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Abstract. One of the problems facing experimental physicatsthe University of the
Witwatersrand is the small number of home-growrdgede students opting for experimental
physics projects when deciding to pursue higheraetegin the School of Physics. It has been
suggested that the reason for this may lie in thetre and curriculum of the undergraduate
laboratory courses. The curriculum for the Phy#ickaboratory module at the University of
the Witwatersrand is well-established, and hag¥adld a particular format for approximately a
decade. A new module co-ordinator was appointethatbeginning of 2011, and it was
decided to review the curriculum, and actively makleanges if this was required.
Accordingly, a comprehensive student survey wasqmed to the student cohort towards the
end of 2011. The results of the survey highlightederal issues which have the potential to
make experimental physics unattractive. During28dveral changes were made to the course
in response to the survey, and their efficacy igrasent being monitored carefully. Results of
the survey and details of the measures taken toceasidome of the student concerns will be
presented.

1. Introduction

The experimental component of an undergraduateiéhiajor curriculum should ideally introduce
the student to Experimental Physics as an intquael of the subject, and students should be made
aware of the vital role that Experimental Physitzy/g in the development of the discipline. During
the last ten years it has become increasingly dleatr the Physics Major curriculum may not be
achieving one of its secondary goals — that of igiog the School of Physics at the University ¢ th
Witwatersrand (WITS) with a cohort of enthusiastiod motivated graduate students opting for
experimental projects. The reasons for this areimmnediately clear, and the matter has been
discussed informally in various forums. It has rbemiggested that students are “turned off”
Experimental Physics by the present curriculum, thiglpaper reports on the first steps in an orgoin
critical assessment of the present state of thécalum.

The development of curricula for high school andgtfiyear experimental physics courses has
received a great deal of attention from specialistBhysics Education. A review of the literature
shows, however, that little substantive work hasnbeeported on senior laboratory courses, or on the
development of a coherent laboratory curriculumaféthysics Major stream.

The 3 Year Physics course at WITS is made up of five mesl They are Quantum Mechanics
Il (PHYS3000), Applications of Quantum, Mechanidd (PHYS3001), Statistical Physics
(PHYS3002), Waves and Modern Optics Il (PHYS30G8)¢ Advanced Experimental Physics and
Project 1l (PHYS3006). In terms of calculatingetfinal mark for the course, the laboratory module
(PHYS3006) is worth 28 points and the other fohe@ry-based) modules are worth 11 points each.



2. The PHYS3006 Module
The PHYS3006 module consists of four broad areamctifity. Each of these areas of activity are
discussed in this section.

2.1. Set Experiments (30 % of the final mark fae module)

Eight Set Experiments are offered, and each stug#htlo five of these experiments during the
course of one teaching quarter. Students do tperewents as individuals, and are assisted by a
demonstrator assigned to the experiment. Studeatsupplied with a handout giving the details of
each experiment (handouts to all set experimedmtributed at the start of the relevant teaching
quarter), and take the experimental data duringcthese of one afternoon. Laboratory reports are
due one week after the experiment, and the studeatsequired to make use of the library, on-line
resources, data-fitting packages and a word progepackage to produce the final laboratory report.
The reports are typically between eight and fiftpages long, depending on the experiment. The
students are supplied with a rubric, which givetitke of the marks allocated to each section of a
typical laboratory report. The demonstrator resgaa for the experiment marks the completed
report.

2.1.1. Michelson Laser Interferometer. The objective of this experiment is to introdwstadents to
the principle of interferometery and its applicatito relative displacement measurement. The
experiment is done on a high quality optical table.

2.1.2. Optical Diffraction. The experiment introduces the student to advaonptidal spectroscopy,
including Fourier transforms. The relationshipvietn optical spectroscopy and electron and X-ray
spectroscopy is emphasized.

2.1.3. Temperature dependence of the resistance of a metal and a semi-conductor. Students
investigate the temperature dependence of theapsis of the two samples in the temperature range
100 K — 300 K. Elementary band structure concepts introduced through analysis of the
experimental data, and are required to calibraieamocouple.

