
 

Simple Machines 
Check out http://www.explainthatstuff.com/toolsmachines.html for some more information about simple 
machines. 

Levers: 
A lever is a simple machine that makes work easier for use; it involves moving a load around a pivot 
using a force. When you sit on a see-saw, you've probably figured out that you need to sit further from 
the balance point (known as the pivot point or fulcrum) if the person at the opposite end is heavier than 
you. The further away from the fulcrum you sit, the more you can multiply the force of your weight. If you 
sit a long way from the fulcrum, you can even lift a much heavier person sitting at the other 
end—providing they sit very close to the fulcrum on their side. 

 
The measurement used to describe how much easier a lever can make lifting the load is called the 
Mechanical Advantage. To calculate the mechanical advantage you can use the following: 
If a and b are distances from the fulcrum to points A and B and if 
force FA applied to A is the input force and FB exerted at B is the 
output, the ratio of the velocities of points A and B is given by a/b, 
so the ratio of the output force to the input force, or mechanical 
advantage, is given by 
  
 
 
This is the law of the lever, which was proven by Archimedes using geometric reasoning. It shows that if 
the distance a from the fulcrum to where the input force is applied (point A) is greater than the distance b 
from fulcrum to where the output force is applied (point B), then the lever amplifies the input force. If the 
distance from the fulcrum to the input force is less than from the fulcrum to the output force, then the 
lever reduces the input force. (https://en.wikipedia.org/wiki/Mechanical_advantage) 
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And now for an experiment... 
Materials required: 

● Pencil 
● Strip of paper (about the same size as the ruler) 
● Ruler 
● 10 washers or 10c coins (and maybe some other size/weight for comparison) 

 
What to do: 

● On your strip of paper draw out an even number line, with 0 in the middle 

 
● Now place your number line on your ruler, and place the ruler on the 

pencil, with the 0 lining up with the pencil, and the ruler balancing. You 
may need to adjust it a bit to get it just right. You just built a machine (so 
exciting!). 

● Place 1 washer (or coin) on one end of the lever, taking not of what 
number it lines up with. 

● Now try to balance a stack of 2 washers (or coins) on the other end. 
Where do you need to put them to make it balance? 

● Have a go with a stack of 3 washers (or coins). 

● Can you figure out a rule that lets you predict where you need to balance the stack, depending 
on how many are in the stack? 

● Do you think it would behave differently, or have a different rule if you used washers or coins of a 
different size/weight? Can you test your hypothesis. 

If you have a seesaw at your school, can you repeat this experiment with kids instead of washers or 
coins? WIll it be as easy to predict where you need to have the group of kids sit when balancing a single 
student? Why or why not? 
What happens if you move the fulcrum of a lever? Can you make it harder or easier to lift a load 
depending on the location of the fulcrum? 
 
What are some other kinds of levers? 

 
Can you think of some examples in everyday life where the fulcrum is at one end, the 
force applied is at the other end and the load is in the middle? (Hint: a handy tool for 
moving dirt is a good example - it also uses another simple machine, the wheel) 
 

Can you think of some examples where the fulcrum is as one end, the load at the other, 
and the force applied in the middle (Hint: handy at a BBQ, although usually the force 
applied is the other way to this picture, and the force produced is squishing the load, 
rather than lifting it) 
 

Page 2 of 16    



 

Time for another experiment with Levers: 
(credit: https://www.discoveryexpresskids.com/blog/levers-and-launchers) 
Materials: 

● Plastic cup 
● Ping-pong balls (or marshmallows if you have some left from the marshmallow challenge) 
● Wooden yardstick / plank 
● Tape 
● Variety of fulcrums (thick book, shoe box, water bottle, log, etc.) 
● Tape Measure (or use another standard measure like the length of someone’s foot or hand!) 

 

1. Tape a plastic cup to one end of the wooden yardstick. Make 
sure you use lots of tape so the cup stays put! Your finished 
product should look like the shape below. The base of the cup is 
taped down, and the mouth of the cup is facing up. This is your 
ping-pong launcher! 

 
2. Select your first fulcrum. 
3. Set your your ping-pong launcher over the top of the fulcrum. The launcher should lean to the side 
over the fulcrum like the shape below. 

