Lab Procedures
The physics lab is a required supplement to the lecture part of your course. These labs have been selected to enhance your study of physics and to provide you with some experience with simple physics experiments. 
There are several ways to tie the lab work into your understanding of physics. One is to see the material in the lecture and then experiment with it in the lab to verify that the physics theory is believable. Another approach is to explore the physics experimentally as preparation for the “accepted” theory seen in your textbook. Often the material in the lab and the lecture are not presented at the same time. You should make it a point to revisit what you had done in the lab while studying the lecture topics and vice versa. A good practice would be to make written observations to remind you about what you had seen in the lab. 
In the end it is experiment that drives the theory. A theory is not accepted unless it agrees with experiment. However, one needs to be as careful as possible in making measurements and in interpreting how the errors in the experiment lead to errors in the resulting calculations. Often the errors can be a little larger than desired in these introductory labs. However, you will be expected to follow good practices in your data measurements and on occasion will be asked to repeat an experiment in order to minimize the errors that can occur. 

In this section you are given some basics for the success in your physics labs and some key definitions and practices used in the labs. First of all, you are expected to read the lab before and during the lab meeting.  Typical good behavior in the lab consists of at least the following:
The labs will be done completely during the lab period in most, if not all, cases. Students may not leave the lab until checked out by the instructor. All lab work is expected to be neat; all questions answered completely using sentences and paragraphs. Numerical results are expected to carry an appropriate number of significant digits and units. Any drawings should be neatly drawn and properly labeled. Students should keep all lab work neatly bound as a record of their lab performance for future reference. The lab grades will be assigned according to the department lab policy.

Lab Behavior

· Equipment should not be turned in until checked out by the instructor. 

· Lab stations should be kept as neat as possible.

· Book bags and other unneeded items should be kept off the lab tables.

· All equipment should be left orderly and ready for use by the next class.

· All trash should be disposed.

· There will be no playing on the computers or reconfiguring the desktops.

· All computer applications should be closed before you leave. 

· Drinks and food should be kept away from the equipment.

Lab Notebooks: You should get in the habit of keeping well organized, neat, bound lab notebooks. These can be used as evidence that you have completed the given labs.  
Start each lab on a new page. Place a title, date, lab partners at the top of the lab page.  Then you should have sections devoted to the following:
· Purpose of lab.
· Notes from instructor’s description with sketches, cautions, important points.

· Data Section with tables, units, etc.

· Observation section. Write clear and concise notes on what you observed, relevant to the lab. 

· Graphs. Attach graphs and/or list important information such as the best fit line, the R2 value, etc. All graphs should be properly labeled. If it is a group graph, indicate who has the graph.

· Results and discussion section.  Answer all questions, summarize the results.
· Attachments. Staple neatly tucked-in graphs, etc. at the end of the lab section.
Measurement Errors: There are always errors in your measurements, some due to your techniques and others due to the actual instruments. These lead to two types of error, random and systematic. These then lead to results which could either lack accuracy or precision.
· Accuracy: This is the extent to which your measurement is in fact close to the true value.

· Precision: This is the extent to which you can specify the exactness of a measurement. For example, to report that the time is about 3 PM is less precise than to say the time is 3:02:45. Being more precise does not always imply being more accurate. 

· Statistical (Random) Uncertainty: The statistical uncertainty of a measurement is the uncertainty that reflects the fact that every time you make a measurement, you measure a slightly different quantity each time. The tendency for a measured value to "jump around" from measurement to measurement is the statistical error. To reduce such errors one takes several measurements and averages results. By doing this we can obtain a more reliable answer and estimate the uncertainty of our measurements (though we will not in this lab).
· Systematic Uncertainty: This is due to faults in the method or the instrument and is caused by anything that is not statistical uncertainty. This includes instrumental effects, not-taking things into account (will the change in barometric air pressure impact this measurement?) and stupid errors. 

Information about the systematic error of the instrument is often due to scale. For example, an ordinary meter stick can measure a length which is a little bit shorter than 1 m with accuracy of 1 mm. Therefore the length of the meter stick is likely to be somewhere between 999 mm and 1001 mm. It may depend on its temperature, humidity, or other factors.  If we use the meter stick to measure something about 20 cm long, the error made in determining this distance could be only 0.2 mm, but aligning the scale with the object and reading it we make the additional random error which is much greater than 0.2 mm. Therefore such estimations are rarely useful. Usually the smallest division on an instrument scale is practically equal to its accuracy. To reduce these errors we have to use more accurate devices.  

Significant Figures: You are expected to report all results in an appropriate number of significant digits. The use of significant digits is to convey your uncertainty in your results. In particular, you should only keep the digits that you trust, whether it is in your measurements or in computations using your measurements. Though there are rigorously stated methods for determining which digits you trust, there are some rules of thumb that we can use in the lab. Two such rules are: 
      1. The number of significant figures in the product or the quotient is the least number of significant figures in any of the components.  

      2. The number of significant figures in the sum or the difference is equal to the number of decimal places on which all components have significant figures or their decimal terms are equal zero.   
Graphing: In the labs in Summer I you will be asked several times to plot your data and fit a curve to the data. There are specific guidelines for formatting your graphs. These are provided in the Appendix on Using Microsoft Excel. 
Reporting Errors: Often the degree of error to be reported can be done using standard deviation, as done in the first lab. The measure as to how good a regression is will be reported using the R2 value. When possible, you will be told which types of error reporting to use. One estimate of the error in the best fit slope is found using R2 (J. Higbie, AJP 59, 184 (1991)): 
                                                                                 error in slope 
[image: image1.wmf]2

1

1

slope

2

R

N

-

»×

-


In some labs you may be asked to report a percent error. There are two types of comparisons that can be made. This depends if a) there is a known accepted or theoretical value available; or, b) there are two experimental quantities being compared due to different measurements. The later comparison is often called the percent difference, or fractional deviation. These are given by
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