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PHYSICS 3900 – SENIOR PHYSICS LABORATORY 
COURSE OUTLINE 

 
1. COURSE DESCRIPTION 

Physics 3900 – Senior Physics Laboratory (6 laboratory hours, 0.5 course): A senior physics laboratory 
designed to familiarize the student with the basic concepts of modern physics, with emphasis on the 
development of experimental skills and including an introduction to computer programming and its use 
in experimental analysis. 
Pre- or Co-requisites: Physics 2910F/G, or the former Physics 2900E. 
Unless you have either the requisites for this course or written special permission from your Dean to 
enroll in it, you may be removed from this course and it will be deleted from your record. This decision 
may not be appealed. You will receive no adjustment to your fees in the event you are dropped from a 
course for failing to meet the necessary requisites. 
 

2. COURSE OBJECTIVES 
• Gain understanding of the experimental basis for several important concepts of physics.  
• Introduce instrumentation and techniques essential to research and measurements in 

academic and industrial settings.  
• Develop capacity to identify the physics behind an experiment and the tools being used. 
• Gain familiarity with software code and experimental apparatus. 
• Build skills in designing, conducting, and troubleshooting experiments. 
• Gain experience with analyzing and interpreting data, including developing an understanding 

of the importance of error analysis in the interpretation of results. 
• Compare theory and experiment, while considering experimental uncertainty. 
• Practice documenting your work in a lab notebook.  
• Develop communication skills for argumentation (convincing an audience of your scientific 

method and results) using oral presentations and written reports. 

3. COURSE LEARNING OUTCOMES 
 See Appendix I of this document for the course learning outcomes. 
 
4. INSTRUCTIONAL TEAM 

Course Instructor Dr. Tamie Poepping  
 Professor, Department of Physics and Astronomy  
 Physics and Astronomy Building (PAB), PAB236 
 Email: poepping@uwo.ca  
 Office Hours: by appointment.  
Technical Specialist Paul Christiaans, Electrical Engineer, Dept. of Physics & Astronomy 
Teaching Assistant    Matheus Adam, PhD graduate student, Dept. of Physics & Astronomy 
 

Land Acknowledgement 
Western University is situated on the traditional territories of the Anishinaabeg, Haudenosaunee, 
Lunaapeewak and Attawandaron peoples, who have longstanding relationships to the land and 

region of southwestern Ontario and the City of London. The local First Nation communities of this 
area include Chippewas of the Thames First Nation, Oneida Nation of the Thames, and Munsee 

Delaware Nation. In the region, there are eleven First Nation communities and a growing Indigenous 
urban population. 

 

Western values the significant historical and contemporary contributions of local and regional  
First Nations and all of the Original peoples of Turtle Island (North America). 
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5. COURSE DELIVERY 
The Online Western Learning (OWL) system at http://owl.uwo.ca will be the site for posting all course 
material. Students are responsible for checking the course OWL site on a regular basis. This is the 
primary method by which information will be disseminated to all students in the class outside of lab 
times. Log in using your UWO username and password, then find the PHYSICS 3900G 001 FW22 
OWL site. If you need assistance on technical issues related to OWL, seek support on the OWL Help 
page. Alternatively, you can contact the Western Technology Services Helpdesk, via phone at 519-
661-3800 or ext. 83800. 
Class times: 6 lab hours per week – Mon & Wed 2:30 PM - 5:30 PM. 
Lab Experiments: See the Course Schedule (Appendix II) for further details. During the term, you will 
perform the following lab activities:  

1. Analog Electronics (AE) 
2. Digital Logic (DL) 
3. Oscilloscope (Osc) 
4. Software Tools (ST) 
5. Scintillation Counter (SC) 
6. Multichannel Analyzer (MCA) 
7. One experiment from the list below (based on your ranked preferences via google form) 
8. Arduino project 
• For Lab #7, visit the google ranking form to indicate your preferred lab choice before the end of 

September 28. Based on preferences and equipment availability, you will be assigned one lab 
with two weeks (4 lab periods) to complete it. The list of options are as follows: 

1. Cavendish Experiment (gravitational const)(Cav) 
2. Chaotic Pendulum (CP)  
3. Electronic Properties of Materials (EPM)  
4. Nuclear Magnetic Resonance Spectroscopy (NMR)  
5. Optical Computed Tomography (OCT)  
6. Photoluminescence (PL)  
7. Quantum Analogs (QA) 
8. Speed of Light (SL) 

• For Lab #8, you will implement an Arduino-based project. For your final project, you should plan 
for one of two options: 

1. build something that you design or where you will add a novel element to a previous 
design, or 

2. build an existing idea (e.g., from the internet) but apply it for your own novel study (i.e., 
perform an experiment and use it to make some measurements). 