 
4. Place the ping-pong in the plastic cup on the lower end of the launcher. Make a prediction, how far do 
you think the ping-pong ball will fly? 
5. Quickly press down on the top end of the launcher to send the ball flying! Use a tape measure to 
check how far the ping-pong ball traveled. Repeat this five times and record your results each time. After 
the fifth launch, find the average launch distance. Do this by following the formula below. 
 

Total Launch Distance = Launch 1 + Launch 2 + Launch 3 + Launch 4 + Launch 5 
Average Launch Distance = Total Launch Distance / Number of launches 

 
6. How might changing the position of the fulcrum change the launch distance? Try 
moving the fulcrum closer to the launch cup. Repeat step 5. What did you notice about 
the launch distance? 

7. Try moving the fulcrum further away from the launch cup. 
Repeat step 5. What happened this time? 
 
8. Record your conclusion. Which position launched the ball the furthest? 

 
Extension: Now that you know which position works best, try using different fulcrums! Do different sizes 
or shapes affect the launch distance? Repeat the activity with at least two other fulcrums to determine 
which works best.  
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Simple Machines 
Pulleys:  
A pulley is simply a collection of one or more wheels over which you loop a rope to make it easier to lift 
things. The measure of how much easier the pulley makes the job is known as the Mechanical 
Advantage. 

One wheel 
If you have a single wheel and a rope, a pulley helps you reverse the direction of your 
lifting force. So, as in the picture below, you pull the rope down to lift the weight up. If you 
want to lift something that weighs 100kg, you have to pull down with a force equivalent to 
100kg, which is 1000N (newtons). If you want to raise the weight 1m into the air, you 
have to pull the loose end of the rope a total distance of 1m at the other end. 

Two wheels 
Now if you add more wheels, and loop the rope around them, 
you can reduce the effort you need to lift the weight. Suppose you have two 
wheels and a rope looped around them. The 100kg mass (1000 newton weight) 
is now effectively supported by two sections of the same rope (the two strands 
on the left) instead of just one (ignoring the loose end of the rope you're pulling 
with), and this means you can lift it by pulling with a force of just 500 
newtons—half as much! That's why we say a pulley with two wheels, and the 
rope wrapped around it this way, gives a mechanical advantage (ME) of two. 
Mechanical advantage is a measurement of how much a simple machine 
multiples a force. The bigger the mechanical advantage, the less force you 
need, but the greater the distance you have to use that force. The weight rises 
1m, but now we have to pull the loose end of the rope twice as far (2m). How 
come? To make the weight rise 1m, you have to make the two sections of rope 
supporting it rise by 1m each. To do that, you have to pull the loose end of the 
rope 2m. Notice that we can also figure out the mechanical advantage by 

dividing the distance we have to pull the rope by the distance the weight moves. 

Four wheels 
Okay, what if you use four wheels held together by a long rope that loops over 
them, as in the picture below? You can see that the 100kg mass (1000 newton 
weight) is now hanging from four sections of rope (the ones on the left, ignoring 
the loose end of the rope you're pulling with). That means each section of rope is 
supporting a quarter of the total 1000 newton weight, or 250 newtons, and to raise 
the weight into the air, you have to pull with only a quarter of the force—also 250 
newtons. To make the weight rise 1m, you have to shorten each section of the 
rope by 1m, so you have to pull the loose end of the rope by 4m. We say a pulley 
with four wheels and the rope wrapped around like this gives a mechanical 
advantage of four, which is twice as good as a pulley with two ropes and wheels. 

Page 4 of 16    



 

 So, time for another experiment: 
Materials required: 
Each group needs: 

● 2 small pulleys (or use a thread spool with a chopstick, straw, pencil, dowel, 
toothpick or wooden cooking skewers that fits through the spool hole as an 
axle, allowing the spool to rotate freely around it) 

● 1 meter of string (strong enough to support the object being raised) 
● A weight to be raised by the pulley (for example, a plastic milk/juice jug with 

water or sand inside; the object should weigh ¾ of the maximum weight that can be measured by 
the spring scale) 

For the entire class to share: 
● Masking tape 
● Spring scale (one per team if available, or a few to share with the class; available from 

science supply catalogs, stores or websites) 
● String (if using spools for pulleys, cut extra pieces, as needed, to tie axle to weight) 