2.1.4. Magnetic Resonance. Students measure the g-factor of the proton &edetectron using
continuous wave nuclear magnetic resonance anttalggaramagnetic resonance respectively. The
natural line-width of the resonance lines is emjzeas

2.1.5. Lecher Wires. This experiment introduces students to the trésson of electromagnetic
waves along transmission lines. They obtain tHecity of the waves and examine the properties of
the transmission lines, and examine the propesfiesstanding electromagnetic wave.

2.1.6. X-ray Spectroscopy. Students are introduced to X-rays, and a calciiestal is used to
investigate the X-ray spectrum produced by a coppg®r in a research-quality diffractometer. This i
followed up by a study of some powder samples usiad, copper line.

2.1.7. y-ray Spectroscopy. The objective of this experiment is to introdtlce student to some of the
techniques used in nuclear physics data capturde ywhoviding an introduction to basic nuclear
physics. A modern computer-based Multi Channellyae is used to captureray spectra, and
analysis is done using computer-based data figaakages.

2.1.8. Radio Astronomy. Students make use of equipment based on theigdacof Radio
Astronomy to study the microwave spectrum of the. sé simple arrangement involving standard
satellite receiver dishes is used.

2.2. Electronics Experiments (20 % of the finarkf@r the module)



Students are introduced to electronics during fA&'@ar, and this part of the PHYS3006 module is an
extension of the ™ Year course to transistors and digital electronits total five experiments are
completed involving a number of circuits. Two dersivators are assigned to the electronics
experiments, the students work individually, and pathe mark assigned to each experiment is based
on an in-lab assessment of the circuits built.

2.2.1. Introduction to Electronics. This experiment is designed to introduce the esttsl to the
experimental apparatus (which differs noticeabbynfrthe equipment used in th¥ Xear). Potential
divider, and low and high pass filters circuits eoastructed and tested.

2.2.2. Transistors. The use of transistors in amplifier circuits iegented. The students build and
test four circuits involving transistors, includiag audio amplifier.

2.2.3. Introduction to Digital Electronics. Students are introduced to building TTL logiccaits
using diodes. Three diode logic circuits are baild tested, including a cascaded OR and AND
configuration.

2.2.4. Gates and Flip-Flops. Integrated circuits are introduced in this seakfour circuits. The use
of gates and flip-flops in real devices is emphediz

2.2.5. Counters, Encoder and Decoder. Two circuits are built and tested in this expenitn  These
are a Programmable Divide-by-N Counter and a Biliargoder. Details of a possible decoder circuit
are also provided.

2.3. Specialist Lectures and Essays (10 % ofittzé fnark for the module)

During the 3 and 4" quarter two afternoons are devoted to lectures ate presented by research
specialists. In 2011, for example, lectures wearesented on Experimental Nuclear Physics and
Superconductivity. The lectures included an iniitbn to the relevant fundamental concepts, and to
recent research results and the experimental gabsiemployed. Students were required to listen,
take notes and then write an essay of not lesstinapages on the lecture. This exercise is design
to enhance the critical listening and writing skiif the students.

2.4. Major Project (40 % of the final mark for tn@dule)

The major project is done during one teaching guarfThe aim of the project is to introduce the
student to the research interests of the Scho&lhgtics, but they are didactic rather than research
based. The projects may be exclusively experinhecdanputational or theoretical in nature, or may
be a combination of two or more. Projects arereffeby research-active staff of the School and
associated entities. Projects are intended toladg\tbe following attributes that are necessarydor
young scientist: critical reading of the literaturanalytical, experimental, computational and
theoretical skills (depending on the focus of thaext); written and oral communication skills.

2.4.1. Choice of a Project. Students are required to approach at least thogential supervisors
before making a final choice of project. A list pbtential supervisors and their contact details is
provided, and students are encouraged to find lmutrésearch interests of the staff by using web
resources.

2.4.2. Quality Control. During the third week of the relevant teaching tourse co-ordinator meets
with each of the students who are busy with thesjget. During this meeting the course co-ordinato
ensures that the supervisor and the student halecent working relationship, that the project is
proceeding within the time constraints, and that student has a reasonable idea of what they are
required to do.



