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* work might mean Jaddl Casyal
« exerting a force with muscles. Jaidl AolS gad ud
* has a specific meaning. Motion and work, eaall alasxiul 598 dules

cJoadlg A8, xllouzs (qae Laddl A8
work is
force applied through a distance. i,
Y-
Adluse e dadall 39all

] Force and direction of motion

O Force and motion are parallel
O when they are in the same direction.

O When they are parallel,
work is equal to force multiplied by distance.
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orce is measured in
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* Distance is measured in meters (m). 5520 olid

2 098] wlad ey

 Work is then measured in joules (J). ) N). ) AL 2Ll olid eisM)

. . — . ¢ " " )J}-‘?b“-' d-ﬁ-’-" U"‘LABPJ'.’ ‘QSJ).
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Force perpendicular to motion

* Your arms might even feel tired.

« the force exerted by your arms does zero work on the books.

* This is because there is a 90° angle between this force on the
books and the motion of the books

 When a force is perpendicular to motion, the work from that

force is zero Work vs. Angle
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Other directions

If a force on an object and that object’s motion are parallel,
then the work from that force equals that force’s magnitude multiplied by distance.

If the force on an object and that object’'s motion are perpendicular, then the work from that force equals zero.
How much work is done when the angle between force and motion is not parallel or perpendicular?

For these other directions, the work done is less than the force
multiplied by the distance but more than zero, as shown on the graph above

_Wprk_ vs. Angle_
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A machine is a device that changes the force or increases the motion from work.

* cut your food with a knife,
* use a screwdriver,
* chew your food,

you are using a simple machine
Types of machines

A simple machine is a machine that does work with only one movement of the machine.

There are six t ple machines:

pes of sim

»wWN
=
=
D
@

. _axle, inclined plane, screw, and wedge.

A compound machine is a combination of two or more simple machines.
1. a pair of scissors is a compou nd machine. It combines two wedges and two levers.
2. A bicycle IS also a Compound machine.
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A compound machine is a combination of two or more simple
machines.

1. a pair of scissors is a compound machine. It combines two wedges and two levers.
2. A bicycle is also a compound machine. _ -
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How are machines useful? I

B9all 3L ol Badl Lzl el of &e | Balsj LpSay.
6. Describe How does a machine affect work?
How are machines useful if a machine’s output work is always less than its input work?
1. Machines change the way work is done.

1. They can increase speed, change the direction of a force, or increase force.

2. Increase speed Bicycles are machines that increase speed.



How are machines useful?

A person can travel more quickly on a bicycle than on foot.
However,

1-increase speed,

1. a bicycle decreases force

increases the distance through which the force is applied.

Simple
Machines

W@é%ﬁ

s - &

2- Change direction of force

The wedge-shaped blade of an ax is a machine that changes the direction of an
applied force.

You exert a downward force on the ax.
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Increase force
A car jack increases force but decreases speed.

The upward force exerted on the car is greater than the downward force that you exert on the handle.

However, you move the car jack handle faster than you lift the car.
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Mechanical advantage describes the effectiveness of a machine at increasing force.

Mechanical advantage is the ratio of output force to input force

output work (in joules)

efficiency (%) = — X 100
y (%) input work (in joules)

{ ) selas)) adalas

s g (%) = I BB 00 W
(Js=dbs) out
L e = X 100
x 100 W]

1. The input force is the force applied to the machine. A3 e dadall 5odll (p Als 1l 5odll

3 i e WY Ladas A1 55all Ayl 594l
] ) ] ) A1 591 o AST Aoyl 5901 (Y g o ST 8yl | il 4SSl 5L
2. The output force is the force that the machine applies to another object. ’ il ’

The mechanical advantage of the car jack is greater than one because the output force is greater than the input force.



Efficiency Eguation
. output weork (i poukes)
efficiency (& = Tapart work [in joutes) = 100
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Machines can be made more efficient by reducing friction. This is usually done by adding
a lubricant, such as ol or grease, 1o surfaces that rub together. Howewer, all machines are
kess than 1O percent efficaent

SOLVE FOR EFFICEENCY You do 20 J of work in pusihng & Cate up 8 ramp If the output
work Hom the inclined plane i3 11 1 then what is the efficiency of the incined plare?

Identify the Unknown: EMoency «

List the Knowns: work e W_ = 20 J
workout W = 1)

Set Up the Prodblem c--';'-'-m

Scive the Prodlem r-ﬁ";-m
e = 55 percent

Check the Answer The work out 5 aDout hait of the work n

Theralore. an answer 00 10 50 percent i reasconabie

PRACTICE Problems W ADDITIONAL PRACTICE

S, Find the #MCency of & maching that does S00 J of work f the nput work s 2000 J

6. The nput work on a puley syatem s 75 L I the puliey system o 84 percent
eficiers. then what is he output work om the pulicy system”

7. CHALLENGE Workers 0o 8000 J of work o0 3 2000-N crate 10 push £ up & amp
¥ e ramp 5 2 ™ gh. then what is the #Moency of the ramp?

92 Voowe & - Work and By
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EXAMPLE Problem 3

SOIVE FOR MECHAMICAL ADWVANTAGE & crabe weighs 950 M. you can use a pulley
system fo lift that crabe with a force of only 250 N, then what is the mechanical advantage of the

pulley systern?
ldentify the Unknown:  mechanicel acvantage. MA

List the Knowns: output korce: F = 950N
input force: F_ = 250 N
Sat Up the Problom: HA:;—:‘
Scive the Problom: Ma = 208
MA = 3.8
Check the Buhswer: The weight af the crabe is very close to four times the force needed

o §ft the crate. Therefore, the mechanical advaniage of the crate
shoukd be chase (o 4. Dur answer is diose o 4, 50 il is reasonable.

{_

PRACTICE Problems W ADDI

B. Calculate the mechanical advamage of a hammer if the nput foice 15 125 N and the
output force is 2000 M.

8. CHALLENGE Find the force needed to it a 2,000-M weight using a machne with
a mechanical advantage of 15.

MA :d..j.u-_ _'li_._,.” aaslall

F;.,.-J.-.:-. = 950 N .assllb a4l
F.. . =250N .3z agall
_ Fuaw
MA - F‘-.‘f,;-
_ 950N
MA = 250 N
MA =38
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