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Example: soldering copper 
fittings!

 A professional plumber installed a 
four-valve manifold to manually 
control zone heating in a home. A 
manifold like this with similar valves 
and tubing might be used to handle 
gases and vacuum pumping in a liquid 
helium cryostat.	


Essential ideas!
	
Physics  students  are  capable  of  first-principles 

understanding of the function of technical devices, the 
design  of  technical  systems,  and  the  execution  of 
procedures  that  are  essential  to  current  technology. 
Gaining  practical  knowledge  is  a  powerful  way  to 
reinforce  the  fundamentals  of  physics.  For  example, 
explaining the force concentration of a simple hammer 
blow can use nearly every concept of a first-semester 
physics course (give it a try!). At a much higher level of 
sophistication,  understanding  radar  profiling  of 
atmospheric winds requires theories of turbulence and 
electromagnetic scattering. The breadth is exciting!	

 

Introduction!
	
Students need a wide array of practical skills and 

knowledge in order to pursue advanced laboratory 
work,  research,  innovation,  and  technical  jobs  in 
industry.  We provide  a  physical  inventory,  a  web 
site, and a learning model that provides access to an 
expanding array of practical knowledge topics. The 
goal of this ongoing project is to develop a versatile 
framework  for  students  to  obtain  and  certify 
achievement  of  a  personal  repertoire  of  technical 
competencies.  
 

 

Foundations 19. Fluid systems 37. Digital signal processing 
1. Safety & hazardous materials 20. Thermal systems 38. Advanced detection &  
2. Early prototyping 21. Vacuum & high pressure       measurement 
3. Common tools Electronics 39. High-throughput data handling 
General technical issues 22. Electronic components & Optics, fields & particles 
4. Materials       measurement 40. Optical systems 
5. Traditional manufacturing 23. Analog signals 41. Optoelectronics & lasers 
6. Advanced manufacturing 24. Active devices 42. Imaging 
7. Structural systems 25. Digital electronics 43. Magnetic fields &superconductors 
8. Rigging & materials handling 26. Microcontrollers 44. Electrical fields & plasmas 
9. Buildings & infrastructure 27. Human interfaces 45. Particle beams & detectors 
10. Energy systems 28. Radio-frequency electronics 46. Health physics & 
11. Measurement & standards 29. Remote control & telemetry       nuclear instrumentation 
12. Sensors 30. Microwave systems Micro- and nanotechnology 
Mechanics Computers, control & advanced 47. Microscopy & micromanipulation 
13. Mechanisms instrumentation 48. Microfabrication & thin films 
14. Actuators 31. Computers 49. Microdevices & lab-on-a-chip 
15. Vehicles 32. Data storage 50. Nanoscale microscopy &  
16. Rotating systems 33. Networks & data communication       measurement 
17. Vibration & chaos 34. Control systems 52. Nanoparticles & self-assembly 
18. Sound & ultrasound 35. Automation     52. Nanodevices 

The Technologies	


Capacity	
 Proficiency Criterion	

Design awareness When confronted with a design challenge, 

you can quickly list three or more choices of 
technical components that might provide the 
necessary capability. 

Design rationale You can cite two or more scientific principles 
underlying the behavior of a technical 
component, with an appreciation for how 
these historically drove the development of 
the associated technology. 

Design constraints You can precisely enumerate two or more 
constraints that must be satisfied in employing 
a component in a design. 

Quantitative performance 
metrics 

You know two or more performance metrics 
determining the suitability of a technical 
component, with a rough idea of the 
numerical values that ought to be achieved. 

Performance modeling You can use one or more mathematical 
relationships governing a technical 
component’s behavior to predict a measurable 
aspect of performance. 

Design implementation and 
documentation 

You can incorporate a component into a 
design and demonstrate that the chosen 
component reliably meets the needs of the 
design under a range of operating conditions. 
You can record the design using standard 
graphic representations.	


System integration You can model the interaction of the 
component with one or more other elements 
of a complex technical system, suggesting 
strengths and weaknesses of the component 
from a system behavior standpoint. 

Skills for installation and 
operation 

You are readily able to install a component 
into a designed system and/or to operate the 
component once installed, and are able to 
refine the installation or operation as work 
proceeds. 

Test protocols You can set up a test protocol that is 
motivated by the design context and can 
enumerate acceptance criteria. 

Design improvement You can identify means to quantitatively 
improve on one or more performance metrics. 

DESIGN COMPETENCY	


Capacity	
 Proficiency Criterion	


Process model You can explain how procedures are a 
reflection of fundamental principles, concepts, 
and quantitative relationships. 

Tools You can select and correctly use the right 
tools for the job, with an awareness of 
specialized variations and adaptations. 

Setup and finishing You know how to prepare ahead of time, what 
ancillary materials to bring to the work, and 
what jigs and fixtures facilitate the process. 
You can artfully apply finishing touches to the 
final product and leave a clean work area. 

Manipulative skills You are able to coordinate movement and use 
touch and proprioception to safely and 
correctly handle tools and work pieces. 

Visual and sensory 
framework 

You can use formal and mental visual models 
to guide the process and ensure correct 
outcomes. Other senses are also used, 
augmented when appropriate with 
instrumentation. 

Awareness You can maintain a mindful and self-
correcting oversight of the process, with 
attention to safety and integrity of the work. 

Smooth workflow As a result of repetitive practice, you are able 
to maintain a steady process with routine 
aspects guided subconsciously. 

Quantitative performance 
metrics 

You have a quantitative understanding of 
process and product attributes. You are able to 
measure outcomes against desired quality 
standards, using appropriate instruments. 

Improvisation You can adapt to circumstances that might 
involve compromises in materials and tools 
and you can alter processes to meet special 
needs and opportunities. 

Exploration and 
improvement 

You use personal exploration, discussion with 
other practitioners, reading, and practicing to 
hone skills, learn new techniques, and 
overcome process and material limitations. 

PROCEDURAL COMPETENCY	


https://sites.google.com/site/inventorsyeara/	


Example: making circuit 
prototypes with solderless 
breadboards	


 Building and testing electronics 
requires several procedural 
competencies, including solderless 
breadboard layout, soldering, reading 
schematics, enclosure and wiring 
fabrication, etc.	


Example: embedded power 
amplifier!
Suppose that a system requires a voice 
coil to dither the position of a sample. 
What would you use for a power 
amplifier as an embedded subsystem? 
A push-pull arrangement of 
transistors? An LM386 integrated 
circuit? Other? 

 --	


Example: light source design!
 A custom-built plant growth 

chamber required an internal light 
source attached to an air flow inlet 
designed to maintain, if possible, 
laminar flow. An array of blue and red 
LED’s was chosen. Incoming air flows 
around the outside of the red funnel 
that is placed inside the air duct.	



