Chapter 6: Work, Power, Energy

What is work (or work done)?
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o Symbol W

Worl is a scalar, o x.'m)

o  TTnits of work: JToules (T) VP\
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Mechanical work is done when the force and the displacement are parallel. -~ &.

When there 15 an angle (other than 20 %) between the force and the displacement, some
wotle is done.

Examples of situations where work I3 DONE:
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M mechanical work 13 done when the force and the displacement are perpendicular.

Examples of situations where IO WOERE IS DONE:
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Formaula for calculating work:

|N= F'A&J
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If there is an angle between the force and the displacement, we must find the component

of the force that iz parallel to the displacement

. (Or we can find the component of the
displacement parallel to the force)

Ezamples:

oA worker lifts a 20 kg box from the floor and places it on a shelf 1.5 m abowe the
ground. How much work does the workeer do to accomphsh this task?

rb L"f(x> = 1alan ¢ ViSSP
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—> T by
2. A boy applies a honzontal force of 100 M (to the right) to a 40 kg box that 15 on

the ground Friction exerts a force of 20 How much work does the boy do to
push the box ower a distance of 5.0m?7
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3 A girl pulls a sled with a force of 200 M at an angle of 35 © above the horizontal.
=he pulls the sled over a distance of 200 m. How much work does the girl do?

4 A boy applies a horizontal force of 10 M te a 5.0 kg toy car mowing at a speed of
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1.0mfs for 2.0 5. How much worl 15 done by this boy?(‘,x{-‘“\.ﬂ)
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30 A0 l{g box is to be brought to the top of a frlu:tlonless incline plane. The incline
iz set at 30° and is 4.0 m high. Find how much Wark is needed to get this box

from the bottom to the top of the incline.
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Mechanical Power

What 1z power?

e at 2 i

AL \ \ .
* Symboel P
Power is a scalar. W.-
SeN—————
o Tnits of Power: Watts (W)
J = '—)WO"" (.J)
MNote: W =1— —
s 26| = Eina L9
ﬂ
Ezamples:

1. A winch 1z used to raise a 50 kg box to a height of 10 m above the ground in 20
‘q seconds at a constant velocity, What 15 the power of the winch?
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2. A girl pushes a box on the floor a a constant velocity of 1.5 mfs She exerts a
horizontal force of 100 M over a distance of 12 m. What is the power generated

F2oN by the girl?
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3 A boy pulls a 20 kg sled using a force of 200 M at an angle of 307 abowe the
horizental. Friction provides aforce of 100 I The sled starts from rest, and vig
covers a distance of 8. 0m. What is the power generated by the boy?
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Mechanical Energy

Wechanical energyis composed of kinetic energy and gravitational potential energy.

Gravitational Potential Energy

Potential energy is the amount of energy associated with the position (height) of an object

with respect to a reference point.
ot Ak YhaX wrm‘w& Yo ,
» Symbol PE or Eg = 5\*0 .?.M:q W (eWwoose "\'3

Energy iz a scalar.

o  TInits of Energy: Joules (T}

Note: 17 =1ng"2

— O semaess (
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Kinetic Energy k . h:ﬁ\h} cv\oove w GQ'D' (.MB

EKinetic energy is the amount of energy associated with the motion of an object.

o Symbol KE or By
Energy iz a scalar

o  TTnits of Energy: Joules (T)

Note: 17 =1’::f;f'22 »
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Exzamples:

1. A 2500 kg car travels a speed of 60 kon'h. How much kinetic energy does this car
have?
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2 A 500 g apple 1z1n atree. The apple has 12 25 T of potential energy relative to the
ground. How high above the ground is the apple located?
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Conservation of Mechanical Energy
S

In aclose (zolated) system, the total mechanical energy of system 15 constant.

This mean: ME; = MEy

PR; + KF; = PRy + KRy

Ezamples:

1. A cyclist and her bicycle have a combined mass of 63 kg She st:arts@and
coasts down the hill without pedaling. When zhe reaches the bottom of the hill,

she has a speed of 12 m/fs. "What& the height of the hill ?
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2. A roller coaster car passes through point I at a speed of 12 m/fs and then keeps
going, passing through peints I and TTT

The cat's path is i

30 m
l 15m
h 4

Frictional forces are negligible. What is the speed of the cart at point TIT7
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When there 13 friction on the system, total energy is still conserved  Friction does work
to remowe energy from the system.

Sothis means: PR + KB — W= PR+ KEy

Ezample: 'rw*‘ F,‘ .A;

1. Two persons slide down a snow- covered hill in a sled from a height of 10 m. The
force of friction on the sledders 15 200 N, The total mass of the persons and sled
iz 100 kg, The slope of the hill iz 40 m long. Calculate the speed of the sled and
itz cccupants at the bottom of the hill
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Work done by external forces

We saw that when aforce of friction does worly, itremoves energy from the system.
When a force iz applied to a system, it can ADD energy to the system.

So the equation would look something lile:

PR+ KE; + Wryy — We= PEr+ KEy

Ezample:

2. A 5.0 kg skier 1z at rest at the top of a lull 10.0 m high. Zhe pushes with her

poles with a force of 50.0 M, to give herself an initial speed. She then coasts

“ dowmn the rest of the hill. When she reaches the bottom of the hill, she has a speed
of 141 mfs. Ower what distance did the skier push with her poles? Disregard the

OV Vg = P T

2
= 1 (Suop)(u.in)? -a,shg("t%b;i“’")
2 s i
= 41333
@ \N°T= F.v-lsé
L7 WNeg
Fap

= G1.333
SoLoN
= 1,93n

S

—_—

Wotk Power Energy-11



Work Energy Theorem

When work 15 done on an object, it changes the kinetic energy of the object.

So the total work done on an object corresponds to the change in kinetic energy of that
ohject.

Thizs means:  Wiga = AKE %'u‘a‘- ‘.wn —w;= Vévﬁpf'
Wi = KBy KB, “aSeg- g = WBs -WE;

Ezamples:

3.0 A 2000 kg car going at speed of 25 mfs comes to a stop over a distance of 70 m.
What 15 the force applied to the car by the brakes?
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4. A wagon starting from rest 15 pulled with a force of 25 M over a distance of 5.0 m.
Friction exerts a force of 10 1. What 15 the final kinetic energy of the wagon?
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Energyin a Spring

When a spring iz stretched or compressed, it stores elastic potential energy. When the
spring 15 released, the extremity of the spring moves, transforming the elastic potential
energy into kinetic energy.

o Symbel E. E.

Energy stored in a spring 15 a scalar.

*  Tlnits of Energy: Joules (T)

Note: 17 =1 kg»f

l: S Pring constewtl Nn)
x - W"”" C“”‘.’)

s  Formula:

Exzamples:

1. In orderto compress a spring by 40 cm, 48 T of work must be done. What 15 the
spring constant of this spring?

-J_k"
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=2(ag7) = (GCON|,.,
z
(o MO0,
2. A dart of mass 0.100 kg 15 pressed against a spring of a toy dart gun. The spring
has a spring constant k = 250 MNim, and it 15 compressed by a distance of 0.06m. If

the dart detaches from the spring once the spring reaches it's equilibrium position,
what 15 the speed of the dart as 1t leaves the spring?
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3. A 104kg block on a horizontal frictionless surface 13 attached to a light spring of
constant 800 m. The block iz initially at rest at the spring” s ecuilibrium
position when a force (magnitude F = B0 1) achng parallel to the surface 1z

applied to the block, as shown. What is the speed of the block when it iz 13 cm
from itz equilibrium position?
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