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 Reading. Timing 15’ 
A bicycle called Penny-farthing!!!  

 

You have seen a picture of the bicycle called 
"penny-farthing", the one with a huge front wheel and a 
tiny rear wheel. Currently, bicycles have two wheels of 
the same reasonable size, a pair of pedals in the middle 
of the bike and then a chain that connects the pedals to 
the rear wheel.  

So why did penny-farthing bicycles ever 
exist? In a penny-farthing bicycle, the pedals and the 
front wheel are directly connected just like they are on a 

kid's tricycle. That means that when you turn the pedals one time, the wheel goes 

around one time. Therefore now, let’s think about a kid's tricycle. 

The front wheel can be 16 inches (40 cm) in diameter, or 16 * 3.14 = 50 inches 

(127 cm) in circumference. That means that each time a kid on a tricycle pedals 
through one revolution of the front wheel, the tricycle moves forward 50 inches (127 
cm). Let's say that the kid is turning the front wheel at 60 rpm, or one revolution per 
second. That means that the tricycle is moving forward 50 inches per second. That is 
only 2.8 miles per hour (4.5 kph). If the kid pedals twice as fast, at 120 rpm, the trike 
is moving at just over 5 miles per hour (9 kph), and the kid looks like his legs are about 

to spin off because 120 rpm is a lot of pedalling!  

If an adult wants to ride a tricycle at a reasonable speed, maybe 15 mph (24 
kph), and if the adult does not want his or her legs to fly off, then the tricycle's front 
wheel has to be pretty big. If the adult wants to pedal at 60 rpm, the front wheel needs 
to be 84 inches in diameter that is 7 feet (more than 2 meters) in diameter!  

fotografia: Jaume Balart. Museum of Transport. Glasgow
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 Did you know it? 
GEAR RATIO OR VELOCITY RATIO 

Many machines use gears. A very good example is a bicycle which has gears that 
make it easier to cycle, especially up hills. 
Bicycles normally have a large gear wheel which 
has a pedal attached and a selection of gear 
wheels of different sizes, on the back wheel. 
When the pedal is revolved the chain pulls round 
the gear wheels at the back. 
Look at the gear wheel with the pedal attached 
and compare it in size to the gear wheels in the 
centre of the back wheel.  

Most people have cycled a bicycle up a 
hill. The steeper the hill gets the more difficult it is 
to pedal and normally a cyclist will change gears 

to make it easier. When the cyclist changes gear, the chain moves from a small gear to 
a larger gear with more teeth, making it easier 
to push the pedals round. The more teeth the 
back gear has, the easier it is to cycle uphill 
although the bicycle moves forward more 
slowly. 

  
What will happen if a cyclist going up a hill 
changes gear from a larger to a smaller 
gear wheel? Will it be easier or harder to 
pedal? 
 
_____________________________________________________________________

_____________________________________
__________________________________
__________________________________
__________________________________
__________________________________
__________________________________
__________________________________
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Timing 10’ Choose the most appropriate key word: 
 

Key words: gear ratio/sprocket/chain/pulleys 

 
VELOCITY RATIO or GEAR RATIO 

The reason bicycles are easier to cycle up a hill when the gears are changed is due to 
what is called gear ratio/sprocket/chain/pulleys (velocity ratio). gear 
ratio/sprocket/chain/pulleys can be worked out in the form of numbers and examples 
are shown below. Basically, the ratio is determined by the number of teeth on each 
gear wheel, the gear ratio/sprocket/chain/pulleys is ignored and does no enter the 
equation. 
 
CHAINS AND SPROCKETS 

A gear ratio/sprocket/chain/pulleys is a toothed wheel driven by a gear 
ratio/sprocket/chain/pulleys (a series of metal links). Bicycles and motorbikes use 
sprockets and chains because of their greater strenght and the fact that they do not 
slip. 
Advantages of chains and sprockets over belts and gear 
ratio/sprocket/chain/pulleys: 

 Larger forces can be transmitted 
 They do not slip 
 The links can be taken apart and removed for maintenance 
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 Calculation. Timing  

http://www.technologystudent.com/gears1/gearat2.htm 
EXAMPLE: from  www.technologystudent.com 

Look at the example provided before, if the pedal gear revolves once how many 
times will the sprocket gear revolve?  

Sprocket gear: 30 teeth 
Pedal Gear: 60 teeth 

 
                         

                       
 
  

  
 

The gear ratio is 1(Pedal gear):2 sprocket gear 

ANSWER THE FOLLOWING QUESTIONS :  

 
 If the pedal gear revolves once how many times will the 

sprocket gear revolve? 
 

Sprocket gear: 20 teeth 
Pedal Gear: 80 teeth 

 
                         

                       
  

 

 
The gear ratio is 1(Pedal gear):4 sprocket gear 

http://www.technologystudent.com/gears1/gearat2.htm
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Adapted from the web quest provided in: 

http://www.galaxy.net/~k12/machines/index.shtml 
 

WHEELS 
Purpose 

To reinforce that there are many types of wheels. To let students try out some 

different types of wheels: pulleys and gears. Students will have to follow a 

diagram to set up a fairly complicated configuration with 2 pulleys. It's a great 

exercise in teamwork if one child reads the diagram and tells the other one what 

to do.  

