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PREFACE

What Should I Bring to Every Lab?

1. This lab manual.

2. A 3.5” floppy disk to save your spreadsheet data.

3. A lab notebook.  Although most of your data and analysis will be recorded in spreadsheets, you will find it very useful to have a notebook for making sketches, writing down ideas, doing calculations by hand and saving old lab reports and plots

How Do I Get a Good Grade in this Lab?

1. Take the time to read over and think about the lab before coming to class.  We have designed these labs so that you can walk in cold and still get through them in a four-hour period, because that is what most students do.  However, most students don’t get A’s.  If you expect to get a good grade, prepare beforehand.

2. Don’t miss classes and don’t be late for class.  During the first ten minutes, your instructor will discuss the experiment, give helpful suggestions, and tell you about any changes in procedure.  If you’re more than 10 minutes late, your instructor may not allow you to work on the lab.

3. Use the spreadsheet program to do error analysis, fitting, simple calculations and plots.

4. If you are working on the computer, save your work at least once every 15 minutes. 

5. Before you walk out of the lab, ELECTRONICALLY SUBMIT A COPY OF YOUR SPREADSHEET ACCORDING TO THE INSTRUCTIONS GIVEN IN CLASS.  Do this even if you haven’t finished everything.  That way you can get a copy if you lose your disk or it gets damaged.

6. Do the homework and turn it in on time.  Late homework will be penalized

7. If you have questions, ask your instructor or the TA.  There are no dumb questions.

Official Course Description

Physics 275 is the second course in the introductory lab course sequence Physics 174-275-276. The course is intended for physics, science and engineering students who desire a more rigorous introduction to experimental science. Experiments are mainly chosen in the general area of mechanics. A major component of the course is understanding the theory and applications of error analysis at an introductory level. The Lab meets for four hours each week in Room 3203 of the Physics Building. 

Web Site: http://www.physics.umd.edu/courses/Phys275
 Be sure to go to the appropriate semester.

Philosophy of the Course

The main purpose of most laboratory classes is to demonstrate physics effects that have been previously described in a lecture course.  It may be helpful to realize that the goal of Physics 275 is very different.  The overall goal of Physics 275 is to provide an introduction to experimental physics.  You will begin to learn how experimentalists do research, how to design experiments to study the way the world works, and how to test whether a given theory is an adequate description of observed phenomena. There are a few key ideas that we will focus on:

(1)  Reality:  In this lab, you will acquire real data on real physical systems and then analyze the data to extract meaningful physical quantities.  To get the data, you must manipulate the apparatus yourself.  In most student physics labs, if you do this well, then you should expect to get good results.  However, for many students, the most difficult concept to understand in experimental science is that not every experiment agrees with theory.  You aren’t always supposed to get the “right answer”: in the real world, nature sometimes does the unexpected.  In these labs, we will occasionally arrange things so that the results do not conform to your expectations.  We may, for example load your dice and watch whether you notice.  We get very worried if you don’t seem to notice!  In a real experiment, you will never know for sure what is “the right answer”.  Needless to say, in this circumstance, as in the real world, it would be very foolish to try to fudge your data.

(2)  Errors:  We want you to understand the limitations of your measurements: i.e., how to estimate the experimental uncertainties and understand how they affect your final results.  In Physics 174, you learned how to fit theoretical formulas to your data.  Here you will review these fits and learn to master the propagation of errors.  In Physic s275, you will also begin to study systematic errors and the way in which they can be minimized by calibrating your equipment.

(3)  Distributions:  All measurements you make have errors.  Knowing how the errors are distributed in size can be extremely useful for understanding the limitations of your measurement. It’s also a good way to diagnose problems, expose some types of systematic errors, and check that your estimated errors are reasonable. 

(4)  Creativity and Experimental Design:  Most lab experiments that students do are “cookbook”.  If you can follow a set of instructions, you can get the lab to work and get reasonable data.  Unfortunately, real experiments don’t come with a nicely written set of instructions.  Instead you have to figure out how to do the measurement, figure out a good measurement procedure, and then design, build and assemble the apparatus.  For some experiments, this requires a truly extraordinary combination of creativity and careful analysis.  For the experiments in Physics 275, we don’t expect you to build everything up from scratch, and for the most part the labs will have clearly written instructions.  However, in some labs, there will be a separate part that will require some real thought or creativity to complete.

(5)  Reporting Results:  We want you to begin to learn how to report your results in a complete, clear and concise manner.  As in Physics 174, you will turn in your data and analysis as an Excel spreadsheet.  However, in each experiment, we will also include questions that require you to write one or two paragraphs in clear English using complete sentences.  For example, we may ask you to describe the apparatus and include a clear figure of it. Or, we may ask you to explain in detail the procedure you used or the analysis you performed.  In no case should you exceed one page.  These questions are meant to prepare you for the task of writing a complete lab report, which will be required in later labs. 

A midterm and a final exam will be given in which you must demonstrate that you have mastered key skills and understand each experiment.  Before each exam, a review lab will be given so that you can go back over the apparatus and refresh your understanding of the main concepts.

Course Textbooks


The required textbook for the course is “A Practical Guide to Data Analysis for Physics Science Students”, by Louis Lyons (Cambridge University Press).  This book provides a good brief introduction to error analysis.  We also highly recommend “An Introduction to Error Analysis” by John R. Taylor (second edition, University science Books).  Taylor’s book is longer and has more detail than Lyons’ book, so you may want to look at it if you are having difficulty with a particular topic.  We have also included a brief appendix in this manual that summarized the main concepts of error analysis.

Of course, these textbooks are about error analysis.  As you work on the labs, some of you may still find yourself wondering: what’s the point?  In many experiments, the idea is to determine whether a given result or law of physics is actually obeyed.  One soon finds that this is not so easy to do.  Measurement of a physical quantity, such as position or velocity, can only be made to within a certain precision or experimental uncertainty.  Because of this, it turns out that one cannot prove with mathematical rigor that a physical law is true by doing experiments.  The best you can do is show that your measurements agree with theory to within your experimental errors.  Thus, it is essential to learn about measurement errors before you can decide whether your results agree with theory.  As you already know from Physics 174, the subject is quite complicated and students often have a difficult time “getting it”.  In Physics 275, we will assume that you have mastered the basics; here you will see how things work out in real experiments. Let your instructor know if something isn’t clear or doesn’t make sense.

About the Equipment


As of Fall 2001, most of the equipment used in the lab is fairly simple and durable.  However, treat all the equipment with care.  Not only will the students who follow you be grateful, but you’ll also get better data.  If something is broken, immediately inform your instructor or one of the lab technicians.  If you experience a problem, let your TA know immediately.

Safety First!


Always be aware of any potential dangers when using a piece of equipment.  Where we know of possible hazards, clear warnings are given in the laboratory manual and you would be wise to heed them. 

About this Manual


This is the third version of a new Physics 275 lab manual that was first put together in the Fall semester of 1999 by Profs. Derek Boyd and Fred Wellstood.  Whenever possible, we have borrowed shamelessly from the Physics 262a/263a lab sequence and the previous version of the Physics 275 lab manual that was largely constructed by Prof. Emeritus Jean-Paul Richard.  We especially thank Sarah Mitchell and Chris Van Breen for their help in selecting and trying experiments during the summer of 1999, and most gratefully acknowledge the invaluable aid provided by Tom Baldwin and Allen Monroe in getting everything together and keeping it running.
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