
Physics 161 University Physics Lab I, Sections 202
Fall 2017, Room 324 Science & Technology I

Wednesday 13:30 - 16:10

Instructor: Phil Rubin
Office: PH 253
Phone: 703.993.3815
E-mail: prubin@gmu.edu
Office Hours: Wednesday 9:00-10:30
Website: http://physics.gmu.edu/~rubinp/courses/161/

Please note: All e-mail communication from the instructor concerning this
course will be to GMU accounts only.

Course Goals: This is a first course in experimental physics, in which we in-
troduce the cognitive, scientific, and communication skills, practices, and knowl-
edge of the experimental physicist. In particular:

• Cognitive

1. Think quantitatively:

– estimate

– measure

• Scientific

1. Keep a notebook

2. Collect data:

– calibrate instruments

– read instruments

– estimate uncertainties

– identify probability distributions

3. Analyze data:

– summarize statistically

– graph

– propagate uncertainties

• Communication

1. Use correct terminology

2. Use correct notation

3. Summarize work in an abstract
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Tentative Schedule:

Date Focus
30 Aug Introduction
6 Sept Exercises/Position
13 Sept Exercises/Length/Displacement
20 Sept Exercises/Time
27 Sept Exercises/Inertia
4 Oct Exercises
11 Oct Exercises/Experiments
18 Oct Experiments
25 Oct Experiments
1 Nov Experiments
8 Nov Experiments
15 Nov Experiments
29 Nov Experiments
6 Dec Experiments

Required Materials

The Beginners Guide to Uncertainty of Measurement, data analysis
and uncertainties textbook.

Laptop, all social media turned off.

Smart phone, turned to standalone (airplane) mode.

Tracker Video Analysis and Modeling Tool, free, open-source tool for
modeling and analyzing videos of objects in motion.

Python, a powerful, easy-to-learn and use, free, open-source computer lan-
guage. For the experimental physics, in which data are plotted and fitted, basic
python needs to be extended with the libraries Numpy, Scipy, and MatPlotLib,
collectively known as pylab. If you are new to python, just install the Ana-
condia environment on your laptop. Use the link above, and choose the right
release for your computer system. For what we are doing, there’s probably no
difference between version 3.6 and version 2.7. 3.6 has more bells and whistles
as well as bugs than 2.7. I tend to stick with 2.7.

Notebook, to contain complete records of your work. These will be provided,
but must be brought to every class meeting; failure to do so results
in a grade of zero (0) for the day. Notebook pages should be numbered
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consecutively, either by the manufacturer or by hand, and never removed from
the notebook. Entries should never be erased or blacked/whited out. A
single line through a “mistake” is all that is necessary.

Laboratory notebooks should be thought of as a diary of your work as you do
it. Entries should be sufficiently complete and clear such that a reader of the
notebook could understand what you have done well enough to repeat it exactly.
This implies the following:

• Durable and verifiable media

– Bound notebook (provided)

– No loose pages; secure added papers

– Entries written in pen, preferably black ink

– Good penmanship; never overwrite, erase, white-out, cross-out

– Date and identify pages

• Clear, simple language

• Honest accounts recorded in real time; do not trust memory

• Sketched and labeled apparatus

• Graphs, labeled and checked

• Summarized data, including uncertainties and units

• Worked out calculations

• Notes, comments, ideas, reminders, thoughts, plans included

See the following good, but not ideal (such as Michael Faraday’s notebooks),
example pages from a Canadian nuclear physicist:

• One

• Two

• Three

• Four

• Five

• Six

• Seven
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Abstract: An abstract is a brief, one- or two-paragraph statement summa-
rizing what was done and why and giving the principal results. It should be
complete enough that it is unnecessary to read anything else to understand ev-
erything in the abstract while summarizing everything that would have been in
a laboratory report–a one or two sentence summary of each laboratory section.
Although an abstract is often compared to an executive summary, it, unlike
an executive summary, must never reference anything outside the abstract. An
abstract should answer, in brief, the following questions:

• Why did you do what you are reporting on?

• What did you do?

• What were your results?

• What do the results tell you with regard to your motivating question(s)?

Two fair examples:

We examined the hypothesis that the circumference (C) and diam-
eter (D) of a circle are directly proportional. We measured the cir-
cumference and diameter of five circular objects ranging from 2 cm
to 7 cm in diameter. Vernier calipers were used to measure the di-
ameter of each object, and a piece of paper was wrapped around
each cylinder to determine its circumference. Numerical analysis of
these circular objects yielded the unitless C/D ratio of 3.14 ± 0.03,
which is essentially constant and consistent with π. Graphical anal-
ysis lead to a less precise but equivalent estimate of 3.15 ± 0.11 for
this same ratio. These results support commonly accepted geometri-
cal theory which states that C = πD for all circles. However, only a
narrow range of circle sizes were analyzed, so additional data should
be taken to investigate whether the constant ratio hypothesis applies
to very large and very small circles.

The effects of bob mass, length, and amplitude on the period of a
simple pendulum are investigated. Mass is found to have no effect
on the period. The period is found to increase roughly as the square
root of the length, in agreement with theory. The period increases
slowly in a complex manner with amplitude.

Lab Groups: Students will work in groups of 2-3, selected and assigned by
the instructor each week.

Grading: The point of this course is to develop and employ skills associated
with experimental physics (see Course Goals, above). The first portion of the
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course will concentrate on developing skills, which will be progressively inte-
grated and employed on simple experiments.

Your final grade will depend on your demonstrating efficacy of these skills and
their employment in an experimental context.

A+=100-96.67 A=96.66-93.33 A-=93.32-90
B+=89.99-86.67 B=86.66-83.33 B-=83.32-80
C+=79.99-76.67 C=76.66-73.33 C-=73.32-70

D=69.99-60
F<60

Attendance: There are NO makeups and no work will be accepted from at-
tendance at other sections. If an absence is excused on the basis of justifying
documentation, grades on other work are pro-rated. Otherwise, a zero (0) is
assigned for the work of a missed class.

Tardiness: No work due by the beginning of a class meeting (this includes
homework, abstracts, and notebook checks) will be accepted after class begins.

Disruptive Behavior: Misbehavior of any sort, including cell-phone use,
unauthorized computer use, and eating or drinking in the laboratory, will not
be tolerated. Such actions are grounds for dismissal from the classroom and the
assignment of a zero (0) for the work of that class meeting. Cell phones must
be turned off before entering the classroom and remain off and out of sight.

Cheating: Cheating of any sort, as determined by the instructor, will result
in an automatic F in the course, without recourse to appeal. Cheaters will be
reported to the honor council for further disciplinary action. Regardless of the
results of any hearing, the failing grade stands. Don’t cheat. Don’t even
look like you’re cheating.

The GMU Honor Code: http://www.gmu.edu/catalog/9798/honorcod.
html#code

Working in groups to develop skills and aptitudes, as well as results from inves-
tigations, is expected, but homework, notebook entries, and abstracts must be
completed individually. Never let anyone else write in your notebook. Home-
work, notebook entries, abstracts, etc., containing sentences paralleling those of
another person’s will be considered plagiarized, and all parties involved will be
considered cheaters.
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