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The laboratory schedule will be finalized during the first week of classes.
Physics 212i:  Course Information

Instructors:  
Suzanne Amador Kane


Scott Shelley


E-mail:  samador



E-mail:  sshelley


Phone:  610-896-1198



Phone:  610-896-1310



Office:  KINSC Link L103


Office:  KINSC Link L207

Introduction

This laboratory consists of experiments related to quantum physics.  It is normally taken concurrently with Physics 214b, but can be taken afterwards, though this is less desirable.   Physics 211f is a prerequisite. The experiments you will do are both challenging and interesting. In addition, they are designed to develop your experimental skills, your ability to analyze and evaluate experimental data, and your ability to communicate your findings effectively. Although we do our best to coordinate the labs with topics covered in 214b lectures, the order of the experiments differs for different students (as explained below). Therefore, the knowledge needed for the understanding of the experiments must be learned through careful reading of the manual and library sources, and discussion with the instructors.  You will find, however, that there is appreciable overlap and reinforcement between the lecture topics in 214 and the 212 labs that strengthens your understanding of quantum physics.
Who should take this course?

Physics 211f should be taken by students considering a Physics major and by most students taking Quantum Physics.  Though not required for the Astronomy and other majors, the 212i laboratory is recommended because it leads to a deeper knowledge of quantum physics.

Experiments

1.     
SUPERCONDUCTIVITY AND THE SQUID:  SUPERCONDUCTING QUANTUM INTERFERENCE DEVICE:  In this experiment you will use a SQUID to make high precision measurements of magnetic flux.  You will see that the flux threading a hole in a superconductor  is quantized, thus demonstrating quantum effects on a macroscopic scale.  You will also investigate zero electrical resistance of superconductors, and the Meissner effect, whereby superconductors totally exclude magnetic fields.

2.

ELECTRON SPIN RESONANCE. Spin is an intrinsic characteristic of fundamental particles and results in charged particles having an associated magnetic dipole field. In this experiment, you will use a technique similar to nuclear magnetic resonance (a.k.a. magnetic resonance imaging, or MRI, in the medical industry) to measure the magnetic moment of the electron.

 3.

NUCLEAR SPECTROSCOPY. Nuclei have discrete quantum states just as atoms do. The emission of gamma rays corresponds to transitions between these quantum states. In this experiment, you study the spectra of several nuclei, and also learn about gamma ray detection and energy measurement.

4.

LASER MODES. In this laboratory you will use a high precision Fabry-Perot interferometer to study the spectrum of light emitted from a laser.  The experiment reveals the quantization of laser modes by the cavity of the laser, as well as the spectrum of light emitted by the gas atoms in the laser.  

5.  

SCANNING TUNNELING MICROSCOPY. We know from quantum mechanics that an electron (or any particle) can pass through a region in which classically it would have negative kinetic energy (i.e., a classically forbidden region). You will study this phenomenon in an important modern application:  the scanning tunneling microscope (STM) which can image the topography of surfaces at atomic resolution.

6(a). 
PHOTOELECTRIC EFFECT. An anomalous experimental result that stimulated the early development of quantum physics is the emission of electrons from a metal illuminated by light. (Einstein won the Nobel Prize for his explanation of this effect.) You will plot curves of the stopping voltage versus light frequency, and determine h/e.  This version of the experiment uses an ultra high impedance operational amplifier.

6(b).  
ELECTRON DIFFRACTION FROM CRYSTALS.  Electrons show interference properties when diffracted from a crystalline surface, as a result of their wave properties.  In this experiment, you will demonstrate that electrons really have a wavelength and measure the spacings between planes of atoms in a carbon film.  

Format of the Lab


The lab meets Thursday afternoons 1:15-4.  All of the experiments will be conducted concurrently, and students will rotate in two-week blocks. We allow two sessions for most experiments, except that Experiments 6(a) and 6(b) are to be done in one session each, because they are straightforward. 