 
(If you can’t find spring scales, this experiment can also be performed by feeling the difference in 
the effort required to lift, or using a counterweight, like a bottle or container, that you can adjust the 
weight of by adding or removing water or coins) 

 
Lifting without a pulley 
Firstly, attach the string to your weight, tie a small loop in the other end of the string, and 
using the spring scale, lift up the weight. What does the spring scale say? (Hint: I think you 
should write this down - it might be interesting later…) 
 
 
Create a fixed pulley 

Before you start, what does everyone think will happen if you use a fixed pulley? Will 
the spring scale record the same measurement, or something different? 
Now run the string attached to the weight over your pulley (or make a 
pulley from a spool and a stick, and run your string over that), and have 
someone hold it fixed in place for you. Attach the spring scale to the free 
end of the string, and pull down until the weight moves. What does the 
spring scale say now? (Hint: write this one down too - always handy to 
compare to later experiments) 
(For this one, you can also attach a counterweight bottle or container to 
the free end, and record how much water it takes in the bottle, or coins in 
the container to move the weight) 

What do you notice compared to lifting without a pulley? Did you guess right? 
One more thing to try with a fixed pulley; if you try to lift the weight up 50cm (or a different amount if you 
don’t have much room), how much string did you need to pull through the pulley. (Hint: write this one 
down too!) 
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Create a moveable pulley 
Another way to make use of a pulley is to fix one end of the string (either attach it to something, or hold it 
still), and attach the pulley to the weight you want to lift instead. If you are using a 
home-made pulley, you can attach the pulley to the weight with string or tape, just 
make sure the spool still turns freely.  
 
What do you think will happen this time? Give it a go! 
With the pulley like this, how much string do you need to pull through to raise the 
weight by 50cm? How does that compare to the fixed pulley? Why do you think this 
happens? 

Create a pulley system (2 pulleys) 
What do you think will happen if you use 2 pulleys to lift the load? What 
will the spring scale (or the counterweight bottle/container) show? 
 
Give it a go. Fix (or hold) one end of the string, have a moveable pulley 
attached to the weight, and another pulley that is fixed (or have 
someone else hold it for you). Now pull on the loose end, using the 
spring scale (or your counterweight).  
If your pulleys have a hook on the bottom, you can use this to fix the 
end of the string, and then loop around both pulleys. 
 

What did you find about the effort required to move the weight? How about the amount of 
string you need to pull through to raise the weight by 50cm? What is happening? Can you 
come up with a rule or a pattern you can use to predict what would happen if you added more pulleys? 
 
More pulleys - more power! 
You can keep adding pulley to keep making the load easier to lift. Here are some configurations you 
could try: 
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Pulley experiments for when you don’t have a pulley. 
1. Stronger than 2 of your friends! 
You don’t need to have actual pulleys to see the effect - here’s another cool experiment you can do with 
2 broomsticks, some rope and some friends: 

 
First, tie the rope to one of the broomsticks, 
loop it around the other, have a couple of 
friends hold the broomsticks about 50cm 
apart. Using the end of the rope, try to pull the 
broomsticks together while your friends try to 
keep them apart. How easy or hard is it? 
 
Now loop the rope around a few more times - 
can you pull your friends together now? How 

easy is it? What would happen if you made more loops? Do you need to 
recruit more friends to help hold them apart? 
 
2. Oh no, I need to lift this large bottle of tomato sauce! 

You can also try lifting heavier weights using a stick and rope (handy if you find 
yourself stranded with only a stick and some rope, and needing to lift a large bottle 
of tomato sauce like in this diagram - a situation I find myself in often!) 
 
Try looping the rope over the stick just once. How hard is it to lift? 
 
Now loop back through the handle of the sauce bottle, and over the stick again A bit 
easier? Loop again, and again, and again - how light can you make it feel? 
 
 
 

3. Create your own pulley board 
You can create a board to test out pulleys using a sheet of plywood (or strong cardboard) and some 
empty cans. Just attach the cans to the board (using screws or hot glue). 

