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Objectives of interactive simulations

• Demonstrate concept, explain diagram

• Minimize options, parameters to change

• Easy to use - corresponding screencast 

Mathematica simulations

• Simple commands to make interactive

• CDF format- Mathematica not required 

• http://demonstrations.wolfram.com/ (download code)

• www.LearnChemE.com/simulations

http://demonstrations.wolfram.com/
http://www.learncheme.com/simulations


Simulation and short screencast 



Two identical piston/cylinders each contain 1 mol of a gas at 

0.1 MPa and 300 K. They are each compressed with a 

constant external pressure of 1.5 MPa until their pressures 

are each 1.5 MPa. One is compressed isothermally and one 

adiabatically. The final volume is ______________ system(s).

A. larger for the isothermal

B. larger for the adiabatic

C. the same for both

D. insufficient information

isothermal adiabatic

P = 0.1 MPa P = 0.1 MPa

Pext = 1.5 MPa Pext = 1.5 MPa



• 45 interactive Mathematica simulations for thermodynamics

Energy balances and entropy changes

Cycles

Single-component phase equilibrium

Fugacity and departure functions

Multi-component VLE, ideal solutions

Multi-component VLE, non-ideal solutions 

Partially-miscible and immiscible solutions

Chemical reaction equilibrium

• 100 ConcepTests using simulations 

• 36 screencasts 



Questions ? 



Why interactive simulations?
Studies show simulations improve student learning1,2

Actively engage students

Observe behavior that hard to observe in real time

Student like them

Why screencasts?
Improve student learning 3

Students like and use them

Why ConcepTests?

Numerous studies demonstrate effectiveness

Students like them

1. Wieman, C. E., Adams, W. K., Perkins, K. K. PhET, Science. 322, 682 (2008)
2. Wieman, C. E., Perkins, K. K., Nat. Phys. 2, 290 (2006)
3. Rieber, L. P., Tzeng, S. C., Tribble, K., Learn. Instr. 14, 307 (2004).



Positive feedback from students

“These interactive simulations were amazing!”

“Really liked the simulations. You should use more of these”

“The interactive simulations are extremely useful.”

“The interactive simulations were the best thing that could even imagine.”

“The simulations were very helpful to me. I'm a visual learner, so lectures don't always
stick but diagrams always have been very helpful. 

“The interactive simulations are incredibly useful in understanding the material, 
especially vapor-liquid equilibrium and vapor liquid-liquid equilibrium.”

“I enjoyed using the interactive simulations. Thought they provided an excellent
visual learning tool that added tremendous value to the class.”

“The interactive simulations were very useful because I could test every scenario 
on my own rather than just seeing a few general ones.”



Positive feedback from students

“Interactive simulations on assignments and used in class were very valuable. 
With thermodynamics your intuition may not be good to determine how the 
system will actually change when you change a parameter. The simulations are the 
best because you could vary parameters and visually see what actually happened 
to the system.”

“Interactive simulations are also very useful. The ability to visualize the more 
complicated systems was key to understanding the phase equilibrium problems 
involving vapor-liquid-liquid equilibrium especially. They are also pretty fun 
to mess around with in general.”

“The interactive simulations were helpful because sometimes it's really difficult 
visualize what we are talking about in class. It was helpful to go home after class 
and try simulations on my own to make sure that you understand the concept.”





Summary

• 45 thermodynamics simulations

• 97 total simulations (kinetics, fluids, heat transfer)

• Accompanying screencasts

• ConcepTests 

• www.LearnChem.com

http://www.learnchem.com/


www.LearnChemE.com

http://www.demonstrations.wolfram.com/

Mathematica programming: Rachael Baumann, Megan McGuire, Garrison Vigil, 

Derek Machalek, Nathan Nelson

Screencasts and web pages: Katherine McDanel, Michelle Medlin, Nathan Nelson, 

Isaac Dillon

ConcepTests: Katherine McDaniel 

http://www.learncheme.com/
http://www.demonstrations.wolfram.com/