Reach out to us with your proposed project as soon as possible to verify its suitability and to 
see if we can help provide any of the components. 

Each experimental setup will maintain physical distancing as much as possible for COVID-19 protocols, 
while working in pairs. Masks are required in the lab.  
In the event of a COVID-19 resurgence that prevents us from returning or completing in-person 
activities, Labs #5, 6 and 7 may be replaced with pre-recorded labs that can be completed remotely. 
The grading scheme will not change.  
 

6. COURSE MATERIAL 
Arduino kit: You will be provided with a kit including an Arduino and additional electronics components. 
If you previously received a kit for Physics 2910, you will be expected to use the same kit. This will be 
used for the analog (#1) and digital electronics (#2) labs and an individual project (Lab #8).  
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Resources: Selected chapters of the following textbooks will be on OWL>Resources>Books 
1. Horowitz P., Hill W., The Art of Electronics (3rd ed.), Cambridge University Press, New York, 

2015 – ISBN 978-0-521-80926-9. 
2. Kraftmakher Y., Experiments and demonstrations in physics, World Scientific Publishing, 2007. 
3.  Knoll G.F., Radiation Detection and Measurement (2nd ed.), Wiley, 1989. 
4. Melissinos A.C. and Napolitano J., Experiments in Modern Physics, (2nd ed.), Elsevier, 2003. 
5. Taylor J.R., An Introduction to Error Analysis (2nd ed.), University Science, 1997. 

 
7. COURSE EVALUATION  

The overall course grade will be calculated as follows: 
Lab notebooks 9% • 8 labs + table of contents; scan and upload.  
Evaluation of lab performance 14% • 7 labs x 2% each. 
Radiation safety quiz 2% • See link on OWL. Required to attend Labs #5-6. 
Short reports 20% • 4 short reports x 5% each. 
Long report 20% • 2 long reports (#5, #7) x 10% each 
Presentations 25% • Detector talk (5%), poster (10%), final project talk (10%) 
Final project implementation 10% • Plan, implement, troubleshoot, demonstrate. 

 
See the Appendix II – Physics 3900 Course Schedule for details of timelines and deadlines. 
Lab Notebooks: All students are required to keep a record of their work in laboratory notebooks. Upon 
completion of each lab, attach a copy of your lab notebook pages for that lab as an appendix to your 
lab report and upload via the OWL assignment tool. You may either scan the pages or take a photo of 
each page, and then generate a single PDF of the pages/images. If taking photos, ensure your camera 
is angled directly overhead and each page fills an entire image.  
Basic rules outlining what should be in your notes are given below. 

• The purpose of the laboratory record is to have a sufficiently detailed record of your experiments 
that someone else could reconstruct exactly what you did (along with the lab manual). This is 
essential in case you – or someone else – needs to check or repeat your measurements in the 
future. In a research laboratory, whether academic or industrial, laboratory notebooks are legal 
documents that can be important for establishing priority in obtaining patents. 

• Use a hardcover lab notebook, bound, with numbered pages, and with all entries recorded in 
ink. The date should be recorded on each page and your book should be signed by a TA or the 
course instructor at the end of each day after experiments are completed.  

• No pages should ever be removed from this book, and errors should be crossed out with a 
single line (so that they are clearly rejected, but still legible). If it is useful to add information to 
this notebook (e.g., a computer-generated plot or table), it should be permanently attached to a 
blank page with an explanatory note and the date, but do not hide any information that is written 
on the page. Calculations (entered by hand or attached as printouts) and preliminary 
conclusions can be included.  

Evaluation of lab performance: 14% of your grade will be based on our observations of your 
experimental skills and effectiveness in the lab and informal conversations with you about the 
experiments. Poor performance indicators are things like showing up late or unprepared, ignoring safety 
rules, careless breakage of equipment, and these will have a negative impact on this component of 
your grade. Good preparation, self-initiative, and care in the lab will serve to maximize your mark.  
Radiation safety awareness training: Several of the experiments in this course involve radioactive 
materials and require completing Western’s Radiation Safety Awareness training in advance. Radiation 
safety knowledge is also important for general awareness, therefore, all students must complete 
Western’s Radiation Safety Awareness online training. This is a straightforward, do-it-yourself web 
course and is mandatory before attending Lab #5; you will get 2 easy points for completing in advance; 
you will not be allowed to start Lab #5 before completing the Radiation Safety Awareness  

• Follow the link on OWL or go directly to www.uwo.ca/hr/safety/topics/nuclear/radiation.html.  
• Complete the quiz at the end. 
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• Upload a PDF of your signed Certificate of Completion on OWL to receive your credit.  
• Read and understand the necessary precautions outlined in Appendix D of Melissinos and 

Napolitano (also in the Lab Safety folder) before attempting experiments that use radioactive 
sources. When in doubt, ask an instructor! 

