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OBJECTIVES

L1 ‘ Determine the work done by a constant force

- ‘ Determine the work done by weight

. 3 Determine the mechanical power



Work done by a constant force ® *
When you push a table, you | If you apply a larger push 'ﬁjﬁ”ﬁﬁ

move It under the action of a |to a wall,
force you exert. you might not be able to move it, in
spite of the effort you exert!
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Work done by a constant force
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In both cases, you have spent energy, but only in the first case you have
accomplished a work.

o
When force Is applied on a object, resulting in the movement of that
object, WORK is said to be DONE!

©




Work done by a constant force ® »

Work Is done on an object when a force causes a displacement ' ACADEMY
of that object.

When a force performs work, energy Is transferred from one object to
another.

T

Distance=d



Work done by a constant force

The work done on an object by a constant force F causing
a displacement d Is:

Wz=F.d=FXdXcos(a)

W: : work done by the force,
expressed in Joule J.

F: applied force, expressed in Newton N 1

d: i1s the distance covered by the box, expressed in meter m.

o: angle between the force and the displacement, expressed in degree.



Work done by a constant force ® *
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Work done by weight

Suppose you throw a basketball from a point A to a
point B. o

The Initial height of the ball at point A is
h;, and its final height at B Is h.

The work done by the weight of the ball is:  ° ’

ACADEMY

W =mg Xd X cos(a) mg

h; — hy
d

j> h; — hf = dcos(a)

cos(a) =

Wy = mg(h; — hy)



=

Work done by a constant force @ J
Application 1: mmv
The adjacent figure shows a girl that iIs pulling a suitcase-on-wheels
of mass 3Kg on a horizo_rjtal track. r
The girl exerts_ a force F of magnitudeoF = /ﬁ /‘?
45N on the suitcase at an angle a& = 50 for ;

a displacement d =5 m. < L/\u

The track exerts a friction force fof
magnitude f = 20 N on the suitcase.

1. List and draw, not to scale, the forces acting on the suitcase.
2. Find the work done by each of these forces.
3. Deduce the net work.

SW



Work done by a constant force
M =3kg; F=45N; a =50 ;f=20N;d = 5mand g = 10N/Kkg.

1. List and draw, not to scale, the forces acting on the suitcase.

The forces acting on the suitcase are: .~

Ty

* The pulling force: F

—

* The weight of the suitcase: W

» The Normal reaction of support: N

—

* The Friction: f



Work done by a constant force
M =3kg; F=45N; a =50 ;f=20N;d = 5mand g = 10N/Kkg.
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1. Calculate the work done by each of these forces
Work done by normal force:

W5 =N XdXcos(N;d) °

W5 =N X d X cos(90)

Note: when the force I1s 1 to distance d, the work Is zero



Work done by a constant force
M =3kg; F=45N; a =50 ;f=20N;d = 5mand g = 10N/Kkg.
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Work done by weight :

Wy = mg(h; — hy) ‘

Wy =3 x 10(0 — 0)



Work done by a constant force
M =3kg; F=45N; a =50 ;f=20N;d = 5mand g = 10N/Kkg.
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Work done by friction force:

W7=f><d><cos(f;d) )

Wf = f xXd X cos(180)

W7=20><5><(—1)

Wf =-100/ <0 Resistive work



Work done by a constant force
M =3kg; F=45N; a =50 ;f=20N;d = 5mand g = 10N/Kkg.
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Work done by tractive force:

Wz =F XdXcos(F;d)

Wz =45 X5 X cos(50)

Wz =145] >0 Motive work



Work done by a constant force ® *
3.Deduce the net work

w ¢ . 4
bt 73 WPV Y Y &

zwex=WW+Wﬁ+W7+WF

z W..=0]+0]—-100] + 145]

) W, =45]



Mechanical Power

Suppose you want to lift a box from the ground to the top
of a building:

A winch can lift it in few seconds;
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« However, a worker can do the same work
IN few minutes!

In the two situations, the amount of work e ]I[
done Is the same, yet the winch does it more Q
qguickly! z__




Mechanical Power L 3§
What Is power? '&ﬁgﬁ%
Power is defined as the time rate of doing work.

Power is defined as the time rate at which the energy Is transferred.