Since each group of students will be doing different experiments, there will be no pre-lab lectures. During each lab session, however, the instructors will approach each group of students to discuss their experiment and any pre-lab exercises. You are expected to read the manual carefully beforehand (along with any needed library sources) and to be prepared to discuss the experiment intelligently with the instructor. The instructors are happy to assist as needed.  Note that some labs have prelab questions.  Preparing solutions to these before you do the lab will save considerable time in performing the experiment!  To be perfectly clear:  we are not going to collect and grade these at the start of lab, but you will be almost incapacitated in lab if you don’t prepare ahead, including reading the entire lab and doing the prelab questions ahead of time!
Attendance


You are expected to be in lab at all of your scheduled sessions, except for illness that is serious enough to confine you to your room (e.g. fever).  If you know ahead of time that you cannot make a lab, you must contact one of the instructors AND your partner in advance to schedule a make-up time.  In particular, you are expected to avoid missing more than one regular lab session due to commitments such as athletics; we will work with you and your coach to make alternative arrangements if you need alternative travel for away meets.  It is extremely important not to miss lab due to forgetfulness, as it imposes considerable inconvenience on others and will seriously impact your course grade.

If you do not actually need all of the scheduled lab time, you can use the extra time to work on calculations or reports, after consulting with the instructor.


Lab Notebooks 


You should keep a lab notebook for your use during lab and for compiling reports.  You may use a 3-ring binder for this purpose so you can easily add and remove material.  (If you were working for a corporation where your discoveries might affect patent applications, you would be required to use a bound notebook.) You can keep a section at the end of the notebook for scratch work.  Although we will not be grading notebooks, you will find that keeping a good day-by-day record of your lab results will be an essential feature of doing a good jobs on experiments and reports.  To this purpose, your notebook should contain for each experiment (1) a brief statement (a paragraph or so) stating the overall objective of the experiment; (2) a statement of any variations from the procedure indicated in the lab manual; (3) tables of raw data (or reference to computer files); and observations; note especially that a list of numbers without commentary or units becomes virtually meaningless even to the writer in a very short time!  (4) calculations and analysis, including graphical presentation and uncertainties in any calculated results; and (5) conclusions and discussion of the conclusions as you do the experiment.  If you do a good job, your notebook entries should form a solid backbone for your oral and written reports, as well as saving your time regenerating data and results later!
REPORTS


You must give private oral presentations to the instructors for two experiments (Laser Modes and Superconductivity) and turn in a written report for the remaining experiments. You write and prepare each of your written reports individually, one person per report.  (You may consult with your lab partner while preparing written reports—see the Honor Code section below.)  You prepare for and deliver your oral reports as a team of lab partners.
NOTE: To complete the course requirements and pass the course, you must perform and report on all six experiments.  (We are treating 6(a,b) as a single experiment here, but you will deliver 7 reports in all.) 
Due Dates are as follows: The oral reports should be scheduled by not later than the start of the next laboratory.  The written reports are due before the start of the next lab.  Written reports should be submitted outside Suzanne Amador Kane’s office, in the transparent plastic pocket on her door.  Labs which are performed the week before Spring Break are due the Thursday lab meeting after Spring Break.  Labs which are finished the week before Finals are due by the end of Finals period.
Late Policy:  Reports turned in or presented late will receive a modest 10% penalty (about one standard deviation) if within one week of the due date, and a 30% penalty after that.  Be sure to include the date on which the experiment was begun, and the date turned-in, on the cover page of the report.  This penalty will be applied unless you have a Dean’s excuse for the late lab, with one exception:  if you cannot complete a report on time, you are allowed to grant yourself a four-day extension in advance ONCE during the semester.  Just send e-mail to Suzanne Amador Kane (samador  indicating that you are doing so, for our records.
Written reports should be in a form similar to that used for the formal report in Physics 211 (see detailed description below). The grading will be based on an estimate of (a) the quality and care taken in your experimental work and analysis, (b) the quality of your presentation and writing, and (c) an estimate of the level of your physical understanding.  
Oral presentations will be discussions of about 30 minutes duration. Suzanne Amador Kane and Scott Shelley will generally conduct these sessions together.  They will begin by asking you to describe the main points of the experiment, and invite you to present your results, as contained in the lab notebook.  Theoretical and conceptual understanding as well as experimental technique and results will be emphasized. Graphical data is of particular interest.  You do not need to prepare a formal speech; the session is more like a conversation, with lots of questions and answers.  However, you should come extremely well-prepared, having completed and then reviewed the entire lab, your results, your analysis and the physical background required to understand all of this. The instructor will be trying to assess the depth of your understanding, and to help you to improve it.  In other words, it is a teaching session as much as an evaluation. The oral report evaluation is based (a) the quality and care taken in your experimental work and analysis, (b) your preparation, and (c) an estimate of the level of your understanding.

