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Distance & Displacement

¢ Distanceis a measure of how faran object travels
« [tisascalarquantity -in otherwords, the direction is notimportant

ESTART FINISH -S_

300 m RACE )

The athletes run a total distance of 300 m

e Considera300mrace
e Fromstarttofinish, the distance travelled by the athletesis 300 m

Displacement

¢ Displacementis a measure of how farsomethingis fromits starting position, along with its
direction
e |tis avector quantity - it describes both magnitude and direction

ESTART FINISH -S_

«<—100m [——>

300 m RACE

o~
==

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

YOURNOTES
o Theathletes havestillrun a totaldistance of 300 m(this is indicated by the arrow in 1
red)

o However, theirdisplacement at the end of therace is 100 mto theright (this is
indicated by the arrow in green)

o Iftheyhadrunthe full400 m, their final displacement would be zero
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Speed & Velocity
Speed

* Thespeed of an objectis the distanceit travels every second
e Speedis ascalar quantity
o Thisis becauseitonly contains a magnitude (without a direction)

¢ Theaverage speed of an objectis given by the equation:

total distance

Average speed = —
gesp time taken

Speedis typically measuredin meters per second, m/s, but can be measuredin alternative
units whenitis more appropriate for the situation

*9 Worked Example

Florence Griffith Joynersetthewomen’s 100 mworldrecord in 1988, with a time of
10.49 s.Calculate heraverage speed during therace.

Step 1: List the known quantities

o Distance,s=100m
o Time, t=10.49s

Step 2: Write therelevant equation

o Sprinters typically speed up out of the blocks up to some maximum speed
o BecauseFlorence’s speed changes overtherace, we can calculate heraverage speed
using the equation:

average speed =total distance + time taken
Step 3: Check any unit conversions

o Checkthatall quantities givenin the question arein standard units
o Inthis example, they are allin standard units

Step 4: Substitute the values for total distance and time
Average speed=100+10.49=9.53288...=9.53m/s

Velocity

¢ Thevelocity of a moving objectis similartoits speed, exceptit also describes the object’s
direction
o The speedof an object only contains a magnitude - it’s a scalar quantity
o Thevelocity of an object contains both magnitude and direction, e.g. ‘15 m/s south’ or
‘250 km/h on abearingof 030’

» Velocityis, therefore, a vector quantity because it describes both magnitude and direction
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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!

Instantaneous Speed / Velocity
¢ Theinstantaneous speed (orvelocity) is the speed (orvelocity) of an object at any given
pointintime
¢ This couldbe foran object moving ata constant velocity oraccelerating
o Anobjectacceleratingis shown by a curved line on a displacement - time graph
o Anaccelerating object willhave a changing velocity

+ Tofindtheinstantaneous velocity on a displacement-time graph:
o Draw atangent at the requiredtime
o Calculate the gradient of that tangent

s/m
12

10

TANGENT DRAWN
6 AT t=0s

(10=0)m
As

0 2 4 6 8 10 12 14

(14-5)s
At

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

Average Speed / Velocity

e Theaverage speed(orvelocity) is the total distance (or displacement) divided by the total
time
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e Tofindthe average velocity on a displacement-time graph, divide the total displacement YOURNOTES
(onthey-axis) by the total time (on the x-axis) 1
o This method can be used forboth a curved ora straightline on a displacement-time
graph
(’) Exam Tip

¥ When you draw a tangent to a curve, make sureit 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.
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Acceleration

e Accelerationis defined as therate of change of velocity
o Inotherwords, it describes how much an object's velocity changes every second

¢ Theequationbelowis usedto calculate the average acceleration of an object:

change in velocity
time taken

acceleration =

¢ Where:
o a=accelerationin metres persecondsquared (ms2)
o Av=changeinvelocity in metres persecond(ms™)
o t=timetakeninseconds(s)

+ Thechangeinvelocity is found by the difference between theinitialand final velocity, as
written below:

changeinvelocity = final velocity - initial velocity

Equations linking displacement, velocity, and acceleration

SPEED AND VELOCITY ARE
MEASURED IN METRES PER
SECOND (ms™)

CHANGE IN DISPLACEMENT v Ds

VELOCITY =

TIME At

CHANGE IN VELOCITY Av

ACCELERATION = q=24v
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
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Speeding Up and Slowing Down YOURNOTES

e Anobjectthat speeds upis accelerating l
¢ Anobject that slows down is decelerating
¢ The acceleration of an object can be positive or negative, depending on whether the
objectis speeding up orslowing down
o Ifanobjectis speedingup, its accelerationis positive
o If an objectis slowingdown, its acceleration is negative (sometimes called

deceleration)
L
. A i
)

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)

7 Worked Example

AJapanesebullet train decelerates ata constantratein a straightline.The velocity
of the train decreases from 50 ms'to 42 ms™'in 30 seconds.

(a) Calculate the changein velocity of the train.

(b) Calculate the deceleration of the train, and explain how your answer shows
the trainis slowing down.

Part(a)
Step 1: List the known quantities

o Initialvelocity=50ms™"
o Finalvelocity=42ms™!
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Step 2: Write therelevant equation YOURNOTES
changeinvelocity = final velocity - initial velocity L
Step 3: Substitute values for final and initial velocity
changeinvelocity=42-50=-8ms"!
Part (b)
Step 1: List the known quantities

o Changeinvelocity, Av=-8ms-!
o Timetaken,t=30s

Step 2: Write therelevant equation

Step 3: Substitute the values for change in velocity and time
a=-8+30=-0.27ms"!
Step 4: Interpret the value for deceleration

o Theansweris negative, whichindicates the train is slowing down

(’) Exam Tip
¥ Rememberthe units foracceleration are metres per second squared, ms~2In other

words, acceleration measures how much the velocity (inms™') changes every

second,ms's™.
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Motion Graphs

e Threetypes of graphs that can represent motion are displacement-time graphs,
velocity-time graphs, and acceleration-time graphs

Displacement-Time Graph

¢ Onadisplacement-time graph..

o

o}

o}

o}

Slope equals velocity

They-intercept equals theinitial displacement
Astraight(diagonal) linerepresents a constant velocity
Acurved linerepresents an acceleration

Apositive sloperepresents motionin the positive direction
Anegative sloperepresents motionin the negative direction
Azero slope (horizontalline) represents a state of rest

The areaunderthe curveis meaningless

VELOCITY INCREASING VELOCITY INCREASING,

CONSTANT VELOCITY AT A CONSTANT ACCELERATION INCREASING

DISPLACEMENT s/m

RATE AT A CONSTANT RATE

DISPLACEMENT s/m
DISPLACEMENT s/m

TIME t/s TIME t/s TIME t/s

DISPLACEMENT —TIME DISPLACEMENT —TIME DISPLACEMENT —TIME
GRAPH FOR CONSTANT GRAPH FOR INCREASING GRAPH FOR INCREASING
VELOCITY WASILBIE N ACCELERATION

Displacement-time graphs displacing difference velocities

Velocity-Time Graph

¢ Onavelocity-time graph...

o}

o}

o

o

Slope equals acceleration

They-intercept equals theinitial velocity

Astraightlinerepresents uniformacceleration

Acurved linerepresents non-uniform acceleration

Apositive sloperepresents anincreasein velocity in the positive direction
Anegative sloperepresents anincreasein velocity in the negative direction
Azero slope (horizontalline) represents motion with constant velocity

The area underthe curve equals the change in displacement
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O VELOCITY v/ms™*

(=]
Il
=]

TIME t/s

VELOCITY v/ms™

=]

TIME t/s

VELOCITY-TIME
GRAPH FOR CONSTANT
VELOCITY

VELOCITY-TIME
GRAPH FOR INCREASING
MEIREIS]TRYS

VELOCITY-TIME
GRAPH FOR INCREASING
ACCELERATION

Velocity-time graphs displacing different acceleration

Acceleration-Time Graph
¢ Onanacceleration-time graph...

o Slopeis meaningless

They-intercept equals theinitial acceleration
Azero slope (horizontalline) represents an object undergoing constant acceleration
The area underthe curve equals the changein velocity

o

(e}

(e}

ACCELERATION a/ms—2

TIME t/s

ACCELERATION a/ms-2

TIME t/s

ACCELERATION a/ms—2

TIME t/s

ACCELERATION-TIME
GRAPH FOR CONSTANT
VELOCITY

ACCELERATION-TIME
GRAPH FOR INCREASING
VELOCITY

ACCELERATION-TIME
GRAPH FOR INCREASING
ACCELERATION

Howdisplacement, velocity and acceleration graphs relate to each other
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*> Worked Example

Torais training fora cycling tournament.

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

14—
12—

10 —

VELOCITY (m/s)

|
0 5 10 15 20
TIME (s)

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

Part (a)

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

= Theslope of a velocity-time graph indicates the magnitude of acceleration
Therefore, the only sections of the graph where Tora is acceleratingis section B
andsectionD

= Sections A, C,andEareflat - in otherwords, Torais moving at a constant velocity
(i.e.notaccelerating)

Step 2: Identify the section with the steepest slope
= Section D of the graph has the steepest slope
Hence, thelargest acceleration is shown in section D
Part (b)

Step 1: Recall that the gradient of a velocity-time graph gives the acceleration
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= Calculatingthe gradient of a slope on a velocity-time graph gives the YOURNOTES
acceleration forthat time period 1

Step 2: Draw alarge gradient triangle at the appropriate section of the graph

= Agradienttriangleis drawn forthe time period between 5 and 10 seconds below:
14 —

12 —

10

]

VELOCITY (m/s)

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=5+5=1m/s?
= Therefore, Tora accelerated at1m/s?between 5 and 10 seconds

Motion of a Bouncing Ball

e Forabouncingball,the acceleration due to gravity is always in the same direction (ina
uniform gravitational field such as the Earth's surface)
o Thisis assumingthere are no otherforces on the ball, such as airresistance

¢ Sincetheballchanges its direction whenitreachesits highest andlowest point, the
direction of the velocity willchange at these points
e Thevectornature of velocity means the ball will sometimes have a:
o Positivevelocity ifitis travelingin the positive direction
o Negative velocityifitis travelingin the negative direction

¢ Anexample couldbe a ballbouncing from the ground back upwards and back down again
o Thepositive directionis taken as upwards
o This willbe either statedin the question orcan be chosen, aslong as the directionis
consistent throughout
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¢ Ignoringthe effect of airresistance, the ball willreach the same height every time before YOURNOTES
bouncing from the ground again 1

¢ Whentheballis travelingupwards, it has a positive velocity which slowly decreases
(decelerates) untilitreaches its highest point

All|B
s/m
0 It/
S
v/ms™1
+ | |
! 1
! 1
: 1
i 1
1
| ]
! 1
! ! t/s
i !
: 1
_ |
a/ms™2
* i ¥
iy I
hhy 1y
1y 1y
1l !
ACCELERATION | ! ! !
DUE TO i X +/s
| 1
GRAVITY | : | !
~9.8/ i ¥
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* AtpointA(thehighest point). YOURNOTES
The ballis atits maximum displacement 1

The ballmomentarily has zero velocity
The velocity changes from positive to negative as the ball changes direction
The acceleration, g, is still constant and directed vertically downwards

o]

o

o

(e}

e AtpointB (thelowest point):
o Theballis atits minimumdisplacement (on the ground)
o Itsvelocity changesinstantaneously from negative to positive, butits speed
(magnitude) remains the same
o Thechangein direction causes a momentary acceleration(since acceleration =
changeinvelocity / time)

*> Worked Example

The velocity-time graph of a vehicle travelling with uniform acceleration is shownin
1504
VELOCITY /
kb
100+
the diagram below.
504
T T T T
0 10 20 30 40

TIME/ s

Calculate the displacement of the vehicleat 40 s.
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THE DISPLACEMENT IS EQUAL TO THE AREA UNDER A VELOCITY-TIME GRAPH

150 1 I
VELOCITY / mEE ]
kmh™! | C BASE £
BASE
100 - Pz
t’/’
504+ Lt e
HHH .’ e e
/’
Lt W2
| 1 T
0 10 20 30 40
TIME / s

EACH DIVISION IS EQUAL TO

50 _ 1
0 =5kmh

BASE = TIME = 40s

HEIGHT = VELOCITY = 105 kmk"

AREA OF A TRIANGLE = %* BASE x HEIGHT

DISPLACEMENT = VELOCITY = TIME = %

CONVERT kmh' TO kms™!

105

— 00292 kms1
60 60 ms

WORK OUT THE
DISPLACEMENT

x40 x0.0292 = 0.6km OR 600 m
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Equations of Motion for Uniform Acceleration

Deriving Kinematic Equations of Motion

¢ Thekinematic equations of motion are a set of fourequations that can describe any object
moving with constant acceleration
e Theyrelate the five variables:
o s=displacement
o u=initial velocity
o v="final velocity
o a=acceleration
o t=timeinterval

* Knowingwhere these equations come from and how they are derived helps understand
them:
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X <=

Deriving v=u+at

FINAL
SPEED |\,

> THE GRADIENT OF THE
“G‘ LINE IS EQUAL TO
o ACCELERATION
-1 u
(VN
>
INITIAL
SPEED
0 TIME .
THE WVELOCITY-TIME GRAPH SHOWS A STRAIGHT LINE,
THEREFORE, THE OBJECT'S ACCELERATION IS CONSTANT
FROM THE GRADIENT R ﬂ _ g _ (v—u)
WE CAN DEDUCE Ax At Tt
ACCELERATION IS
EQUAL TO (v —u) MULTIPLY BOTH

== SIDES BY t

o at=(v—-ul

REARRANGING
LEADS TO

o v=u+at

A graph showing how the velocity of an object varies with time
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Deriving s= 5

';— (u+\a')t

AVERAGE VELOCITY

VELOCITY

DISPLACEMENT 1S THE AREA
UNDER THE VELOCITY-TIME
GRAPH

0 TIME

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

(v + u)
2
DISPLACEMENT IS EQUAL TO AVERAGE V

v+
= £

ELOCITY x TIME SO:

The average velocity is halfway betweenuandv

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

Page 19 of 137

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

YOURNOTES

&+ - !

