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THE EFFECTS OF SIMPLE MACHINES p268
1. Change the direction of a force
2. Multiply Force
3. Increase or Decrease Speed
4. Transfer Force

Please use laptops to define 6 Notes bottom page 3

simple machines in notes

Please copy into notes under "Simple
Machines" near the bottom of the front page.
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There are six simple machines we learned about in class. Please

match the simple machine with its picture.

C /R p2es: Al

Screw
Pulley Lever Wedge
Inclined Plane CHECK AND REFLE
Wheel & Axle <
1. Identify which simple machines you would use in each of the
following situations:
a) digging a deep hole
b) moving a heavy rock from one side of your yard to the other
_—— - 2. a) Give examples of energy sources used for modern machines,
such as cars and sewing machines.
b) Are the energy sources in question 2a) the same as those
e used in machines before the 1900s? Explain your answer.
3. When a simple machine increases the force you exert, what
other factor changes?
4. One of the most important tools for pioneers in Canada was the
' Load axe. What two simple machines make up the axe?
Figure 1.20 Question 4
. _
. Force







Complex Machines

Large factories were built that used powerful machines to
create new goods

Complex Machines

A system of simple machines working fogether

System:
A group of parts that work together to perform a general
function that make up a complex machine. Ex: A bicycle is a
system for moving people

Subsystem

Smaller group of parts within a complex machine that
perform a specific function. Example on a bicycle: Wheel
and Axles, Gears., Chain, Pedals, Brakes, efc.



Linkage

Part of a system that transfers energy. Ex. Ina bike, the
chain transfers energy from your legs to the back wheel.
Ex: The chain on a bicycle is a linkage.

Transmission
A special type of linkage for transferring energy from the
engine fo the wheels in frucks and cars.

Science Please The Internal Combustion Engine.mpd
Gears

A pair of wheels with teeth that interlink: when they

rotate together, one gearwheel transfers turning motion

and force to the other. "
Internal combustion Engine

How Gears Affect Speed "

The chain is a
lirkage

Count how many times the back gear
turns compared to the front gear. Why?

Please Draw these on the back of your note booklet

ultiplying Gears= Large Driving + Small Driven|
Multiplying Gears make the back gear turn faster, but with less force.
2y
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Driven
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Reducing Gears = Small Driving + Large Driven|
Reducing Gears make the machine go slower, but with more force

80 TEETH

A
20 TEETH

loutsipe Foffce
Driving

How Gears Work

An force is applied to the

DRIVING GEAR.
The driving gear then

transmits that force to the
DRIVEN GEAR

Two or more gears meshed together make a

GEAR TRAIN

[

Mechanical Advantage

Machines make work easier
Machines can help us do things we
could not normally do on our own.

Mechanical Advantage

‘Amaunt by which a machine can multiply a force.
Calculated by dividing the output force by the

input force.

Input Force

Force applied toapyrgte the machine

P o iman force)
OuputForcs

Force the machine apples to an object

Calculating Mechanical Advantage Formule

(Mechanical Adventag
Tnput Force

Where force is measured in newtons

he can crusher??

Mechanical Advantage =

mple:  Youput 10 newtons (N)
of force on the handle.

The can crushing machine exerts
40 newtons (N) of force on the can
What is the mechanical advantage of

Inother words, how

mary times does it multiply force?

Output Force
Toput Force.

Mechanical Advantage Practice

1.2000 N of force is put on the
input piston of a car crusher,
resulting in 6000N of force to
crush the car. Find M.A.

2. Marina exerts 35 N of force ona
screw driver handle. The head of
the screw is turned by the screw
driver with 70N of force. Find
MA.

3. The head of an axe exerts 500N
of force onalog. Larry swung the
axe with 100N of force. Find M.A.

4. The engine of a car exerts
B800ON of force on the drive shaft.
By the time the force reaches the
tires it has been multiplied by 3.
Find the M.A. of the car's drive-
train

5. Calculate the Input Force the
following machine: Mechanical
Advantage = 4, Output Force = 36N



Mechanical Advantage Les
o

_Output Force
MA = Input Force

Efficiency

Think about the bicycle again. It has a mechanical adva
less than 1. For example, a cyclist may apply an input force of

650 N to the pedals. Through the bicycle's linkages, this results in

an output force of 72 N. Recall the formula for calculating mechanical
advantage: MA = Output force + Input force = 72 + 650 = 0.1. The
mechanical advantage of the bicycle is 0.1.

MA less than one means the machine
increases speed or distance by reducing force.