Lab reports: See the course schedule for a list and the respective due dates.  

• There will be 4 short reports (5% each) and 2 long reports (Labs #5 or 6, and #7; 10% each). 
Select one of Labs #5 or #6 for a long report and complete a poster presentation on the other. 

• All lab reports should be typed rather than handwritten.  
• Late reports will be accepted with a 10% penalty per week (i.e., -10% for ≤ 1 week late, -20% 

for ≤ 2 weeks, etc.), but all labs must be submitted by Dec. 9, 11:55 PM for consideration.  
• Guidelines for lab reports are listed in Appendix III of this document. Short reports require an 

abstract, answers to any questions posed in the lab manual, summary of results in the form of 
appropriate tables and graphs and demonstration of calculations and uncertainties, discussion 
of results, conclusion, and relevant references; short reports do not require a detailed 
introduction or methodology, but you should provide any relevant theoretical background 
needed for discussing the soundness of your results. 

• In marking lab reports, graders will consider the scientific quality of the work, including your data 
and error analysis, and the validity of your conclusions, as well as the clarity of the presentation 
and quality of your writing. See the grading rubric posted on OWL. Reasonable error analysis 
will be required to achieve at least an A, while some effort beyond that prescribed by the lab 
manual is necessary to reach an A+.  

Presentations: There will be three presentations as described below. 
• Detector and sensor technology presentation: You will learn about several different detector, 

sensor, and amplifier technologies in this course depending on your choice of labs and project. 
To broadening your awareness, each student will make a short oral presentation (5-minute talk 
+ 5 minutes of questions) on the theory and practical aspects of one of the technologies listed 
on the sign-up sheet (e.g., Geiger-Muller, CCD, NMR); feel free to propose an alternative 
detector in consultation with the instructor. Indicate your selected detector topic in the google 
sheets link posted on OWL. Sign-up early to ensure your top choice. You will be graded on 
introduction (2/10), explanation of physics (2/10) and application strengths/weaknesses (2/10), 
oral presentation (2/10), and visual presentation (2/10). 

• Poster presentation: Prepare a poster presentation based on either lab #5 (SC) or #6 (MCA), 
alternating with your choice for a long report. Your poster is to be presented during a mini 
conference at a time and date to be determined. Poster printing costs will be covered if the 
poster is uploaded on OWL prior to the deadline shown there. 

• Final Presentation: You will present your final Lab #8 (Arduino) project (assembly and 
demonstration of output or measurement results) as a 10-minute oral presentation, plus 3-5 
minutes for questions. All presentations will be completed on Dec. 7th (together with the Physics 
4910G-Advanced Physics Projects class). Visit the OWL sign-up tab to select your preferred 
date. Regardless of your presentation time, you are expected to attend all other talks. 

Final Project: The final project is based on implementation of an Arduino controller as described above 
(Lab #8). You will be evaluated on the clarity of your plan, ability to implement and troubleshoot, and 
the final demonstration. For a design project, the novelty and refinement of the design will be considered 
(i.e., not simply copied from a project on the internet). For an experimental application, the experimental 
design and implementation will be considered. 
Grades: All scores will be transferred to the Gradebook on OWL. Any errors, or appeals to your scores, 
must be reported to your instructor (via poepping@uwo.ca) within two weeks of their initial posting. 
Please note, your final course grade must come officially from the Registrar’s Office and will not be 
posted on OWL. The Department of Physics and Astronomy may, in exceptional cases, adjust the final 
course marks to conform to Departmental policy. 
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8. SAFETY & SECURITY 
 Please follow these common-sense rules: 

• Complete the online Radiation Safety Awareness training as required. 
• Do not work in the lab outside of normal lab hours without permission from an instructor. 
• Even when you have permission to work in the lab outside normal hours, never work alone. 
• The lab rooms are for the use of Physics 3900 students only – no guests without permission. 
• No food or drink is permitted.  
• Never remove equipment from the lab or allow others to do so without permission from the 

instructor. 
• Books from the lab collection may be borrowed only with permission from an instructor. 

