
Phys4670L/6670L: Advanced Lab  
   
Instructor: Dr. Susanne Ullrich 
Office: Physics 243 
E-mail: ullrich@uga.edu 
 

Lab teaching assistant:  
Darin Mihalik  
remote TA – Mr Squid, ESR, Radioactivity, Muon, data analysis and lab reports  
E-mail: Darin.Mihalik@uga.edu 
Abed Mohamadzade  
F2F TA – Diode laser spectroscopy, Phys 6670L projects, lab safety 
E-mail: Abed.Mohamadzade@uga.edu 
 

Class time: Tuesday, Thursday 12:45-3:35pm  
You may obtain access to the advanced lab experiments at other times, but no assistance 
with the experiments will be available outside regular class times.  
 

Seminar location: ZOOM 
 

Lab location: Physics Bldg., Room 106 
 

The course is intended to provide upper-level undergraduate students with the 
opportunity to perform a series of seminal and modern experiments that use research 
level equipment and data analysis techniques and go beyond the typical introductory 
physics laboratory experience.  
 

Format: The course consists mainly of advanced lab experiments and is accompanied by 
student presentations. The purpose of the presentations is to review background textbook 
material as well as to relate the advanced lab experiments to current research topics.   
 

Advanced lab experiments: Currently, there are 5 different experiments available in the 
advanced lab: Muon physics, electron spin resonance, radioactivity, Mr Squid 
(superconductivity), and diode laser spectroscopy. You are required to complete 4 
experiments over the course of the semester and a schedule for rotation through 
experiments will be assigned during the first class. Approximately 3 weeks are allotted 
for each experiment and specific exercises that you are expected to work through are 
listed in each manual and Appendix A of the syllabus. You will perform the experiments 
in groups of 2 (or 3) but every group member will submit their own lab report for grading 
no later than the deadline listed on the schedule (see Appendix B). The format of your lab 
reports should conform to the formatting guidelines and outline in Appendix C, which 
resembles the general structure of a scientific publication. Phys6670L students are 
required to complete 3 of the advanced lab experiments plus 1 open-ended project 
assigned by the instructor. The grading of lab reports will take the presentation quality, 
quality of data and analysis, scientific explanations and writing proficiency, and 
completeness of assignment into account. Copy and pasted text, schematics or figures 
from the lab manuals will negatively affect your grade. Pictures or screenshots of the 
measurements are only allowed for experiments that have no other way of extracting the 
raw experimental data. 



Student presentations: You are expected to present one talk of 15-20 min duration. For 
Phys4670L, depending on your assignment the talk will either cover textbook 
background material or a recent research article from a scientific journal (see Appendix 
D). The level of the talks should be aimed at a general audience and prepared in 
Powerpoint or equivalent. Slides should primarily consist of figures for visualization, no 
full sentences but with words/bullet points for clarification or labeling. Copied and pasted 
text or figures or illegible slides as well as presentations that are either too short or too 
long will negatively affect your grade. For Phys6670L, the presentation will cover the 
background and outcomes of your open-ended project. Please email your slides to me for 
grading at least three days prior to your presentation.  
 

Attendance: Attendance of all seminars via Zoom is mandatory and will be recorded. 
Attendance (Zoom or in-person) of the labs is also mandatory. The default course format 
is online, but limited hands-on completion of experiments with remote TA support may 
be available depending on the pandemic situation. Everyone’s preferences with regards to 
in-person or remote completion of experiments will be surveilled at the beginning of the 
semester. Please note that due to social distancing requirements only one person can work 
on an experimental set up at a time. The lab partner is expected to attend via Zoom and 
work together with their in-person partner. A rotation schedule for in-person versus 
remote attendance will be established within each group based on attendance preferences. 
If you finish an experiment in less than the allotted time, after you have submitted your 
lab report you are automatically exempt from attending labs until the start date of the next 
experiment. If you have an official excuse (e.g. doctor’s note) please make arrangement 
with the TA or instructor to make up missed assignments. Any unexcused (remote or in-
person) absences will result in a 10% per absence deduction from your final percentage 
grade. Please do not come to in-person labs if you feel sick, have covid-19 symptoms or 
if you think you have been in close contact with someone who has covid-19. Contact the 
TA and your lab partner as soon as possible and arrange to switch to remote attendance.  
 

Grade: You will be assigned a final grade based on your combined performance as 
follows: 
 

Phy4670L 
Hands-on completion of experiment: 5% each (total 20%)* 
Lab reports: 15% each (total 60%) 
Presentation: 20%  
 

Phy6670L 
Hands-on completion of experiment: 5% each (total 15%)* 
Lab reports: 15% each (total 45%) 
Project report: 20% 
Project presentation: 20%  
 
* For online only completion of an experiment, a recorded 15 min conference-style powerpoint 
presentation on the experiment (incl. introduction, methods, setup, results&discussion, conclusions) will 
serve as a substitute for the hands-on component.   