Why is no mechanical system 100% efficient? (Hands

together demo)

The Effect of Friction

Frictionis any force that opposes motion (usually

Efficiency
A measure of how well a device uses energy

Formula:
Efficiency =
Speed Ratio

or-

MA
Eff = —zg— X100

Mechanical Advantage

X 100

Speed Ratio

A measure of how the speed of an object is

affected by a machine

Formula

Speed Ratio = Lnput distance
Output distance

~or-
ID
SR= —
oD
Figure 2.3 shows the input distance and output distance for the
s used in Figure alculation of this

i shown below

Input distance

Speed Ratio =

Output ¢

Figure 2.3 This pulley has
aspeed ato of ¢

A speed ratio greater than one actually means the machine's output
is moving slower than its input, but with greater force. This seems
weird, but a greater speed ratio actual means the device moves

slower.

A speed ratio less than one means the machine's output is moving

faster than the input, but with less force - like a bicycle.

Speed Ratio Practice

Input distance

Speed Ra
Output distance

1. The handles of a pair of pliers
are moved 6 cm, the other end
moves 3 cm. Find S.R.

2. The effort end of a class 1 lever
is moved 3 feet, while the load end
is moved 1 foot. Find SR.

3. The rope of a pulley is pulled
8 feet for every 3 feet the load is
moved. Find SR.

4. The input gear of a bike rotates
800 times for every 600
revolutions of the rear wheel. Find
SR.

5. Find Input Distance of a machine
that has: Speed ratio of 0.25 and an
Output Distance of 8 meters.

Efficiency Practice

Mechanical Advantage

Efficiency = "'cranical Advant
Speed Ratio

X100

1. A small pulley has a Mechanical
Advantage of 6 and a speed ratio of
12. How efficient is the pulley?

2. A see-saw requires 18 N of force
on the input side to transmit 30 N
of force on the output side. The
speed ratio of the see-saw is 2.
How effecient is the see-saw?

3. Calculate the efficiency of this egg beater

Input Force: 4.6 N
Output Force: 16 N
Input Distance: 35 cm
Output Distance: 3 cm

Work Practice

You exert 320N of force on a brick that moves 5m.
How much work has been done?

‘W=Force x Distance ~ W=F x D



Your Assignment
-C/Rp286#s1-5

Wednesday Nov 24th

1. Ten minutes to finish C/R p 286 (See my example)

2. The Science of Work

What is Work??>

What about the blue chair?

Bobby Knight accomplished plenty of work
using

http://web.mac.com/bradgreve/Site/Audio_and_Video/Entries/2008/2/26_Ed_4765
_audio_assignment.html

http://www.youtube.com/watch?v=7QxuScvW-ds

Are any of these work???

The Meaning of Work

Work is done when a force acts on an object fo
make that object move.
Caleulating Work
Work can be caleulated using the cquation: W=F x D. The amount
of work done depends on:
 The amount of force exerted on the object
ince the object moved in the direction of the applied

Foceia N, Didereia m

Work

We first need to kno

Work input: The amount of energy put into a machine to make it function

Work must always be measured in Newton-Meters, therefore distance
must always be converted fo meters. One Newfon-meter is equal fo
one joule ()

Example: You exert 320N of force on a brick that moves.

5

Work output: The amount of energy the machine exerts on an object
o
How much work has been done?

W= T x Q\ Think: What would work input and output be in the
N\Es following machines:

- S0 D
W0,
W= ooy

A race car A hot air baloon A frampoline




Work Efficiency

Your Hair Straightener uses
16007 of electricity, but only
outputs 12007 of heat. How
efficient is the straightner?

WO r kourpuf

Wor"kI,‘IDuT

Work Efficiency =

Wourpur
Work Eff = X100

input

1200
Work Eff = —— X 100

1600 J

Work Eff = 0.75 X 100

Work Eff = 75%

Your Assignment

Please complete the calculation work sheet

Questions should be answered in the following format:

STEP EXAMPLE
1. Write the formula: MA = Foutput
FInput
50 N
2. Substitute Values: MA = N
(Include Units)

3. Calculate Answer:
(Include Units when applicable) ~ MA =5

Calculate
echanical
Hydraulic Systems Ix\dvuntuge,
@ b
Finput = ZON I Foutput = 500N
il [
I

Ina fluid, pressure is
transmitted equally in all
i directions, undiminished

Hﬂl Pascal's law (pa) states that:

Your Assignment

Use the formulas on the board to
answer C/Rp 292 #1-3,6,9

Hydraulic System: system that uses a liquid
under pressure to move loads; device that uses
liquids in a confined space to transfer forces.
See Pascal's Law

A force of 350N is applied to the input piston of
this hydraulic ram. The piston has an area of
15m*. How much pressure created?