 
9. ACADEMIC CONSIDERATIONS 

Academic Consideration for Student Absence — Students who experience an extenuating 
circumstance (illness, injury, or other extenuating circumstance) sufficiently significant to temporarily 
render them unable to meet academic requirements may submit a request for academic consideration 
through the following routes: 

(i) For medical absences, submitting a Student Medical Certificate (SMC) signed by a licensed 
medical or mental health practitioner to the Academic Counselling office of their faculty of 
registration. 

(ii) Submitting appropriate documentation for non-medical absences to the Academic Counselling 
office in their Faculty of Registration. 

Note that in all cases, students are required to contact their instructor (via poepping@uwo.ca) within 24 
hours of the end of the period covered. Students should also note that individual instructors are not 
permitted to receive documentation directly from a student, whether in support of an application for 
consideration on medical grounds, or for other reasons. All documentation required for absences must 
be submitted to the Academic Counselling office of a student's home faculty. 

Students are encouraged to contact their faculty academic counselling office to obtain more information 
about the relevant documentation and visit the Faculty of Science website on Academic Consideration. 
For policy on Academic Consideration for Student Absences - Undergraduate Students in First Entry 
Programs, see: 
 www.uwo.ca/univsec/pdf/academic_policies/appeals/Academic_Consideration_for_absences.pdf   
and for the Student Medical Certificate (SMC), see: 
 www.uwo.ca/univsec/pdf/academic_policies/appeals/medicalform.pdf   
Religious Accommodation – Students should consult the University's list of recognized religious 
holidays and give reasonable notice in writing, prior to the holiday, to the Instructor and an Academic 
Counsellor if their course requirements will be affected by a religious observance. Additional information 
is given in the Western Multicultural Calendar.  
 

10. ACCOMMODATION AND ACCESSIBILITY 
Students with disabilities should work with Western’s Accessible Education (formerly Services for 
Students with Disabilities, SSD), which provides recommendations for accommodation based on 
medical documentation or psychological and cognitive testing. For more information, refer to the 
Academic Accommodation for Students with Disabilities policy.   
 

11. ACADEMIC POLICIES 
Please refer to the UWO Academic Policies http://www.uwo.ca/univsec/academic_policies/ for further 
details on the policies in practice here. The website for Registrarial Services is www.registrar.uwo.ca.  
In accordance with policy, www.uwo.ca/its/identity/activatenonstudent.html, the centrally administered 
e-mail account provided to students will be considered the individual’s official university e-mail address. 
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It is the responsibility of the account holder to ensure that e-mail received from the University at his/her 
official university address is attended to in a timely manner. 
If you are unable to meet a course requirement due to illness or other serious circumstances, you must 
provide valid medical or other supporting documentation to the Dean's office as soon as possible and 
contact your instructor immediately (via poepping@uwo.ca). It is the student's responsibility to make 
alternative arrangements with their instructor once academic consideration has been approved and the 
instructor has been informed. In the event of a missed final exam, a "Recommendation of Special 
Examination" form must be obtained from the Dean's Office immediately. For further information, see 
http://www.uwo.ca/sci/undergrad/academic_counselling/.  
Cheating and Plagiarism  

“Success (and failure) will come and go, but integrity is forever” - Amy Rees Anderson 

What is Academic Integrity? Please review this site (from the Centre for Teaching and Learning) and 
course OWL tab on Academic Integrity – your learning should matter to you! 
 
University Policy states that cheating, including plagiarism, is a major scholastic offence. Scholastic 
offences are taken seriously, and students are directed to read the appropriate policy, specifically, the 
definition of what constitutes a Scholastic Offence, from the following:  
www.uwo.ca/univsec/pdf/academic_policies/appeals/scholastic_discipline_undergrad.pdf.   
 
The commission of a scholastic offence is attended by academic penalties that might include expulsion 
from the program. If you are caught cheating, there will be no second warning.  
As per the UWO Academic Policies:  
• Plagiarism: Students must write their essays and assignments in their own words.  Whenever 

students take an idea, or a passage from another author, they must acknowledge their debt both by 
using quotation marks where appropriate and by proper referencing, such as footnotes or citations.  

• All required papers may be subject to submission for textual similarity review to the commercial 
plagiarism-detection software under license to the University for the detection of plagiarism.  All 
papers submitted for such checking will be included as source documents in the reference database 
for the purpose of detecting plagiarism of papers subsequently submitted to the system. Use of the 
service is subject to the licensing agreement, currently between The University of Western Ontario 
and Turnitin.com (http://www.turnitin.com). 

