
  

Modeling and Simulation



  

The scientific enterprise consists primarily of 
making observations or measurements, 
constructing models, testing models with 

observation, and improving the correspondence 
between models and reality.



  

Experiment must first test its model against 
properties of the system:  is the model complete 
and accurate enough for the requirements of the 
experiment.  An incomplete or inaccurate model, 
and therefore experiment, must be adjusted.  A 

model needs to be sufficient for the purpose, not 
Right or Wrong, but adequate or inadequate.  

Superseded models can still be useful.



  

Modeling the System
● Organize main physics ideas

– Identify system, interactions, and environment
– Identify fundamental principles
– Identify simplifying assumptions:  what is ignored?



  

Modeling the System
● Develop predictive model

– Main physics ideas (“theory”)
– Visualize model: words, diagrams, graphs , and 

mathematics
– Mathematical expressions
– Describe and operationalize all constants, 

operators, and variables



  

Modeling the System
● Use predictive model

– Generate anticipated results before experimenting
– Justify model parameters as reasonable
– Make predictions to compare with data
– Fit data based on the predictive model



  

Modeling the System
● Enumerate model’s limitations

– Identify idealizations and approximations
– Specify ratios of quantities which must be small if 

the simplification is valid
– Verify (by measurement or simulation) that system 

parameters are in a regime where the 
simplifications are valid.



  

Modeling the System
● Revise the model

– Redesign if a simplification is inadequate
– Generalize



  

Modeling the Experiment
● Understand measurement tools

– Demonstrate feasibility
– Optimize measurement
– Justify results
– Help process data
–



  

Modeling the Experiment
● Often an input-output “black box”:  simulation

– A transfer function connects an input to an output

●  Functions, uncertainties, and limitations often 
depend on manufacturers’ specification sheets 
or tests

● Graphs (usually, sometimes words or 
mathematics) compare simulation to data
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