Uncertainty Analysis:  For all of your work, keep in mind that every quantitative result (including those derived from graphical analysis or fitting)  should have an estimated uncertainty. You should take note of your uncertainty in every measurement and be familiar with the methods of determining the determination of uncertainty in calculated quantities that depend on several measurements. See Practical Physics (excerpts posted on Blackboard) by Gordon L. Squires for details on uncertainty analysis, as well as the Appendix on Uncertainty Analysis
Grades

The following table shows how your reports contribute to your final grade.


Written & Oral reports (all but PE effect & LEED)(5@17%)
85%


Written reports:  LEED & PE effect (2@7.5%)
15%

Of course, the instructor is allowed some discretion in recognizing your work during the laboratory sessions.  Excessive absences will result in a lowered grade.

Advice on Written Reports 


Your written reports will range in length from 4-5 pages (for the longer, two-week labs) to 3-4 pages (each for the shorter LEED and PE effect labs).  This length refers to the text; your reports will also include supplementary materials, such as plots, data tables, etc.  Your written reports should utilize a format similar to the standard format of scientific papers.  While you may need to write very abbreviated versions of the following, you should include all the parts listed below in each report:

Abstract: In a short paragraph, summarize the experiment and results. State what was measured or determined and by what method. Be sure to give the results quantitatively (with uncertainty) where appropriate. 


The purpose of an abstract is to provide readers of a journal (or attendees of a conference where many papers are presented) a convenient means of learning the significance of any particular paper without having to read the whole paper. The readers will then decide which papers to read or talks to attend based on the abstracts. Think of the abstract as an advertisement for your paper. Imagine that you are a professional scientist and are publishing your paper in a journal, and keep the following in mind: (a) You want to be sure that people read the abstract—so make it short. (b) The one thing you want absolutely everyone to know, even those who don't read the paper, is your main result (or results). Do not think of your paper as a mystery novel where you might avoid telling the reader your result. If you don't state any results in your abstract, the readers may think that you have no result (that the paper only discusses an attempt to get a result) and may not bother reading your paper. If you state the result, then even those who don't read the paper will at least know of your accomplishments—and that is your main goal in publishing the paper.


Introduction and Background: Here, you summarize what you have done, and put it in the context of related theoretical work or previous experiments. Try writing this section last, based on an outline devised while writing the other sections. That way, you will know what you need to mention. 


Consider the introduction (about one paragraph) as the motivator—use this section to impress upon your readers the importance or significance of the experiment. For example: 

Microwaves are a form of electromagnetic radiation. Therefore, they should exhibit all of the phenomena of geometrical and physical optics. However, their relatively long wavelength (a few centimeters) can have important consequences. In this experiment, we have investigated some of these phenomena, including...

Note that at the end of the introduction, you should actually indicate (briefly) what you have done. Do not be afraid to give your answer (or answers, if there are multiple results) prematurely. Readers will find your paper easier to read if they know where it is headed.