Mechanical Power
Average Power: Be Smart

Average power of a force delivering an amount of work W during a
time interval At Is

w
Pav:A_t
T F.
W=Fd=FA B P, = g
Py, = F.Vg,

The SI unit of power Watt [W=J/s]



Mechanical Power O *
Instantaneous Power:

If the time Interval At tends to zero, average velocity tends to the
Instantaneous velocity:

At — 0 > Vy - Vi =V

P, = F.V=FXV X cos(a)

Where a Is the angle between FandV



Mechanical Power
Application 2:

A block of mass m = 2 kg covers, under the action of force F of

magnitude F=20 N making an angle a« = 30  with horizontal, a
distance of 10m horizontally. g = 10N /kg

The magnitude of force of frictionis f =5 N.

1. Determine the work done by each force exerted on the block.

2. Calculate the average power developed by each force If the
distance Is covered during 10 s.



Mechanical Power P >

1. Determine the work done by each force exerted on the block.

o C {
< Nvv DT

Wi = 0] (weight is L to distance) tN .
W = 0J (Normal is L to distance) Wi O
Wz =FXxdXcos(a) =20 %10 X cos(30) . i

W

Wy =173.2]
W = fxdxcos(a) =5x%x10 X cos(180)

Wz = —50]



Mechanical Power

2. Calculate the average power developed by each force if
the distance Is covered during 10 s.

p.—on_0

N At 10
PﬁZOW

W 0

At 10
PWZOW
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p - Wz 173.2
F™ At 10
P =17.32W

W= _50

f
P—>=—=—
At 10

P;: = —5W
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OBJECIIVES
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1 Forms of Energy

. 2 Determine the Kinetic energy of a particle

. 3 Apply Work energy theorem.



Energy
What is Energy?

Energy: Is the ability to do work
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An object processes energy If it’s
able to do work.

Energy, as work, 1s expressed In
Joules (J).
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Energy
Forms of energy
MECHANICAL ELECTRIC

=

Y X

2]

LIGHT THERMAL
a

In this lesson we will study mechanical energy

T«
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Kinetic Energy (KE)
Kinetic Energy (KE):Energy possessed by a body due to its

ACADEMY

tion. ..
moton Kinetic Energy (KE)
Translational motion Rotational motion
Kinetic Energy of Kinetic Energy of

Translation Rotation (GS)







Kinetic Energy (KE)

Kinetic Energy of Translation (KE): ACADENY
1
KE = EmV2

m: mass of the body, expressed in (kg).
V: The velocity of the body, expressed in m/s.

KE: Kinetic energy, expressed in (J).
When an object is at rest (speed v = 0) > KE = 0]

When an object is at motion rest (speed V =0 m) KE # 0]



Kinetic Energy (KE)
Application 3:

R, C s 4
He omarl
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A ball of mass m = 2K g starts its motion from rest from A and
reaches B with a speed v = 3m/s as shown in the figure.

Calculate the kinetic energy of the ball O vV
at A and at B. ~ -
KEA — 1/2mV2 KEB 3 1/2mvz

KE, = 0.5 X 2 X (0)* KEp = 0.5 x 2 X (3)2

KE, = 0] KEg = 9]



Theorem of kinetic energy

When external forces do work on an object, its Kinetic
energy changes from its initial value KE; to a final value
KE(, the difference between the two values being equal to

the sum of works done by these external forces

Z W, = AKE

Z W, = KE; — KE;
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Theorem of kinetic energy L §
Application 4: 'ﬁﬁgﬁﬁ

A box of mass 8kg at rest at point A is pulled by a force F of
magnitude 16N, and making 30 with the horizontal as shown in the
adjacent figure.

During the motion, a constant frictional
force of magnitude f,. opposes the motion.

The box reaches point B with a speed of
0.8m/s after covering a distance of 5m.

Applying work-energy theorem, determine the magnitude of the
force of friction f,. acting on the box.



Theorem of kinetic energy
V,=0; m=8kg; F=16N; @ = 30 ; Vg = 0.8m/s; AB=5m

Applying work-energy theorem, determine the magnitude of the
force of friction f,. acting on the box.

The forces acting on the box are: N /
The pulling force: (F) ......... I =ﬂ30 ...............................