X = Deriving s=ut+ %at2

\Y;
___________________ '
|
e :
g | THE TWO TERMS ut AND
Ty S : 1/2at> MAKE UP THE AREA
g | UNDER THE GRAPH
|
ut |
|
1
0 TIME t t
TAKING THE EQUATIONS WE SUBSTITUTING EQUATION (1) AND (2)
DERIVED ABOVE
MULTIPLY EVERYTHING
o v=u-+at (1M IN THE BRACKET BY t
( ) . (u+u+at) %
v+u CSsET—
0o §g= " = 2
s > t (2)
oo 2ut |, at
SEPARATE THE 2 2
+ AND +* TERMS
4 2
o s =yt + Eczt

The two terms ut and %:at? make up the area under the graph
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¥

X <

Deriving  v?=u®+ 2as

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

ov=u+at —> t:";” (1) 2 a

2_ 2
eo VUl o 0og=Y U MULTIPLY BOTH
=75 2a SIDES BY 2a

o v2=U? + 2as

This final equation can be derived from two of the others

SUMMARY
1 2
v=u+dat s=ut+§at
+
S=(V2—U)t vZ=yu? + 2das

Summary of the four equations of uniformly accelerated motion

Key Takeaways

e Theseareallgiveninthe IB DP Physics data booklet
e Thekeytermstolookout forare:

'Starts fromrest’,

e Thismeansu=0andt=0
This can also be assumedif theinitial velocity is not mentioned

'Falling due to gravity'

e Thismeansa=g=9.81ms2
o |tdoesn'tmatterwhichwayis positive ornegative for the scenario, aslongasitis
consistent for allthe vector quantities
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andamustbenegative

'Constant accelerationin a straightline'

¢ Thisis akeyindication SUVAT equations areintended to be used

o Forexample, an object fallingin a uniform gravitational field without airresistance

How to use the SUVAT equations

e 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

o e.g.forverticalmotiona=+9.81ms2, an object which starts or finishes atrest willhave

u=0orv=0

e Step 2: Choosethe equation which contains the quantities you havelisted

o e.g.theequationthatlinks s, u,aandtis s = ut +at?

e Step 3: Convertany units to Sl units and theninsert the quantities into the equation and
rearrange algebraically to determine the answer

> Worked Example

The diagram shows an arrangement to stop trains that are travelling too fast.
speed 50 ms™! maximum speed
10 ms™!

direction
of travel

At marker], the

ﬁ_

marker 1 marker 2
drivermust apply the brakes so that the train decelerates uniformly in orderto pass
marker 2 atno more than 10 ms~!.The train carries a detector that notes the times
when the train passes each markerand willapply an emergency brake if the time
between passingmarkerland marker 2 is less than 20 s.Trains coming from the left
travel ata speed of 50 ms~'.Determine how farmarker 1should be placed from
marker 2.
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OUR KNOWN VARIABLES ARE
o u=50ms1
o v=10 ms™1
o t=20s

AND WE ARE ASKED TO FIND DISTANCE,s.

SO THE EQUATION THAT LINKS u,v,t AND s IS

_ (u+wv)
2

t

NO REARRANGING IS REQUIRED SO WE SIMPLY
PLUG IN THE VARIABLES:

(50 + 10)
g = — X

> 20 = 30x20 = 600 m

> Worked Example

Acyclistis travelling directly east through a village, which is completely flat, at a
velocity of 6m s~ east. They then start to constantly accelerate at2 m s 2for 4

a) Calculatethedistancethatthe cyclistcoversinthe 4 secondacceleration

b) Calculatethecyclist's finalvelocity afterthe 4-secondinterval of

Lateronin theirjourney, this cyclist (cyclist A) is now cycling through a different
village, stillheading east at a constant velocity of 18 ms~!. Cyclist A passes a friend
(cyclist B) who begins accelerating fromrest at a constant acceleration of 1.5 m s 2

inthe same direction as cyclist Aat the moment they pass.

c) Calculatehowlongittakes forcyclistBto catchuptocyclistA.

®
seconds.
period.
acceleration.
Part(a)

Step 1: List the known quantities

= Initial velocity, u =6 ms~'East
s Acceleration,a=2ms 2 East

= Time,t=4s

= Displacement, s =?(this needs to be calculated)

Step 2: Identify and write down the equationtouse
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= Sincethe question states constant acceleration, SUVAT equations canbe used
= |nthis problem, the equation thatlinks s, u, a, and tis

s=(uxt)+(Vaxaxt?)
Step 3: Substitute known quantities into the equation and simplify where possible
s=(6x4)+(0.5x2x4?)
= This canbe simplified to:
$§=24+16=40m
Part (b)
Step 1: List the known quantities

= |nitial velocity, u=6ms~East

= Acceleration,a=2ms 2 East

= Time,t=4s

= finalvelocity, v =?(this needs to be calculated)

Step 2: Identify and write down the equationtouse

= Sincethe question states constantacceleration - SUVAT equation(s) - can be
used
= |n this problem, the equation thatlinks v, u, a,andtisv=u+(axt)

Step 3: Substitute known quantities into the equation and simplify where possible
v=6+(2x4)
= This can be simplified to:
v=14ms"
Part(c)
Step 1: List the known quantities for cyclist A

= Initialvelocity, u =18 ms~'East
Acceleration, a=0 ms~2East

Finalvelocity,v=18 ms~'East

Time, t="?

= Displacement,s=?

Step 2: List the known quantities for cyclist B

= Initial velocity,u=0ms~'East
Acceleration,a=1.5ms "2 East
Finalvelocity,v="?

= Time, t=?

= Displacement,s="?

Step 3: Express the situation for cyclist Aand B in terms of displacement, s
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= CyclistAcanhavetheirsituation expressed by:
sa=(Uxt)+(Vaxaxtd
Sp=(18 xt) +(V2x O xt2) = (18 x 1)
= CyclistBcanhavetheirsituation expressedby:
Sg=(Uxt)+(axaxtd
sg=(0xt)+(V2x1.5xt?) =(0.75 x t2)
Step 4: Equate the two equations and solve for t

= Thetwo equations describe the displacement of each cyclist respectively
= When equating them, this willfind the time when the cyclists are at the same

location

sp=sg=(18 xt) =(0.75 x t?)
0=(0.75x1?)-(18 x )
0=(0.75xt-18)x t
= Therefore, solvingfort, it can be two possible answers:
t=0s0r18/0.75=24s

Step 4: State the final answer

= Sincethe questionis seeking the time when the two cyclists meet after first
passing each other, the finalansweris 24 s

(’) Exam Tip

This is one of the mostimportant sections of this topic - usually, there will be one, or
more, questions in the exam about solving problems with SUVAT equationsThe best

way to master this sectionis to practice as many questions as possible!
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Acceleration of Free Fall Experiment

e Theacceleration of freefall, g, is defined as:

The acceleration of any object inresponse to the gravitational attraction between
the Earth and the object

e Anyobjectreleased on the Earth willaccelerate downwards to the centre of the Earth as
long as there are no external forces actingonit

o OnEarth, the acceleration of free fallis equalto g = 9.81ms=2

Determining gin the Laboratory

Aims of the Experiment

¢ Theoverallaim of the experimentis to calculate the value of the acceleration due to
gravity,g
e Thisis done by measuring the time it takes for a ball-bearing to fall a certain distance
o The acceleration can then be calculated using an equation of motion

Variables
¢ Independentvariable =height, h
¢ Dependentvariable=time, t
e Controlvariables:
o Samesteelball-bearing
o Sameelectromagnet
o Distance between ball-bearing and top of the glass tube

Equipment List
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Metre ruler To measure the distance between the light gates

Steel To measure the distance and time taken to drop. The ball must be

ball—bearing made from a magnetic material (iron, steel ete.)

Electromagnet | Todrop the ball—bearing through the glass tube at specific height
every time

Two light To determine the time taken to drop a certain distance

gates

Timer To measure the time taken for the ball to drop between the
light—gates. The timer must be activated to start when the ball
passes the first light gate and stop when it passes the second

Tall clamp To hold the glass tube and electromagnet in line with each other

stand (retort

stand)

Glass tube To guide the ball—bearing vertically downwards

Cushion To stop the ball—bearing from being damaged or damaging the
surface when landing

¢ Resolution of measuring equipment:

o Metreruler=Tmm
o Timer=0.01s

Method
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> BALL— BEARING ]

——
FIRST LIGHT ¥ TO START
GATE N'/\ \E/ TIMER

i

I

:

: é-"‘

I

1

I

I

I

1

— |,
GLASS TUBE %«//% TO STOP
o TIMER
L~ [)
SECOND LIGHT “\/L/
CATIE v
CUSHION TO LAND

Apparatus setup to measure the distance and time for the ball bearing to drop

This methodis an example of the procedure forvarying the height the ball-bearing falls and
determining the time taken - thisis just one possible relationship that can be tested

1. Setupthe apparatus by attaching the electromagnet to the top of a tallclamp stand. Do
not switch on the currenttill everythingis setup
2.Place the glass tube directly underneath the electromagnet, leaving space for the ball-
bearing. Make sureit faces directly downwards andnotatan angle
3. Attach bothlight gates around the glass tube at a starting distance of around 10 cm
4. Measure this distance between the two light gates as the height, h with a metreruler
5. Place the cushion directly underneath the end of the glass tube to catch the ball-bearing
when it falls through
6. Switch the current on the electromagnet and place the ball-bearing directly underneath so
itis attractedtoit
7.Turn the current to the electromagnet off. The ball should drop
8. When the ball drops through the firstlight gate, the timer starts
9.When the ball drops through the secondlight gate, the timer stops
10.Read the time on the timerandrecord this as time, t
11.Increase h(eg.by5 cm)andrepeat the experiment. Atleast 5 - 10 values forh should be
used
12.Repeat this method atleast 3 times foreach value of hand calculate an average t foreach

¢ Anexample of a table with some possible heights would look like this:

Example Table of Results
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HEIGHT h/m [ TIME t,/s | TIME t,/s | TIME t5/s | AVERAGE TIME t/s l

0.10

0.15

0.20

0.25

0.30

0.3b

Analysis of Results

¢ Theaccelerationis found by using one of the SUVAT equations
¢ Theknown quantities are
o Displacements=h
o Timetaken=t
Initial velocityu=u
Accelerationa=g

(e}

[e]

¢ Thefollowing SUVAT equation can berearranged:
t - t2
s=ut+=a
2
2s = 2ut + at?
S
—=2u+at
t
¢ Substitutingin the values andrearranging to fit the straight line equation gives:

P gt + 2u

¢ Comparing this to the equation of a straightline:y =mx+c
o y=2h/t(ms™)
o X=t

Gradient,m=a=g(ms?)

o y-intercept=2u

(e}

1.Plotagraphof the 2h/tagainstt
2.Draw aline of best fit
3. Calculate the gradient - this is the acceleration due to gravity g
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4. Assess theuncertainties in the measurements of handt. Carry out any calculations needed
to determine theuncertaintyin gdue to these

2h i
—/ms~ '
t | GRADIENT =g
|
______ ]
2u
A - - t/s
|‘I -t \li = "’g "I :’t ‘I + ,-f ZU\“
! | I \ | d |
\ P
\\ Y," = '\ ’J ‘\\le -+ \\ /,'

The graph of 2h/t against t produces a straight-line graph where the accelerationis the
gradient

Evaluating the Experiment

Systematic Errors:

¢ Residue magnetism afterthe electromagnetis switched off may cause tto berecorded as
longerthanit should be

RandomErrors:

e Largeuncertaintyin hfromusing a metre rule with a precision of Tmm

e Parallaxerrorfromreading h
¢ Theballmay not fallaccurately down the centre of each light gate
e Random errors arereduced through repeating the experiment foreach value of h atleast 3-

5times andfindingan averagetime, t

Safety Considerations

* Theelectromagnetic requires current
o Caremustbetakentonothaveany waternearit
o Toreduce therisk of electrocution, only switch on the current to the electromagnet

onceeverythingis setup

e Acushionorasoftsurface mustbeusedto catch the ball-bearing soit doesn’troll off /

damagethe surface
e Thetallclamp standneeds to be attached to a surface witha G clamp soit stays rigid
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*> Worked Example !

Astudentinvestigates therelationship between the height that a ball-bearingis
dropped between two light gates and the time taken forit to drop.

Average

Height h/m Timet,/s Timet,/s Time t;/s timet/s
0.10 0.14 0.15 0.14
0.20 0.18 0.20 0.21
0.30 0.25 0.25 0.26
0.40 0.29 0.28 0.30
0.50 0.32 0.31 0.32
0.60 0.34 0.35 0.34

Calculate thevalue of gfromthe table.

Step 1: Complete the table

o Calculate the average time foreach height
o Addanextracolumn2h/t

Average

Heighth/m Time t,/s Timet,/s Time t;/s timet/s
0.10 0.14 0.15 0.14 0.14 1.43
0.20 0.18 0.20 0124 0.20 2.00
0.30 0:25 C.25 0.26 0.25 2.40
0.40 0.29 0.28 0.30 0.29 2.76
0.50 0.32 0.31 Q32 D32 3.43
0.60 0.34 0.35 0.34 0.34 3.53

Step 2: Draw graph of 2h/t against time t
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t/s

o Make sure the axes are properly labeled and the line of best fitis drawn with a ruler

Step 3: Calculate the gradient of the graph

4.0

2h _
T/ms 1

3.5
3.0
25

2.0

1.5
1.0

0.5

0]

i
e

/
I
|
1
I
|
1
I
|
I
I
|
I
I
|
I
I
|
I
I
|
I
I
|

7
Z_____ ________ el _2t0oM125
n 0_’.}5
0.05 010 0.5 0.20 0.25 0.30 0.35 0.40 0.45
t/s
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o Thegradientis calculated by: YOURNOTES
3500125 . o, !
97 T036-0 o0 TREMS
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Projectile Motion

o Theseneedtobeevaluatedseparately

¢ Somekey terms toknow, andhow to calculate them, are:
o Time of flight: how long the projectileis in the air

o Maximum height attained: the height at which the projectile is momentarily at rest

o Range: the horizontal distance traveled by the projectile

ucosB

VERTICAL MOTION (1)

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

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

RANGE, R

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

THE EQUATION THAT RELATES THESE
QUANTITIES IS

v=u+at

: HEIGHT IS +t,
usinf
t:T THEN THE TIME OF
) FLIGHT IS 2+t
% = 2u;|n8

0 = using — gt IF THE TIME TO MAXIMUM

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

THE EQUATION THAT RELATES THESE
QUANTITIES IS

v?=u?+ 2as
0 = (usinB)* — 2gH
2gH = (using)’

(usind’®

~

H=
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Z
g B YOURNOTES
l
RANGE (R)
2usind
HORIZONTAL MOTION (=) u=ucosB t=—g a=0 R=7Y
INITIAL SPEED, u = ucos8 THE EQUATION THAT RELATES THESE
ACCELERATION, a=0 Rl
DISPLACEMENT = R DISTANCE = SPEED = TIME
R = (ucosB)t
242 sin cosd USING THE TRIG
R=e——F5— IDENTITY:
2sinfB cosh = sin20
R = usin28
T g

How to find the time of flight, maximum height andrange

Problems involving projectile motion

e There are two main considerations for solving problems involving two-dimensional motion
of a projectile
o Constantvelocity in the horizontal direction
o Constantaccelerationin a perpendiculardirection

e Theonly force actingon the projectile, afterit has beenreleased, is gravity
e There are three possible scenarios for projectile motion:

o Vertical projection

o Horizontal projection

o Projectionatanangle
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*> Worked Example
[

To calculate vertical projection (free fall)

Ascience museum designed an experiment to show the fall of a featherin a vertical

glass vacuum tube.

Thetime of fallfromrestis 0.5 s.

l

feather

vacuum

Whatis thelength of the tube, L?

IN THIS PROBLEM, WE ONLY NEED TO CONSIDER VERTICAL MOTION.
FIRST WE MUST LIST THE KNOWN VARIABLES.
a=9.81ms™ u=0 t=0.5s L=7?
THE EQUATION THAT LINKS THESE VARIABLES 1S
s=ut + %Cl’tz
4z
= =gt
L 29
1 2
inx 9.81x0.5"=12m
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*> Worked Example

To calculate horizontal projection

Amotorcycle stunt-rider moving horizontally takes off froma point1.25 m above
the ground, landing 10 m away as shown.