2.4.3. Project Report. The students submit a written project reporthia first week of the teaching
quarter following the quarter in which they complithe project. The report should follow the layou
of a long scientific paper, and they are usuallyveen twenty and forty pages long. The supervisor
marks the report following suggested guidelineke fleport counts 25 % of the final module mark.

2.4.4. Oral Presentation. During the final teaching quarter several afterr®are set aside for oral
project presentations. All members of staff andtéd to the presentations, and each staff member
allocates a mark to the presentation based onuhktygof the presentation, familiarity with the vo
they are presenting, and the student’s responsgeedstions posed by the audience. A discussion of
the projects by staff members follows, and thelfinark for the oral presentation is an averagehef t
marks submitted by the staff members present. ofélecounts 15 % of the final module mark.

3. Student Assessment Survey conducted at the eoid2011

The PHYS3006 module has been run along the lindged in Section 2 for a number of years.
During 2010 | was appointed to co-ordinate the seueffective from the beginning of 2011. Mindful
of the desire to evaluate and modify the laboratonyiculum for the Major stream, | administered an
official University Student Assessment Survey taygathe end of my first year as co-ordinator
(September 2011). The survey consisted of 24 pleltiesponse assertions based on a standard
Strongly Agree (10), Agree (7.5), Neutral (5), abibagree (2.5), Strongly Disagree (0) scoring
method. In addition, there were three open-endegdtgpns as follows:

. Which aspects of the course were most valuable?

. Which aspects of the course were least valuable?

. Any suggestions about how to improve the coursadat year?

Table 1.Results of the student survey of the PHYS3006 rieoddministered during
September 2011. The results are discussed iexthe t

Statement Score
The course is effectively administered 7.70
Laboratory reports require a reasonable amouritnef &nd effort 6.40
Laboratory reports are marked fairly 5.63
Marked laboratory reports are returned promptly 05.0
Demonstrators have a constructive attitude 7.00
The research project was very stimulating 8.00
The feedback sessions on projects are valuable 7.10
The project assisted me to improve my data anadygiis 7.60
The project improved my ability to write conciselyd clearly 7.20
Mark allocation reflects the right emphasis in toerse 6.30
I would recommend this module to other students 06.6
The department has a positive image amongst stident 7.30

The results for a selection of the multiple respoassertions are tabulated in Table 1. It is clear
from these results that students attach great \alube major project. This is corroborated by the
responses to the open-ended questions where tleetwas highlighted as the most valuable aspect
of the course (18/25 students). The electronigekments were highlighted as one of the least
valuable aspects of the course by a large minofistudents (10/25 students). A significant number
of students mentioned that a short background eorgkated to the electronics component would
improve the impact of the electronics experimeniBile others suggested that a short electronics



project would improve the module. The low scomsthe two items related to the fair marking and
prompt return of laboratory reports (see Table d)of grave concern, and these were further
highlighted in the responses to the open-endedtignes A more structured method of handling
report submission and marking was suggested byaestidents, as was the lack of comments by
demonstrators on marked reports. Despite the @nublwith the marking and returning of set
experiment reports, the set experiments were ifiigttas a valuable aspect of the course (10/25
students).

4. Changes made to the PHYS3002 module for 2012

Two significant changes were introduced for 20TRese are an automated system for the submission
and return of the reports for the set experimeamsl, the introduction of a small electronics praject
Brief details of submission procedure are givethia section. The electronics project will be dame

the second half of 2012, and will not be discussdtis paper.