 
 
Another option is to use 
stick-on hooks - check 
out this example: 
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Simple Machines 
Inclined Planes:  
An inclined plane, also known as a ramp, is a flat supporting surface tilted at an angle, with one end 
higher than the other, used as an aid for raising or lowering a load. Inclined planes are widely used to 
move heavy loads over vertical obstacles; examples vary from a ramp used to load goods into a truck, to 
a person walking up a pedestrian ramp, to an automobile or railroad train climbing a grade. 
The force required to move the load is less than lifting straight up, but the distance is longer, and so the 
same amount of total energy is required (it just feels easier for the person doing the work). 

 
The mechanical advantage for an inclined plane can be calculated as the length of the slope divided by 
the height to be lifted. 

 
 
And now for an experiment (of course): 
(credit: https://www.discoveryexpresskids.com/blog/simple-machines-part-two-inclined-planes) 
Materials: 

● Strong rubber band 
● Bag of rice or sand 
● Plank of wood or cardboard 
● Stack of books 
● Measuring tape 

 
1. Fill a plastic bag with rice or sand. This is your load.  
2. Cut a rubber band and tie it around the bag. Pick up the load with just the rubber band to make sure 
the band holds. What happens to the rubber band? You should see it stretch under the weight of the 
load.  
3. Set up a stack of books. Measure how tall the books are. Record the height.  
4. Lift the load to the top of the stack of books using only the rubber band. Measure how far the rubber 
band stretched at the point where the load reaches the top of the books. Record your measurement. 
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5. Now, you are going to create an inclined plane. Place a plank of wood or cardboard leading from the 
floor to the top of the stack of books. It should look like a ramp. Take a look at the image below. 
Measure how long the ramp is. Record the length.  

 
6. This time, you are going to transfer the load to the top of the books by dragging it up the ramp. Again, 
holding the end of the rubber band, pull the load up the ramp. What do you notice about the rubber 
band? Once the load reaches the top, measure how far the rubber band stretched. Record your 
measurement.  
 
7. You should have noticed that the rubber band stretched more without the inclined plane. When you 
added a simple machine, the work became easier and the rubber band stretched less.  
 
8. Now, you’re going to calculate the mechanical advantage. Mechanical advantage is how much the 
simple machine helped you. The formula to finding mechanical advantage for an inclined plane is slope 
divided by height. Take a look at the image below for reference: 

 
Let’s say the stack of books is 15 cm tall. When you did not use a machine, you received zero 
mechanical advantage. Because there was no ramp, there was no slope. 
So your formula would be: 0 / 15 = 0 
 
When you used the inclined plane, you did have mechanical 
advantage. Let’s say the ramp is  30 cm long.  
 
Mechanical advantage = slope / height 
Mechanical advantage = 30 / 15 
Mechanical advantage = 2 
 
9. What happens when you make the inclined plane shorter and steeper? Repeat steps 5 and 6 to test it 
out. What happens when you make the inclined plane longer and less steep? Repeat steps 5 and 6 to 
test it out. Did the rubber band stretch more when the inclined plane was steeper or less steep? What 
does that tell you? 
 
10. Calculate mechanical advantage for both inclined planes. Is mechanical advantage higher or lower 
when the inclined plane is steeper? 

 
Don’t forget we love to see the results of your experiments - send us a photo via 
dayzero@cg.catholic.edu.au, or post it to the Day Zero Google+ Community. 
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Let’s make it harder - an experiment in the playground with a slide: 
(credit: http://www.kidsplaybox.com/science-experiments-for-kids-inclined-plane-experiment/) 
Materials: 

● Heavy(ish) tub of books 
● Playground with a slide 
● Kids with some muscles 

Mark a spot on the slide where you’ll try to get the tub of books (don’t make it too high - we don’t want 
runaway tubs of books!) 
Try to lift the heavy box up to the height you have marked (don’t hurt yourself trying to do this - there is 
an easier way!!) 

 
Now try pushing the tub up the slide to the mark - easier huh?! 
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An experiment the other way (let’s run things down an inclined plane): 
Materials: 

● Cardboard to use as an inclined plane (a roll from cling wrap or wrapping paper works well, cut it 
in half lengthways to get 2 inclined planes to experiment with) 

● Stacks of books or blocks (to raise one end) 

● Marbles, toy cars, golf balls - something to roll down the inclined plane 

● Timer 

● Marker 

1. Mark a starting line at one end of the cardboard. 
2. Set up a shallow inclined plane by raising one end of the cardboard just a bit (one or two books or 
blocks). 
2. Release a marble (or ball/car) from the starting line at the same time as setting off the timer. 

