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UNIVERSITY STUDIES




Master Syllabus

Course: PHY 225, Introductory Experimental Physics I
Cluster Requirement: 1C, Intermediate Writing 

This University Studies Master Syllabus serves as a guide and standard for all instructors teaching an approved in the University Studies program.  Individual instructors have full academic freedom in teaching their courses, but as a condition of course approval, agree to focus on the outcomes listed below, to cover the identified material, to use these or comparable assignments as part of the course work, and to make available the agreed-upon artifacts for assessment of learning outcomes.

Course Overview:

An introduction to scientific measurement, data analysis techniques, and technical report writing in experimental physics. Skills developed include laboratory note taking and reporting, apparatus use and calibration, experimental error estimation, and graphical analysis. The lectures introduce the theory of error analysis and propagation, data interpretation and presentation, and scientific ethics.

NOTE: A course revision form is being submitted to raise the number of credits for PHY 225 from 2 to 3, so it will qualify credit-wise for the Intermediate Writing requirement.  

Learning Outcomes:

Course-Specific Learning Outcomes:

After completing this course, students will:

1. Understand the inevitability and importance of uncertainties (“errors”) in experimental measurements. 

2. Understand the difference between statistical and systematic errors.

3. Be able to calculate the overall uncertainty in a quantity given the uncertainties in each of the quantity’s inputs.

4. Understand the Gaussian distribution for statistical uncertainties, as well as the concept of confidence limits.

5. Be able to properly graph data sets by hand and by computer and draw conclusions from the form of graph.

6. Be able to determine and characterize the linear best-fit to a set of data points.

7. Be familiar with the use of simple experimental apparatus.

8. Know how to interpret laboratory instructions, including the theoretical basis of a given experiment.

9. Be able to write a professional-grade, properly formatted scientific report.

University Studies Learning Outcomes:
After completing this course, students will:

1.
Read with comprehension and critically interpret and evaluate written work in discipline‐specific contexts. 

2.
Demonstrate rhetorically effective, discipline‐specific writing for appropriate audiences. 

3.
Demonstrate, at an advanced level of competence, use of discipline‐specific control of language, modes of development and formal conventions. 
4.
Demonstrate intermediate information literacy skills by selecting, evaluating, integrating and documenting information gathered from multiple sources into discipline‐specific writing. 
The assignments in the course will require students to work with the University research librarian to undertake a literature survey in order to gather background information as well as the results obtained by other researchers. Examples of this will include a review of “temperature standards” during the exercise to calibrate the laboratory thermometers – this will lead to a discussion of primary, secondary and tertiary calibration standards as well as the existence of government-based, national standards organizations (the National Institute of Standards & Technology, NIST in the US). Another example will be a review of information, experimental and theoretical, on the measurement of “heat capacity” which will provide “accepted values” which can be compared against the student’s results as well as relate this topic to the theoretical description presented in  an earlier required physics course, PHY 115.
Writing Intensive Course Criteria: 
PHY 225 meets the mandated writing-intensive course criteria: 

1. Writing Intensive courses employ writing as a method for deepening student learning. 

Assignments in the course ask students to practice working in writing with concepts central to the course content. Students in PHY 225 keep a real-time laboratory notebook, which is periodically reviewed and commented upon by the instructor. They also submit several laboratory reports throughout the semester that must meet specified writing-specific requirements. (See below). 

2.  Faculty provide feedback, on-going guidance, and clear expectations for "effective" written response. 

PHY 225 enables students to write as "apprentices" in the field of physics; the instructor acts as a writing mentor and disciplinary expert. Students in PHY 225 receive regular, one-on-one instructor commentary about their written work, and are given a model of the format and techniques of writing a technical report. 

3. Writing accounts for 40 to 60 percent of the final grade. 

Laboratory reports in PHY 225 account for 40 percent of the final grade. 

4. Students must complete at least 20 pages of writing.  

There are approximately five 5- to 10-page laboratory reports due in PHY 225.

