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Distance & Displacement

Distance & Displacement

Distance

Distance is a measure of how far an object travels
Itis a scalar quantity - in other words, the directionis notimportant

Consider some athletes runninga 300 mrace ona 400 mtrack
The distance travelled by the athletesis 300 m

Displacement

Displacementis a measure of how far something is fromits starting position, along with its direction
= |notherwords,itis the changein position
Itis avector quantity - it describes both magnitude and direction

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

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

When a student travels to school, there will probably be a difference in the distance they travel and
their displacement
= 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

Consider the same 300 mrace again
= The athletes have still run a total distance of 300 m (thisis indicated by the arrow inred)
= However, theirdisplacement 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
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@ Worked example

Aprofessorwalks around her garden following the path ABCDA.

15 km

9 km

D C

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

= 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

Average Speed & Velocity

= The average velocity Vofan object can be calculated using

_ Ax
Y
= Where:
u AX:totaldisplacement,orchangeinposition(m)
s At =totaltime taken (s)
= [ftheinitial velocity u and final velocity v are known, the average velocity can also be calculated from

(u+ v)

vV = D

= 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)
= Thismethod canbe used forboth a curved ora straight line on a displacement-time graph
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@ 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 therace.

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

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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= 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,
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Acceleration

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
a e
At
= 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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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 curved line 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 itis accelerating in the negative direction
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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 trainis 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

= Theansweris negative, whichindicates the train is slowing down
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Kinematic Equations

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:

v =1v,+at v =1v,+at
v+ vy v+ v,
e = (200, = (2).
2 2
1 2 - 2
Ax =vut+iat s = v[,t-l—iat

v? = vi + 2alx v? = v+ 2as
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How to derive the kinematic equations

Velocity vs. Time

=00 <0 £

[myfs)

Yy t

Time (3}

Derivationof v = u + at
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Key Takeaways

= Thekeytermstolookoutforare:
'Starts fromrest'

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

»= Thismeansa=g=9.8ms™2
= |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 -9.81ms2
= 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 akey indication 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 given in the question, both known and unknown, and use the
context of the question to deduce any quantities that aren’t explicitly given
= e.g.forverticalmotiona=+9.81ms2, an object which starts or finishes at rest willhaveu=0 orv =
0
= Step 2: Choose the equation which contains the quantities you have listed
= e.g.theequationthatlinkss, u,aand tiss = ut + Vsat?

= 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 t

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

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 longiit 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 thatlinks v, u, a, and tis:
v=u+t 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

= |nitial 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:

= s 2
SA u t+ 2aAt

= 18t + 0 = 18¢

= CyclistB's motion can be expressed by:

= —_— 2
SB u t+ 2aBt

sB=0+(2x15xt2)

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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18¢ 3 2 3 2—-18t=0
= — > — - =
4 4

(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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Motion Graphs

Motion Graphs

= The motion of objects can be analysedin terms of position, velocity and acceleration

These are 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

The y-intercept equals the initial displacement

A straight (diagonal) line represents a constant velocity
Acurved line represents an acceleration

A positive slope represents motionin the positive direction
A negative slope represents motion in the negative direction
Azero slope (horizontal line) represents a state of rest

The area under the curve is meaningless
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Velocity-Time Graphs

= Onavelocity-time graph:
= Slope equals acceleration
= They-intercept equals theinitial velocity
= Astraight (diagonal) line represents uniform acceleration
= Acurved line represents non-uniform acceleration
= Apositive slope represents acceleration in the positive direction
= Anegative sloperepresents accelerationin the negative direction
= Azeroslope (horizontal line) represents motion with constant velocity
= Theareaunderthe curve equals the change in displacement

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

= Acceleration caneitherbe
= Uniformi.e. aconstantvalue. Forexample, acceleration due to gravity on Earth
= Non-uniformi.e. a changingvalue. Forexample, 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

= Sincethe ballchangesits direction whenit reachesits highest and lowest point, the direction of the
velocity will change at these points
= Thevectornature 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

=  Anexample 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

= |gnoring the effect of airresistance, the ball will reach the same height every time before bouncing
from the ground again

= Whenthe ballis traveling upwards, it has a positive velocity which slowly decreases (decelerates) until it
reachesits highest point


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

= 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

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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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 from the 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

= 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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Horizontal and Vertical Components

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

ahorizontal component

= These quantities are independent of each other

components

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

= Theyneedto be evaluated separately using the SUVAT Equations

Horizontal Component

Vertical Component

Displacement

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

Maximum height is at the top of
the motion when half the time has
elapsed

Velocity

Constant

Zero at maximum height

Acceleration

Zero (because velocity remains
constant)

Acceleration of free fall, g=9.8
ms~2

= Positive when an objectis
falling towards Earth
= Negative whenanobjectis
moving away from Earth

= Theresultant velocity of an objectin 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
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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 on an 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 anequal and opposite reaction as the air pushes upwards on the wings of the
aeroplane (lift) due to Newton's Third Law

= Akeycomponent of dragforcesis that theyincrease with the speed of the object
= Thisis shownin the diagram below:
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Fluid Resistance in Projectile Motion

= |nprojectile motion, the factors that are affected by fluid resistance are:
= Time of flight
= Horizontal velocity
= Horizontal acceleration
= Range
= Shape of trajectory
= Airresistanceis the frictional force which has the most significant effect on a projectile
= Airresistance decreases the horizontal component of the velocity of a projectile
= Thismeans bothits range and maximum height will decrease compared to anidentical situation
with no airresistance (like avacuum)

= Whenairresistance is applied, the path of the projectile nolonger follows a parabola shape
= |tspathisnow steeper onthe way downthanitisup

= Theflight time will also decrease as the projectile isin the air for a shorter period of time
= Thisis due to having a smallerrange and lower maximum height

= |nsummary:

Airresistance affects Effect of air resistance

time of flight decreases
horizontal velocity decreases
horizontal deceleration increases
range decreases

shape of trajectory no longer a parabola

= Theangle andlaunch speed of a projectile can be varied to cover alonger range orreach a greater
maximum height, depending on the situation
= Forsports, such as the longjump orjavelin, an optimum angle against airresistance isused 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 longer accelerate and
willfall at a constant velocity

= Thisvelocityis called the terminal velocity
Terminal velocity can occur for objects falling through a gas or aliquid
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