Whatwas the speed at take-off? (ignoring airresistance)

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=9.81ms2 u=0 t=7

THE EQUATION THAT LINKS THESE VARIABLES IS

2
szu‘c-l—%ﬂ’E

1 2
e 1T
> g
2
g
2 x1.25
= (B33
E J 9.81 ?

g =

W=

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

s=10m a=0 1=0.5s u="7

SINCE THE ACCELERATION IS ZERO, WE CAN USE

DISPLACEMENT

SELGEHRE= TIVE
_ 10 _ 4
V=175 20ms
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*> Worked Example

)
To calculate projection atan angle
Aballis thrown from a point P with an initial velocity u of 122ms-'at 50° to the
horizontal.
Whatis the value of the maximum height at Q? (ignoring airresistance)
Q Path of the ball
u=12ms"
P 50 horizontal
IN THIS PROBLEM, WE ONLY NEED TO CONSIDER WVERTICAL MOTION
UP TO THE POINT Q. FIRST WE MUST LIST THE KNOWN VARIABLES
u = 12sin(50) a=—9.81ms™2 v=0 H=7
THE EQUATION THAT LINKS THESE VARIABLES IS
vZ=u? + 2ds
2as = v2— y?
(v —u?)
S = —M
2a
2 0= (12sin 50)*
2 xR )
. 2
_ (12sin 50) e
19.62
(’) ExamTip

Make sure you don’t make these common mistakes:

* Forgettingthat decelerationis negative as the objectrises
* Confusingthe direction of sin6andcos 6
* Not convertingunits (mm, cm, km etc.) to metres

Further, itis worth noting that projectile motion is typically symmetrical when air
resistanceis ignored allowing foruse of the peak to find the time of total flight or
totalhorizontal distance by doubling the amount to get from the start point to the
peak.
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Fluid Resistance & Terminal Speed

Fluid Resistance

¢ When an object moves through a fluid (a gas ora liquid) then there are resistive forces for
thatmovement.
o Theseforces are known as dragforces

¢ Examples of drag forces are friction and airresistance
e Drags forces:
o Arealwaysinthe opposite direction to the motion of the object
o Neverspeedan objectup orstart them moving
Slow down an object orkeep them moving ata constant speed
Convertkinetic energy into heatand sound

(e}

[e]

Liftis an upwards force on an object moving through a fluid. It is perpendicular to the fluid
flow
o Forexample, as an aeroplane moves through the air, it pushes down on the airto
changeits direction
o This causes an equal and opposite reaction upwards on the wings (lift) due to
Newton's third law

LIFT
DIRECTION OF AIR FLOW

 —\ N—
AN S

\
DRAG (e 0D00DOO0ODD 0ODODODD ) 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 dragforcesisitincreases with the speed of the object
¢ Thisis showninthe diagram below:
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ACCELERATING 1

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

Frictional forces ona carincrease with speed

Air Resistance & Projectile Motion

e Airresistance decreases the horizontal component of the velocity of a projectile
o This means bothits range and maximum heightis decreased compared to no air
resistance
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WITHOUT AIR
RESISTANCE

HEIGHT / m

WITH AIR
RESISTANCE

DISTANCE / m

Aprojectile with airresistance travels a smaller distance and has a lower maximum height

than one without airresistance

The angle and speed of release of a projectile is varied to produce either alonger flight path
orcovera largerdistance, depending on the situation
o Forsports such as thelongjump orjavelin, an optimum angle against airresistanceis
usedto producethe greatest distance
o Forgymnastics ora skijumper, theinitial vertical velocity is made as large as possible
toreach a greaterheight andlongerflight path

Terminal Velocity

Forabodyinfreefall, the only force actingis its weight andits acceleration gis only due to
gravity.
The dragforceincreases as the body accelerates

o Thisincreaseinvelocity means thedragforce alsoincreases

Dueto Newton’s Second Law, this means the resultant force and therefore acceleration
decreases (recall F = ma)
When the drag force is equal to the gravitational pull on the body, the body willno longer
accelerate andwillfallata constant velocity

o This velocity is called the terminal velocity

Terminal velocity can occur for objects falling through a gas ora liquid
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A B &

“‘E T
w w

WEIGHT > DRAG FORCE WEIGHT = DRAG FORCE
THE SKYDIVER IS IN THE INCREASE IN EVENTUALLY THE
FREEFALL. VELOCITY MEANS SKYDIVER REACHES A
AIR RESISTANCE VELOCITY WHERE
THEIR VELOCITY ALSO INCREASES THEIR WEIGHT EQUALS
INCREASES DUE TO AND ACCELERATION THE FORCE OF AIR
THE DOWNWARD DECREASES. RESISTANCE.
FORCE OF THEIR
WEIGHT. THEIR ACCELERATION
IS 0.
THIS IS THE TERMINAL
VELOCITY.

TERMINAL VELOCITY
&
VELOCITY (ms=")
B
A
0 TIME (s)
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A skydiverin freefall reaching terminal velocity

e Sincetheaccelerationis equalto the gradient of a velocity-time graph, the acceleration
decreases and eventually becomes zero when terminal velocity is reached

o Afterthe skydiver deploys their parachute, they decelerate to alower terminal velocity to
reduce theimpactonlanding

¢ Thisis demonstrated by the graph below:

SPEED

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

AS THE PERSON DECELERATE.
SEEERSERES
AIR RESISTANCE
INCREASES.
NEW, MUCH SLOWER,
AT FIRST AIR TERMINAL VELOCITY.
RESISTANCE IS
SMALL AND THE
PERSON ACCELERATES.
TIME
#)save myexams

A graph showing the changes in speed of the skydiver throughout their entire journey in
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*> Worked Example !

Skydivers jump out of a plane atintervals of a few seconds.

Skydivers AandBwant tojoin up as they fall.

DRAG A DRAG B
WEIGHT B
WEIGHT A

If Ais heavierthan B, who shouldjump first?

¢ SkydiverB shouldjump first since he willtake longerto reach terminal velocity

e Thisis because skydiver Ahas a highermass, andhence, weight

e Moreweight means higheracceleration and hence higher speed, therefore, Awillreach
terminalvelocity fasterthan B

O ExamTip

¥  Acommon misconception is that skydivers move upwards when their parachutes
are deployed - however, this is not the case, they arein fact decelerating to a lower
terminal velocitylf a question considers airresistance to be ‘negligible’ this means
inthat question, airresistance s taken to be so smallit willnot make a difference to
the motion of the body. You can take this to mean there are no drag forces actingon
the body.
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YOURNOTES
i

Vectors

¢ Inphysics, during force interactions, itis common to represent situations as simply as
possible without losinginformation
o When considering force interactions objects can be represented as point particles
o These point particles should be placed at the center of mass of the object

e Forcevectors thatactupon that objects should be drawn with their tail on that point
particle
o Thelength of the force vector corresponds toits strength
o Thelongerthevector, the greaterthe force magnitude

e The below example shows the forces acting on an object when pushedto therightovera
rough surface

NORMAL
(REACTION)
FORCE

APPLIED ----q-----
FORCE FRICTIONAL

]
! APPLIED
% P N S
FORCE ™ T ! “ FORCE
]

WEIGHT
FORCE

Point particle representation of the forces acting on a moving object

¢ Thebelow example shows an object sitting on a slopein equilibrium
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A VEHICLE IS AT REST ON A SLOPE AND HAS THREE FORCES
ACTING ON IT TO KEEP IT IN EQUILIBRIUM

NORMAL
REACTION

R
FRICTION
F

—~7

Vw

WEIGHT

STEP 1:
DRAW ALL THE FORCES
ON THE FREE-BODY
DIAGRAM

v

STEP 2:

REMOVE THE OBJECT
AND PUT ALL THE
FORCES COMING FROM
A SINGLE POINT

STEP 3:

REARRANGE THE FORCES
INTO A CLOSED VECTOR
TRIANGLE.

KEEP THE SAME LENGTH
AND DIRECTION

Three forces onan object in equilibrium form a closed vector triangle

¢ Thebelow example shows the forces acting on an object suspended from a stationary rope

TENSION

FORCE

WEIGHT

FORCE

Free-body diagram of an object suspended from a stationary rope
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YOURNOTES

ExamTip
l

When labeling force vectors, itis important to use conventional and appropriate
naming or symbols such as:

e worWeightforce ormg
e NorRfornormalreaction force (depending on yourlocal context either of these
couldbe acceptable)

Usingunexpected notation canlead tolosing marks so try to be consistent with
expected conventions.
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Free-Body Diagrams

Free body diagrams are useful formodeling the forces that are acting on an object
e Eachforceisrepresentedas avector arrow, where each arrow;

o |s scaledtothe magnitude of the forceit represents

o Pointsinthedirectionthatthe force acts

o Islabelled with the name of the forceit represents oran appropriate symbol

Free body diagrams can be used:
o Toidentify which forces actin which plane
o Toresolvethenetforcein a particulardirection

¢ Therules fordrawing a free-body diagram are the following:
o Rule1: Draw a pointinthe centre of mass of the body
o Rule 2: Draw the body free from contact with any other object
o Rule 3: Draw the forces acting on that body using vectors with correct direction and
proportionallength

\é TENS ION

WEIGHT

AlR RESISTANCE

UPTHRUST

#savemyexams

Free body diagrams can be used to show the various forces acting on objects

e Youmustbeabletoapply the following forces with their symbols to free-body diagrams:
o Weight (W)

Tension (T)

Normal Reaction Force (N)

Upthrust (V)

Frictional Forces (F,)

]

]

o]

o
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YOURNOTES

*> Worked Example !
[ J

Draw free-body diagrams for the following scenarios:
a) A picture frame hanging from a nail

b) Abox sliding down a slope

Part (a)

A picture frame hanging from a nail:

TENSION, T -7 TENSION, T | FREE-BODY DIAGRAM |
T T

WEIGHT, W

= Thesize of the arrows should be such that the 3 forces would make a closed
triangle as they are balanced

Part (b)

Aboxslidingdown a slope:

\REC

'Y:
PERPENDICULAR
TO SLOPE N

PARALLEL
TO SLOPE

e
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o There are threeforces acting on the box: YOURNOTES
= Thenormal contact force, R, acts perpendicularto the slope 1
= Friction, F, acts parallelto the slope andin the opposite direction to the direction
of motion

= Weight, W, acts down towards the Earth

*> Worked Example

Draw a free-body diagram of a toy sailboat with weight 30 N floating in water thatis
being pulled to theright by an applied force of 35 N with a total resistive force of 5 N.

Step 1: Draw the object in a simplified diagram

Step 2: Identify all of the forces actingupon the object in the question, including any
forces that may beimplied

(e}

Weight: 30 N down

Upthrust from the water (since the objectis floating): 30 Nup
Applied force: 35 N to theright

Resistive force: 5 N to the left

o

[e]

o

Step 3: Drawinall of the force vectors (arrows), making sure the arrows start at the
object and are directed away

SAIL _
BOAT

RESISTINVE
FORCE
5N

UPTHRUST

/N 30N

APPLIED FORCE
35N

WEIGHT
30N
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o Anapproximation can be made as to the final resultant force due to all of the forces YOURNOTES
= Decide whethertheresultant forceis approximately up ordown l
= Decide whethertheresultant forceis approximately left orright
= Forexample, theresultant forceis directed up and to theright
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YOURNOTES

l
Newton’s First Law

« Newton's FirstLaw states:

Abody willremain at rest or move with constant velocity unless acted onby a
resultant force

If the net force actingon an objectis zeroitis said to bein translational equilibrium

If the forces on a body are balanced (theresultant forceis O), the body must be either:
o Atrest
o Movingataconstantvelocity

¢ Sinceforceis avector,itis easierto split the forces into horizontal and vertical forces
If the forces are balanced:

o Theforces totheleft =theforces to theright

o Theforces up =the forces down

Theresultant forceis the single force obtained by combining all the forces on the body

*9 Worked Example

If there are no external forces acting on the car, other than friction, anditis moving
ataconstantvelocity, whatis the value of the frictional force F?

Frictional force F = ? Driving force D = 6 kN

= —

SINCE THE CAR IS MOVING AT CONSTANT VELOCITY, THERE IS NO
RESULTANT FORCE.

THIS MEANS THE DRIVING AND FRICTIONAL FORCES ARE BALANCED.

F IS ALSO EQUAL TO 6kN
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YOURNOTES

l
Newton's Second Law

¢ Newton's SecondLaw states:

Theresultant forceis equal to therate of changein momentum. The changein
momentumis in the same direction as theresultant force

,E MASS (kg)

F =ma

RESULTANT FORCE (N) &E’ ACCELERATION (ms™2)

e This canalsobewritten as:

¢ Thisrelationship means that objects willaccelerateif there is a resultant force actingupon
them
e Thisis derived from the definition of momentum as follows:

Momentum p = mv

Reite ot ehiangs T S e
= =
ate of change in momentum T v
Av
Force F = m—
At

) Av
Sincea=—,F=ma
At

¢ Anunbalanced force on a body means it experiences a resultant force
o Iftheresultant forceis alongthe direction of motion, it will speed up (accelerate) or
slow down (decelerate) the body
o Iftheresultantforceis atanangle,itwillchange the direction of the body
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*> Worked Example

Agirlis riding her skateboard down the road and increases her speed fromIms~'to
4ms~in2.5s.If the force driving her forwardis 72 N, calculate the combined mass
of the girland the skateboard.

V, =1ms! V; =4 ms!

STEP 1 | NEWTON'S SECOND LAW STATES THE
RESULTANT FORCE IS EQUAL TO THE
RATE OF CHANGE IN MOMENTUM

ap

at

F=

SiFER* 2 FIND CHANGE IN MOMENTUM ap

ap= FINAL MOMENTUM — INITIAL MOMENTUM

AP = mv; — my,

STEP 3 SUBSTITUTE ALL VALUES INTO NEWTON’S SECOND LAW

m(4—‘1)\

MASS m IS CONSTANT SO C_})

72N =

CAN BE TAKEN OUT AS FACTOR

STEP 4 REARRANGE FOR MASS m

L _72x25
.

=60kg

Resultant Force

e Sinceforceis avector, every force on a body has a magnitude and direction
o Theresultantforceis, therefore, the vector sum of all the forces acting on the body

e Thedirectionis given by eitherthe positive ornegative direction as shown in the examples
below
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+ DIRECTION

\
-

RESULTANT FORCE

30N
* 30N —— 30N-0ON

20N 50N
r 30N —— 50N - 20N

10N 10N
6"9 ON —— 0N - 10N

40N 30N
F"—% -1ON ——— 30N - 40N

Resultant forces onabody can be positive or negative depending on their direction

e Theresultant force couldalso be at an angle, in which case, the magnitude and direction
of theresultant force can be determined using either:
o Calculation (usually simple geometry, such as Pythagoras Theorem or the sine and
cosinerules)
o Scaledrawing

Acceleration

¢ Sinceaccelerationis a vector, it can be either positive ornegative depending on the
direction of theresultant force
o Iftheresultant forceisin the same direction as the motion of an object, the
accelerationis positive
o Iftheresultant forceisin the opposite direction to the motion of an object, the
accelerationis negative

e Anobject may continuein the same direction however with a resultant forcein the opposite
direction toits motion, it will slow down and eventually come to a stop
» |fdragforces areignored, orseverely reduced, the acceleration is independent of the
mass of an object
o This has been shownin experiments by astronauts who have dropped a featheranda
hammer on the Moon from the same height
o Boththehammerandfeatherdroptothe Moon's surface at the same time
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*> Worked Example

Threeforces, 4N, 8 N,and 24 N act on an object with a mass of 5 kg. Which
accelerationis not possible with any combination of these three forces?

