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Project goal

● Quantify the transformation of information to energy

● Observe effects of imperfect information on energy

● Code simulations for Maxwell’s Demon and High Pressure Demon

● Collect data from simulations



Basic Information theory

● The amount of information carried by a message is 

log2(1/p)

● A bit is the unit of information

● Bit error can be used to create imperfect information
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Maxwell’s Demon

● Hypothetical thought experiment that was 

proposed by James Clerk Maxwell in 1867

● Two chambers of gas, separated by a 

demon-controlled door

● Demon controls door to sort fast particles to 

one side and slow particles other side



High pressure demon
● Demon theorized by Professor Martin

● Components: container of water, plug, rope, 

deflectors

● Plug hangs from top of container via rope

○ When light, plug stays afloat due to particle-plug 

collisions

● Demon controls deflectors to redirect particles 

toward plug
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Plug

Deflectors



METHOD
● Used Python module Pygame to create both of the simulations

● In each demon simulation, the world (simulation) sends the position 

and velocity of each particle to the demon

● Demon uses this information to decide how to open/close door or 

rotate deflectors

● We create imperfect information by adding bit error to the 

communication between world and demon



MD - Coded Simulation

https://docs.google.com/file/d/1jQr1utxJoBHv51uXtztEVZwyWRTLtD9k/preview


MD - Results

Bit Error Rate 0 0.02 0.08 0.32

Joules/Bit 236 305 577 1024



HPD - Coded Simulation
Deflectors off Deflectors on

https://docs.google.com/file/d/1uz6HO_D3-gr69hpv_B5KI7UlcewdNno5/preview
https://docs.google.com/file/d/1YeEADQWQH094Ym8F9Ifp70TYtqvSPF5n/preview


HPD - Results

Bit Error Rate 0 0.125 0.25 0.5 0.75

Joules/Bit 0.43 0.69 1.05 2.05 125.76



conclusions
● Increasing bit error causes the demon’s effectiveness to decrease

● Increasing bit error causes the bits necessary for a message to 

transfer 1 joule of energy to increase

Maxwell’s Demon High Pressure Demon



Current progress

● Coded simulations for Maxwell’s Demon and High Pressure Demon

● Collected data from these simulations showing information vs energy 

transfer at different bit error rates



Future goals

● Formulate and code more demons

● Collect data from these demons

● Compare results across demons

○ We predict that results will vary from demon to demon





Thank you!
Any questions?


