~ Grade 8 Science g
. Unit4: Systems in Action .

Simple Machine Experiments
Starting next class we will take four periods to perform a series of
experiments looking at simple machines. Specifically you will experiment

with pulleys, levers, inclined planes, and you will also explore a variety of
tools to look at the mechanical advantage they provide.

You will not be doing an in-depth project on this work, however, you will be
submitting an assignment to document your findings. Be sure to be aware
of the criteria, so you record the necessary information.

Today we will discuss each of the four stations, as well as the assignment
you are to complete. | will not be reviewing these next period, so please
be sure you pay attention today, so that you are prepared for next class.

You will note that the procedures for these experiments are much more
vague than activities we have done in the past. This is by design, it allows
you to explore more on your own. You should note, however, that you are
expected to be working throughout.
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Simple Machine Experiments

We will now take some time to look at the four stations.

Note: If you are taking pictures of your setups to use as reference later, |
recommend you use a post-it note and label the setup, i.e., "Pulley
System #1." You will not be using digital pictures on your assignments,
these would only be for reference.

Note: The discussion questions on the experiment sheets are only there
to prompt discussion with your peers, you do not need to record answers.

Simple Machine Experiments

The assignment you are to submit for this series of experiments is as
follows:

For each station you are to choose one example you did and
complete the following:

1. Hand draw the simple machine - you will be graded on the
quality of these drawings, take your time.

2. Dimension your drawing - you need to include all of the
dimensions necessary to define the system. Show these on the
drawing.

3. Show all of the forces acting on your drawing - provide a label
for each of your forces. Show these on the drawing.

4. Calculate the ideal mechanical advantage of the system - be
sure to layout your solution properly.

5. Calculate the actual mechanical advantage - while you are
performing the experiments, be sure to record the information
you will need to do this.

6. Calculate the efficiency of the system.

Note: Each member should choose a different system.
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Here is the rubric that will be used to grade your assignment. Note that
each row does not carry the same weight.

Simple Machine Documentation

Mame:

Level
Criteria 1 2 3 4
Criteria is ¢
Drawings
N . . -.with limited ..with some ~ ) ~with a high degree of
Drawings of the system are to be neat, include the appropriate components, and clearly B N ..with effectiveness )
- i R - effectiveness effectiveness effectiveness
communicate the information about the system. From the drawing, one should clearly
understand how the system was used.
Dimensions
_.with limited ..with some -with a high degree of
Dimensions required to understand the use of the system are to be included on the drawings ~ ~ ..with effectiveness g &
- ~ R N . N effectiveness effectiveness effectiveness
with necessary units. Dimensions should clearly indicate what has been measured, using
dimension lines/arrows as is necessary.
Forces
_.with limited ..with some -with a high degree of
Forces applied to and obtained from the system are to be included on the drawings, clearly and ~ ~ ..with effectiveness g &
N - N o effectiveness effectiveness effectiveness
appropriately labelled, with necessary units. A legend, defining the labels used for the forces,
can be included to provide further clarity.
Calculations
Proper calculations are to be performed, using the equations and variables taught in class. with limited with some ith effecti with a high degree of
WIth eTTectiveness
Each calculation is to be neatly organized, spaced appropriately, using the formatting and effectiveness effectiveness effectiveness
layout as is required in science class. All calculations are to be accurately reported and
include the appropriate information and units.

* Note: The mark received for "Calculations” accounts for 50% of the assignment grade. The other 50% comes, equally, from the other three sections on the rubric.

Note: Choosing a system with an IMA of 1 is not level 4 work.
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The purpose of the drawings, included in this assignment, are to
communicate information. Simply scribbling a quick sketch and random
lines on a piece of paper will not earn the marks you would like. Let's

compare the following two drawings:
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Calculation Practise

You may use the remaining time to work on your Work, Efficiency and
Mechanical Advantage worksheet. This will be your last in-class
opportunity to work on this.

Please recall that you will hand in this worksheet, and that | will be
checking it to see how much of it you have completed. If you are
unsure of anything, you should be asking for assistance.

We will not be taking this work up in class, instead | will be posting
full solutions online for you to reference.

The worksheet is due:
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Attachments

Q  4-7 Experiment Sheets.pdf
Q  4-6 Systems Calculations.pdf



SIMBLE MAZHINES
ALTIVITY | - PULLEYS

Purpose

The purpose of this station is to examine pulleys. You are to examine how they work, the
mechanical advantage that can be obtained by using them, and what is sacrificed to gain from
them.

Equipment

Procedure
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A variety of pulleys
String

Retort Stands

Retort Stand Clamps
Spring Scales
Masses

Ruler

Set up a single fixed pulley to lift a mass (alternatively, attach a spring scale in place of
the load).

Use a spring scale to determine the effort needed to lift the load.

Take note of the movement in the system.

Create an observation table to record these values.

Repeat steps 2 and 3 for a single moveable pulley.

Repeat steps 2 and 3 for a variety of pulley systems. Be sure to record the setup and
forces of each in your chart.

Continue to explore by changing the setup of the pulleys.

As you work, talk about the discussion points with your group.

Observations

Create a data table to record the information from each of the pulley systems you set up. Be
sure to include all of the information you will need to complete your assignment at a later
date. It might benefit you to include a quick drawing of the setup.

