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Why am | working on lab courses?
Experimental Molecular Physics

1) Hire undergraduates and beginning
graduate students:

Most lack many transferable skKills.
2) Taught Advanced Lab @Byear):

Students were convinced they were not
capable enough to do experimental physics.




Transforming Lab Courses

4 N
/ What should \

What are students
students learn?
\ Learning Goals /

learning?

Assessments /
What approaches improve student
learning?
\ Researchbased curriculum development /




Learning Goals for Laboratory Courses

. . Personal
21 faculty Literature Community .
Experience
, | L | | | | | | | | | | \
{ Modeling the physical | Designing apparatus and
system experiments
I I
Modeling the
[ measurement system I
| \( ) Troubleshooting
I Statistical analysis .~ ]
for comparison
\ LEARNING GOALS Computeraided data
\_______7(__/ analysis
( ) TECHNICAL LAB SKILLS
/
Argumentation Computeraided
measurement
Authentic forms in physics Test and measurement equipment

+ positive affect, teamwork, confidence, nature of science



. Modeling in experimental physics
. Modeling in Electronics labs
. Modeling in optics

. New assessment for modeling: MAPLE



Model: An abstract representation of a real physi
system that(1) simplified, (2) predictive, (3) has
specified limits to its applicability.

Modeling: The process of constructing, testing, &
refining models.
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Colorado Electronics Lab
2"d or 3rd-year required course

A Mostly analog circuits
A 10 Weeks guided labs v
A 5 Weeks student designed prOJe(:tc -
A 15 lectures

A Modeling is a prominent goal

NG -
0“ -

A 120 students/year
A Taught by faculty (Professors)



Voltage Divider (highly guided)

1) Build three different voltage dividers

\ﬁn with R 6 &f 1kW, 1 MW, and 10 MW.
R1 2) Measure the output voltage using both
a multimeter and an oscilloscope.
Vout

R2
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Voltage Divider (traditional)

N Co mp the wltages you expected to

Vin
o the voltages you measured. What does
this tell you about the input impedance of
R1 youri nstrument s?o
Vout
R2 Vout =Vin i

. R*TR,




Voltage Divider (transformed)

Vin

R1
Vout

R2

N | ybur model and measurements did not
agree, you will have to either refine your
model or your experiment. L et stast by
refining your model. Consider the Input
resistance of your measurement device. Draw
a circuit diagram that includes that resistance.
Use this new model to determine the Input
resistance of measurement device.o



Refined Model

Vin
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Coding Lab Notebooks

Refined Diagram Refined Math Prediction
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Engagement in Modeling

Documented | Refined Model
Discrepancy | w/ prediction
Traditional 83 % 27 %
(N = 47)
Transformed 100 % 100 %
(N = 44)

|dentify Discrepancy p < 0.01
Refine Model p < 0.001



Before Transformation

oOur measured voltage became far less accurate
when we increased the resistance of R1 an&R2.

a{ O2LIS KlFa | avYlffSN Ay Lz

oDiscrepancies in the measured values and the expected
values may be attributed to improper wiring (due to the
difference in the expected valu®k



After Transformation
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the prediction, so something must be  vjip
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MOSFETS (less guidance)

A Test out your electromagnet. Choose a way to test you
model of the magnetic field produceé&xplain the
model you are testing and what are your predictions.

A Describe youprocedure, measurements, and
refinements to your model Explain thesriteria you
usedto evaluate the comparison of your measurement
and predictions.

MOSFET controlled
Electromagnet
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Code Students
Initial Prediction

Initial Measurement

Initial comparison

Proposal (M/S)

Revision (M/S)

1. Very few proposals for revision. Why?
2. Most students said agreement was good enough.



Student Comparisons

Magnetic Field versus Distance from Plane of the Coil

Bz = M, (45)(6.013)'(6:5)

S ETIyRS Do these data agree
‘ j with the models?
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Guided Lab Environments
Instructor, grades, time available, etc.

Research (or opelended projects)
Based on the strength of the claims you want to make.

(see new work on Courdmased undergraduate research
experiences: CURES)






Think-aloud Activity

Framing for students: Test a new higfiiciency LED.

& \

]
5 gl
1 >
e

Students were asked
to say out loud what
they were thinking.

Audio and video
recorded.



Thinkl £t 2dzR ! OUAGBAOE &/ 2R

Physical System
Measurement Tools

Construction
Prediction
InterpretationkofkData
MakingkMeasurements
Comparison
LimitationkofkModel
Revision
Troubleshooting

5 10 15 20 25 30 35
Timekmin)



1) Modeling measurement tools Is an important
activity .




Time on task with Measurement Tools

Student

A Physical System |- [l fltIHE- T

Measurement Tools}

Measurement Tools

C Physical System ||

Measurement Tools

10 15 20 25 30 35 40 450 10 20 30

Time (min)

Total Time (min’



Model Construction: Identifying Limitations
G L KA ygonnapt tvie pAadediade directly in front of the LED drape
that it's in between the 23 degrees of the viewing angte | get approximately
100 percent of the relative intensity...I just put the photodiode close so, that
makes sure that | get as much of the intensity as | can."