A.Tms2
B. 4ms2
C.7ms™2

D.10ms™

Step 1: List the values given

o Threepossible forces atany angle of choice: 4N,8N,and 24N
o Mass of object=5kg

Step 2: Consider therelevant equation
o Newton's secondlaw:
F=mxa
Step 3: Rearrange to make acceleration the focus
a=F+m
Step 4: Investigate the minimum possible acceleration

o |tis bestto considerthe edges of this problem before dealing with more difficult
combinations thatis why itis prudent to check the minimum and maximum
acceleration

o The minimum would occurwhen the forces were acting against each other

o The minimum possible would be when only the 4 N force was acting on the body

o Now checktheacceleration:

4N+5kg=0.8ms2
Step 4: Investigate the maximum possible acceleration

o The maximum would occurwhen all three forces are actingin the same direction
o Therefore addingto:

4+8+24=36N
o Now checkthe acceleration:
36N+5kg=7.2ms2
Step 5: Consider this range and the options
o Sinceoption Dis higherthan 7.2 ms2; itis not possible that these three forces can

produce 10 ms~2acceleration for this mass
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o OptionDis the correct answer YOURNQOTES

!
) Worked Example

Arocket produces an upward thrust of 15 MN and has a weight of 8 MN.
A. Wheninflight, the force due to airresistanceis 500 kN.
Determine whatis the resultant force on therocket.
B. Themass oftherocketis 0.8 x 10°kg.

Calculate the magnitude and direction of the acceleration of the rocket.

A. STEP 1 DRAW A DIAGRAM WITH THE FORCES IN THE
RIGHT DIRECTION

500 kN 15 MN
AIR RESISTANCE UPWARD THRUST

8 MN \L WEIGHT
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CALCULATE THE RESULTANT FORCE ON THE
ROCKET

F =15MN — (500 kN + 8 MN)
T T
UPWARD FORCES DOWNWARD FORCES

UNIT CONVERSIONS: 1kN =1 x10°N 1MN =1 x10°N

CONVERT ALL VALUES TO THE SAME UNITS
(NEWTONS)

F =15 x 10°N — (500 x 10°N + 8 x10°N)

F=6.5x10°N

F=6.5MN UPV\ft\ARDS

\E IN THE POSITIVE DIRECTION

NEWTONS SECOND LAW

F=ma

REARRANGE FOR ACCELERATION a

F
G=E

SUBSTITUTE IN VALUES FOR F AND m

_ 6.5x10°N
q= —M8M8M8M—

o = B1ms UPWARDS
lefh g

ACCELERATION IS ALWAYS IN THE SAME
DIRECTION AS THE RESULTANT FORCE

¢) ExamTip

The direction you consider positive is your choice, as long as the signs of the
numbers (positive ornegative) are consistent throughout the question.ltis a general
rule to consider the direction the object s initially travelling in as positive. Therefore
allvectors in the direction of motion will be positive and opposing vectors, such as

dragforces, will be negative.
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YOURNOTES

l
Newton’s Third Law

¢ Newton’s third law of motion states:

Whenever two bodies interact, the forces they exert on each other are equal and
opposite

¢ Newton’s third law explains the followingimportant principles about forces:
o Allforces arise in pairs - if object A exerts a force on object B, then object B exerts an
equal and opposite force on object A
o Force pairs are of the same type - forexample, if object A exerts a gravitational force
on object B, then object B exerts an equal and opposite gravitational force on object
A

* Newton’s third law explains the forces that enable someone to walk
Theimage below shows an example of a pair of equal and opposite forces acting on two
objects (the ground and a foot):

FORCE ON
FOOT FROM
THE GROUND

F
NG

FORCE ON
GROUND FROM
= |FooT

EXERTS AN EQUAL AND OPPOSITE FORCE ON THE FOOT

Copyright © Save My Exams. All Rights Reserved

FHE FOOT EXERTS A FORCE ON THE GROUND AND THE GROUND

Newton's Third Law: The foot pushes the ground backwards, and the ground pushes the foot
forwards

¢ Oneforceis fromthe foot that pushes the ground backwards
¢ Theotheris an equal and opposite force from the ground that pushes the foot forwards
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YOURNOTES
*9 Worked Example !
[

Aphysics textbookis atrest on a diningroom table.Eugene draws a free body force

diagram forthe book andlabels the forces acting oniit.
REACTION FORCE A\

Eugene says the diagramis an example of Newton's third law of motion. William
disagrees with Eugene and says the diagramis an example of Newton's first law of
motion.By referring to the free-body force diagram, state and explain who is
correct.

WEIGHT WV

Step 1: State Newton's first law of motion

o Objects willremain atrest, ormove with a constant velocity unless acted on by a
resultant force

Step 2: State Newton's third law of motion

o Whenevertwo bodies interact, the forces they exert on each otherare equaland
opposite

Step 3: Check if the diagram satisfies the two conditions for identifying Newton's third
law

o Ineachcase,Newton's third law identifies pairs of equal and opposite forces, of the
sametype, acting on two different objects

o Thediagramonly involves one object

o Furthermore, the forces acting on the object are different types of force - oneis a
contact force (from the table) and the otheris a gravitational force on the book (from
the Earth) - its weight

o Theimage below shows how to apply Newton's third law correctly in this case,
considering the pairs of forces acting:
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THE EARTH PULLS ON THE TABLE PUSHES UPWARD
THE BOOK AND THE BOOK ON THE BOOK AND THE
PULLS ON THE EARTH. BOOK PUSHES DOWNWARD
THIS FORCE PAIR IS ON THE TABLE. THIS IS
GRAVITATIONAL A PAIR OF CONTACT FORCES

Step 4: Conclude which personis correct

o Inthis case, Williamis correct

o Thefree-body force diagramin the questionis an example of Newton's first law

o Thebookis atrest because the two forces actingonitarebalanced -i.e. thereis no
resultant force
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(’) Exam Tip

Rememberthat pairs of equal and opposite forces in Newton's third law act on two
different objects. It's a really common mistake to confuse Newton's third law with
Newton's first law, so applying this check will help you distinguish between them.
Newton's first law involves forces acting on a single object. These differences are
shownin Scenario1(Newton's firstlaw) vs. Scenario 2 (Newton's third law)

SCENARIO 1:

NOT A NEWTON’S THIRD LAW PAIR SINCE BOTH FORCES
ARE ACTING ON THE SAME OBJECT - THE BOOK

MF,
FROM NEWTON'S 1st LAW,
SINCE THE BOOK IS STATIONARY, F=_F
THE FORCES ON IT MUST BE NTOOTS
IN EQUILIBRIUM VF,
SCENARIO 2:

THESE ARE NEWTON’S THIRD LAW PAIRS SINCE
BOTH FORCES ARE ACTING ON DIFFERENT OBJECTS

Fe 1S THE UPWARDS
FORCE OF GRAVITY .
CAUSED BY THE BOOK

ON THE EARTH

Fe IS THE DOWNWARDS
FORCE OF GRAVITY
CAUSED BY THE EARTH

ON THE BOOK

F, IS THE FORCE
EXERTED BY THE

PERSON ON THE

Fe IS THE FORCE EXERTED BY
THE GROUND ON THE PERSON,
PUSHING THEM FORWARD

WHILST WALKING GROUND
G
fop
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Applying Newton’s Laws of Motion

* Newton's laws of motion are strong tools to understand the motion of objects with forces
actingupon them

¢ Below are two worked examples demonstrating different situations involving the
application of Newton's laws

> Worked Example

Two blocks of mass Tkgand 4 kgrespectively are attached by a tight massless
rope between them. The 1kg block sits on the left and the 4 kg block sits on the
right. TheTkgmass has a 100 Newton force applied toit pullingit to the left. Whatis
the acceleration of both blocks and the tension in the rope as they move across a
frictionless surface?

A The accelerationis 15 ms™2to the left and the tensionis 20 N
B The accelerationis 20 ms=2to the left and the tensionis 40 N
C The accelerationis 15 m s™2to the left and the tensionis 60 N

D The accelerationis 20 ms™2to the left and the tensionis 80 N

Step 1: Consider the whole of the system

o Togetherthe1kgand4 kg blocks are both being pulled along by the 100 N force (since
theropeis tight)

o Thisis a frictionless flat surface, therefore the only forces in the system are the pulling
force and the tension force(s) in therope

o Therefore the acceleration can be foundusing Newton's second law

100N T T
<—— kg  —— 4 kg
Step 2: Find the acceleration
o UsingNewton's secondlaw:
F=mxa
o Rearrangefora
a=F+m

a=100+5=20ms2totheleft
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Step 3: Examine the 4 kg mass only YOURNOTES

o Sincethe systemis moving with an acceleration of 20 ms=2 to the left, the force on !
only the 4 kgmass can be found

F=-mxa
F=4x20=80Ntotheleft

o Theonlyforce actingonthe 4 kgmassis therope and therefore tension force
o This means thereis 20 N pulling force on the 1kg block only

Step 4: State your answer

o Sinceacceleration, a =20 ms~2 to theleft and the tension force = 80 N to the left
o Therefore, the answeris optionD

) Worked Example

°
Astationary objectis subject toa 300 N force towards theleftand at 55 degrees

leftwards with respect to the verticaland a 450 N force to theright and 35°
downwards with respect to the horizontal.Calculate whatis the magnitude and
direction of the third force that would make this object remain stationary (to the
nearestN).

Step 1: Recall Newton's first law
o Newton's First Law states:

Abody willremain at rest ormove with constant velocity unless actedonby a
resultant force

o Therefore, for this object toremain stationary, theresultant force musthave a
magnitude of O Newtons

Step 2: Resolve the 300 N forceintoits horizontal and vertical components
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o

The horizontal component can beresolved from:
sin(55°)x 300 =246N

This is directed to the left

[e]

o]

Thevertical component can beresolved from:

cos(55°)x300=172N

o

This isin an upwards direction

Sin(55°) %300 = 246 N

Cos(55°) 300 =172 N

Step 3: Resolve the 450 N forceintoits horizontal and vertical components
o Thehorizontal component can beresolved from:
c0s(35°) x 450 =369N
o Thisis directedto theright
o Theverticalcomponent can beresolved from:
sin(35°) x 450 =258 N

o Thisis in a downwards direction

Cos(35°) x 450 = 369 N

Sin(35°) x 450 = 258 N

Step 4: Combine the horizontal components

o Thetwo forces provide 369 N to therightand 246 N to the left
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o Therefore, since these are opposing directions:
369 -246 =123 N to theright
Step 5: Combine the vertical components

o Thetwo forces provide 258 N downwards and 172 N upwards
o Therefore, since these are opposing directions:

258 -172 =86 N downwards
Step 6: Make aright angle triangle using these two force vectors

o Thereshouldbe alongersize 123N magnitude vectorarrow to therightandthena 86N
magnitude vector arrow downwards

o Thesecanbe connected from start to finish by a third vector which is the hypotenuse
of thisright-angledtriangle

86 N

Step 7: Use the two vectors magnitudes to find the angle from the horizon

o Sincethevectors areto therightand downwards in this right-angle triangle, neitheris
the hypotenuse
o Therefore the angle from the horizontal downwards can be found by using tan:

tan(0°) =Opp. +Adj. =86 +123
0° =tan~(86 +123) =tan"1(0.699)
0°=~35°

Step 8: Use Pythagoras theorem or trigonometry to find the magnitude of the resultant
force

o Method1: Using Pythagoras theorem
= c2=p2+awherebanda are the vector magnitudes for the horizontal and vertical
components foundso farand cis the hypotenuse magnitude

c2=862+1232=7396+15129 = 22525
c=v22525=150N

o Method 2: Using trigonometry
= Usingthehorizontal component andthe angle foundin step 7, cos can be used

cos(35°) =Adj. + Hyp. =123 - Hyp.
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= Therefore:

123 +c0os(35°) =Hyp.=150 N

Step 9: State the final answer

o Thethird force which would cause this object to remain stationary is 150 Nright and
35° downwards from the horizontal

86 N

(’) Exam Tip
¥  Youare expectedto know Newton's three laws of motion from memory and how
they apply to physical situations. So be sure to practice and use them without

having to review them before carrying out a problem.
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Friction

» Frictionis a force that works in oppositionto the motion of an object
It occurs between two solid bodies that are in contact with one another
o The opposition of friction slows down the motion of the object

When friction is present, energy is transferredin the form of heat
o Thisraises the temperature (thermal energy) of the object andits surroundings
o Thework done against the frictional forces causes this rise in the temperature

Imperfections at theinterface between the object and the surface bumpinto andrub up

againsteach other
o Notonly does this slow the object down but also causes anincreasein thermal energy

DIRECTION OF MOTION

N

FRICTION

FRICTION HAPPENS BECAUSE OF THE WAY
IMPERFECTIONS ON THE TWO SURFACES
AT THE MOLECULAR LEVEL PUSH AGAINST
EACH OTHER

Theinterface between the ground and the sledis bumpy whichis the source of the frictional
force

Static & Dynamic Friction

¢ There are two kinds of friction to consider forIB DP Physics
o Staticfriction occurs when two solid objects arein contact andno movement is
occurring between the two objects
o Dynamic friction occurs once one of the objects is moving past the other, such asin

the sled example above

¢ Both of these forms of friction depend on the normal reaction force of the object sitting
upon the other
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 Static friction willmatch any pushing force that acts against untilit can nolongerhold the
two objects stationary
o Static frictionincreases in magnitude untilmovement begins and dynamic friction
occurs

e Forany given situation, static friction shouldreach a maximumvalue thatis larger than
that of dynamic friction
o Foraconstant pushing force, dynamic friction willbe a constant

e Thisis because there are more forces at work keeping an object stationary than there are
forces workingtoresist an object onceitis in motion

FRICTIONAL
FORCE (N)
/]
Fg f..(SN _________
F=UpN |======~ 4
PULLING
B------- am---------- m~ FORCE (N)
NC MOTION MOTION

OCCURRING

Therelationship between frictional forces and motion
e Theequation forstatic frictionis given by:
F=susxR

e Where;
o F=staticfrictional force (N)
o us=coefficient of static friction
o R=normalreactionforce (N)

¢ The coefficient of static frictionis a numberbetween O and 1but does notinclude those
numbers
o ltis aratio of the force of static friction and the normal force
o Thelargerthe coefficient of static friction, the harderitis to move those two objects
pastoneanother

e Theequation fordynamic friction is given by:
F=puwpxR

¢ Where:
o F=dynamic frictional force (N)
o up=coefficient of dynamic friction
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o R=normalreaction force (N) YOURNOTES

e The coefficient of dynamic friction has similar properties to that of static friction i
¢ Yet,dynamic friction has a definite force value for a given situation
o Whereas the force of static friction has an increasing force value

*> Worked Example

An 8.0 kg block sits on anincline of 20 degrees from the horizontal. Itis stationary
anddoes have a frictional force actinguponit.

20°

Determine the minimum possible value of the coefficient of static friction.