The weight of the box: (W)

R, C s 4
He omarl
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The normal reaction: (ﬁ)

The friction force: (7)



Theorem of kinetic energy

s B

V,=0; m=8kg; F=16N; @ = 30 ; Vi = 0.8m/s; AB=5m 'ﬁﬁ\%ﬁﬁ

The work done by normal is:
Wy =N xdxcos(90) mp Wy = 0]

The work done by weight (W) is:
Wy = mg(hy — hp)
Wy = mg(0 —0)

Wi = 0]




Theorem of kinetic energy L §
V4 = 0; m=8kg; F=16N; @ = 30 ; Vg = 0.8m/s; AB=5m ';{%ﬁ’gﬁ

The work done by force F is: Aﬁ/
Wi=Fxdxcos30° - _ s v L
Wz =16 X5 x cos30° W) W3 = 69.3] |
The work done by friction (7) IS:
Wz =frxdX cos180

W:=fr x5xcos180° mp W:=-5Xxf,



Theorem of kinetic energy L §
Apply work — energy theorem: %’gﬁ

ZWF = KEg — KE,

1
_ 2
WW+Wﬁ+WF+Wﬁ_E(8)XO'8 —0

0+0+69.3-5Xxf,.=2.56

69.3—-2.56=5X%Xf, m 66.64 =5 X f,
fr =13.34N
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OBJECIIVES
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. 1 Determine the Gravitational potential energy of a system

. 2 Determine the Elastic potential energy of a system



Potential Energy (PE)
Potential Energy (PE): Is a form of energy stored In the§;

Potential Energy (PE)

|
! l

Gravitational Elastic potential
potential energy energy

l l




Gravitational Potential Energy (GPE) L §

Gravitational Potential Energy(GPE) is the energy stored [ &ae

and possessed by an object due to its relative to a given
reference

PE, = mgh O

mumntc

_ W |

« m: mass of the body, expressed in kg. S .-
I--lh oo

* g. gravity, g=10N/kg. e _‘-

|

* h: height of the body from the reference pm

expressed in m m




Gravitational Potential Energy (GPE)

If the object Is above
the reference level:

h>0 ®) GPE>0

(&4
h>0
o, Y
Reference level for GPE

GPE=mgh

If the object i1s below
the reference level:

h<0 W) GPE<O0

o | Reference level for GPE
————— ) —

A
 h<0

(Y
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If the object iIs below
the reference level:

h=0 B GPE=0

_OQ.)__

Reference level for GPE



Gravitational Potential Energy (GPE)

Application 5:

A ball (S) of mass m = 1. 2Kg moves up an inclined plane
making an angle a =30 with the horizontal starting

ACADEMY

from the bottom O. A
The ball reaches point A at a height h from the
ground, where 04 = 1.5m
Take the horizontal line passing through B
as a reference level for gravitational @&«
B

potential energy. Given g = 10N /kg.

Calculate GPE of the system (ball-earth) at point O and A.



Gravitational Potential Energy (GPE) ’P"
B

m=1.2Kg; 0A =1.5m;a = 30; g =10N/kg e Smatt
The gravitation potential energy Is: GPEg = mgh A
GPEgz = mgh=1.2x10(0) = 0]
GPE, = mgh, h

For the triangle AOB: sina = —~

hyp 0= ‘i

h _ B
sina = — » h = OAsina

0OA
GPE = mgh = mgLsina

GPE =1.2 x10 x 1.5 x sin30 —> GPE = 9]




Gravitational Potential Energy (GPE)
Application 6: ACADEMY

A ball of mass m = 2kg at the top A of an inclined plane maklng an
angle & = 60 with the horizontal.

The ball moves down and reaches point O,
where AO = 90cm.

The horizontal plane passing through A is a
reference level for gravitational potential
energy. Given g = 10N /kg 0

Calculate GPE of the system (ball-earth) at point O.



Gravitational Potential Energy (GPE) L 3§
m =2Kg; A0 = 0.9m; a« = 60 ;g = 10N /kg 'mg"gg,ﬁ
The gravitational potential energy is: GPE = mgh B

For the triangle AOB:sina = ~--
hyp
) —h » h AOsina
—_— —— — l
sina = - .
GPE = mg(—AOsina) 0

GPE =2 x10 x (—0.9 x sin60) W) GPE = —15. 6]
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Gravitational Potential Energy/ Pendulum



Gravitational Potential Energy (GPE)/ Pendulum

Gravitational potential energy at point A at a height h Y 50y
above the reference level: I
The gravitational potential energy: 0