ELECTRO-OPTICAL CHARACTERISTCS (25°C Free Air Temperature)
TEST CONDITIONS MV5752 Red LED
Forward voltage (V¢)
Typical Il =20 mA 20V
Max le =20 mA 3.0V
Angular intensity
Min Il =20 mA 110 microwatts/steradian(l}
Typical Il =20 mA 670 microwatts/steradian(l}
Peak wavelength Il =20 mA 635 nm
Spectral line width (full width half Il =20 mA 45 nm
max)
Viewing angle (total) (See Fig. 3) 28 degrees




Refinement: Apparatus and Model

G hlleé 0KS LK2Gd2 RA2RS A& RSUSOUAY
the sunlight is definitely affecting the reading I'm just trying to think of the bes
way to get it. | think I'm jusgjonnaput the diode right up against this thing to
minimize all the stray lightlt looks likewith the LED off there's an offset voltags

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.




2) Not articulating assumptions can hinder
the modeling process.

~  Unidentified assumptions
i Construct Models : : e
are not going to be justifies
{ el }-—-, and unlikely to inspire any
Y . - :
[ Physical system oo |terat|ye refinements to the
model ] ( experiment.




Articulating Assumptions is  Challenging

aL YSSR G2 LINBRAOG UKIFG G2daFft LI26S
times the voltage. And the forward voltage drop is like 2 volts . . .well, I'll try &
put 20 milliamps in it because that's what it told me to do... which means my

power shoulde 2 volts times 0.02 is 0.04 wattSo predicted power is 0.04
Watts, so good stuff."”

This assumes: Power dissipated = Optical Pow

< 100% efficient




3) Incomplete prior knowledge canhinder
the sophistication of the model.

W= A/F




Incomplete Physics Knowledge Is Limiting

aL Y OFfOdA FdAYy3d GKS LI2GSNI L+ F2N
sure what to do with the angular intensitydon't know the units of microwatts
per steradian”

ELECTRO-OPTICAL CHARACTERISTCS (25°C Free Air Temperature)
TEST CONDITIONS MV5752 Red LED
Forward voltage (Vi)
Typical Il =20 mA 2.0V
Max e =20 mA 3.0V
Angular intensity
Min le =20 mA 110 microwatts/steradianm
Typical le =20 mA 670 microwatts/steradian(l}
Peak wavelength Il =20 mA 635 nm
Spectral line width (full width half Il =20 mA 45 nm
max)
Viewing angle (total) (See Fig. 3) 28 degrees




Labs donot support

Theory supports Lab!

Introductory Lab Electronics Lab
Modern Physics Lab Advanced Lab
S i J """""" %
Intro Mechanics Intro E&M Solid State
Thermo & StaMech Particle and Nuclear Optics
Modern Physics Biophysics Quantum Il
Classical Mechanics || Classical Mechanics Il Quantum |
E&M | E&M I Plasma







MAPLE
TheModelingAssessment foPhysicslaboratoryExperiments

A
A

Designed for use iad-4th year

Researcld 8 SR [ aaSaayYSyid adzZNnSe
oroficiency with modeling as defined by the Framework

ohysics lab courses

AThree surveysoptics (posttest), electronics (postest), and

mechanics (pretest)

Modeling
Assessment for
\ | Physics

\ Laboratory
Experiments




The Pendulum MAPLE Survey

Task: Measure the acceleration due to gravity

Detector Computer

Notebook

Masses“ ' -
O

Strings

Prot&

(0 +]

O  Data
Fit
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T
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T

Period squared (sec2)
w E=

N
T

—_—
T

0

0 0.5

Starting angle: 5 deg

Squaring all measured periods.
Using large mass

Fit function: y=(4*pi2!g)*x

Fit parameters: g = 13.8 £ 0.3

1 1.5
String length (m)

"y

25

"0



The Electronics MAPLE Survey

Task: Make the output what you predict from circuit diagram.

Vs+ Rf = 10kQ

s- GND :
’ (L .......... « Input signal (orange) . . . . . .
AR i Rin = 1k02 voltage (Vpp) |2 L
s ::::::;; :_:‘ Vour frequency (kHz) 10 /--\ /--\
St c2itr “ . [ |\ [ |\
_ p ’ ; _- p Output signal (blue) / \ / \

?r: ; .l. E E e = = voltage (Vpp) 20 l \ l \

........ oo frequency (kHz) 10

D et e |l Volts/division

.......... Input Volt/div | 1. \ l \ I \

Output volt/div | 2. \ / \ /

Power supply Oscilloscope psiciiv |25, \ / \ /




The Optics MAPLE Survey

Task: Measure the attenuation ratio of crossed polarizers.
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Polarizer angle (deg)



Each survey has two parts

-~

Part 1:
Choose your own

adventure (gamebooks)

N

.

Part 2:

res

Coupled multiple

DONSEe

~

p



Part 1. Choose your own adventure

A Measuresterative and processoriented aspects of modeling

A Students are giventaskand a list of possiblactionsthey can
take

A The survey platform records theequence of choicethat are
made and final answer.




An example: Part 1

A Put yourself in the mindset of ai® 31 year physics lab
student.

A Link to survey



https://cuboulder.qualtrics.com/jfe/form/SV_dmUR8k6QfH1slBr
https://cuboulder.qualtrics.com/jfe/form/SV_dmUR8k6QfH1slBr

Measurement of the process of modeling