Discussion

el el

What do you notice about the force required as you add pulleys?

What do you notice about the movement of the system as you add pulleys?
What is sacrificed to gain advantage from a pulley?

Discuss real-world applications of pulleys.





SIMBLE MAZHINES
ALTIVITY 2 - LEVERS

Purpose

The purpose of this station is to examine levers. You are to examine how they work, the
mechanical advantage that can be obtained by using them, and what is sacrificed to gain from
them.

Equipment

e Large Lever

Tape Measure
Meter Sticks

Lever Clamps
Retort Stands

Retort Stand Clamps
Spring Scales

Procedure

1. Use the large lever to explore the way in which a lever may be used to lift a heavier
object.

Use the lever clamps to make a class one lever to lift a mass (alternatively, attach a spring
scale in place of the load).

Take note of the dimensions of the lever.

Use a spring scale to determine the effort needed to lift the load.

Take note of the movement in the system.

Create an observation table to record these values.

Repeat steps 3 through 5 for a class 2 lever and a class 3 lever. Be sure to record the
values obtained.

Continue to explore by changing the dimensions of your levers.

9. As you work, talk about the discussion points with your group.
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Observations

Create a data table to record the information from each of the levers you set up. Be sure to
include all of the information you will need to complete your assignment at a later date. It
might benefit you to include a quick drawing of the setup.

Discussion

What do you notice about the force as you move the fulcrum?

What do you notice about the movement of the system as you move the fulcrum?
What is sacrificed to gain advantage from a lever?

Discuss real-world applications of levers.
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SIMBLE MAZHINES
ALTIVITY 5 — INCLINED RLANES

Purpose

The purpose of this station is to examine inclined planes. You are to examine how they work,
the mechanical advantage that can be obtained by using them, and what is sacrificed to gain

from them.
Equipment
e Inclined Planes
e Masses
e Friction Blocks
e String
e Spring Scales
Procedure
1. Set up the inclined plane.
2. Record the dimensions of the inclined plane.
3. Use a spring scale to measure the effort required to directly lift the load and to move the
load up the inclined plane.
4. Take note of the movement in the system.
5. Create an observation table to record these values.
6. Repeat steps 1 through 4, changing the angle of the plane.
7. Continue to explore by trying different loads.
8. As you work, talk about the discussion points with your group.

Observations

Create a data table to record the information from each of the inclined places you set up. Be
sure to include all of the information you will need to complete your assignment at a later
date. It might benefit you to include a quick drawing of the setup.

Discussion

1.
2.

3.

What do you notice about the force as you change the angle of the plane?

What do you notice about the movement of the system as you change the angle of the
plane?

What is sacrificed to gain advantage from an inclined plane?

Discuss real-world applications of inclined planes.





SIMBLE MAZHINES
ALTIVITY M - TAOALS

Purpose

The purpose of this station is to examine a variety of tools. You are to examine how they
work, the mechanical advantage that can be obtained by using them, and what is sacrificed to
gain from them.

Equipment

e A variety of tools
e String

e Masses

e Spring Scales

Procedure

1. Choose a tool, and examine it, taking note of how it works.

If possible, use the spring scales and masses to measure the input and output force of the
tool.

Take note of the movement of the tools.

Create an observation table to record any values you are able to obtain.

Repeat steps 1 through 4 for more of the tools.

Continue to explore by altering the location in which you are holding the tool.

As you work, talk about the discussion points with your group.
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Note: These are real tools; you need to examine them safely. There are sharp edges,
potential pinch points, and impact surfaces. Consider your safety, and the safety of those
around you.

Observations

Create a data table to record the information from each of the tools you explore. Be sure to
include all of the information you will need to complete your assignment at a later date. It
might benefit you to include a quick drawing of the tool.

Discussion

How does the tool work?

Discuss the force (type, direction, magnitude) obtained from the tool.
What is sacrificed to gain advantage from the tool?

Discuss when/for what the tool would be used.
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Name: Class:

Work, Mechanical Advantage,

and Efficiency

1. A container has a mass of 36 kg. How much does the container weigh?

2. If you were to lift the container, and place it on the back of a truck, 115 cm high, how
much work would you do?

3. If it was a windy day, and it took you 450 J of energy to get the container to the back of
the truck, how efficient were you?

—
N |






4. For the lever shown below, what effort force would be needed to raise the load?

5. What is the mechanical advantage of this lever?

283 N
*FE
— — /\-—4—»—
126 cm 37 cm

6. For each of the following four simple machines:
a. What is the ideal mechanical advantage?

b. How much force, ideally, would be needed to move the object?

Q™

16m





Turns a windmill that resists
with a force of 325 N.






. The following system combines a variety of simple machines. The box is to travel up a
ramp. There is a cable used to raise the box up the ramp, that cable moves through a
variety of pulleys. The pulley system is attached to a winch.

a. What is the mechanical advantage of this system?

b. How much force, ideally, should you need to use to move the box?

c. If the box moves to the top of the ramp by turning the crank arm with a force of

15 N, how efficient is the system?
* Note, this is a level 4 question, do what you can, but understand that not all students
will be able to get a full solution. However, everyone should attempt it.
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D=13cm

r=21cm

15.3 kg
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