Icons in the instructions will help students to keep in their mind the meaning of 

some key words. 

Notes 

Gears 1: An introduction to gears and terminology. Let students get familiar with 

how to set them up and use them. The focus is on the direction of rotation. Give 

students a chance to analyze their data and deduce the fact that whether or not 

the follower turns in the same direction as the driver depends only on if there's 

an odd or even number of gears in between.  

Students are asked to make a prediction which they should certainly test. 

Presumably they will find that their rule applies independent of the size of the 

gears.  

Gears 2: In this experiment, we look at the speed of gears of different sizes and 

derive the concept that, regardless of size or shape, if the driver turns the 

distance of one tooth, the adjacent gear will also move exactly one tooth. So, if 

the driver has 20 teeth (small gear) and the follower 40 (medium gear), you  
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must turn the driver two times around (20 + 20 teeth) to get the follower to turn 

one time around.  

There's another chance in this experiment to analyze data graphically, to 

deduce the rule being followed and then apply the rule to a new situation.  

INTRODUCTION 

Gears are just wheels with teeth. You can use gears to slow things down or speed 
them up, to change direction or to control several things at once. First we'll look at 
gears of the same size.  
 
MATERIALS 
1 set of gears, 2 labels   
 
PROCEDURE 

1. Put one axle ( ) in each of the four small gears (  ).  

2. Find or make a mark on one tooth (, ) on  each gear.  

3. Use the stickers to label (  ) one gear as the driver, "D", and one as the 
follower, "F". We will use the driver to move the follower.  

 
4. Put these two gears on the base board with 

the marked teeth touching. See Figure 1.  
5. Turn the driver one complete time around in a 

clockwise direction ( ). Watch the 
follower as you do. Record how many 
times the follower turns and in what 
direction.  

6. Now put another gear between the driver and 
the follower as in Figure 2. Turn the driver as 
in step 5 and record what happens to the follower.  

7. Finally, repeat this procedure with two gears between the driver and follower. 

See Figure 3. 

http://upload.wikimedia.org/wikipedia/commons/4/42/Gears_large.jpg
http://upload.wikimedia.org/wikipedia/commons/c/c2/Involute_wheel.gif
http://upload.wikimedia.org/wikipedia/commons/d/d5/Uhrzeigersinn.png
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NUMBER OF GEARS 
IN BETWEEN  

TURNS  DIRECTION  

0  
  

1  
  

2  
  

   

 
DEDUCTION 

Look at your results. What pattern or rule can you deduce about how the follower gear 
will turn?  

______________________________________________________  

______________________________________________________  

______________________________________________________  

PREDICTION 

Let's say that both the driver and the follower were medium sized gears. What do you 
think would happen if we turned the driver one time around in the clockwise direction? 
How many times do you think the follower will turn and in what direction?  

______________________________________________________  

______________________________________________________  
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WORKSHOP  
TASK 12 
GEARS 2: Adapted from the webquest provided in: 

http://www.galaxy.net/~k12/machines/index.shtml 

INTRODUCTION 

Gears aren't always the same size and don't always have the same number of teeth. 
Let's investigate what happens with different sized gears.  
MATERIALS 

1 set of gears ( ) , 1 ruler  ( ) 
PROCEDURE 
1. For this part of the experiment, we are going to use a small gear as the follower and 
a medium gear as the driver. Set them up on the base board with the marked teeth 
touching.  

2. Turn the driver one time and record how many times the follower turns.  

3. Next turn the driver 2 times and then 3 times and record how many times the 

follower turns.  

NUMBER OF TURNS 
DRIVER 

NUMBER OF TURNS 
FOLLOWER 

1  

2  

3  

5  

4. How many times the follower will turn if the driver turns 5 times: ________  

7. Try it and record your results.  

  

http://www.galaxy.net/~k12/machines/index.shtml
http://upload.wikimedia.org/wikipedia/commons/4/42/Gears_large.jpg


 

5. THE GEAR RATIO 

SESSION 22                  Date_______________________ 

8. In session 17 you were probably able to predict very accurately how many times the 
follower would turn. Let's see if it has anything to do with the number of teeth. Start by 
counting the number of teeth on a gear of each size and record it below.  

9. Use the same set up as before: a medium gear for the driver and a small gear for the 

follower. Turn the driver one time and record how many times the follower turns.  

DRIVER FOLLOWER 

SIZE NUMBER OF TEETH NUMBER OF TEETH TURNS 

Large 
 

20 
 

Medium  20  

Small  20  

10. Repeat step 9 using a large size gear as the driver.  

11. Finally, repeat step 9 using a small gear as the driver.  

DEDUCTION 

Can you detect a rule or pattern in your data that will help you predict how other 
combinations of gears will work?  

______________________________________________________  

______________________________________________________  

______________________________________________________  

 