• Computer-marked multiple-choice tests and/or exams may be subject to submission for similarity 
review by software that will check for unusual coincidences in answer patterns that may indicate 
cheating. 
 

Online Course Conduct & Netiquette:  
Note that disruptive behaviour of any type during online components, including inappropriate use of the 
chat function, is unacceptable. Students found guilty of Zoom-bombing a session or of other serious 
online offenses may be subject to disciplinary measures under the Code of Student Conduct. 
Only students using their UWO credentials will be permitted to access the course elements. If, for 
privacy reasons, you wish to use a pseudonym, you must have the pseudonym pre-approved by the 
course coordinator before being allowed to participate in any online component.  
If you are experiencing any online harassment or bullying through the course platforms, report the 
behavior immediately to your instructor. Anyone posting inappropriate content or abusing the option to 
flag inappropriate content will be banned from further interactions. 
General considerations of “netiquette”: 
• Use your computer and/or laptop if possible (as opposed to a cell phone or tablet). 
• Keep in mind the different cultural and linguistic backgrounds of the students in the course. 
• Be courteous toward the instructor, your colleagues, and authors whose work you are discussing. 



The University of Western Ontario   Physics 3900 – Senior Physics Laboratory 
Dept. of Physics & Astronomy   Instructor: Prof. Poepping 

Physics 3900 Course Outline (Fall 2022)  Page 7 of 10 

• Be respectful of the diversity of viewpoints that you will encounter in the class and in your readings. 
The exchange of diverse ideas and opinions is part of the scholarly environment. “Flaming” is never 
appropriate. 

• Be professional and scholarly in all online postings. Use proper grammar and spelling. Cite the 
ideas of others appropriately. 

Complaints and Suggestions: If you have a concern about something, please let us know. We rely 
on your feedback. Please contact initially the person most directly concerned – this will usually be your 
instructor. If that is not satisfactory, or if there is something more general bothering you, talk it over with 
the Physics & Astronomy Department Chair or the Associate Chair of Undergraduate Affairs (for contact 
information see http://www.physics.uwo.ca).  
 

12. SUPPORT SERVICES 
Accessibility — Please contact the course instructor if you require lecture or printed material in an 
alternate format or if any other arrangements can make this course more accessible to you. You may 
also wish to contact Student Accessibility Services (SAS) at (519) 661-2147 if you have any questions 
regarding accommodations. 
Western University is committed to a thriving campus as we deliver our courses in the mixed model of 
both virtual and face-to-face formats. We encourage you to check out the Digital Student Experience 
website to manage your academics and well-being: www.uwo.ca/se/digital/. 
Counseling — Please visit the Science & Basic Medical Sciences Academic Counselling webpage for 
information on add/drop courses, academic considerations for absences, appeals, exam conflicts, and 
many other academic related matters:  https://www.uwo.ca/sci/counselling/ 
Learning Skills — Learning-skills counsellors at the Student Development Centre (www.sdc.uwo.ca) 
are ready to help you improve your learning skills. They offer presentations on strategies for improving 
time management, multiple-choice exam preparation/writing, textbook reading, and more. Individual 
support is offered throughout the Fall/Winter terms in the drop-in Learning Help Centre, and year-round 
through individual counselling. 
Mental Health — Students who are in emotional/mental distress should refer to Mental Health 
@Western (www.health.uwo.ca/mental_health) for a complete list of options about how to obtain help. 
Science Student Donation Fund — This course gratefully acknowledges support from the Science 
Student Donation Fund. If you are a BSc or BMSc student registered in the Faculty of Science or 
Schulich School of Medicine and Dentistry, you contribute to the Science Student Donation Fund, which 
is administered by the Science Students’ Council (SSC). One or more grants from the Fund have 
allowed for the purchase of lab equipment integral to teaching this course. However, you may opt out 
of the Fee by the end of September of each academic year by completing the online form linked from 
the Faculty of Science’s Academic Counselling site. For further information on the process of awarding 
grants from the Fund or how these grants have benefitted undergraduate education in this course, 
consult the chair of the department or email the Science Students’ Council at ssc@uwo.ca. In the front 
pages of your lab manual, you will find examples of some the lab equipment partially funded through 
the Science Student Donation Fund. 
Student Council services — Additional student-run support services are offered by the USC, 
westernusc.ca/your-services/#studentservices. 
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Appendix I – Physics 3900 Learning Outcomes 

By the end of the course, students are expected to be proficient in the following: 
Laboratory and scientific-communication skills 

• Effectively use oscilloscope, electrical breadboards, function generators, power supplies, and 
multimeters in circuit analysis.  

