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PREFACE

The laboratory portion of Physics 1401/1501 requires considerable creative
input.  This resource manual outlines the basic expectations for each lab, the
use of some (but not all) of the important equipment and software, and other
miscellaneous information that may prove useful.

This collection of notes is NOT a lab manual! We are not attempting to
provide you with a recipe for the completion of each lab.

Basic Expectations:

Laboratories will be held each week starting in the second week of the course.
There will be five lab units of either two or three weeks duration: kinematics,
collisions, rotational motion, simple harmonic motion, and gravitation. A
detailed time-table will be provided at your first laboratory meeting.
Attendance at all laboratory sessions is required. YOU MUST COMPLETE
ALL FIVE LABORATORY UNITS IN ORDER TO PASS THIS COURSE . Your
final lab grade will be based on your lab logbook (see the first chapter of these
notes) as well as two written reports that will be completed over the course of
the term (unless otherwise noted in your syllabus). Note that although you will
be working on both data collection and analysis in groups, you will maintain
your own logbook. Written reports will also be prepared individually. The
expectations for reports will be introduced by your laboratory instructor.

These notes incorporate some material prepared by other instructors for other
courses. In particularly, some of the introductory material and later chapters
were prepared by Keith Ruddick and Kurt Wick for the sophomore and junior
lab courses. Paul Barsic prepared some of the material, and | am particularly
indebted to him for the Kepler simulation lab. The gyroscope lab is based on a

commercial apparatus sold by Teachspin, In ¢ . Numer ous students

have tried out ideas and provided feedback.

Paul Crowell
July 2012
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STATEMENT ON ACADEMIC HONESTY

Note that the College of Science and Engineering policy on academic honesty
applies to both the laboratory and lecture sections of this course. It can be
found at the following web address:

http://cse.umn.edu/services/advising/CSE CONTENT 188716.php

In particular, in submitting your logbook and written reports for grading, it is
understood that all data collection and analysis have been carried out by you
and your lab partners. You may not use data that was collected by some third
party. Written reports may include data and analysis carried out in
collaboration with lab partners but must otherwise be your own work. Note that
data fabrication, which refers to making up data that were not actually collected
by you using your experimental apparatus, is a serious academic offense. The
minimum penalty for data fabrication is a failing grade (F) for the entire course.
In preparing your written reports, please be aware of the usual standards for
the use and citation of reference materials. In particular, the use of text or
graphics from others without appropriate citation is plagiarism, for which the
minimum penalty is a failing grade (F) for the entire course.

WARNING ON COMPUTERS AND SAVING DATA

The computers in the 1401 lab are maintained bythed e par t ment 6 s
staff. Individual accounts are not created, and all data are deleted when you
log out. For this reason, you must either save your data on a memory stick,
upload them to the web, or email them to yourself before logging out at the end
of the lab period. Data should also be recorded into your logbook (either by
hand or by printing out a spreadsheet) before leaving the laboratory. As
discussed in Chapter 1, your lab book functions as an ongoing record of your
activities and is the primary means for the staff to evaluate your work. DO NOT
rely on storing data on media such as flash drives that can be lost or written
over.
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Laboratory Notebook

All raw data, calculations, and conclusions are to be recorded in a lab

logbook. The lab book must be a bound notebook containing quadrille

ruled paper and should be used only for this course. Lined logbooks,
looseleaf binders, or scraps of paper are not allowed. You will paste in data,
computer generated graphs, etc. when they are taken. Think of this lab book as a
journal in which you will record all activities related to the lab, including
calculations or analysis that are carried out at home. (This allowance for using a
lab book at home is different from the standard practice in most companies and
even some academic labs, in which it is often forbidden to remove a logbook from
the laboratory.)

Each page of your logbook should be numbered and each entry should be dated.
It is useful to keep a few pages at the beginning of the book blank in order to fill
themi n as a At ab Fatheplirposes of brganizatson, when we
change from one unit to the next, skip a few pages, and start the unit with a title
page such as fAKinematics. 0

You should never tear out pages from your logbook. Whenever you make some
sort of mistake (we all make them), just tidily cross out that section of your
logbook. Make sure that it is still possible to read whatever is under the cross-out;
it is quite common to find out later that what is there is not actually wrong, or that it
includes some useful information.

This logbook is very important. It should contain enough information so that, after
a period of, say, 6 months, you would be able to completely reconstruct all the
steps you took during the experiment. In an academic laboratory, we regularly
consult logbooks from over five years ago. All raw data must be included. All
arrangements of equipment, settings of instruments, etc., must be included. All
axes and tables should be carefully labeled with the correct units. Words of
explanation should be present wherever necessary.

A lab book is not a mini -report! Unless otherwise instructed it is more important
to list the relevant points than to write in complete paragraphs. Text should be
limited to a few short sentences at a time, and use of bullet points and the like
should be used to maximize information while minimizing distracting words.

The technique of keeping a good lab notebook is a very useful skill to develop.
Obviously, tidiness and clear writing are essential attributes; it is possible that
others may also need to be able to decipher what you have done in your



experiment. Note that a ruler and pens of a couple different colors will help you
keep a well-organized lab book. A pair of scissors and a roll of tape or a glue
stick will also be useful for cutting out graphs and tables from printouts for
insertion into your lab book. A simple hand calculator is also useful.

Much of the data you collect in the course will be obtained with the assistance of
computers. In most cases, the data should be printed out and pasted into your
lab book, along with the corresponding graphs. There may be an exceptional
case in which the amount of data generated is so large that printing it out

would obviously be a waste of space and paper. In that case, you should print
out the graphs only, but record in your lab-book where the original data are
stored.

Things to include in your notebook:

1. A detailed set-up of the experiment with enough information that you could
acquire the materials and re-create the set-up if you had to.

2. All relevant equations and useful derivations of the equations with the
variables clearly defined. Make sure you can understand the equations if
you look at them on a later date.

3. Allraw data taken . Often you will end up creating a data table in a
spreadsheet, but remember to also include constant values (like a mass or
length that did not change over multiple trials).

4. Plots should be clearly labeled, and fully analyzed (data fit with equations,
those equations compared to the relevant physics, etc.). A plot is not a
substitution for a data table ! Only when the data table is too large (over
50 data points per trial) should you not have a data table.

5. Uncertainties for all measured points, and propagation of uncertainty to
final results should be clearly displayed.

6. A conclusion based on the numerical results. You should state a clear
conclusion on the results of the experiment, but you must also clearly
reference the data that quantitatively supports that conclusion.

DO NOT LOSE YOUR LAB BOOK! Put your name, course number, and
email address on the cover just in case.

Sampl e Notebook Pages

There is no single Acorrecto way to keep a | ab book.
think about. Clear sections and labeling make a lab write up easy to read, and easy to write.
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