 
3. Mark the position of the marble at the 1 second mark. Repeat the 
run a few more times and mark the results. Is there any difference? 
4. Now run the experiment again but this time marking where the 
marble reaches after 2 seconds. 
5. Repeat again, this time marking the spot the marble reaches after 3 
seconds. 
 
 

6. Measure how far the marble travelled for each of the marks - what do you notice? 
Extension: graph your results. 
7. Now change the height of the inclined plane, and try again - what do you notice this 
time? Extension: add these results to your graph. 
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Simple Machines 
Wheel and axle: 
The wheel and axle is one of six simple machines identified by Renaissance scientists drawing from 
Greek texts on technology. The wheel and axle consists of a wheel attached to a smaller axle so that 
these two parts rotate together in which a force is transferred from one to the other. A hinge or bearing 
supports the axle, allowing rotation. It can amplify force; a small force applied to the periphery of the 
large wheel can move a larger load attached to the axle. Wheels and axles can be used in a couple of 
ways: 

● Moving loads by having wheels under them - think of pushing a heavy box, then putting that box 
on a trolley to move it. 

● As a type of lever (a rotational one), where the edge of the wheel is where you apply the effort, 
and the axle is the point where the force is applied - think of a round door knob, and then 
compare that to trying to turn the little sticking out rod if the knob fell off! 

 

A quick experiment for wheels: 
(credit for peg racer: http://almostunschoolers.blogspot.com.au/2010/12/clothespin-button-racer.html)  
Materials 

● 2 pegs 
● 4 buttons, of the same size 
● 1 drinking straw 
● 2 bread ties 
● colored tape 

1. Cut 2 x 3 cm lengths from the straw. 
2. Thread the bread ties through the straws, and secure a button on 
each side, either looping the bread tie through the back hook, or 
the holes, depending on the type of buttons you have. 
3. Clip one of the straw axles in the front of the peg.  

 
4. Slide the other straw axle into the back of the 
peg, up against the spring. 
5. Secure it in place with a piece of tape, as 
shown. 
 
 

 
 
 
Now, place the extra peg on a desk, and using the straw to direct the flow of air, try to blow the straw 
along the desk. Can you make it move? How hard do you need to blow? 
 
Try the same thing with your peg racer. Can you get it moving more easily? 
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Simple Machines 
Screw: 
(credit: https://en.wikipedia.org/wiki/Screw_(simple_machine))  
A screw is a mechanism that converts rotational motion to linear motion, and a torque (rotational force) 
to a linear force. The most common form consists of a cylindrical shaft with helical grooves or ridges 
called threads around the outside. The screw passes through a hole in another object or medium, with 
threads on the inside of the hole that mesh with the screw's threads. When the shaft of the screw is 
rotated relative to the stationary threads, the screw moves along its axis relative to the medium 
surrounding it; for example rotating a wood screw forces it into wood. In screw mechanisms, either the 
screw shaft can rotate through a threaded hole in a stationary object, or a threaded collar such as a nut 
can rotate around a stationary screw shaft. Geometrically, a screw can be viewed as a narrow inclined 
plane wrapped around a cylinder. 
 
Like the other simple machines a screw can amplify force; a small rotational force (torque) on the shaft 
can exert a large axial force on a load. The smaller the pitch, the distance between the screw's threads, 
the greater the mechanical advantage, the ratio of output to input force. Screws are widely used in 
threaded fasteners to hold objects together, and in devices such as screw tops for containers, vises, 
screw jacks and screw presses. 
 
Other mechanisms that use the same principle, also called screws, don't necessarily have a shaft or 
threads. For example, a corkscrew is a helix-shaped rod with a sharp point, and an Archimedes' 
screw is a water pump that uses a rotating helical chamber to move water uphill. The common principle 
of all screws is that a rotating helix can cause linear motion. 
 

