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Chapter(6)
Work, Energy andd?ower

6.1Work
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Work
W=F.Dr

W= FArcosé

Unit: joule (]) Ar

1J=N.m

Iff F andi rinthe « same directionn the:workidone isis positivee W>0

Iff F andi rinithe  oppasitecdirectioi on the:workidone dsis negative: W<0
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g Work: + or-?

- Work can be positive, negative, or zero. The sign
of the work depends on the direction of the force
relative to the displacement

W= FArcos#f

- Work positive: W > 0 if 90° >qg>0°

- Work negative: W <0 if 180 >q>90°
- Work zero: W =0if g=90°

- Work maximum if q=0°

- Work minimum if g =180
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 W=ZF.r
=W, +W, +...

I alll fouircases, ithefforeehhasiihe:same magnituden andethe
displacementof the object is to the right and «f thessame
magnitude. Rank the situationsiincorterof the work done by
the force on e ohject ffrommasppesitive donmast negative.
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How much work was doné& A person pushes with 10N force

for a distance of30 m.

W=Fr

W= (110N) (30m ) }'.‘

W =3300 Nm

ANote:Iff orce and displ
I Same directions, + W
I Opposite directions,W
T Perpendicular directions, WG
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A man cleaning a floor pulls a vacuum cleaner with &orce of magnitude
F =50.0 N at an angle of30.0Awith the horizontal. Calculate the work
done by the forceon thevacuum cleaner aghe vacuum cleaner is
displaced3.00m to the right

500 N
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A man cleaning a floor pulls a vacuum cleaner with &rce of magnitude
F =50.0 N at an angle of30.0Awith the horizontal. Calculate the work
done by the forceon thevacuum cleaner aghe vacuum cleaner is
displaced3.00m to the right

50.0 N
W = FArcos@ = (50.0 N)(3.00 m)(cos 30.0%)

= ]?lDN']]] = ]-?FDJ
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Work - graphing

Force

O X, -

Position
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Chapter(6)
Work, Energy anddfower
P 6.1Work
6.2 Kinetic Energy
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Kinetic Energy

|
W= %mtrfg = émz.ﬁg ll&: L .
frhe 1 mal Ki#Betic ehel 0y i
kinetic energy plus the total work done on it by all the
Forces acting upon 1o

Note: Work and kinetic energy have the same dimensions and
units
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Work is related to kinetic energy

Lm- Em\{)z =(F

2 2 net COSC])DX

When work is done by a net force on an object and

the only change in the object is its speed, the work

Al | A FO ANOA|] Ol OEA AEAI
energy

Speed will increase if work is positive
Speed will decrease if work is negative
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A 6.0-kg block inidally at rest is pulled to the right along a
horizontal, frictionless surface by a constant horizontal force
of 12 N. Find the speed of the block after it has moved 3.0 m.

W= FAx= (12N)(3.0m) = 36 ]

W= K, - K;= 51_—}??1“{{{2 -0

vp= -\{ W _ '\/2{36‘]} = 35m/s
: m 6.0kg
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What acceleration is required to stop a.00kg car traveling 28
m/s in a distanceof 100 meters?

A o
—

i 1 5 1 5
AKE =W = —mv,;” ——mv,” = Fscos@
2 2

0-(500kg)(28m-s™)* = F(100m)

F =-3920N = a=-392m -5’
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/ Chapter(6)
Work, Energy andd?ower
P 6.1Work

p 6.2 Kinetic Energy
6.3 Potential Energy and conservative forces
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Potential Energy (P.E.)

APE = +mgh
APE >0

APE = —mgh
APE <0

=~
S
~
~
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gravitational field

= \77 ety
energy due to the change of position in

\
Al
A
\
\
\
/

The negative sign in the PE equation is necessary
to account for the direction of gravity
(PE > 0 when h > 0 and PE < 0 when h <0)

W,=mgh (Depends only on h!)

Depends only on h,

not on path taken!

TaneN
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PE =U=mgy B
Yoz
W, = FDycosg =mg(y, - Y, )cos0 Ay
=y ) i v?
| g
B gravity:Uf B Ui i

Note: Units of Potential Energy are the s
same as those of Work and Kinetic Energy
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TheWork-EnergyPrinciple

K=K tWgray) . .
O'he sum of the kinetic energy and the
K+U = KA+UA potential energy is called the total
mechanical energy fi
E=E,

E=K+U

The total mechanical energy is conserved and
remains the same at all times

%m\f+mgy=%m\/?+mgyf
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A ball of mass m is dropped from a height A& above the

ground,

(A) Neglecting air resistance, determine the speed of the

ball when it is at a height y above the ground.
K';' + Uf = K:' + Ui
%muf + mgy =0+ mgh
o = 2g(h — y)

v = V2g(h — )
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(B) Determine the speed of the ball at yif at the instant of
release it already has an initial upward speed v, at the initial
altitude h.

1 _ 1
§mvf2 + mgy = Em*ﬂ;? + mgh

vfﬂ = 'E!i? + 2g(h — y)

v = V‘v;ﬂ + 2g(h — y) A
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Conservative Forces

(a) A force is conservative if work done by that force acting
on a particle moving between points is independent of the

path the parficle takes between the two points

w;,
w,=W,
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Conservative Forces

(b) The total work done by a

conservative force is zero W, /\
when the particle moves < /1/
around any closed path and

y closed p — W
returns te its initial position 1

Wyer=W,-W,
=W,-W,=0

Therefore the work done in a closed path is 0.
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Non-conservative forces

A force is non-conservative if it causes a change in mechanical energy;
mechanical energy is the sum of kinetic and potential energy.

Example: Frictional force.

* This energy cannot be converted o
back into other forms of energy —®
(irreversible).

* Work does depend on path.
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: Non-conservative forces.

For straight line W=-fd

For semi-circle path W=-f(nd/2)

Work varies depending on the path. Energy is dissipated

The presence of a hon-conservative force reduces the ability of a system
to do work (dissipative force)
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Notes:

@MW=0 K+U=K,+U,
(QW, 0 K+U=K,+U,+W
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~ Example

A toy car slides on the frictionless track shown below. It starts at rest, drops a

distance d, moves horizontally at speed v, rises a distance A, and ends up
moving horizontally with speed v,.

Find v, and v,
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DK =DU
1/2mv = mgd

vy =y 2gd
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If the surface is smooth what is the speed of the block at the bottom of
the incline?

AKE =W = %mvf2 —%mvf = Fscos@
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