GPE, = mgh *

L=h+x > h=(L—x) AR ‘
For the triangle AOB: cos0 = ogl 2 hp !
hyp L L~z e
x = Lcos0

h=(L-x)=L—Lcos§ m) h=L(1- cos0)



Gravitational Potential Energy (GPE)/ Pendulum L B

Application 7: ACADEMY

A pendulum is formed of a massless and Inextensible string of length L
= 90cm, having one of Its ends O fixed to a support while the other end

carries a particle (S) of massm = 200 g . QU
The pendulum is shifted from its equilibrium g
position to point A making an angle 8 = 30 *

L
The horizontal plane passing through B isa | 1 [ 77 n
reference level for gravitational potential h h
energy. Given g = 10N/Kg. g 0

Calculate the GPE of the system (pendulum- earth) at point A when it
makes an angle @ = 30 with the equilibrium position.



Gravitational Potential Energy (GPE)/ Pendulum L B
m=0.2kg;L=0.9m; 0 =30, g =10N/kg. ﬁﬁ,”gﬁ%

GPE, = mgh
GPE, = mgL(1 — cos0)

GPE, =0.2%x10X%X0.9(1 —cos30)

PE, = 0.24]

Dz 0 s




Elastic Potential Energy (EPE)

It Is the energy stored as a result of deformation of an elastic
object, such as a spring. cquilibrium

The energy is stored in the spring when A
It IS compressed or stretched. %OGOOOGGG

Compresse

EPE = - kx? MOOO@@OOL*

1
%’
I
Displacement ( i

Stretched

EPE: elastic potential energy, expressed in J.

K: sp.ring constant (stiffness) expressed in N/m. %_/ O 6 O O O O O 6 =

x: The compression or elongation of the
spring, expressed in m.




Elastic Potential Energy (EPE)

EPE = %kxz

[,: Initial length

X = 9

( 1—1, (elongation

lp — I (compression)

T«
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Applied force (F)
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Elastic Potential Energy (EPE) L §

Smart

Be
EPE = 1 kx? ACADEMY
2

il

-

Horizontal spring Vertical spring



Elastic Potential Energy (EPE) L §
When the spring is elongated to maximum fog et

X IS maximum then EPE 1s maximum
V = 0 then KE Is zero

X IS minimum then EPE 1S minimum
V = 0 then KE Is zero




Elastic Potential Energy (EPE) ® o«
Application 8: Be Smait

Consider a solid (S) of mass m = 500g is connected to a spring (R) of
free length Iy = 25cm.

. .\ (5)
The stiffens of the spring is kK = 20N /m. Eiflﬁ G | x
The spring Is elongated by a distance x and 0 '
become has a length I = 35cm. Doc. 1

1.Calculate the variation in length AL

2.Calculate the elastic potential energy stored in the spring when it is
elongated by x = AL



Elastic Potential Energy (EPE)
m = 500g; lo = 25cm; k = 20N/m; [ = 35cm.
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1.Calculate the variation in length AL o 2
x:AL:l_lO Doc. 1 a

x=35-—25 ®m) x=10cm = 0.1m

2.Calculate the elastic potential energy stored in the spring when
It Is elongated by x = AL

EPE = 1/2kx? m®) EPE = 0.5 X (20) x (0.1)2

EPE = 0. 1]
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OBJECTIVES ..

. 1 Determine the Mechanical energy of a system

. 2 Apply the law of conservation of mechanical energy

3 Apply the law of non -conservation of mechanical energy



Mechanical Energy (ME) 0 W

Mechanical Energy of a system at a certain point Is: Fraay

The sum of kinetic energy and potential energy of a system at that
point, expressed in J

ME = KE + PE, + PE,




Mechanical Energy: ME = KE + PE

l

Kinetic (KE) (motion)

Translation
(KEtran — 1/2mV2)

Rotation (GS)
(KE,,, = 1/210'%)

‘ ACADEMY

Potential (PE) (position)

l

Gravitational
(GPE = mgh)

l

Elastic
(EPE = 1/2kx?)




Mechanical Energy (ME)

Application 9: oo mar

A particle (S) of mass of m = 1. 25K g starts its motion from rest
from A. N .

The particle reaches point B, 3.1m above the ¥
ground with a speed of 2.5m/s. g

Take the ground as reference level for
gravitational potential energy. Given g = 10N

/Kg .
1)Calculate the mechanical energy of the system|[(S)-earth] at point A.

