worked example /

Your notes
Amotorcycle stunt-rider moving horizontally takes off from a point 1.25 m above the ground, landing

10 m away as shown.

What was the speed at take-off? (ignoring air resistance)
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IN THIS PROBLEM, WE NEED TO CONSIDER BOTH VERTICAL AND HORIZONTAL
MOTION. LET’S CONSIDER THE VERTICAL MOTION FIRST. THE KNOWN VARIABLES ARE

s=125m a=9.81ms™2 u=0 t=7

THE EQUATION THAT LINKS THESE VARIABLES IS

5=Ut+iqt2

>
s = %gtz
t= |28
g
2125
- =05
=108 s

NEXT LET’S CONSIDER THE HORIZONTAL MOTION.
THE KNOWN VARIABLES ARE

s=10m a=0 1t=05s u="7

SINCE THE ACCELERATION 1S ZERO, WE CAN USE

VELOCITY = DISPLACEMENT
: TIME
_ 10 _ -1
v = 05 " 20ms
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O Examiner Tip /

, Your notes
Make sure you don’t make these common mistakes:

= Mixing up positive and negative values forvectors

= Mixing up velocities and distances between horizontal and vertical motion
= Confusingthe direction of sinBand cos6

= Not converting units (mm, cm, km etc.) to metres

Further, itis worth noting that projectile motionis typically symmetrical when air resistance is ignored
allowing for use of the peak to find the time of total flight or total horizontal distance by doubling the
amount to get from the start point to the peak.

Inthese exam questions, unless specified, fluid resistance can be ignored
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Fluid Resistance

Fluid Resistance

= Fluidresistance refers to the effects of gases and liquids on the motion of abody

= When an object moves through a fluid (a gas or aliquid), there are resistive forces for that movement
= Theseforcesare known as viscous drag
= Viscousdrag, also known as airresistance, is a type of friction

= Frictional forces:
= Always actin the opposite direction to the motion of the object
= Neverspeed an object up orstart them moving
= Always slow down an object or keep them moving at a constant speed
= Always transfer energy away from the object to the surroundings
= Liftis anupward force onan object moving through a fluid. It is perpendicular to the fluid flow
= Forexample, as anaeroplane moves through the air, the aeroplane pushes down on the airto
changeits direction
= This causes an equal and opposite reaction as the air pushes upwards on the wings of the
aeroplane (lift) due to Newton's Third Law

LIFT
DIRECTION OF AIR FLOW

W\ N
\\ N S
DRAG ¢ 0DODDODODOO DODDODD ) THRUST

WEIGHT

Drag forces are always in the opposite direction to the thrust (direction of motion). Lift is always in the
opposite direction to the weight

= Akeycomponent of drag forcesis that they increase with the speed of the object
= Thisis showninthe diagram below:
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ACCELERATING

DRIVING FORCE > FRICTIONAL FORCE

FRICTIONAL FORCE DRIVING FORCE

CONSTANT VELOCITY

DRIVING FORCE = FRICTIONAL FORCE

FRICTIONAL FORCE DRIVING FORCE

DECELERATING

DRIVING FORCE < FRICTIONAL FORCE

FRICTIONAL FORCE DRIVING FORCE

<
y

Frictional forces on a car increase with speed

Fluid Resistance in Projectile Motion

= |nprojectile motion, the factors that are affected by fluid resistance are:
= Time of flight
= Horizontal velocity
= Horizontal acceleration
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= Airresistanceis the frictional force which has the most significant effect on a projectile

= Range
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1, SaveMyExams

= Shape of trajectory

= Airresistance decreases the horizontal component of the velocity of a projectile

= Whenairresistanceis applied, the path of the projectile nolonger follows a parabola shape

= The flighttime will also decrease as the projectile isin the air for a shorter period of time

= This means bothits range and maximum height will decrease compared to an identical situation

with no airresistance (like a vacuum)

A projectile with air resistance travels a smaller distance and has a lower maximum height than one

HEIGHT / m

WITHOUT AIR
RESISTANCE

WITH AIR
RESISTANCE

DISTANCE / m

without air resistance

= |tspathisnow steeperonthe way downthanitisup

= Thisis due to having a smallerrange and lower maximum height

Insummary:

Airresistance affects  Effect of air resistance
time of flight decreases
horizontal velocity decreases
horizontal deceleration increases
range decreases
shape of trajectory nolongeraparabola
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| s/

= Theangle andlaunch speed of a projectile can be varied to cover alongerrange orreach a greater Your notes
maximum height, depending on the situation
= Forsports, such as the long jump orjavelin, an optimum angle against airresistance is used to
produce the greatestrange (distance)
= Forgymnastics or skijumper, the initial vertical velocity is made as large as possible toreach a
greater maximum height and longer flight path
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Terminal Speed