The background is a brief summary of the theory related to your measurements. (In a real paper, you would also discuss previous measurements.) Keep this section brief, and give references to other sources. (The references are intended to be helpful to the reader, and they also give proper credit to others.) If the background material is long, you might split the "Introduction and Background" into two separate sections.


 Experimental Methods & Results: The purpose of this section is to inform the reader of the method so that the reader can establish an informed opinion of its reliability. For example, in the cold nuclear fusion announcement, the authors did not divulge the details of their method, alerting many scientists to be skeptical. Properly educated scientists will not believe a result until they learn enough of the experimental method used to feel confident that it was reliable.


Do not restate the specific instructions in the lab handouts. For example, do not give unimportant details, such as where a particular switch is or how you place your head to see that something is aligned. Instead summarize the methodology, using a diagram if appropriate, in a way that would be comprehensible to a person who has a scientific background but who is not familiar with the particulars of your experiment. Do explain in more detail any changes you made to the lab manual’s procedure.  Also explain the method by which you have assessed the uncertainty in the measurements. In some cases, this can be quite brief. If you have made a precision measurement, however, as in the photoelectric effect experiment, you should explain carefully how you estimated uncertainties.


In the Results you fully describe the findings of your experiments. Use figures and tables generously, although there is no need to use a Table if you have included a plot of data already. Assign a number to each figure or table (i.e., Figure 1, Figure 2, …; Table 1, Table 2, …), and discuss each one in the text.  
Be sure to include an estimated uncertainty with every significant measurement. If systematic errors (rather than statistical uncertainty) could be significant, they too should be discussed. 


One common mistake is to calculate the percentage difference between the measurement and an accepted value and to call this the measurement uncertainty. You are to determine the measurement uncertainty without reference to any assumed correct value.  Comparison of your results with accepted values merit a separate discussion. Uncertainty and discrepancy are two quantities with entirely different meanings. Your uncertainty arises because of the nature of your experimental methods, whereas the discrepancy states only how different your result is from another. Normally you state a discrepancy between your result and a generally accepted theoretical or experimental result. In this course, you compare your results to others to determine how skillful you were in your work. In publishable scientific work, researchers compare results as a means to creating consensus about the nature of the physical universe. For example, experimentalists and theorists check their results against each other to ensure that both sides pursue promising leads and avoid dead-ends. Also, theorists compare results with other theorists and experimentalists with other experimentalists to check on the precision and applicability of different methods.


Discussion and Conclusion: This section includes both a restatement of the main results, and a discussion of their significance. This section should be reflective, and if possible include speculations or suggestions for further work.  Many readers will read this section first, and only afterwards read the earlier parts of the paper. 

Technical points to check:

•
Use proper abbreviations of units.

•
Define all symbols when you first introduce them.

•
Use an appropriate number of significant digits throughout, as determined by your actual uncertainties (e.g. for 1% uncertainty, no more than 3 digits; for 10%, no more than 2 digits.
· For all plots, be sure to include axis labels, ranges, and units.  (I.e., specify that the x-axis is Voltage, measured in kilovolts, and marked off in increments of 1.0 kV.)  Also, if you are plotting more than one dataset, or experimental data plus a fit, be sure to identify each set of data clearly.   
Ten Tips for a Better Lab Report:

1. READ THE LAB MANUAL AND USE THE LIBRARY to deepen your understanding.  Make sure you have carefully read the write-up for the experiment and have done everything asked of you. Also, make sure you have read this introductory section thoroughly and understand completely what is expected.
2. Write the report honestly—don't try to oversell your results. If the results are only marginally significant, you are better off being clear in the paper that you believe this to be the case. Others still may find it interesting and follow up on your experiment. Overselling the results is dangerous to your reputation as a scientist and displays a disregard for scientific integrity. 