2) Calculate the mechanical energy of the system|[(S)-earth] at point B



Mechanical Energy (ME)

m = 1.25kg; hy = hg =3.1m; Vg = 2.5m/s; g=10N/kg. oo matt

1)Calculate the mechanical energy of the system|[(S)-earth] at point A.
ME, = KE4 + (GPE)4 A
ME ; = %mVﬁ + mgh, hy

PEg=O

ME, =0.5%1.25%x(0)*+1.25x 10 x 3.1

ME, = 0 + 38.75 > ME = 38.75]



Mechanical Energy (ME) % «
m = 1.25kg; hy = hg =3.1m; Vg = 2.5m/s; g=10N/kg. Be omatl
2) Calculate the mechanical energy of the system|[(S)-earth] at point B.
MEp = KEg + (GPE)p

1

MEg = —mV% + mghg hy

2 PE, = 0

b )
A? "

MEg =0.5x1.25 % (2:5)*+1.25 x 10 x 3.1

ME,=3.9+38.75 ®) ME = 42.65]



Conservation of Mechanical Energy

The Mechanical energy of an object Is conserved
(remains constant) If the object Is not submitted to any
non- conservative force):

The non-conservative forces (friction,
ailr resistance, braking force, traction
forces, damping force...) are zero or
neglected. (ex: f,. = 0).

A LT R

ME, = MEg




Conservation of Mechanical Energy

KE PE E = KE + PE Vo = 0 m/s
0J 600000) [CEORGOEN-——————————— _o il

600 000 J 0J DO — O

200 000 J 400 000 J 600000 ————-————1 . ®
400 000 J 200 000 J 600000) ———————-=——. — — — ! |

s B
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Ignoring friction and air resistance, a car run illustrates how Kkinetic
energy and potential energy are interconverted, while the mechanical

energy remains constant.



Conservation of Mechanical Energy L §

Energy

|
|~

™~ " Gravitational

L \\\ potential energy

l

Kinetic energy <
1 I | N\Jﬂ

Displacement

Be Smart
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total energy

' kinetic energy '
' potential energy '




Conservative & Non-conservative Forces

ACADEMY

Conservative forces Non - conservative forces

% %

Forces that conserve the | Forces that change the mechanical
mechanical energy of the system | energy of the system.
(keep It constant)

Examples: friction, air resistance,
Examples: weight, spring force... |traction force ...




Conservation of Mechanical Energy
Application 10: Be Smant

A car considered as a particle of mass 500kg starts with a speed of
20m/s from the bottom A of an inclined plane making an angle a =
30 with the horizontal.

The car cuts 35.1m reaches point B at a height
h above the ground with a speed of 7m/s.

1.Calculate the mechanical energy of A
the system[car-earth] at point A, = A g«

B

2. Calculate the mechanical energy of the system|car-earth] at point B.

3. Compare the mechanical energy at A and B, then deduce



Conservation of Mechanical Energy
m = 500kg;V, =20m/s;ax =30 ;AB = 35.1m; Vg = 7m/s

1.Calculate the mechanical energy of the system|car-
earth] at point A.

MEA :KEA‘l‘PEA

1 , Ny, .
MEA — EmVA + mghA

Be Smart
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B

1
ME, = x 500 x (20)2+0 mm) ME, =100,000]



Conservation of Mechanical Energy QO *
m = 500kg; V4 = 20m/s;a = 30 ; AB = 35.1m; Vg = 7m/s [ Jsonc
2.Calculate the mechanical energy of the system[car-earth] at point B.

MEy = KEp + PEg

1
] e h = AB. si
SINAK = —— — Slna
AB

MEg = 1/2mV% + mgAB. sina

MEg = 0.5 x 500 x (7)2+500(10). (35.1).5in30 B) ME, = 100,000]



Conservation of Mechanical Energy
3.Compare the mechanical energy at A and B, then deduce.

He omarl
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B

ME, = MEg = 100,000

Then the mechanical energy Is conserved.

The frictional forces are neglected (f, = 0).



Non — conservation of Mechanical Energy

A particle moves from point A to point B. If the non-
conservative forces acting on the body Is not neglected, then:

Be Smanrt
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The mechanical energy of the system[body-earth] is NOT conserved.

(f+ # 0)

ME, # MEg

he variation of mechanical energy between
these two points equal to sum of work done by
these forces.

AM.E =) W, on—cons 4 MEf — ME; = X Woon—cons-






