
A common modeling perspective in intro labs 
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Two page lab guide used for the think aloud experimental activity.  
The activity was designed to require the use of models for the LED 
and the measurement tools. 

Investigating students’ use of models in upper-division experimental activities 

Results:  Measurement tools offer many meaningful modeling opportunities 

• 8 Juniors & Seniors in an advanced lab course 
• Activity near end of semester 
• Used optics workstations throughout semester  

(familiar equipment) 
• LED lab was modified and simplified from a junior-

level electronics lab.  All participants had completed 
this lab 1-3 semesters prior. 

• Interviews transcribed and coded. 
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A bridge between the mind and the real world 
• Models are simplified conceptual tools that help us connect our ideas with 

real world systems and communicate those ideas to others. 

Cart engineered to behave like ideal block on frictionless incline: 
• Low friction bearings. 
• Knife edge wheels with low rolling resistance. 
• Low mass wheels with negligible rotational kinetic energy. 

Ultrasonic sensor 
• Sufficient  accuracy to  

ignore systematic error 
• Sufficient precision to  

ignore uncertainty. 
• Principles of operation  

are hidden. 

Computer + Software 
• Calibrated data tables 
• Real-time visualization 

• Focus on developing principles and concept of physics (e.g., Newton’s Laws) 
• Focus on idealized models 
• Apparatus engineered to tightly link to idealized models and  minimize real-

world complexities 
• Measurement tools engineered for accurate  and easy data collection and 

analysis so students focus on the physics. 
• Principles of operation of the measurement tools are hidden or secondary 

Example from intro labs 

Holistic modeling framework for labs 
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Emphasis on: 
• Basic principles 
• Idealized models  

Requires a detailed understanding 
of  full apparatus inclusive of 
measurement tools 
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Identifying limitations and designing experiment 
“I think I'm just gonna put the photodiode directly in 

front of the LED and hope that it's in between the 23 

degrees of the viewing angle so I get approximately 

100 percent of the relative intensity...I just put the 

photodiode close so, that makes sure that I get as 

much of the intensity as I can. I'm gonna put this 

[light blocking tube] on to eliminate a lot of the 

sunlight.” 

Construction: Principles of Operation 
I've got to figure out how to turn voltage measurements into 

power. I guess I don't have any idea how to do that honestly. 

(Student is reading data sheet) Tell me power to voltage...voltage 

to power... spectral responsivity. I kind of remember this stuff. 

Something like when light [is] incident on the photo detector and 

that intensity is integrated into a power and that power causes a 

current and the current transimpedance gain... So I have voltage 

and I'm looking for a power . This is figuring out power from a 

measured voltage. 

Using the measurement model to interpret data 
I'm still struggling to figure out how I'll get voltage into intensity. Once I have intensity, I can get the power. 

I know volts are watts per amp...I know I need to use this responsivity which is an amp per watt in the peak 

wavelength for the LEDs is 635 [nm], so 635 on this gives me a responsivity of 0.4 amps per watts. So I 

need to get this into power. So, one over responsivity gives me watts per amp so, I need to calculate the 

current from the photodiode. I'm gonna use the gain which is at 0 dB setting so the gain is volts per amp 

which I believe is 1.51 × 103 volts per amp. That times the responsivity of 0.4 gives us volts per watt which 

is 604 volts per watt, so one over that gives me the wattages per amp er... per volt. ...So, now multiplying 

our 𝛥𝑉 which is 22.2 mV times this watts per volt gives us the intensity as seen in the photodiode. I get a 

power of 3.84 × 10−5 W. That was the power, the measured power from the photodiode. 

Revision of apparatus and model 
It looks like the photodiode is definitely detecting [light]. Okay the photo diode is 

detecting a lot of sunlight. It's detecting the diode but the sunlight is definitely affecting the 

reading I'm just trying to think of the best way to get it. I think I'm just gonna put the diode 

right up against this thing to minimize all the stray light.It looks like with the LED off 

there's an offset voltage of just under 20 mV. ...With the LED on, the voltage goes up to 

39.2 mV. ...The difference is 23.2 mV from the diode being on to off. Now, we're gonna turn 

the voltage output into total power emitted by the LED. 

Thorlabs detector data sheet 
explains principles of operation 
and key device parameters 

Intro Labs 
Generalize framework 

Advanced labs & Research 