4.1. Set Experiment Report Submission Procedute®asessment

An automated web-based application was developedhi® submission and return of reports, in
response to the concerns raised by students in 20dderning the marking and returning of set
experiment reports. Students are able to accesapiplication using their favourite web browsenfro
any location with an internet connection. They abée to upload a PDF file containing their lab
report, and direct it to a particular demonstratonce the report is successfully uploaded the alade
time of submission and the details of the studewt demonstrator concerned are recorded in the
database back-end to the application. The reflerisf stored on the web server, and an electronic
copy is emailed to the demonstrator for markingenmnstrators use Adobe Acrobat Reader to add
comments to the submitted report, and save thegesato the document. The demonstrator uploads
the marked report using the web application, andnduthis process fills in a mark schedule
(including comments) for the report. The studestteives both the marked lab report and a PDF
version of the mark schedule, and both documeststared on the web-server.

Table 2. Results of the student survey of the PHYS3006 feoddministered during May
2012. This survey follows some of the intervergiamntroduced during 2012. The results are
discussed in the text.

Statement Score
The laboratory course is effectively administered .938
Set experiments are a valuable part of the course .39 8
The time and effort required to produce lab repisrteasonable 6.15
| like the submission procedure for the set expenits 9.82
The submission procedure works effectively 9.82
The electronics experiments are a valuable paheotourse 6.25
The handouts for the electronics experiments ageudte 554
The demonstrators for the electronics course deetafe 7.86
The theoretical background provided for the elest® component is adequate 4.82
The electronics component would be improved byresef lectures 8.39
The electronics learned will be of future practica¢ 5.36
| would recommend this module to other students 36.4
The School of Physics has a positive image amatgdents 7.32

| intend to pursue a career in experimental physics 5.18




5. Mid-year Student Assessment — May 2012

As part of the ongoing evaluation of the coursargher student survey was administered following
the conclusion of the first semester of the modulglay 2012. The survey is designed to evaluate th
changes that were introduced to the submissionrefuwin of the set experiment reports, to probe
further the issues that the students appear to hatve the electronics course, to probe student
impressions of each of the set experiments, anelitt student impressions of the demonstrators
responsible for each experiment. The results efsiwrvey as they relate to administration, the set
experiments as a whole, the report submission gdiuoee and the electronics experiments are
tabulated in Table 3. It is clear from the surtlest the set experiments are regarded as a valuable
aspect of the course, and that both the admiristraf the course and the submission procedure have
the approval of the students. The problems rdiyeithe student cohort of 2011 regarding electronics
experiments are echoed by those of 2012, with #ralduts and theoretical background once again
receiving low scores. The high score obtainedHersuggestion that some theoretical background be
provided for the electronics experiments indicafest this should be addressed for 2013. This
conclusion is supported by comments made in the-epded questions.

Table 3. A summary of the student survey of May 2012 facheof the Set Experiments. The
results are discussed in the text.

Experiment
1 2 3 4 5 6 7 8

Statement

Demonstrator provided sufficient

) : . 7.81 844 9.06 8.61 833 750 8.61 6.43
information to do the experiment

Handouts adequate 6.88 750 7.50 7.22 556 6.38 ®O7
Equipment adequate 406 6.88 9.38 694 8.89 8.061 8.71
Fundamental physics was learned 750 7.81 9.44 83B/ 80.60 8.61 5.36
gDLig‘::fgator provided lab report 594 813 9.06 8.06 8.89 528 7.22 3.93
Report marked fairly 750 550 8.75 8.21 8.75 58188 250
Report returned promptly 150 3.93 8.75 857 6.88.0634.17 0.00

Experiment increased interest in

experimental physics 563 6.43 6.88 556 6.67 583 528 3.21

A section for each of the set experiments was deiun the survey. These results are displayed in
Table 3. While an appreciable number of the expenis are being demonstrated adequately with
adequate equipment, there are worrying issuesdraigh regard to equipment, documentation and
demonstrating for several experiments. These sssusst be addressed for 2013. Praise and criticism
for particular demonstrators in the open-endeda@ecinderline the results shown in Table 3.

6. Conclusions

A description of, and an ongoing evaluation of, fgvanced Experimental Physics and Project Il
(PHYS3006) module offered at WITS has been predenlieis clear that changes were, and still are,
required to the module so that it offers studerithba high-quality well-taught module, and an
excellent impression of experimental physics. Woek described is part of a re-development of the
Physics Major Laboratory Curriculum at WITS.