Step 1: List the known quantities

o Mass of theblock,m=8.0 kg
o Angle between the slope and the horizontal, 6 =20°

Step 2: Determine the weight of the block

o Theweightwillact directly downwards and comes from the interaction of mass and
acceleration due to gravity

W=mxg
8.0 x9.8=78.4 N downwards

Step 3: Break the weight downinto components based onthe slope angle

: [

Cos(B)W
W

/
s

" Sine) W

o The componentthatis parallel to the slope and provides a force moving the block
down the slope can be found from:
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sin(20°) x W=F YOURNOTES

F=sin(20°)x78.4=26.8N {

o The componentthatis perpendicularto the slope and the same magnitude as the
normalreaction force can be found from:

cos(20°)x W=F
F=cos(20°)x78.4=73.7N

Step 4: Use the equation of static friction to find the minimum value of the coefficient of
static friction

o Theequation forstatic frictionis:

F=susxR

(e}

In this case, the Fis the 26.8 N pushing the block down the slope

The Ris the normalreaction force which has the same magnitude as the perpendicular
component of the weight force whichis 73.7 N

Therefore the value can be added and ugsolvedfor:

[e]

]

26.8spusx73.7

o

Rearrange for ug
26.8+73.7=< g
0.36 = us
Step 5: State the final answer

o The coefficient for static friction must be atleast 0.36 or greater for this situation
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Kinetic Energy

¢ Kinetic energy (Ey) is the energy an object has due toits motion (or velocity)
o Thefasteranobjectis moving, the greaterits kinetic energy

¢ When an objectis falling, itis gaining kinetic energy sinceitis gaining speed
o This energy transferred from the gravitational potential energy itis losing
o Anobject willmaintain this kinetic energy unless its speed changes

¢ Kinetic energy can be calculated using the following equation:

E MASS (kg)

mv?2

ol
o)
KINETIC ENERGY (J) Lﬂ) NE VELOCITY (ms—1) I

1 SPEED,V [— >

Kinetic energy (KE): The energy an object has whenitis moving

Derivation of Kinetic Energy Equation
e Aforcecanmake anobjectaccelerate; workis done by the force and energy is transferred
tothe object

¢ Usingthis concept of work done and an equation of motion, the extra work done due to an
object's speed can be derived

¢ Thederivation forthis equationis shown below:

— _1 2
x : Derivation of KE = > mv
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CONSIDER A MASS m AT REST WHICH ACCELERATES
TO A SPEED v OVER A DISTANCE d

WORK DONE IN ACCELERATING THE MASS
W =Fxd

AND F=ma FROM NEWTON’S SECOND LAW

RECALL THE SUVAT EQUATION
vZ=u%+ 2as
IF u=0 AND s=d

v? = 2ad

REARRANGING FOR a

SUBSTITUTE BACK INTO F =ma

mv?
2d

F=ma=

SUBSTITUTE THIS FORCE F INTO THE WORK DONE EQUATION

myv?
xd= imvz

W=7 2

THE MASS IS NOW ABLE TO DO EXTRA WORK =%mv2

DUE TO ITS SPEED

IT HAS KINETIC ENERGY = %mvz
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*9 Worked Example

Abody travelling with a speed of 12m s~ has kinetic energy 1650 J.If the speed of
thebodyisincreasedto 45 ms-! estimate what s its new kinetic energy.

12 ms™ 45ms™1

— —>

KE =1650J KE=7?

STEP 1 EQUATION FOR KINETIC ENERGY

KE = -;-m\ﬂ

STTEP* 2 MASS WILL NOT CHANGE, SO CAN BE CALCULATED
FROM ITS INITIAL KINETIC ENERGY

REARRANGE FOR MASS m

e 25KE _ 24650 _ oo

v2 12

STEP 3 SUBSTITUTE INTO KINETIC ENERGY EQUATION

USING VALUE OF MASS AND NEW VALUE OF VELOCITY

KE = % %23 x 452 =23000J (2 s.)

ExamTip

When using the kinetic energy equation, note that only the speedis squared, not the
mass orthe'2.If a question asks about the ‘loss of kinetic energy’, remembernot to
include a negative sign since energy is a scalar quantity.
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Gravitational Potential Energy

* Gravitational potential energy (E) is energy storedin a mass due toits positionina
gravitational field
o Ifamassislifted up, it willgain Ep(converted from otherforms of energy)
o Ifamassfalls, it willlose E;(and be converted to other forms of energy)

e Theequation for gravitational potential energy forenergy changes in a uniform
gravitational field is:

MASS (kg)

AEP = mgAh<_E CHANGE IN HEIGHT (m)

CHANGE IN GRAVITATIONALM GRAVITATIONAL FIELD
POTENTIAL ENERGY (J) STRENGTH (9.81 Nkg™)

HEIGHT, h

Gravitational potential energy (GPE): The energy an object has when lifted up

e Thepotential energy onthe Earth’s surface at groundlevelis taken to be equalto O
« This equationis only relevant forenergy changes in a uniform gravitational field (such as
nearthe Earth’s surface)

Derivation of GPE Equation

¢ When a heavy objectis lifted, work is done since the object is provided with an upward
force against the downward force of gravity
o Therefore energy is transferred to the object

e This equation can therefore be derived from the work done
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X o Derivation of GPE = mgh

CONSIDER A MASS m LIFTED THROUGH HEIGHT h

THE WEIGHT OF THE MASS IS mg WHERE g IS
THE GRAVITATIONAL FIELD STRENGTH

W =F xd=mg xah

Ah
mg

DUE TO ITS NEW POSITION, THE BODY IS NOW ABLE
TO DO EXTRA WORK EQUAL TO mgah

CHANGE IN POTENTIAL ENERGY = mgah

IF WE CONSIDER THE MASS TO HAVE O POTENTIAL
ENERGY AT GROUND LEVEL

AGPE = mgah
A

\&A“ REFERS TO "CHANGE IN"

> Worked Example

To gettohis apartment a man has to climb five flights of stairs.
The height of each flightis 3.7 mand the man has a mass of 74 kg.

Whatis the approximate gainin the man's gravitational potential energy during the
climb?

A. 130001 B. 2700 C. 15001 D. 12500
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ANSWER: A YOURNOTES
i

Ah=37m

STEP 1 GPE EQUATION
AGPE = mgah

STEP 2 FIND h
Ah=5237m=18.5m
A

\EB FLIGHTS OF STAIRS

STEP. 3 SUBSTITUTE VALUES INTO GPE EQUATION

AGPE =74 x9.81 x18.5 = 13000 J (2 s.f)

GPE vs Height

e Thetwo graphs below show how GPE changes with height for a ball being thrown up in the
airand when falling down (ignoring air resistance)
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OBJECT THROWN IN THE AIR OBJECT FALLING
GPE/J A GPE/J/\
> =
0 HEIGHT / m 0 HEIGHT / m

Graphs showing the linear relationship between GPE and height

e Sincethegraphs are straightlines, GPE and height are said to have a linear relationship
o These graphs would beidentical for GPE against timeinstead of height
Relationship between GPE & KE

¢ Thereare many scenarios thatinvolve the transfer of kinetic energy into gravitational
potential, orviceversa
e Someexamples are:
o Aswinging pendulum
o Objectsinfreefall
o Sports thatinvolve falling, such as skiing and skydiving

¢ Usingthe principle of conservation of energy, and taking any drag forces as negligible:

Loss in potential energy = Gaininkinetic energy
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*> Worked Example

The diagram below shows a skieron a slope descending 750 matan angle of 25°
to the horizontal.

)50

25°

Calculate the final speed of the skier, assuming that he starts fromrest and 15% of
his initial gravitational potential energy is not transferred to kinetic energy.

Step 1: Write down the known quantities

100X GPE

[

15Z GPE LOST

KE = 85% GPE

o Verticalheight,h=750 sin 25°
o Ex=0.85E,

Step 2: Equate the equations for Exand E,
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Ex=0.85E, YOURNOTES
,mv2=0.85 x mgh !

Step 3: Rearrange for final speed, v

1
Emv2 = 0.85 x mgh

v2 = 0.85 x 2gh

v =,/0.85x 2gh

Step 4: Calculate the final speed, v

v =v0.85 x 2 x 9.81 x 750sin 25° = 72.7

Final speed, v =73 m s
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Elastic Potential Energy
e Elastic potential energy is defined as

The energy stored within a material (e.g. ina spring) whenitis stretched or
compressed

¢ |tcanbefoundfromthe areaunderthe force-extension graph fora material deformed
withinits limit of proportionality
o Amaterial withinits limit of proportionality obeys Hooke’s law

e Therefore, fora material obeyingHooke’s Law, elastic potential energy can be calculated
using:

HOOKE’S LAW:F =kx

Fx = i(kx)x

EPE = 2

N

ELASTIC POTENTIAL ENERGY = %kxz

¢ Where:
o k="force constant of the spring(Nm™"
o x=extension(m)

¢ Inyourdatabooklet the extension xis written as Ax
o Thisjust means the changeinx

e |tisverydangerous if a wireunderlarge stress suddenly breaks
¢ Thisis becausetheelastic potential energy of the strained wire is convertedinto kinetic
energy

EPE =KE
Yakx? = Vamv?
VX

¢ This equation shows that the greaterthe extension of a wire, x, the greaterthe speed, v, it
willhave on breaking
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Acar’s shock absorbers make aride more comfortable by using a spring that
absorbs energy when the cargoes overa bump. One of these springs, with a force
constantof 50 kN m™'is fixed next to a wheel and compressed a distance of 10
cm.Calculate the energy stored by the compressed spring.

Step 1: List the known values

o Forceconstant,k=50kNm"1=50 x103Nm"™!

o Compression,x=10cm=10 x1072m

Step 2: Write therelevant equation

Step 3: Substitutein the values

EPE="2kx?

EPE="%x (50 x10%) x (10 x107%)?=250

Force-Extension graphs

¢ Work has tobe doneto stretch a material

o Before amaterialreachesits elastic limit (whilstit obeys Hooke's Law), allthe workis done is
stored as elastic potential energy (EPE)

* Theworkdone, orthe elastic potential energy is the areaunder the force-extensiongraph

HOOKE’S LAW

<

A\

FORCE F/N

o

EXTENSION x/m

WORK DONE = = Fx

1
5

=<V

NON-HOOKE’S LAW

<

A\

FOREE “E/N

<V

) EXTENSION x/m

WORK DONE = AREA UNDER GRAPH

Work done is the area under the force-extension graph

e Thisis true forwhetherthe material obeys Hooke’s law ornot
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o Fortheregion wherethe material obeys Hooke's law, the work doneis the area of a
right-angled triangle underthe graph

o Fortheregionwherethe materialdoesn’t obey Hooke's law, the area is the full region
underthe graph. To calculate this area, split the graph into separate segments and add
up theindividual areas of each

Breaking Stress

e As greaterforceis applied on a material, the stress onitincreases
e Thebreakingstress is the maximum stress a material can stand before it fractures
(breaks)
o Amaterial with high breaking stress is considered ductile, which means it can extend
more before breaking because of plastic deformation
o Acommon example of this is copper, as well as being a good electrical conductor,
copperis ductile soitis a suitable material for making wires

¢ Theultimate tensile stress (UTS) is sometimes also marked on a stress-strain graph
o This is the maximum stress that the material can withstand

e The UTS andbreaking stress can depend on the condition of the material such asiits
temperature
o Thisis veryimportant forengineers when considering materials for a particular
structure
o Thematerialmight need to stand extreme temperatures andloads which are takeninto
consideration

A\ ULTIMATE TENSILE
STRESS (UTS)
BREAKING
STRESS |-~~~ ""TTTT oo TTToos
BREAKING
o POINT
~
n
%]
w
oo
—
wn

—

STRAIN

Theultimate breaking stress is the point on the stress-strain graph of maximum stress. The
breaking point is where the material fractures
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YOURNOTES

*> Worked Example !
[

The graph shows the behaviour of a sample of a metalwhenitis stretched until it
starts to undergo plastic deformation.
Force /N

B004=-—=—— S o o Y
4501 - - - - - - - - —— - - - X

11.0 13.5
Extension / mm

Calculate the total work donein stretching the sample from zero to an extension of
13.5 mm.Simplify the calculation by treating the curve XY as a straightline.
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STEP 1 WORK DONE = AREA UNDER THE FORCE-EXTENSION GRAPH

SHEP 2 SPLIT GRAPH INTC THE TWO AREAS

Force /N

6004 --——--—————————2 Y
450 ) et — — — — i x

|
|
I
|
|
:
eI
I
|
|
|
I
|

11.0 13.5
Extension / mm

STEP 3 CALCULATE AREA A
AREA OF A RIGHT ANGLED TRIANGLE = % x BASE x HEIGHT

AREA = % x 11 x 107 x 450 = 2.475J

STEP 4 CALCULATE AREA B
a

AREA OF TRAPEZIUM = (";b) % h / h E

b
450 + 600
2

AREA = ( ) x2.5 x107° =1.313 J

STEP 5 TOTAL AREA = 2.475+1.313 = 3.79J (3 s.f.)
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YOURNOTES

*> Worked Example !
[

Aspringis extended with varying forces; the graph below shows the results.
10.0

F/N
8.0

6.0
4.0
2.0

0 10 20 30 40 50
Extension / mm

Calculate the energy storedin the spring when the extension is 40 mm.

STEP 1 ENERGY STORED = AREA UNDER THE GRAPH
STEP 2 CALCULATE AREA UNDER GRAPH FOR EXTENSION OF 40mm
10.0
F/N
8.0
6.0
HEIGHT
4.0
2.0
BASE
0 10 20 30 40 50
Extension / mm
AREA OF TRIANGLE = % BASE * HEIGHT
AREA = % x 40 x 107%m x 84N = 046 J
STER 3 ENERGY STORED = 046
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YOURNOTES
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Work Done
Work is defined as

The amount of energy transferred when an external force causes an object to move
over acertaindistance

If the forceis parallel to the direction of the object's displacement, the work done can be
calculatedusing the equation:

W=Fs

Where:
o W=workdone (J)
o F=averageforceapplied(N)
o s=displacement(m)

Inthe diagram below, the man’s pushing force on the blockis doingwork as itis transferring
energy to the block

FORCE

‘— DISTANCE MOVED L . |

Work is done when a force is used to move an object overadistance

¢ When pushing a block, work is done against friction to give the box kinetic energy to move

e Thekinetic energy is transferred to other forms of energy such as heat and sound

o Usually,if a force actsinthe direction that an object is moving then the object will gain
energy

o Iftheforceactsinthe opposite direction to the movement then the object willlose
energy

* When plotting a graph of average force applied against displacement, the area under the

graphis equaltothe work done
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¢ Sometimes the direction of motion of an object is not parallel to the direction of the force
If the forceis atan angle 8to the object's displacement, the work doneis calculated by:

W=Fscos 6

¢ Where0is the angle, in degrees, between the direction of the force and the motion
o When0is O (the forceis in the direction of motion) thencos0=1and W=Fs

e This may not always be cos 0, since this is just for horizontal motion
e Forverticalmotion, it would be sin 6
o Always considerthe horizontal and vertical components of the force
o The component neededis the one that is parallel to the displacement

DIRECTION
OF FORCE
ON SLED

_DIRECTION OF
MOTION

When the forceis at an angle, only the component of the forcein the direction of motionis
considered for the work done

*> Worked Example

°
The diagram shows a barrel of weight 2.5 x 103 N on a frictionless slope inclined at

40° tothe horizontal.

