
•Identify all the idealizations in the  specific details (e.g., a 

point particle) and approximations in the fundamental principles 

(e.g., Newtonian vs relativistic mechanics). 

•Identify what ratio of quantities must be small 

•Quantitatively check that the system parameters are in a regime 

where the simplifications are valid. 

1. Identifying the physical principles 

Model: An abstract version of a real 

system that is  

(1)Simplified 

(2)Predictive 

(3)has specified limits to its validity 

 

Modeling: Developing, testing and 

refining models 

“In 1930, I wondered how Newton’s laws of motion could 
give such a good description of phenomena studied in the 
undergraduate laboratory which was an integral part of 
Physics 1A. After some fruitless speculations, I decided 
that the most important object of physics was to study 
interesting laboratory phenomena, and to try to make a 
mathematical model in which the mathematical symbols 
imitated, in a way to be determined, the motions of the 
physical system. I regarded this as a game, to be taken 
seriously only if it worked well.” 

Willis Lamb 1955 Nobel 
Prize for the “Lamb Shift” 

3. Using the model to make predictions 

2. Articulating the limitations of the model 

4. Refining the model 

How can modeling work in the advanced lab? 

• Identify the system, interactions, and environment. 

• Identify the fundamental principles that are used to build the 

model. 

• Identify the simplifying assumptions.  What is being ignored?  

•Use computational and/or analytic representations of the 

predictive model to generate  anticipated results before 

conducting the experiment. 

•Justify the choice of all model parameters as reasonable for 

the system being modeled. 

•Make predictions that can be compared with data as it is 

acquired during the experiment. 

•Generalize the  predictive model to include missing elements 

that were intentionally or unintentionally omitted.  This may 

require computational modeling, or approximation techniques to 

include the previously neglected effect. 

•Redesign the physical system so that a particular 

simplification is valid. 

•Compare the above two options and decide the better course of 

action based on which is more feasible, efficient, or will 

better answer the scientific research question. 

Modeling is one of many lab goals 

Modeling is old school 

Definitions: 
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𝑬 𝑥, 𝑦, 𝑧, 𝑡 = 𝐸0𝑒
𝑖 𝜔𝑡−𝑘𝑧 cos 𝜃  𝑒𝑖𝜙𝑥𝒙 + sin 𝜃 𝑒𝑖𝜙𝑦𝒚  

cos 𝜃 𝑒𝑖𝜙𝑥

sin 𝜃  𝑒𝑖𝜙𝑦
 

Under what 
assumptions? 

Modeling Design Technical lab skills Communication 

Framework for modeling in the lab 

        “In the basic sciences, error analysis has an even more 
      fundamental role.  When any new theory is proposed, 
       it must be tested against older theories by means of  
   one or more experiments for which the new and old 
theories predict different outcomes.  In principle, one simply 
      performs the experiment and lets the outcome decide     
       between the rival theories.  In practice, the  
        situation is complicated by the inevitable  
                 experimental uncertainties.” 