The Hydraulics in this Caddy uses
4000 N of force on hydraulic
pistons with an area of 0.5 m*
Calculate pressure

b F (N)
T AM)
a B
INPUT PISTON OUTPUT PISTON
(small) (Large)
Force: 35[:1 Force:
Area: 7cm Area: 10cm’

We want FORCE at
) the output piston
Force of input piston — Force of output piston

Area of small piston Area of output piston

Finput _F output

Ainput A output

Your Assi
C/Rp 300 #'s 1-4

Hydraulic Systems Tthe LasT FormuLAl 3)

Pascal's law states that hydrdulic The pressure at the input piston
pressure is exerted equally if all must be equal to the pressure at
directions, therefore: the output piston

INPUT PISTON
ey QUIPUT PISTON
Force: 20N Force: 22N
Area: 4cm’ Area: 8cm’
Force of input piston  Force of output piston

Area of input piston Area of output piston

Finput _ F output

A input A output

Hydraulic Example Question

A thin pipe full of water connects two pistons. The first
piston has a surface area of 20cm®. The second piston has a
surface area of 40cm”. A force of 300N is applied to the first
piston

1

a) How much pressure does the
first piston create in the water

pipe?

b) What is the output force on the
second piston?

Finput _ Fout?

A input T oA output

Mechanical Calculation Formulas

Mechanical Advantage = Output Force (N) MA = OF
Input Force (N) IF
Speed Ratio = Input distance (m) SR = ID
Output distance (m) ob
- _ Mechanical Advantage MA
Efficiency = "——— 1 -
Speed Ratio X100 Eff SR X100
Work = Force (N) X Distance (m) W=FxD
P _ Force (N) _F
ressure = —— ™) p= —_

Force of input PiSTOn_ Force of output piston | F input F output

Area of small piston  Area of output piston | A input” A output




Inventions

[ Tono o 1 Vetsaruman | Evaluating Mechanical Devices

One Way its need or solves

" e like
Invention hjf;:;ﬂgﬁ?e if it wasn't a problem
invented created by
N ' another invention ) . . o .
1 i e martierwas 1 How well a machine uses energy (higher efficiency = less waste
Prevents Noise Cars would be ~ created fosolve a
pollution really noisy ‘Prb‘i"‘ :: .
o Muffler . S e Does the mechanical device do what it was designed to0?
I [Keep unwanted | [Meets a human need]
| destructive and solves the ! i . . . . .
m;‘i:i:f f“j:z:;";;f"msv Does the machine contribute to light, air, noise, or physical pollution?
' . ' r .
Ear Plugs
T : . . .
- What is the physical form (shape) of the device that makes it useful?
KT
uclar Powe What is the machine supposed to do, what tasks does it perform?
ike Helmet

Design Versus Function

Evaluating Mechanical Devices
In Groups of 4:

t Use
Front/ | iPhone Car Purpose
Cost
Esthetics
dmuuvmg Mechanic)l Workmanship
.l_bngzs Reputation
Your Choice Your Choice Warranty
Accessible Service

Efficiency
Back e less Mrovng v
C Nean A
Envirprmentally Eg. C Effectiveneps
Frierdly (Your e)

e
Design Fungtion

Efficiency Sabng Lo (D
How well a machine uses energy (higher efficiency = less waste
Effectiveness
Does the mechanical device do what it was designed to?
Environmentally Friendly
Does the machine contribute to light, air, noise, or physical pollution?
Design

it is the physical f shy f the device that makes it useful?
RS The Rivice ConmoSeirpe el aherradee Hhel mepenrs ™

Evaluating Mechanical Devices

Evaluating Mechanical Devices

Advantag Disadvantage

S (Changes
€S

Ona piece of paper, draw this chart and use information on page
309-312 to fill it in. On the back, list 5 Criteria for Evaluation
(found on page 312)

[pesign Name [\dvantages How it changed

Which Design do you think is the best? Why?

Criteria For Evaluation

1. Efficient: Quickly and Easily (Uses energy Well)?
2. Effective: Does it do it's job?

3.Ts it safe: (Design)?

4.1s it convenient (practical)( Function )?

5. Is it Environmentally Friendly>




3 Factors that influence the
development of new technology

1. Advances in science

What Factors Lead To the
Development of new technology?

4 . -
3. Changes in the Environment

Mechanical Advantage

Unit D Calculation Review

Machines can help s do things we:

1. You put 10 newtons of force on the handle of a can crusher. e o
The crusher outputs 40 N of pressure on the can. What is the
mechanical advantage? Mechanical Advantage
Amount by which a machine can mulipy aforce
Colculated by dividing the outpu force by the
input force
—
- 3
2. The can crusher requires an input distance of 4 m to move H /
0.5m. Find the Speed Ratio E
.
TN
3. Calculate the efficiency of the can crusher
nput Fores

Force applied fo operate the machine

Output Force
Force the machine applies to an object

4. 80 N of force is required to move the can crusher 4
meters Calculate the Work done on the crusher.
Calculaing Mechanical Advantage Formia:

Qutput Force.