5. Writing Intensive courses should have a lower number of students, in the 20 to 25 range. 

The enrollment of PHY 225 has historically been 8 to 12 students.  

Examples of Texts and/or Assigned Readings:

Required text: Taylor, J. R., An Introduction to Error Analysis, 2nd edition, University Books.

Optional text:  Kanare, Writing the Laboratory Notebook American Chemical Society (1985)

Guidelines to Writing an Effective Laboratory Report (see attached PDF file).

Various instructor handouts (see example below). 

Some Comments on Laboratory Notebooks and Reports

Your laboratory notebook is a record of what you did during the experimental measurement. As such, it should be sufficiently detailed and descriptive that you, or someone else, could duplicate your experiment (and hopefully your results) using only the information contained in your laboratory note book.

Often in research, this book is referred to as a log book, and may cover many volumes during the course of an experiment. It is a record or log of what was done, who did it, when they did it and what was observed after it was done. Commentary and explanations are an important part of such a log book, often they contain the solution to questions which arise during the data analysis, after the experiment is finished and all the equipment has been taken apart and put away.

In an industrial situation, this log book is a legal document used (if needed) to prove priority of discovery in patent applications. In research institutions, the log book is the definitive record of everything that was done during an experiment. In both cases, it is vital that this record never be altered. Mistakes such as transcribing a value incorrectly should be neatly crossed out, and the correct value written nearby.

Your measurements are, within their uncertainties, an accurate record of the local physical world during your experiment. They should never be changed. If your results do not match expectations (a theoretical prediction, for example), they nonetheless are your results. In fundamental research we are often looking for such deviations from predictions — it is here that new physics might be found. In your undergraduate laboratory, new physics is unlikely to be the explanation, so you should look for other reasons (underestimating uncertainties, malfunctioning equipment, temperature or pressure effects, etc.) for your discrepancies.

One of the primary failings of many undergraduate laboratory reports is that they are confusing and difficult to follow. The report you submit for each laboratory experiment should be like a story; it should move logically from section to section, following the chronology of your work. Describe the motivation before the procedure, present your results before the discussion. A standard report format will be provided that you can follow. 
Example Assignments:

Outcomes Mapping : Weekly activities are performed in the laboratory, each of which exemplifies concepts and methodology of experimental measurement and error analysis. The activities require both real-time note-taking to record experimental data, outcomes and interpretations, plus a formal, structured, written report. Altogether, the in-class and post-class work address Cluster 1C Outcomes (Intermediate Writing):

1. Read with comprehension and critically interpret and evaluate written work in discipline‐specific contexts. 

• Students read and interpret detailed laboratory instructions and theoretical background material relevant to the given activity. Comprehension is evident in the degree to which the student correctly performs and writes about the activity, including real-time note-taking. Assessment of comprehension is done by the instructor, who serves as supervisor of the student teams in the laboratory. 

2. Demonstrate rhetorically effective, discipline‐specific writing for appropriate audiences. 

• Following a specific technical-report format, students write a formal report after each laboratory activity.

3. Demonstrate, at an advanced level of competence, use of discipline‐specific control of language, modes of development and formal conventions. 

• Students’ writing must include discipline-specific usage of terminology and written expression. The model is a professional technical report or research report in physics. Models of acceptable forms are provided. 

4. Demonstrate intermediate information literacy skills by selecting, evaluating, integrating and documenting information gathered from multiple sources into discipline‐specific writing.

• Students will demonstrate these skills by researching, outlining, and writing a three-page summary paper, with citations, on a focused topic related to one of the class activities (Ohm’s law, temperature scales, photoelectric effect, etc.), a departmental research seminar, or another subject in experimental physics. Students will receive prior instruction on available online science-literature databases, journal articles, and books. The instructor will provide samples of proper scientific writing from the published literature. 

Grading Rubric for Intermediate Writing Aspects of the Course: Each activity report is scored on a percentage basis according to the overall quality of the written expression (grammar, clarity, completeness, organization, etc.); adherence to the proper report format; answers to assigned questions; and correctness of data, including analysis and interpretation. Laboratory notebooks will be periodically inspected. 