Terminal Speed

Forabodyinfree fallin avacuum, the only force actingis weight, and its acceleration gis only due to

gravity

The frictional force from fluid resistance increases as the body accelerates
= Thisincrease invelocity means the viscous drag force also increases
Due to Newton’s Second Law, this means the resultant force and therefore acceleration decreases

(recall F = ma)

When the viscous drag force is equal to the weight on the body, the body willno longeraccelerate and
willfall at a constant velocity

= Thisvelocity is called the terminal velocity

Terminal velocity can occur for objects falling through a gas or a liquid

A

B

2

TE T
w w

WEIGHT > DRAG FORCE

WEIGHT = DRAG FORCE
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THE SKYDIVER IS IN
FREEFALL.

THEIR VELOCITY
INCREASES DUE TO

THE INCREASE IN
VELOCITY MEANS
AIR RESISTANCE
ALSO INCREASES
AND ACCELERATION

EVENTUALLY THE
SKYDIVER REACHES A
VELOCITY WHERE
THEIR WEIGHT EQUALS
THE FORCE OF AIR

THE DOWNWARD DECREASES. RESISTANCE.

FORCE OF THEIR

WEIGHT. THEIR ACCELERATION
IS 0.

THIS IS THE TERMINAL
VELOCITY,

TERMINAL VELOCITY
C
VELOCITY (ms-1)
B
A
0 TIME (s)

A skydiver in freefall reaching terminal velocity

The graph shows how the velocity of the skydiver varies with time

Since accelerationis equal to the gradient of a velocity-time graph, it can be seen that

= The acceleration decreases

= The acceleration eventually becomes zero when terminal velocity is reached

After the skydiver deploys their parachute, they decelerate to alower terminal velocity to reduce the
impact onlanding

This is demonstrated by the graph below:
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AFTER A WHILE THE
AIR RESISTANCE
BALANCES THE WEIGHT.
THE PERSON TRAVELS
AT A CONSTANT
(TERMINAL) VELOCITY.

WHEN THE PARACHUTE

IS OPENED THERE IS
A LARGE UPWARD

FORCE WHICH CAUSES

THE PERSON TO

EVENTUALLY THE FORCES
BALANCE ONCE MORE AND
THE PERSON REACHES A

RATE.
AS THE PERSON DECELERATE
SPEEDS UP,
AIR RESISTANCE
INCREASES.
NEW, MUCH SLOWER,
AT FIRST AIR TERMINAL VELOCITY.
RESISTANCE IS
SMALL AND THE
PERSON ACCELERATES. \
~
TIME
#Fsavemyexams

A graph showing the changes in speed of the skydiver throughout their entire journey in freefall
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@ Worked example

Skydivers jump out of a plane at intervals of a few seconds.

Skydivers A and Bwant tojoin up as they fall.

DRAG A DRAG B
WEIGHT B
WEIGHT A

Skydiver Ais heavier than Skydiver B, and both skydivers can be assumed to have the same surface
area andvolume.

If the two skydivers want to reach terminal velocity at the same time, who should jump first?
Answer:
Step 1: Recall the factors that affect terminal velocity during free fall:

= Weight: the heavierthe person, the greater the weight acting on them
= Therefore, a heavier person will reach a higher terminal velocity

= Drag: the heavierthe person, the greater the drag force required to balance the extra weight
= Therefore, a heavier person will reach terminal velocity faster
Step 2: Determine which skydiver will reach a higher terminal velocity

= Skydiver A has a greater mass (and weight), so he will reach a higher terminal velocity (than B)
= Skydiver B has alower mass (and weight), so he willreach a lower terminal velocity (than A)
Step 3: Determine which skydiver will reach terminal velocity first

= The acceleration due to gravity isinitially the same for both skydivers
= However, the dragforceincreases at a fasterrate for the heavier skydiver (A), hence they will reach
terminal velocity first
Step 4: Determine which skydiver should jump first
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= Skydiver B should jump first since he will take longer to reach terminal velocity ,
= Thisisbecause skydiver A has a higher mass, and hence, weight
= More weight means a greater speed, therefore, A will reach terminal velocity fasterthan B Your notes

©O Examiner Tip

A common misconceptionis that skydivers move upwards when their parachutes are deployed -
however, thisis not the case, they are in fact decelerating to a lower terminal velocity.

If a question considers airresistance to be ‘negligible’ this meansin that question, airresistance is
taken to be so smallit will not make a difference to the motion of the body. You can take this to mean
there are no drag forces acting on the body.
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