Mechanical Advantage =
Tnput Force

5. A force of 350N is applied to the input piston of
this a ram. The piston has an area of .15m’. How
much pressure created?

Where force is measured in newtons

mple:  Youput 10 newtons (N)
of force on the handle

“The can crushing machine exerts
40 newtons (N) of force on the can

What is the mechanical advantage of
the can crusher?? In other words, how
vy times does it multiply force?

6. A thin pipe full of water connects two pistons. The first
piston has a surface area of 20cm”. The second piston has a
surface area of 15cm’. A force of 300N is applied to the first
piston

Output Force.

Mechanical Advantage =
Tnput Force

Efficiency Practice

Efficiency = Mechanical Advantage X100

Speed Ratio Speed R

) ) 1. A small pulley has a Mechanical
A measure of how the speed of an object is Advantage of 6 and a speed ratio of
12. How efficient is the pulley?

affected by a machine

Decreasing Speed 2. A see-som requies 18 N of force

on the input side to transmit 30 N
of force on the output side. The
speed ratio of the see-saw is 2
How effecient is the see-saw?

Formula

Speed Ratio = Input distance

Output distance

-or-
3. Calculate the efficiency of this egg beater:
Input Force: 4.6 N

Output Force: 16 N

Input Distance: 35 cm
Output Distance: 3 cm

d; -
SR = ' _ where d is distance
output

If a pulley has a speed ratio of 3, it mean the rope is
being pulled 3 times faster than the speed of the ‘
load moving



The Meaning of Work

Work is done when a force acts on an object to
make that object move.
Calculating Work
Work can be calculated using the equation: W=F x D. The amount
of work done depends on:
* The amount of force exerted on the object
* The distance the object moved in the direction of the applied
force
Formula:
W=F x D: Put in formula sheet

Work

W-Fxd

work video:
com/ind

Work must always be measured in Newton-Meters, therefore distance
must always be converted to meters. One Newfon-meter is equal to
one joule (7)

Example: You exert 320N of force on a brick that moves
51

m.
How much work has been done?

INPUT PISTON i

i OUTPUT PISTON
(small) m F (Large)
Force: 35N Force: 22N

Area: 10cm’ Area: 7cm®

We want FORCE at
the output piston

Force of input piston — Force of output piston

Area of small piston Area of output piston

Finput _F output
Ainput A output

The Hydraulics in this Caddy uses
4000 N of force on hydraulic
pistons with an area of 0.5 m’

Calculate pressure

Subsystems

Identify 3 subsystems on this mountain bike:

Complex Machines

Large factories were built that used powerful machines to
create new goods

Complex Machines

A system of simple machines working together

System:

A group of parts that work fogether to perform a function
Eg, A bike is a system o move people

Subsystem

Groups of parts within a system
Example: Gears of a bike



3 Classes of Lever

Class 1

Effort Load

Class2 |,

Effort

Class 3 Load
Effont

3 Factors that influence the
development of new technology

Simple Machines

1. Advances in science

Unit D Calculation Review
1. You put 10 newtons of force on the handle of a can crusher.

EVGI uat i ng MeC han i CGI DeV i ces The crusher outputs 40 N of pressure on the can. What is the

mechanical advantage?
MA = F“-"D-V: 4oNn_ Y

. . .. _ [ \on

How well a machine uses energy (higher efficiency = less waste 2 The concrudhn vegires an ot distance o 4. 1o move

0.5m. Find the Speed Ratio 4

; ; . . < Sl T

Does the mechanical device do what it was designed t0? =t Soses 0.5 ©

3. Calculate the efficiency of the can crusher

Eor= -gl:\;-x\a: = %—x o= Sog

Does the machine contribute to light, air, noise, or physical pollution?

4.80 N of force is required to move the can crusher 4
meters Calculate the Work done on the crusher.

What is the physical form (shape) of the device that makes it usefu \Js Fx d = BON x %hn= F20N.

= 3207

5. A force of 350N is applied to the input piston of
this a ram. The piston has an area of .15m’. How
much pressure created?

Son N

p-E . 2SN . 2355l -Dsue
A O.15x

6. A thin pipe full of water connects two pistons. The first
piston has a surface area of 20cm’. The second piston has a
surface area of 15cm’. A force of 300N is applied to the first

piston. Whex 15 the Focce oF fhe oukpr Piston 2

What is the machine supposed to do, what tasks does it perform?

= 225N