• Practice skills in keeping a record of your activities, data, and results, and in preparing research 
reports. 

• Find different errors associated with laboratory measurements to be able to explain if 
experimental results are significantly different from calculated or theoretically predicted values. 

• Improve your understanding of the importance of experimental uncertainties in the analysis and 
interpretation of data. 

• Get training in computerized data acquisition and analysis. 

• Effectively communicate your experimental objectives, methodology, results, and significance of 
your results in both oral and written presentations. 

 
Lab-specific skills from the various experiments completed (which may vary for each student) 

• Apply Kirchhoff’s voltage and current laws for linear DC and AC circuits, in op-amp analysis 
cases, such as inverting and noninverting circuits, voltage follower, differentiator, and integrator. 
Construct filters on breadboards and calculate their characteristics. 

• Define materials (metals, semiconductors, and insulators) by the difference in the band gap and 
recall examples and band gap values for each type of material. Explore the electronic properties 
of conductors and semiconductors and be able to describe why they are so useful. 

• Demonstrate familiarity with the standard components of pulse electronics relevant to any 
detector giving a pulse output.  

• Demonstrate capability for working with gamma-ray detectors in a Compton scattering 
experiment. 

• Describe behavior of a damped pendulum, both driven and undriven, in the regimes of small-
amplitude oscillations, with and without damping, steady-state driven motion and elements of 
chaos. 

• Ability to determine the speed of light by modulating a light source and observing the phase shift 
in the modulations as the distance between source and receiver is varied. 

• Demonstrate capacity for safe use of vacuum chambers, pumps, and gauges, and safe practices 
for use of radioactive sources. 
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Appendix II – Physics 3900 Course Schedule 
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Appendix III – Physics 3900 Guidelines for Short & Long Reports 

Sections marked with an asterisk (*) are required for a short report. All sections are required for a 
long report. As a general guideline, for a short report, the text (not including figures, tables, and 
references) should not normally exceed ~5-6 single-spaced typed pages, and  ~7-8 single-spaced 
typed pages for a long report. 
 
* Title Page: State the title of the experiment, date, your name, and any lab partner name(s) are required.  

In cases of working with a lab partner, indicate clearly who is the author of the report and who is the lab 
partner. 

* Abstract: Provide a concise, one-paragraph summary of the basic goal, approach, and results of the 
experiment.  

 Introduction: Describe the background and purpose of the experiment, an outline of the basic 
techniques used, and how your experiment compares to related experiments and methods, etc. 

 Theory: Describe the basic science underlying the experiment. Equations used in the interpretation of 
data should be included but need not be derived (unless specifically requested in the lab manual). Do 
not copy derivations found in the lab manual or in a textbook – instead, simply cite the source. 

 Experimental Details – Method, Procedure, Apparatus: Use one or more of these headings to 
describe the experimental set-up and how it was used to make measurements. A schematic diagram of 
the apparatus, accompanied by a few sentences of explanation, is always helpful. Do not reproduce all 
the material from the lab manual but refer to it as necessary. However, any procedures not included in 
the manual should be described.  

* Results – Measurements and Calculations: Tabulate your measurements and be sure to include titles, 
units, and uncertainty estimates. Graphs should be properly formatted with captions and labeled axes. It 
is not necessary to include every minute detail in the report. For example, if you take a series of 
observations (and record them in your lab notebook) to verify that an instrument behaves linearly, it may 
be sufficient to state in your report that it was linear to within x% and how this was determined.   

 Similarly, it is not necessary to show every detail of your data analysis. For example, a sample calculation 
(with error analysis) might be included to provide the details of your method, but only results are shown 
for subsequent calculations. 

* Discussion and Conclusions/Summary: Summarize and interpret the results of your experiment. 
Explain what your data mean. Include a discussion of any peculiar results or inconsistencies. Final results 
must have error estimates and, if appropriate, a comment on their agreement with theoretical or accepted 
values. 

* References:  List any papers, books, or websites consulted in the preparation of the report.  Note that 
all references listed must be cited somewhere in the main text in an appropriate format. Any sentences 
or large sections of text copied directly from another source should be put in quotations and given 
appropriate citation and referencing. Failure to do so will be considered plagiarism (see the section above 
on Academic Policies). 