Building an Archimedes Screw 
(credit: 
http://highhillhomeschool.blogspot.com.au/2013/05/hanging-gardens-of-babylon-archimedes.html?m=1)  
Materials: 

● Plastic bottle (a clear water bottle works well) - the bigger the better 
● Stiff paper/card 
● Skewer 
● Tape 
● Bowl of cereal (to test the lift) 

 
1. Cut off the bottom off the bottle. 
 
2. Cut out 6 circles of stiff card to fit inside the bottle 
 
3. Cut a slot in each circle and thread onto the skewer 
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4. Now tape the circles together so that they form a spiral - make sure 
your tape is really neat, and the spiral is as smooth as possible (this will 
help make sure things don’t get stuck part way up the screw). 
 
5. Stretch the spiral out and tape it in place 
on the skewer (again, try to keep it as neat 
as possible). 
 
6. Slide the screw into the bottle, and have at 
lifting up some cereal. 
 
 

What did you discover? Did it work first time? Did you need to make any adjustments? 
 
You can also try making an archimedes screw that can lift water. Check out 
https://www.sciencebuddies.org/science-fair-projects/project-ideas/ApMech_p039/mechanical-engineeri
ng/build-archimedes-screw-pump for detailed instructions (or have a go based on these images) 

 
This one uses some clear plastic tubing, a pvc pipe (or something else waterproof that you can wrap the 
tubing around) some tape to hold it together, a container of water dyed with food colouring (so it is 
easier to see) and a container to pump into. Note the tubing extends a centimetre or so beyond the pvc 
pipe at either end. 

 
Raise the end you want to pump to, and then twist the pump around - the extra length of tubing at the 
bottom end should dip in and out of the water. You should be able to see the water moving up the pump. 
Have a play with the speed and the angle to see what works best. 
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Simple Machines 
Wedge: 
A wedge is basically an inclined plane turned on its side. But instead of helping you move things to a 
higher level, a wedge helps you push things apart. The blades of a knife or a shovel are both wedges. A 
wedge can also be round, like the tip of a nail, or the tines on your fork. Basically, the wedge works just 
like a ramp: The narrower the wedge (or the sharper the point of a wedge), the easier it is drive it in and 
push things apart. But here's the trade-off: To split something apart really wide, you have to push the 
wedge a long distance. (http://teacher.scholastic.com/dirtrep/simple/wedge.htm) 

A simple experiment to see how wedges work 
(credit: https://wow.osu.edu/experiments/Simple%20Machines/What%20Do%20Wedges%20Do%3F)  
 
Materials 

● Large box full of uncooked rice 
● Rectangular block 
● Triangular block 
● Pictures of examples of wedges (Bow of a boat, ax splitting wood, knife cutting through cheese 

or butter, etc.) 
  
1. Place the box of rice on the table and smooth the surface of the rice so it is evenly distributed. 
2. Place the rectangular block in the rice at one end of the box. Make sure the block is 
submerged/embedded in the rice. Push the block to the other end of the box, paying close attention to 
the amount of effort used. Also notice what happens to the rice as the block is pushed through it. 
3. Remove the rectangular block from the rice and again smooth the rice so it is evenly distributed. 
Place the triangular block in the rice at one end of the box with the base of the triangle toward the wall 
and the point of the triangle facing the opposite end of the box. Make sure the block is 
submerged/embedded in the rice. Push the block to the other end of the box, paying close attention to 
the amount of effort used. Also observe what happens to the rice as the block is pushed through it. Did 
you notice any differences?  
  
Was it easier to move the rectangular block or the triangular block through the rice? 
What happened to the rice as each block was pushed through it? Where did it go? What was the 
difference between the blocks? 
 
Can you think of some other wedges you could try with this experiment? Perhaps a butter knife? Or the 
point of a pencil? 
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Simple Machines 
Putting it all together - Rube Goldberg Machines 
Rube Goldberg was an American cartoonist in the early 1900’s. He became famous for making cartoons 
like the one below. In them a simple or silly task is accomplished in an extremely complicated and 
humourous way. He used many of the simple machines, combining them into complex chain reactions. 

 

Your Challenge: 
Using whatever materials you can find, build a Rube Goldberg Machine using as many different simple 
machines as possible. 
 
Send photos / videos to dayzero@cg.catholic.edu.au, or post them on the Day Zero Google+ 
Community page! 
 
For some inspiration, check out the Mythbusters Rube Goldberg Christmas Special: 
https://www.discovery.com/tv-shows/mythbusters/videos/rube-goldberg-christmas  
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