Normal reaction

force Force

Slope

v

25%10° N

Aforceis applied to the barrelto moveitup the slope at a constant speed. The force
is parallel to the slope.What is the work done in moving the barrel a distance of 6.0
muptheslope?A. 7.2x103) B. 2.5x10%) C. 11x10%) D. 9.6x
10%)
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ANSWER: D

STEP 1 | WORK DONE EQUATION
W=Fxd

STEP 2 CALCULATE THE FORCE IN THE DIRECTION OF TRAVEL

THE FORCE NEEDED TO PUSH THE BARREL NEEDS TO
OVERCOME THE COMPONENT OF THE BARREL’S WEIGHT.
SINCE THE FORCE IS PARALLEL TO THE SLOPE, THE
COMPONENT OF THE WEIGHT WE NEED IS THE ONE

PARALLEL TO THE SLOPE. .

F = Wsin(40) = 2.5 x 10° x sin(40) = 1607 N

40y Wecos(40)

WWsin@o)
w

THIS IS THE FORCE IN THE SAME
DIRECTION AS THE DISPLACEMENT

STEP 3 SUBSTITUTE F AND d INTO THE WORK DONE EQUATION

W = 1607 N x 6.0m = 9.6 = 10°J

> Worked Example

°
An 80 kg person pulls a15 kgbox along using arope whichis at 40° from the

horizontal as shown below. The personis pulling with a force of 40 N and moves the
box 20 m horizontally fromits starting position against a constant friction force of
5.0 N.Calculate thework thathas been done on the boxin the direction of its
motion.

Step 1: List the known quantities

(e}

The angle between therope and the horizontal, 0 =40°
The pulling force (alongrope) =40 N

Horizontal distance movedby box, s =20 m
Frictionalforce=5.0N

(e}

[e]

]

Page 89 of 137

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukfor more awesomeresources

Step 2: Resolve the pulling force in therope intoits horizontal component

F x cos(40")

Copyright © Save My Exa

s. All Rights Reservec

o Thehorizontal component of the pulling forceis the only part of the pulling force
aligned with the direction of work

o Hence, thatis the component thatis needed to continue solving this problem
o Thehorizontal component can beresolved from:

c0s(40°) x40 =30.6 N to theright

Step 3: Find the net force for the motion

o Thenet force can be found from theinteraction between the horizontal component of

the pulling force and the friction force:

30.6N

V

Pl
SN

—_—

256N

Copyright © Save My Exams. All Rights Reserved

30.6-5.0 =25.6Ntotheright

Step 4: Use the equation for work

o Usetheequation forwork given the net force and distance movedin the horizontal
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W=Fscos 6 YOURNOTES
l

o Thecos fhas already been accounted forso that the net force could be found when
combining with friction
o Therefore:

W=Fxs
W=25.6x20=512)

Step 5: State the final answer
o Thework done on this boxin the horizontal directionis:

W=512)

(’) ExamTip
- : . - .
Sometimes exam questions willinclude more values than you needtousein the
solution - this is purposefully done to confuse you. Forexample, in the worked
example above, the question supplies the mass of the person and the box, however,
these quantities are not needed for the calculation.
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Power

e Thepowerof amechanical process is therate at which energy is transferred
o Sincework doneis equalto the energy transferred, power can also be defined as the
rate of doing work orthe work done per unit time

e Powercanbe calculatedusing the equation:

e ENERGY (J)

= E — wﬁ WORK DONE (J)

P=ET~1

e Poweris alsousedin electricity, with labels on lightbulbs which indicate their power, such as
60Wor10O0W
o Theseindicate the amount of energy transferred by an electrical currentrather than by
a force doingwork

The Watt

e Poweris measuredin Watts (W)
e The Watt, W,is commonly used as the unit power (andradiant flux)
o ItisdefinedasTW=1Js"!

 TheSlunitforenergy is kgm?2s=3

¢ Onewattis definedas:

Atransferof energyof1Jinls

> Worked Example
[

A carengine exerts the following force for1.0 kmin 200 s.

500 N

1.0 km

Determine whatis the average power developed by the engine.
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EQUATION FOR POWER

WORK DONE
TIME

POWER =

CALCULATE WORK DONE
W = F xd
=500 N x 1.0 x 10°m
=5x10°J

SUBSTITUTE VALUES INTO POWER EQUATION

5 x10°)

&

POWER =

= 2500 W = 2.5 kW

e Moving poweris defined by the equation:

,E FORCE (N)

P=E v

POWER (W) e
VELOCITY (ms™)

e This equationis only relevant where a constant force moves a body at constant velocity.

Poweris requiredin orderto produce an acceleration
e Theforce mustbeappliedin the same direction as the velocity

Derivation of P = Fv

¢ Thederivation forthis equationis shown below:
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x & Derivationof P=F x v

POWER IS THE RATE OF CHANGE OF WORK

POWER = %

WORK DONE = FORCE x DISTANCE
W = F xd

AT CONSTANT WVELOCITY, d=v xt THEREFORE

W=Fxvxt
_ W _ Fxvxt
P_‘t_ e

CANCELLING +

P=Fxv

*> Worked Example

Alorry moves up aroadthatisinclined at14.5° to the horizontal.

Thelorry has amass of 3500 kgandiis travelling ata constant speed of 9.4 ms~.
The force due to airresistanceis negligible.Calculate the useful power from the
engine to move thelorry up theroad.
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YOURNOTES
STEP 1 EQUATION FOR POWER 1
P=Fxv
STEP 2 CALCULATE THE FORCE

THE FORCE NEEDED TO MOVE THE LORRY UP THE
ROAD IS THAT WHICH OVERCOMES THE COMPONENT OF
ITS WEIGHT ACTING DOWN THE SLOPE

F = mg sinB = 3500 = 9.81 = sin(14.5) = 85896.8 N

F
I

0
/

[ £ mgsinee)

mg

STEP 3 SUBSTITUTE INTO POWER EQUATION

P =8596.8 x 9.4 =80 809.9W = 81000 W =81kW (2.s.f.)

(") Exam Tip

The force representedin exam questions will often be a drag force. Whilst this is in
the opposite direction toits velocity, remember the force needed to calculate the
poweris equal to (orabove) this drag force to overcome it therefore you equateit to
thatvalue.
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Principle of Conservation of Energy

e ThePrinciple of Conservation of Energy states that:

Energy cannot be created or destroyed, it can only be transferred from one formto

another

e This means the totalamount of energy in a closed system remains constant, although how

much of each form there is may change

Types of Energy

WHAT IS IT?

KINETIC

THE ENERGY OF AMOVING OBJECT.

GRAVITATIONAL POTENTIAL

THE ENERGY SOMETHING GAINS WHEN YOU
LIFT IT UP, AND WHICH IT LOSES WHEN IT
FALLS.

THE ENERGY OF A STRETCHED SPRING OR

ELASTIC
ELASTIC BAND.(SOMETIMES CALLED STRAIN
ENERGY)

CHEMICAL THE ENERGY CONTAINED IN A CHEMICAL
SUBSTANCE.

NUCLEAR THE ENERGY CONTAINED WITHIN THE
NUCLEUS OF AN ATOM.

INTERNAL THE ENERGY SOMETHING HAS DUE TOITS

TEMPERATURE (OR STATE). (SOMETIMES
REFERRED TO AS THERMAL OR HEAT ENERGY)
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TYPES OF ENERGY

/ Ny

TRANSFERS STORES
—1 HEATING — KINETIC
MECHANICAL — ELASTIC
— ELECTRICAL | | GRAVITATIONAL
POTENTIAL
WAVES — THERMAL —
— MAGNETIC
SOUND LIGHT
CHEMICAL —
— NUCLEAR

Energy types canbe separatedinto transfers or stores

* Thedifferences between energy stores and energy transfers can be confusing, soitis
important to learn their differences and the different types of energy involvedin each

Energy Stores

* Energy stores keep or store energy within one part of a system
¢ Kinetic energy store: the amount of energy in a kinetic energy store depends on the speed
of the object
o Arunnerwith a high kinetic energy store in her muscles can run more quickly than a
runnerwith a smallerkinetic energy store
o Acarwith ahigh kinetic energy store within the engine can drive more quickly than a car
with a smallerkinetic energy store
= Aracingcarhas ahigherkinetic energy store than a tractor
e Cravitational potential energy store: the amount of energy storedin an object depending
onits height
o Thehigheran object, the more gravitational potential energy it has
= When a diverstands on aboard 5 m high he has more gravitational potential
energy than when standing on a board 3 m high
e Magnetic energy store: magnets store magnetic energy untila magnetic materialis present
inits field
o Apiece ofironwillbe movedwhenit enters a magnetic field
o Themagnetic energy storeis transferred to the kinetic energy of the iron
¢ Chemicalenergy store: energy is stored as chemical energy and a chemical reaction takes
placetorelease andthen transferit
o Chemicalenergyis storedin ourbody foruse when we thinkand move
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o Chemicalenergyis storedin a battery to be transferred to electrical energy
e Thermalenergy store: all objects store thermal energy
o Anobjectthatis hotterstores more thermal energy than an object thatis colder
¢ Nuclearenergy store:in anuclearreactor, energy is stored as Uranium-235 until itis
bombarded by neutrons and a huge amount of thermal energy is released

Energy Transfers

¢ Energy transfers: give ortransfer energy to different parts of a system
e Theyactas apathwayaroundan energy system
o Electricaltransfer: when charge flows to produce an electric current
= Thecurrent transfers the energy
o Mechanicaltransfer: this occurs when a forceis applied to move an object
= This couldbe pushingabookacross a desk
= |tcouldalsobesoundwaves passing through a material causing the particles to
move
o Heatingtransfer. Theinternal energy of an object is determined by the temperature of
the object
= Energyis transferred from hotter to coolerareas
o Waves transfer. When sound travels through a material it causes the particles to
vibrate
= Energy is transferred from an object thatis moving/vibrating to generate the
soundwaves through other objects by the movement of particles
= Lightenergyis transferred fromthe sunsowecansee

Energy Dissipation

e When energy is transferred from one form to another, not all the energy willend up in the
desired form (orplace)

¢ Dissipationis usedto describe ways in which energy is wasted

¢ Anyenergy not transferred to useful energy stores is wasted becauseitis lostto the
surroundings

e Theseare commonly in the form of thermal (heat), light, or sound energy

¢ Whatcounts as wasted energy depends on the system

e Forexample,in atelevision:

electrical energy — light energy + sound energy + thermal energy

e Lightandsoundenergy are useful energy transfers whereas thermal energy (from the
heatingup of wires) is wasted
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LIGHT THERMAL 6/

ENERGY ENERGY ELECTRICAL

SOUND
ENERGY ENERGY

Useful and wasted energy conversions for a television
e Theenergy changesin an electrical heater:

electrical energy — thermal energy + sound energy + light energy

¢ Inagas cooker, the energy transfers are similarbut theinitial source of energy is different:

chemical energy — thermal energy + sound energy +light energy

¢ Inboththese cases, thermal energy is useful, whereas sound andlightare not

| .

CHEMICAL
ELECTRICAL ENERGY
ENERGY

THERMAL  LIGHT
ENERGY ENERGY

LIGHT

ENERGY THERMAL

ENERGY

SOUND
ENERGY

SOUND
ENERGY
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Useful and wasted energy conversions in an electric heater and gas cooker

> Worked Example

The diagram shows a rollercoaster going down a track.

Therollercoastertakes thepathA>B->C->D.

Which statementis true about the energy changes that occur fortherollercoaster
down this track?

A. KE-GPE-GPE-KE
B. KE-GPE-KE-GPE
C. GPE-KE-KE-GPE
D. GPE-KE-GPE-KE
ANSWER: D
e AtpointA:

o Therollercoasteris raised above the ground, therefore it has GPE
o Asittravels down the track, GPEis converted to KE and theroller coaster speeds up

e AtpointB:
o KEis convertedto GPE as therollercoasterrises up the loop

¢ AtpointC:
o This GPEis convertedbackinto KE as therollercoaster travels back down the loop

e AtpointD:
o Theflatterrain means therollercoasteronly has KE

Applications of Energy Conservation

¢ Inmechanical systems when energy is transferred between stores it is equivalent to the
work done:
o Afalling object (inavacuum, where no energy is not dissipatedinto the surroundings):
gravitational potential energy — kinetic energy
o Horizontalmass on a spring: elastic potential energy — kinetic energy
¢ Wecanalsosay energy is transferred between stores and transfers:
o Abattery connectedto a bulb: chemical energy — electrical energy — light energy (if
connectedto a bulb)
o Acar:chemical energy = mechanical energy — kinetic energy
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ELASTIC POTENTIAL ENERGY
IS CONVERTED TO KINETIC
ENERGY

KINETIC ENERGY |S CONVERTED
TO GRAVITATIONAL POTENTIAL
ENERGY

Energy transfers whilst jumping on a trampoline

e Theremay also be work done againstresistive forces such as friction
e Forexample,if an objecttravels up aroughinclined surface, then

Lossinkinetic energy = Gainin gravitational potential energy + Work done against friction

*> Worked Example

Asimple pendulumhas a mass of 640 gandalength of 0.7 m.Itis pulled outto an
angle of 20° from the vertical. The pendulumis released. Assuming negligible air
resistance, calculate the maximum speed of the pendulum bob as it passes

through the vertical position.
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Step 1: Determine the energy transfers

When the pendulum bob is at its maximum height, it has gravitational potential
energy.

As it is dropped to the vertical position, all this is converted into kinetic energy
Step 2: Calculate the height dropped

)

O.7Fcos (20

Height Ah dropped = 0.7 — 0.7cos(20)
Step 3: Calculate the loss in gravitational potential energy (GPE)
GPE = mgAh = (640 x 1073) x 9.81 x (0.7 — 0.7cos(20))

GPE =0.265J
Step 4: Determine the equation for the speed

The GPE = KE at the vertical position

1
KE = GPE = Emv2

2x GPE
m

VvV =

Step 5: Substitute in the values

2 x 0.265
v= [————==0981ms"
640 x 10

Spring Energy Conservation
* When avertical springis extended and contracted, its energy is convertedinto other forms
¢ Although the total energy of the spring willremain constant, it willhave changing amounts
of:
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o Elastic potential energy (EPE)
o Kinetic energy (KE)
o Gravitational potential energy (GPE)

¢ When avertical mass is hanging on a spring and it moves up and down, its energy will
convert between the threein various amounts

A

B ©

Atposition A:

o Thespringhas some EPEssinceitis slightly compressed
o ItsKEis O sinceitis stationary
o |ts GPEis atamaximum because the massis atits highest point

At position B:

o Thespringhas some EPE sinceitis slightly stretched
o Its KEis atamaximum as it passes through the equilibrium position at its maximum

speed

o Ithas some GPEsince the massiis stillabove the ground

Atposition C:

o Thespringhas its maximum EPE because itis atits maximum extension
o ItsKEis O sinceitis stationary
o |ts GPEis at aminimum becauseitis atits lowest point above the Earth's surface

Fora horizontalmass on a spring system, there is no gravitational potential energy to
consider. The spring only converts between kinetic and elastic potential energy
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Efficiency

e Theefficiency of a systemis a measure of how well energy is transferred in a system
o Efficiencyis definedas:

Theratio of the useful power or energy transfer output froma systemtoits total
power or energy transferinput

» Ifasystemhas high efficiency, this means most of the energy transferredis useful
¢ Ifasystemhaslow efficiency, this means most of the energy transferredis wasted
¢ Determining which type of energy is useful orwasted depends on the system
o When electrical energy is converted tolightin a lightbulb, thelight energy is useful and
the heat energy producedis wasted
o When electrical energy is converted to heat fora heater, the heat energy is useful and
the sound energy producedis wasted

e Efficiencyisrepresentedas a percentage, and can be calculated using the equation:

EEFICIENCY = USEFUL ENERGY OUTPUT <1007,

TOTAL ENERGY INPUT

¢ Theenergy canbe of any form e.g. gravitational potential energy, kinetic energy
¢ Theefficiency equation can also be writtenin terms of power:

EEFICIENCY = USEFUL POWER OUTPUT <1007,

TOTAL POWER INPUT

¢ Where poweris defined as the energy transferred perunit of time

Energy transferred E
Power = - =
Time t

) Worked Example

An electric motorhas an efficiency of 35 %. It lifts a 7.2 kg load through a height of 5
min 3s. Calculate the power of the motor.

