
By the end of this workshop:

• Understand the properties of hydraulic and pneumatic systems and how they function

• Investigate and make observations about the different types of systems in each activity

• Determine how the ability of water to do work is different than that of air

• Explore body systems that incorporate hydraulics and pneumatics

• Identify how can we harness the mechanical advantage produced by hydraulic and 

pneumatic systems to make fun and functional games and vehicles

What are hydraulic and pneumatic systems? How do they function?
• Hydraulic systems use water and other liquids to move something; pneumatics use air and other gases
• List some real world examples of each type of system and how they function:

Hydraulic 

systems

Pneumatic 
systems

• Consider the properties of liquids and gases. While both are pourable fluids, are they both compressible? 
Complete the following diagram and indicate whether each fluid type is compressible
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After compression Is the fluid compressible?

• As we explore pneumatic and hydraulic systems and as you begin to design your own system, consider how 
the properties of the fluids in each system alter the ability of that system to do work. How might this ability 
impact the system's performance? How might it impact your selection of what system to use for what job?

How does a fluid's incompressibility impact the performance of the system using it?



What could I use to 
complete this 
challenge?

• Plastic bottle
• Balloon, eyedropper, or 

condiment packet
• Water
• Salt
• Small weights, plasticene, 

or clay

Do hydraulic and pneumatic systems exist in living 
bodies?

• The human body contains both hydraulic and pneumatic systems; can 
you think of any examples?

• These types of systems can also be found in many other animals.
• Hydraulic water vascular systems in sea stars and other 

echinoderms allow them to “walk” across the sea floor
• Pneumatic swim bladders in many species of fish allow them to 

rise and fall in the water column simply by squeezing or relaxing 
the muscles in their abdomen. This ability allows fish conserve 
energy by acting like Cartesian Divers! 

Choose the right tool
• Make observations about the functionality of pneumatics in the respiratory systems of humans and the swim 

bladders of fish; how would hydraulic systems behave differently?
• List your observations and any information that will be relevant to the design of your own hydraulic or 

pneumatic vehicle

Did you know?
• Swim bladders allow many fish to control their position in the water column, which 

means that they can rise or descend to different depths with very little effort or 
energy wasted

• Some fish rely on an oil- rather than gas-based system, making their swim bladders 
hydraulic rather than pneumatic

• Using everyday items, build your own Cartesian Diver to add to the Arcade! 
• How does your Cartesian Diver compare to those of your peers; set some challenges to gain points as you assess 

your design. 
• Compared to the Diver made by a peer, which can descend to the bottom the quickest? Which can 

descend the most frequently in one minute? Which can hover at the same point the easiest? What 
modifications could you make to your Diver to make it work more efficiently or to make it more easily 
controlled?



What Advantage?
• Mechanical 

advantage is the 
number of times that 
a machine can 
increase or decrease 
the effort force

• Using pullies to raise 
a flag on a pole 
allows a person to 
exert relatively little 
effort to move a 
load.

How do you choose?
• Create a pro and con list before selecting what type of system to use.

• Use your knowledge of hydraulics and pneumatic systems, as well as your 
observations from the Hydraulic Arcade games and Game 1, to design your own 
vehicle for our Hydraulic Arcade!

• Consider what system you'll use and why, the materials you require, how your 
vehicle will move, and how you will achieve mechanical advantage to power your 
vehicle

Materials
Design

Design, discuss, modify
Outline your materials and your vehicle's design in the space below 

Pros (benefits of this system) Cons (downsides of this system)

Pneumatics

Hydraulics

Build and test your vehicle. Consider what adjustments and modifications you would like to make, 
and be prepared to share your design with your class



What could I use to complete this activity?

• Observe video examples of Driving Discovery’s Hydraulic and Pneumatic arcade games
• Your text-book, the Student Inquiry Cards

• Observe your classmates' hydraulic and pneumatic vehicles, record the elements of their design that 
you like

• How did each person's perspective affect their design?
• What would you change about your own design having seen your classmates'?

• Share your own design and record your classmates' feedback
• Demonstrate what system your vehicle uses and how it attains mechanical advantage
• Explain why you chose this design

Record your observations

Suggest at least one modification to your design!