The summary paper will be graded on the completeness of the submitted outline plus the overall quality of written expression of the final paper. The instructor will provide comments for improvement.
There are also tests, quizzes, final exam, and weekly problem sets. The final course grade is determined from the following components: 

40% Activity reports, summary paper, and laboratory notebooks

20% Tests/quizzes

25% Final Exam 

15% Homework
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SAMPLE ACTIVITY
ACTIVITY: Ohm’s Law – and Not-Ohm’s Law
NOTE: This activity requires a typed report, formatted according to the guidelines provided; no handwritten reports or hand-drawn graphs accepted. Neatness, organization, clarity, grammar, and spelling all count toward your grade on this report. Imagine that you are submitting the report at the request of your supervisor at work; a promotion hinges on the overall quality of the report! 

This activity introduces simple electrical measurement using an analog ammeter to measure current and a digital multimeter (DMM) to measure voltage and electrical resistance. You will investigate the current-voltage characteristics of two electrical components: a resistor and a small incandescent light bulb. The uncertainty of the analog ammeter follows the usual convention – half of the smallest scale division. The uncertainty of the DMM is more complicated. There are separate uncertainties for the various DMM functions – voltmeter vs. ohmmeter, say – as well as for the various measurement ranges that can be selected. DMM accuracy is specified in the following format: ±(% of reading + number of LSD), where LSD stands for “least significant digits.” The relevant manufacturer’s specifications for the Fluke hand-held DMMs are: Voltage: 200 mV scale {± 0.05% of reading ± 3 digits}; 2 V scale {± 0.1% of reading ± 3 digits}; 20 V scale {± 0.1% of reading ± 3 digits}; Resistance: 2 KW scale {± 0.3% of reading ± 3 digits}. The examples below will show how to compute the uncertainties. 

Most hand-held DMMs have a so-called “3½-digit” display. The three full numeric characters on the right can show any value from 0 through 9, but the leading digit can be only 0 or 1, and is called the “½ digit.” Such meters can display numbers from 0 to 1999. Suppose we are trying to measure a voltage of 1.200 V with a 3½-digit DMM whose voltage accuracy is given as ±(0.5% + 3). If the meter is set to the 200-V range, its display will indicate the measured voltage as XXX.X. The percentage of the reading is 1.200•0.005 = 0.006 V, which cannot even be seen on the display because only one digit after the decimal point is shown. However, according to the specs, the last digit of the display can vary by ±3 counts. So, the meter can display a value of 1.2 ± 0.3 V, a 25% uncertainty!

Select instead the 20-V range and the DMM will display the voltage as XX.XX. The uncertainty now is ± (1.200•0.005 + 0.03) = ± 0.036 V. By changing the scale setting, we’ve reduced the uncertainty to ±3% of the reading. We can do even better by selecting the 2-V range, which displays X.XXX. Now the uncertainty is ± (1.200•0.005 + 0.003) = ± 0.009 V, or only ±0.75% of the reading. Clearly, you should select the smallest measurement range that will display the reading without “maxing out.” 

1. Ohm’s Law
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(a) Using the digital ohmmeter, measure the resistance of a 1000 ohm (1K) resistor and the measurement uncertainty, as described above. Note: Ordinary resistors can differ by 5 – 10% from their labeled value.  

(b) Set up the above circuit using:

• the precut wires and breadboard provided. The breadboard has a plug-in ground terminal you can use.

• the breadboard’s built-in variable voltage power supply (Vin in the above diagram). The voltage is adjusted by turning a knob.

• the digital voltmeter (labeled V in the diagram) to measure the voltage across the 1000 ohm (1K) resistor. Note: The voltmeter is placed in parallel with the resistor, but draws negligible current from the circuit; that is, inclusion of the voltmeter does not effectively alter the operation of the circuit.

• the analog milliammeter (labeled A in the diagram) to measure the current flowing through the resistor. Note: The milliammeter is placed in series with the resistor, so its reading is equivalent to the current flowing through the resistor. The milliammeter has negligible resistance, that is, the voltage drop across it is essentially zero.