Step 1: Write down the efficiency equation

o Power output
Efficiency = m % 100
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Step 2: Rearrange for the power input YOURNOTES
Power output x 100 l
Efficiency

Power input =

Step 3: Calculate the power output

o Thepoweroutputis equalto energy +time
o The electric motortransferred electric energy into gravitational potential energy to lift
theload

Gravitational potentialenergy =mgh=7.2x9.81x5=353.16
Power=353.16+3=117.72W

Step 4: Substitute values into power input equation

117.72 x 100

P input =———— =336 W
ower inpu 35

*> Worked Example
[

An electric motor has an input power E , useful output power
P . and efficiency n.

out

input power electric motor output power
R, of efficiency n 1 R ut
power lost

What is the output power B, of the motor?

-rlP

lost

A.nP

> B. 1 C.nP D.-nP._(n-1)

lost
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USEFUL POWER OUTPUT

EFFICIENCY =

USEFUL POWER INTPUT

MULTIPLY BY Be.+P, ON BOTH SIDES

EXPAND THE BRACKETS

-Rs FROM BOTH SIDES

TAKE POUT AS A FACTOR

Worked Example

DIVIDE BY n-1

The diagram shows a pump called a hydraulic ram.

Large reservoir
(lake)

In one such pump, thelong approach pipe holds 700 kg of water. Avalve shuts
when the speed of this waterreaches 3.5 m s~ and the kinetic energy of this water

Lift height

rl(Pout + Pl.ost) = Eut
rIEut + QFEQ“ = Pou‘t
rngut - Pout = _rlFl.)ost

F;U"-(rl— 1) = —rlpl.ost

Long inclined
approach pipe
—>

!Small high

tank to be
filled

N

is usedto lifta small quantity of water by height of 12m.

The efficiency of the pumpis 20%.

Which mass of water could be lifted 12 m?

A.6.2kg B. 4.6 kg

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers

C.7.3kg
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ANSWER: C

THE KINETIC ENERGY OF THE WATER IS CONVVERTED TO
GRAVITATIONAL POTENTIAL ENERGY WHEN LIFTED BY 12m

KE = GPE
%mvz = mgh

SINCE EFFICIENCY 1S 20Z ONLY 20% OF THE KINETIC ENERGY WILL
BE CONVERTED.

0.2 * %mvz = mgh

0.2« % x 700 % (3.5) = m x 9.81 x 12
857.5=mx117.72

8575

1772

m=/3kg (2 s.f)

e Thepumpis what converts the water’s kinetic energy into gravitational potential energy
e Sinceits efficiencyis 20%, the kinetic energy can be multiplied by 0.2 since only 20% of the
kinetic energy willbe converted (not 20% of the gravitational potential energy)

@ ExamTip

* Efficiency can bein aratio (between O and 1) or percentage format (between O and
100%)If the question asks for efficiency as a ratio, give youranswer as a fraction or
decimal.lf the answeris required as a percentage, remember to multiply the ratio by
100 to convertit:if theratio = 0.25, percentage = 0.25 x 100 = 25 %Remember that
efficiency has no units
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Force & Momentum

¢ Linearmomentum, p,is defined as the product of mass andvelocity

,E MASS (kg)

p=my
‘\E VELOCITY (ms™|

MOMENTUM (kgms-") %j‘

¢ Momentumis a vector quantity - it has both a magnitude and a direction

¢ Thismeansitcanhave anegative ora positive value
o Ifanobject travelling to theright has positive momentum, an object travelling to the

left (in the opposite direction) has a negative momentum
o Thenegative orpositive directions are defined by the observer on a case-by-case

basis

 TheSlunit formomentumiskgms™!

Direction of Momentum
* Ifaballofmass 60 gtravelsat2ms™, itwillhave amomentumof 0.12kgms™!
o Ifitthenhits awallandrebounds in the exact opposite direction, it willhave a momentum of

-0.12kgms™!
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p=60*x102x 2 m = 60g

p= 0.2 kgms™* . — 2ms =

THE BALL IS NOW TRAVELLING IN THE
OPPOSITE DIRECTION. THIS MEANS ITS
VELOCITY MUST BE NEGATIVE

P=60x10"x-2

p = —0.42 kgms~1 {H 2ms

ITS MOMENTUM THEREFCRE,
IS ALSO NEGATIVE

When the ballis travelling in the opposite direction, its velocity is negative. Since
momentum = mass x velocity, its momentumis also negative

9 Worked Example

Determine which object has the most momentum.

={S=>

MOMENTUM = MASS  VELOCITY MOMENTUM = MASS x VELOCITY
MOMENTUM = 0.06kg * 75m/s MOMENTUM = 3kg x 1.5m/s
= 45kgm/s = 45kgm/s

¢ Boththetennis balland the brick have the same momentum
e Eventhough the brickis much heavier than the ball, the ballis travelling much faster than
the brick
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e This means that onimpact, they would both exert a similar force (depending on the time it YOURNOTES
takes foreach tocometorest) 1

Force & Momentum

e Forceis defined as therate of change of momentum on a body
e Thechangein momentumis defined as the finalmomentum minus the initial momentum

¢ These canbe expressed as follows:

/E CHANGE IN MOMENTUM (kgms=)

_ 4P

at
FORCE (N) »
CHANGE IN TIME (s)

Ap = p - PBEFOF(E

FINAL

CHANGE IN MOMENTUM

¢ |tshouldbenotedthatthe forcein this situationis equivalentto Newton's secondlaw:
F=-mxa

¢ Onlywhenmassis constant
o Insituations where mass is not constant, Newton's secondlaw can only be
considered to assist descriptions and not for calculations

e Theforceand momentum equation can be derived from Newton's Second law and the
definition of acceleration
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YOURNOTES
i

CHANGE IN
VELOCITY

NEWTON’S ~ te=ul_ av
SECOND LAW F = ma = Ty

e At
\EACCELERATDNJ

s P = mv (MOMENTUM)|

& mlv — u)
t

=

4t [aP=mav (CHANGE IN MOMENTUM)
- £Z~@1ANGE IN MOMENTUM |

at o TIME TAKEN

\iC)RCE IS EQUAL TO THE RATE
@]

F CHANGE OF MOMENTUM

Direction of Forces

e Forceandmomentum are vectors so they can take either positive ornegative values

e Theforcethatis equaltotherate of change of momentumis still the resultant force

e Aforceonanobjectwillbe negativeifitis directedin the opposite motion toits initial
velocity

o This means thatthe forceis produced by the object it has collided with

TI
|

FORCE ON THE CAR
FROM THE WALL

CAR —

FORCE ON THE WALL
FROM THE CAR

The wall produces a force of -300N on the car and (due to Newton’s Third Law) the car also
produces a force of 300 N back onto the wall
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YOURNOTES

Worked Example !

Acarof mass 1500 kg hits a wall at an initial velocity of 15 m s~ It then rebounds off
thewallat5 ms~'and comes torestafter 3.0 s.Calculate the average force
experienced by the car.
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STEP 1 | FORCE IS EQUAL TO THE RATE OF CHANGE YOURNOTES
IN MOMENTUM l
_ep
F= at

SIFER" 2 CHANGE IN MOMENTUM
Ap = FINAL MOMENTUM — INITIAL MOMENTUM

STEP 3 INITIAL MOMENT UM

INITIAL MOMENTUM = MASS x INITIAL VELOCITY

Il

R

]

m * v

1500 kg *x 15 ms™"

» = 22500 kgms™
15 ms—1 -5 ms—1
_— <

BEFORE AFTER

STEP 4 FINAL MOMENTUM

FINAL MOMENTUM = MASS x FINAL VELOCITY

Il

R=mXy

= 1500 kg x —5 ms™"

P = —7500 kgms™

STEP 5 CALCULATE CHANGE IN MOMENTUM ap

ap = =7500-22500 = -30000 kgms™*

STEP 6 SUBSTITUTE THIS VALUE BACK INTO THE FORCE EQUATION
A —
F = i) = ﬂ = —10000N
at 3
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O Exam Tip YOURNOTES
*  Thedirection you consider positive is your choice, as long the signs of the numbers !
(positive ornegative) are consistent with this throughout the questionln an exam
question, carefully considerwhat produces the force(s) acting. Look out forwords
such as ‘from’ or ‘acting on’ to determine this and don’t be afraid to draw a force
diagram to figure out whatis going on.
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Impulse

e Theforceandmomentum equation can berearrangedto find theimpulse
e Impulse, |, is equal to the change in momentum:

I=FAt=Ap =mv -mu

e Where;
o [=impulse(Ns)
o F=force(N)
o t=time(s)
o p=momentum (kgms™)
o m=mass (kg)
o v=finalvelocity (ms™)
o u=initial velocity (ms™)

¢ This equationis only used when the forceis constant
o Sincetheimpulseis proportional to the force, itis also a vector
o Theimpulseisinthe samedirection as the force

e TheunitofimpulseisNs
* Theimpulse quantifies the effect of a force acting overa timeinterval

o This means a small force acting over along time has the same effect as alarge force

actingover ashort time

Rain vs Hail

¢ Anexamplein everyday life ofimpulseis the effect of rain on an umbrella, compared to hail

(frozen water droplets)

o Whenrain hits an umbrella, the water droplets tend to splatterandfall offitand there is

only avery small changein momentum

o However, hailstones have alarger mass and tend to bounce back off the umbrella,

creating a greater change in momentum
o Therefore, theimpulse on anumbrella is greater in hailthaninrain

o This means that more forceis required to hold an umbrella uprightin hailcompared to

rain
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RAIN HAIL

Since hailstones bounce back off anumbrella, compared to water droplets fromrain, there
is a greaterimpulse onanumbrellain hail thaninrain

> Worked Example

°
A58 gtennis ballmoving horizontally to the left at a speed of 30 ms~'is struck by a

tennis racket whichreturns the ballback to therightat20 m s7!(a) Calculate the
impulse delivered to the ball by the racket(b) State the direction of theimpulse

Part(a)
Step 1: Write the known quantities

= Takingtheinitial direction of the ball as positive (the left)
= |nitial velocity,u=30ms™

= Finalvelocity,v=-20ms"!

= Mass,m=58g=58x10"%kg

Step 2: Write down the impulse equation
Impulsel=Ap=m(v -u)
Step 3: Substitutein the values
1=(58x107%) x(-20 - 30)=-2.9Ns
Part (b)

Page 116 of 137

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Direction of theimpulse YOURNOTES

= Sincetheimpulseis negative, it must bein the opposite direction to which the i
tennis ball was initial travelling (since the leftis taken as positive)
= Therefore, the direction of theimpulseis to the right

Impulse on aForce-Time Graph

¢ Inreallife, forces are often not constant and will vary overtime
« Iftheforceis plotted against time, theimpulseis equal to the area under the force-time

graph
FORCE/N N\

AREA UNDER
THE GRAPH

IMPULSE/Ns

-
TIME/s

When the forceis not constant, theimpulse is the area under a force-time graph
e Thisisbecause
Impulse = FAt

¢ Where:
o F=force(N)
o At=changeintime(s)

e Theimpulseis therefore equal whetherthereis
o Asmallforce overalong period of time
o Alargeforce overasmall period of time

e Theforce-time graph may be a curve ora straight line
o Ifthegraphis acurve, the area can be found by countingthe squares underneath
o Ifthe graphis made up of straight lines, split the graph into sections
o Thetotalareais the sumof the areas of each section
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T oath l

Fi

THE SAME CHANGE IN MOMENTUM OVER A LONGER PERIOD
OF TIME WILL PRODUCE LESS FORCE (AND VICE VERSA)

> Worked Example

Aballof mass 3.0 kg, initially at rest, is acted on by a force F which varies with t as
shown by the graph.
F/RN A\

4—

(o]

[ e

16 t/s

Calculate the magnitude of the velocity of the ballafter16 s.

Step 1: List the known quantities

o Mass,m=3.0kg
o Initial velocity,u=0m s~ (sinceitis initially at rest)

Step 2: Calculate theimpulse

o Theimpulseis the area underthe graph
o The graph can be splitupinto tworight-angled triangles with a base of 8 s and a height
of 4kN

1 1
Are0=(§><8><(4x 103))+(5><(16—8)><(4>< 10%))

Area=Impulse=32x103Ns
Step 3: Write the equation forimpulse

Impulse, [ =Ap=m(v - u)
Step 4: Substituteinthe values

l=mv

Page 118 of 137

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

32x103=3.0xv YOURNOTES

v=(32x10%)+3.0 i

v=10666ms'=11kms™!

Step 5: State the final answer

o Thefinalmagnitude of the velocity of the ballis:

v=1kms™!