3. Show off your talents as a writer. You want the reader to have confidence in your work; meticulous presentation and careful writing can help. Be thorough but concise. Make sure that the point of each paragraph is clear, and prune wordy sentences. Before turning in your report, check for spelling and grammatical errors. Don't use contractions, slang, and other informal uses of the language.  Also, watch those dangling modifiers, and long, convoluted sentences, and use the active voice (i.e., the passive voice is to be avoided). It's OK to write in first or second person in the report. (Refer to books by Day and by Strunk & White in the reading list for help.)

4. Write the report almost as if you were going to submit it for publication in a scientific journal. (Your audience comprises people who are knowledgeable in introductory quantum mechanics but know little about the experiment you have done.)

5. Make sure you understand and write correctly about systematic error and statistical uncertainty.

6. Don't make definite statements without justification, especially in your discussion. Make sure you question all the assumptions you have made as you search for sources of error.

7. When you find a possible source of error, suggest ways that you would check to see if it really contributes.

8. Think big. Don't limit your discussion of improvements just to minor details. Start from the very beginning, the objective of the experiment, and ask what is the best way to achieve it.

9. Don't be hasty. Spend enough time on all your reports.  A lot of learning can go on while you prepare your reports! We’re expecting to see that you've really thought carefully about the details and the big picture.

10. If you have any questions about what is expected of you or how to interpret your data or anything else, don't hesitate to ask the instructors.

Honor Code Issues – Read Carefully


Because you will work with a partner in the laboratory, the Honor Code plays a different role than in a lecture course. Both partners should prepare for the lab independently. If after making a serious attempt, you cannot do the pre-lab exercises, you may discuss them with the instructor, assistant, or any other student. During the laboratory session, you do all of the work together, of course. This includes setting up the experiment, taking the data, analyzing them, and reaching conclusions. The data will generally be recorded in a single copy that may be duplicated for the use of the other partner. You may also discuss the laboratory work with your partner after the lab. However, you must do all writing independently. This means in particular that the exercises, discussions, and conclusions should be in your own words and the product of independent effort.   This means that you should not be copying or closely followin  another students’ work when you do your writing.  Additionally, you must participate in performing the experiments and taking data.  The data contained in your report should be the result of your work (and that of  your partner). 

Lab Manual & References
This lab manual will be available from Scott Shelley.  The text for Physics 214b will be an important reference.  Other sources are on reserve in the library, and you are expected to consult them.  In most cases it is essential that you read relevant reference material before beginning a laboratory. Copies of important journal articles will be placed in a binder on reserve.

Error Analysis / Uncertainty Analysis:
Bevington, Data Reduction and Error Analysis for the Physical Sciences (Note: We prefer the term uncertainty!)

Gordon Squires, Practical Physics(excerpts on Blackboard)
Taylor, An Introduction to Error Analysis (in Physics 102 reserve)
Writing (including Scientific & Technical Writing):
Day, How to Write & Publish a Scientific Paper

Strunk and White, The Elements of Style
Experimental & Laboratory References:
Horowitz and Hill, The Art of Electronics
Jenkins and White, Fundamentals of Optics
Kittel, Introduction to Solid State Physics (in Physics 322 reserve)

Lengyel, Introduction to Laser Physics
Melissinos, Experiments in Modern Physics
Monk, Light; Principles and Experiments
Omar, Elementary Solid State Physics
O’Shea, Callen, and Rhodes, Introduction to Lasers and Their Applications 

Preston and Dietz, The Art of Experimental Physics

Rose-Innes and Rhoderick, Introduction to Superconductivity

Rossi, Optics
Yariv, Introduction to Optical Electronics
Reif, Fundamentals of Statistical & Thermal Physics
Segré, Nuclei and Particles, an Introduction to Nuclear and Subnuclear Physics
Summary of Course Requirements for Passing the Course
· Prepare in advance for each lab.

· Attend each scheduled laboratory session.

· Complete the reports as described above, and turn them in on time.