In this experiment, you will be measuring the voltage across the 1K resistor as a function of the current flowing through it. 

(c) WAIT! Before you begin, be aware that the resistor is rated for a maximum power of 1/4 watt. Compute the maximum voltage Vin that can be applied across the resistor. Do not exceed or approach this voltage.  

(d) Construct a table of voltage (in volts) and current (in amps) along with an estimate of the uncertainty in each measured value. Obtain 8 pairs of voltage-current values over a wide range. 

(e) Use Excel or similar program to plot your data in a reasonably scaled, fully labeled graph of voltage on the y-axis vs. current on the x-axis. Each data point should be clearly indicated by a symbol.

(f) Use Excel or similar program to carry out a linear least squares fit to the data. Compute and comment on the correlation coefficient r as well. You are seeking an equation of the form y = A + Bx, or V = Vo + RI, where Vo is a constant (nominally zero) and R is the value of the resistor. Include this line in your graph. Compute the standard deviation in the least-squares-fit values of Vo and R, as defined in Chapter 8 of the textbook.

(g) Is your calculated value of R consistent with the measured value of R, within the least-squares-fit and measurement uncertainties? Is your calculated value of Vo likewise consistent with zero? Explain.

(h) According to your results, does the resistor obey Ohm's Law? If yes, support your answer. If not, explain what might have happened to affect the result. 

2. Not-Ohm’s Law
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 (a) Set up the circuit shown here using a #47 incandescent bulb and a 10-watt, 150-ohm resistor. (These are in a separate drawer from the 1/4 watt resistors.) Construct a table and a graph of V vs. I as you did in the previous part. NOTE: Do not exceed 5 volts across the bulb! 

(b) Carry out a linear least squares fit to the data and show this line in your graph. Compute and comment on the correlation coefficient r. According to your results, does the bulb obey Ohm's Law? Explain.

(c) Specify precisely how the resistance of the bulb varies with current, according to your graph.

(d) Print out your graph and carefully draw a curve that best fits the data.
Sample Course Outline:
PHY 225: Introductory Experimental Physics

Semester Schedule

	Week
	Topic 
	Reading/

Homework


	Tests
	Activities

	1
	Intro to expt. measurement, uncertainties, & error analysis; significant figures. Maintaining a lab notebook, writing technical reports 
	Ch. 1, 2
	
	Measure height of campus Campanile; pinhole camera, calibration of a thermometer.

	2
	How to report and use uncertainties; absolute & fractional uncertainties; discrepancy; graphing.
	Ch. 2
	
	Reporting uncertainties; hand-graphing

	3
	Propagation of uncertainties 
	Ch. 3
	
	Computer-graphing

	4
	Uncertainties for arbitrary functions
	Ch. 3
	
	Measurement & uncertainty*

	5
	Statistical analysis of random uncertainties; standard deviation
	Ch. 4
	Ch. 1-3
	Measurement & uncertainty*

	6


	Statistical analysis of random uncertainties; standard deviation
	Ch. 4
	
	Measurement & uncertainty*

	7
	Normal/Gaussian distribution
	Ch. 5
	
	Period of a pendulum 

	8
	Normal/Gaussian distribution 
	Ch. 5
	Ch. 4-5
	Measurement & uncertainty*

	9
	Rejection of data; weighted averages
	Ch. 6, 7
	
	Einstein’s transcript

	10
	Least squares fitting
	Ch. 8
	
	Least squares fitting

	11
	Covariance and correlation
	Ch. 9
	Ch. 6-8
	Ohm’s law

	12
	Binomial distribution
	Ch. 10
	
	The oscilloscope

	13
	Poisson distribution
	Ch. 11
	
	Measurement & uncertainty*

	14
	Chi-squared test 
	Ch. 12
	
	Temperature-resistance properties of a thermistor

	15
	
	
	Final exam
	


* Sample activities: basic metrology, calorimetry, diffraction and interference of light, astronomical measurement applications.