(') ExamTip

Remember that if an object changes direction, then this must be reflected by the
changein sign of the velocity. As long as the magnitudeis correct, the final sign for
theimpulse doesn't matteras long as itis consistent with which way you have
considered positive (and negative)For example, if the left is taken as positive and
therefore theright as negative, animpulse of 20 N s to therightis equalto -20 N
sSome maths tips for this section:Rate of Change

* ‘Rateof change’ describes how onevariable changes with respectto another

¢ Inmaths, how fast something changes with time is represented as dividing by
At (e.g. accelerationis therate of changein velocity)

e More specifically, At is used for finite and quantifiable changes such as the
differencein time between two events

Areas
e Theareaundera graph may be split up into different shapes, so make sure
you’re comfortable with calculating the area of squares, rectangles, right-
angled triangles and trapeziums!
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Impulse in Context

In Sports

¢ Forexample, in cricket:
o Acricket balltravels at very high speeds and therefore has a high momentum
o When afielder catches the ball, it exerts a force onto theirhands
o Stopping a ball with high momentum at once will cause a large force onto theirhands
o Thisis because achangein momentum (impulse) acts over a short period of time
which creates a large force on the fielder's hands and could cause serious injury

o Afieldermoves theirhands back when they catch the ball, which increases the time for

its changein momentum toreduce
o This means there will beless force exerted on the fielder's hands and therefore less
chance of injury

A CRICKET BALL HAS
A VERY HIGH MOMENTUM

p
o

\

4

THE FIELDER MOVES
/& THEIR HAND BACKWARDS
WHILST THEY CATCH
/\?——-&THE BALL TO INCREASE
THE TIME OVER WHICH
THE IMPULSE ACTS (AND

\ REDUCE THE FORCE)

A FIELDER MAY ALSO STEP
BACKWARDS TO INCREASE
THE TIME OVER WHICH THE
BALL'S IMPULSE ACTS FURTHER

A cricket fielder moves their hands backwards when catching a cricket ball to reduce the
force it will exert on their hands

e Infootball:
o Increasingthe contact timeis sometimes usedto advantage, as thelongerthe
contacttime, thelargerchangein momentum
o Whenkicking a football, after a strong kick the motion is followed through
o This creates alargeimpulse and the ballthen has a higher velocity
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A

FOLLOW THROUGH ACTION

The follow through action of a football kick increases the change in momentum of the ball

*> Worked Example

°
Atennis ball hits two rackets with a change in momentum of 0.5 kgm s~ The first

rackethas acontacttime of 2s. The secondracket has acontacttime of O.1s.For
the different contact times, which tennis racket experiences more force from the
tennis ball?
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1 2
ap 0.5 ap 0.5
F=& =20 F=x =01
F=0.25N F=5.0N

THE SECOND TENNIS RACKET EXPERIENCES MORE FORCE
FROM THE TENNIS BALL

Momentum Conservation & Safety

e Theforce of animpactin avehicle collision can be decreased by increasing the contact

time over which the collision occurs

o Thecontacttimeis the timein which the vehicle orthe passengeris in contact with

what it has collided with

* Vehicles have safety features such as crumple zones, seat belts and airbags to account

forthis

o Foragivenforce uponimpact, these absorb the energy from theimpact andincrease

the time overwhich the force takes place

o This,inturn, increases the time taken forthe changein momentum of the passenger

andthevehicle tocometorest
o Theincreased timereduces the force andrisk of injury on a passenger
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SEAT BELT & AIRBAG INCREASE
THE TIME OVER WHICH THE
PASSENGER EXPERIENCES THE
IMPACT FORCE

CRUMPLE ZONE
° ABSORBS IMPACT
FORCE

SEAT BELT:

SV

ARG
a

OF

[FRONT CRUMPLE ZONE|

The seat belt, airbag and crumple zones help reduce therisk of injury on a passenger

Designing Safety Features

¢ Vehicle safety features are designed to absorb energy upon animpact by changing shape
e Seatbelts
o Theseare designedto stop a passengerfrom colliding with the interior of a vehicle by
keeping them fixed to theirseatin an abrupt stop
o They are designedto stretch slightly toincrease the time forthe passenger's
momentum to reach zero and reduce the force on themin a collision

¢ Airbags
o Theseare deployedatthe front on the dashboard and steering wheelwhen a collision
occurs
o Theyactas asoftcushionto preventinjury on the passengerwhen they are thrown
forward uponimpact

¢ Crumplezones

o Theseare designedinto the exterior of vehicles

o Theyareatthefrontandbackandare designedto crush orcrumplein a controlled way
ina collision

o Thisis why vehicles aftera collision look more heavily damaged than expected, even
forrelatively small collisions

o Thecrumple zonesincrease the time over which the vehicle comes to rest, lowering
theimpact force on the passengers

e Theeffect of theincreasein time and force can be shown on a force-time graph
o Forthe same changein momentum, which depends on the mass and speed of a
vehicle, theincreasein contact time will resultin a decrease in the maximum force
exerted on the vehicle and passenger
o Thisis demonstrated by alower peak and widerbase on a force-time graph
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F/NA
LARGE FORCE 5--------------
4 WITHOUT SEAT BELT
37 SAME AREA UNDER
GRAPH = SAME IMPULSE
2_
LOWER FORCE |------------
17 WITH SEAT BELT}
0 ! T T T T =
C 2 4 8 8 10 t/s
— >
At
At

Theincreasein contact time At decreases the force for the sameimpulse

*> Worked Example

A7kgbowlingballhas animpulse of 84 N s actuponit. The bowling ball was initially
atrestandsitting on a flat frictionless surface.Predict the distance moved by the
bowling ballin the first 3 seconds after theimpulse was delivered.

Step 1: List the known quantities

o]

Mass of the bowling ball,m =7 kg

Impulse actingonthebowlingball,/=84Ns
Bowling ballinitial velocity (atrest), u=0Oms™
Time of movement, t=3s

o

(e}

o

Step 2: Find the velocity caused by theimpulse

o Thevelocity caused by theimpulse can be found from the equation linking mass,
velocity, andimpulse:

Impulse, I =Ap=m(v -u)
Step 3: Rearrange and solve forv
I=mxv(sinceu=0ms™
v=l+m=84+7=12ms"!
Step 4: Find the distance travelled

o This canbe foundusingtime andvelocity
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v=d=t YOURNOTES
d=vxt l
d=12x3=36m

Step 5: State the final answer

o Thebowlingballmoved 36 m
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Conservation of Linear Momentum

The principle of conservation of linearmomentum states:

The total momentum before a collision = the total momentum after a collision
provided no external force acts

e Linearmomentum is the momentum of an object that only moves in one dimension
¢ Momentumis a vector quantity
o This means oppositely-directed vectors can cancel each otherout resultingin anet
momentum of zero
o If aftera collision an object starts to move in the opposite direction to which it was
initially travelling, its velocity willnow be negative

¢ Momentum,just like energy, is always conserved

|

BEFORE : AFTER
I
I

FINAL
VELOCITY

FINAL
VELOCITY

INITIAL
VELOCITY

OF B

vE Hwp

OF A

OF A

= U =

® ©
Lo

MUy +

’

~MV, + MgV

U;=0 THEREFCRE A IS NOW TRAVELLING
MU, =0 IN THE OPPOSITE DIRECTION
THAN BEFORE

The conservation of momentum for two objects A and B colliding then moving apart

External & Internal Forces

o External forces are forces thatact on a system from outside of it e.g. friction and weight
 Internal forces are forces exchanged by the particles in the system e.g. tensionin a string
e Forcesthatareinternal orexternal willdepend on the systemitself
e Forexample,inamass-spring system:

o Theinternalforceis the spring force

o Theexternalforceis the weight
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YOURNOTES
INTERNAL FORCE: l
SPRING FORCE

EXTERNAL FORCE:
WEIGHT

Internal and external forces ona mass on a spring

» Systems with no external forces may be described as ‘closed’ or ‘isolated’
o Theseare keywords thatreferto a system thatis not affected by external forces

e Forexample, a swimmerdiving from a boat:
o Thediverwillmove forwards, and, to conserve momentum, the boat willmove
backwards
o Thisis because the momentum beforehand was zero and no external forces were
present to affect the motion of the diver or the boat

*> Worked Example

Trolley A of mass 0.80 kg collides head-on with stationary trolley B whilst travelling
at

3.0 ms. Trolley B has twice the mass of trolley A. Onimpact, the trolleys stick
together.

Using the conversation of momentum, calculate the common velocity of both
trolleys after the collision.
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YOURNOTES

|+ DIRECTION | :

BEFORE

V,=3.0ms™

—~
—

MOMENTUM = (M, x\}) + (Mg x )
BEFORE

(CO.8kg x3.0ms™ ") + 0O
2.4 kgms™

SINCESIREREE BHIS
STATIONARY, V=0
THEREFORE ITS
MOMENTUM IS O

THE PRINCIPLE OF CONWVERSATION
OF MOMENTUM STATES THAT
THE TOTAL MOMENTUM OF A
SYSTEM REMAINS CONSTANT
PROVIDED NO EXTERNAL FORCE
ACTS ON IT

-~ | MOMENTUM _ MOMENTUM

AFTER

<
I

A+B

\'4

MOMENTUM
AFTER

Il

{MA+ MB} X \4\+B

(0.8 kg + 1.60 kg) * V.
2.4kg* V.,

Il

TROLLEY B HAS TWICE THE
MASS OF TROLLEY A

BEFORE " AFTER

2.4 kgms™ = 2.4 kg xV,, g

v = 2.4 kgms! REARRANGING
A8 2.4kg FOR

A+B

Virp = 1.0ms™
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YOURNOTES

*> Worked Example !

The diagram shows a carandavan, just before andjust afterthe car collided with
thevan, whichis initially at rest.

] BEFORE COLLISION |

MASS = 990 kg l MASS = 4200 kg
V=10 m/s

Py ==

| AFTER coLLISION |

V=7

—

Usetheidea of conservation of momentum to calculate the velocity of thevan
when itis pushed forward by the collision.
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Step 1: State the principle of conversation of momentum

¢ In aclosed system, the total momentum before an event is equal to the total
momentum after the event

Step 2: Calculate total momentum before the collision
p =mv
¢«  Momentum of the car:
p =990 x 10 = 9900 kg m/s
¢« Momentum of the van:
The van is at rest, therefore v =0 m/s and p = 0 kg m/s
e Total momentum before:

Prefore = 9900 + 0 = 9900 kg m/s

Step 3: Calculate the momentum after the collision
¢ Momentum of the car:
p =990 x 2 = 1980 kg m/s
¢  Momentum of the van:
p = 4200 x v
¢ Total momentum after
Pafter = 1980 + 4200v kg m/s
Step 4: Rearrange the conversation of momentum equation for the velocity of the van

Poefore = Poater
9900 = 1980 + 4200v
9900 - 1980 = 4200v

~9900-1980

V= 2200 =19m/s

Page 130 of 137

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers

YOURNOTES
!


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

YOURNOTES

Exam Ti
P !

Ifitis not givenin the question already, drawing a diagram of before and after helps
keep track of allthe masses and velocities (and directions) in the conversation of
momentum questions.
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Collisions & Explosions

¢ Inboth collisions and explosions, momentumis always conserved
o However, kinetic energy mightnotalways be

¢ Acollision (orexplosion)is either:
o Elastic - if the kinetic energy is conserved
o Inelastic - if the kinetic energy is not conserved

¢ Collisions are when objects strike against each other
o Elastic collisions are commonly those where objects colliding do not stick together
andthen moveinopposite directions
o Inelastic collisions are commonly those where objects collide and stick together after

the collision
BEFORE
Q— <O
AFTER
P
ELASTIC INELASTIC

Elastic collisions are where two objects movein opposite directions. Inelastic collisions are
where two objects stick together

¢ Anexplosionis commonly to do with recoil
o Forexample, a gunrecoiling aftershooting a bullet oran unstable nucleus emittingan
alpha particle and a daughternucleus

e Tofindoutwhethera collisionis elastic orinelastic, compare the kinetic energy before and
after the collision
¢ Theequation forkinetic energyis:
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YOURNOTES

,E MASS (kg) l
2

KE==mv

' KINETIC ENERGY (J) %) kE VELOCITY (ms™1)

) Worked Example

N>

°

Two similar spheres, each of mass mandvelocity v are travelling towards each

other. The spheres have a head-on elastic collision.What is the total kinetic energy

aftertheimpact?

\Y -V
T _—
A. %mvz B.0 C. mv? D. 2mv

ANSWER: C

IN AN ELASTIC COLLISION, KINETIC ENERGY 1S CONSERVED.

THIS MEANS KINETIC ENERGY BEFORE =KINETIC ENERGY AFTER.

KINETIC ENERGY BEFORE = %mvz + Amyz = mvZ,

IN AN ELASTIC COLLISION, KINETIC ENERGY AFTER WILL ALSO EQUAL mv2Z

*> Worked Example

Trolley A of mass 0.80 kg collides head-on with stationary trolley B at speed 3.0 m
s7!. Trolley B has twice the mass of trolley A.The trolleys stick togetherand travel at
avelocity of 1.0 ms~!.Determine whether this is an elastic orinelastic collision.

Page 133 of 137

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

!

BEFORE AFTER

V., .=1.0ms™

A+B

\,=3.0ms™"

\

'
I
|
I
> I
=
I
I
I
I

[EKINETKI ENERGY = 1/2 m? |

KINETIC ENERGY _ 1 2 1 2
BEFORE =g MM ¥ o = Mg )
1 2
=5 *0.8x(3.0) +o
=3.6J
IBIEIIE JELERSH ="5x Mg * (Vorg) THIS IS AN INELASTIC
ARIER COLLISION SINCE KINETIC
= % x 2.4 x (f|,o)2 ENERGY IS NOT CONSERVED
=12
(’) Exam Tip
L/

If an objectis stationary oratrest, its velocity equals 0, therefore, the momentum
andkinetic energy are also equalto OWhen a collision occurs in which two objects
are stuck together, treat the final object as a single object with a mass equal to the
sum of the two individual objectsDespite velocity being a vector, kinetic energy is a
scalarquantity and therefore willnever include a minus sign - this is becausein the
kinetic energy formula, mass is scalarand the v will always give a positive value
whetherits a negative or positive velocity
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Applying Conservation of Momentum YOURNOTES
» Theprinciple of conservation of momentum can be usedto solve various types of {
problems forisolated systems such as problems involving:
o Collisions
o Fluidjets
o Conveyorbelts

e}

Explosions & many more

» Kinetic energy canalsobeusedto checkif a collisionis elastic orinelastic

?

o

o

o

In elastic collisions, momentum and kinetic energy are conserved
Ininelastic collisions, momentum s conserved, but kinetic energy is not
Inelasticincludes explosions

Worked Example

Two trolleys Xand Y are of equal mass. Trolley X moves towards trolley Y which is
initially stationary. Afterthe collision, the trolleys join and move off together.Show
that this collisionisinelastic.

Before After

Vi

Vyey

|
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STEP 1 COMPARE THE KINETIC ENERGY BEFORE AND
AFTER THE COLLISION

KINETIC ENERGY BEFORE: %mxv2 10

KINETIC ENERGY AFTER: %(m,+ my V2, =%(j\m)vfﬂ

me AND m, ARE EQUAL %/

SIER 2 CHECK IF THEY’RE EQUAL

%mxv2 +0 # %(2m)v,f+,,

STEP 3 SINCE THE KINETIC ENERGY BEFORE THE COLLISION
IS NOT EQUAL TO THE KINETIC ENERGY AFTER,
THIS IS AN INELASTIC COLLISION

*> Worked Example

A2 kgcrossbowis firedanda 100 garrow s fired horizontally. The arrow is released
from the crossbow at 40 m s~'.Determine the magnitude of the recoil velocity of
the crossbow.

BEFORE FIRING | '

e T

CROSSBOW MASS: 2k ARROW MASS: 100 g
u=0m/s u=0m/s

N

AFTER FIRING | '

CROSSBOW MASS: 2k
v=7m/s

= e

ARROW MASS: 100 g
v=40m/s

Step 1: List the known quantities

o Mass of the crossbow: 2 kg
o Massofthearrow:100g=0.1kg
o Speedofarrowduringrelease: 40 ms™!
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Step 2: Determine the momentumbeforerelease

o Sincebeforerelease neitherthe arrow northe crossbow was moving, theirmomentum
togetherisOkgms™!

Step 3: Determine the momentum of the arrow
o The momentum of the arrow can be found from the equation:
p=mxv
Parrow=0.1x40=4kgms™!
Step 4: Determine therecoil velocity of the crossbow

o Thearrow has amomentum of 4 kgms~'and the system had a total momentum of O
kgm s~'before the collision

o Therefore, the crossbow must have amomentum of 4 kgms~'in the opposite
direction to the arrow

o Therefore:

Pcrossbow=MxV
Pcrossbow M=V
v=4+2=2m/sinopposite direction to arrow
Step 5: State the final answer

o Themagnitude of the recoil velocity of the crossbowis 2ms-'.
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