Grading scheme: Your letter grade for the course will be determined as follows 
 
A : 100-85 B+: 82,81 C+: 67,66 D: 52-40 F:39-0 

A−: 84,83 B: 80-70 C: 65-55   
 B-: 69,68 C-: 54,53   



Appendix A:  
You are required to work through the following exercises, which can be found in the 
manuals for the specific experiments, and describe your observations, analysis and results 
in your lab reports. These assignments may be modified by the TA or instructor, if 
needed.  
 
Muon Physics 

- Suggested student exercises: 1.-10.  
- You will not do the experiment at a different elevation but you should calculate 

the effect of moving it to a different elevation and include a discussion in your lab 
report. 

Electron Spin Resonance  
- Setup: 1.-7. 
- Operation: 8.-13.  
- Example Problems for students: 1.-3. 

 
Radioactivity 

- Experiments: 1.-11., except for 7. (We do not have the equipment for 7, 12 and 
13.) 

Superconductivity Mr Squid 
- Introductory exercises 
- Student exercises:  

7.1 Resistance versus Temperature  
7.4 The ac Josephson Effect: Microwave-Induced (Shapiro) Steps at 77K and 
determining h/e 

Diode Laser Spectroscopy 
- Experiment I. Saturated Absorption Spectroscopy 

 
 
 



Appendix B: Tentative Schedule 
Seminars: Zoom; Experiments: Room 106 with alternating in-person and remote attendance 

 
 

Day Date  Lab report due 
(before class) 

Th 1/14 Syllabus, Intro, sign-up  
Tue 1/19 Background presentations: 

radioactivity, ESR  
Th 1/21 Experiment 1 

Experiment 1 
Experiment 1 
Experiment 1 
Experiment 1 
Experiment 1 

 
Tue 1/26  
Th 1/28  
Tue 2/2  
Th 2/4  
Tue 2/9  
Th 2/11 Background presentations:  

muon, diode laser spectroscopy, superconductivity 
Tue 2/16 Experiment 2 

Experiment 2 
Experiment 2 
Experiment 2 
Experiment 2 
Experiment 2 

Experiment 1 
Th 2/18  
Tue 2/23  
Th 2/25  
Tue 3/2  
Th 3/4  
Tue 3/9 Research presentation:  

Muon, ESR, Radioactivity 
Th 3/11 Experiment 3 

Experiment 3 
Experiment 3 
Experiment 3 
Experiment 3 
Experiment 3 

Experiment 2 
Tue 3/16  
Th 3/18  
Tue 3/23  
Th 3/25  
Tue 3/30  
Th 4/1 Research presentation:  

diode laser spectroscopy, superconductivity, muon 
Tue 4/6 Experiment 4 Experiment 3 
Th 4/8 Instructional break 
Tue 4/13 Experiment 4 

Experiment 4 
Experiment 4 
Experiment 4 
Experiment 4 

 
Th 4/15  
Tue 4/20  
Th 4/22  
Tue 4/27  
Th 4/29 Research presentation:  

ESR, diode laser spectroscopy, superconductivity 
Tue 5/4 Reading day (no class) Experiment 4 



Appendix C:  
Format and guidelines for lab reports. 
 

Lab Report Template 
 

 
Please type your lab report using Word, 12point Times New Roman, single spaced, with 
1 inch margins following the outline below. Schematics of the experimental setup and 
data plots should be prepared using drawing and data analysis software.  
 
 
NAME: 
UGA ID: 
Names of other group members: 
 
DATE: 
 
EXPERIMENT: 
 
1.  General textbook background about of the physics underlying the experiment and/or 

historic motivation (~1 page) 
2.  Introduction to the experiment (~1 page) 
3.  Description of experimental setup including schematic (~1 page) 
4.  Data, discussion, and error analysis for all assigned exercises (as needed) 
5.  Conclusions (~1/2 page) 



Appendix D: 
Presentation Topics and Suggested Materials. From the listed references please select one 
for your presentation. Note: The purpose of the scientific talk is to identify concepts and 
aspects of the advanced lab experiments and their relevance and connection to current 
scientific research. You are not expected to cover all scientific details of the articles, but 
rather present the general idea of the work. 
 
Presentations related 
to experiment 

Background Scientific 

Muon Please use a 
modern physics 
textbook to 
prepare a 
presentation on 
background 
materials. 

“Muography: overview and future 
directions”. doi:10.1098/rsta.2018.0049 
“Discovery of a big void in Khufu’s 
Pyramid by observation of cosmic-ray 
muons” doi:10.1038/nature24647 

ESR “Rechargeable Batteries from the 
Perspective of the Electron Spin” 
doi:10.1021/acsenergylett.0c02074 
“Scalable microresonators for room-
temperature detection of electron spin 
resonance from dilute, sub-nanoliter volume 
solids” doi:10.1126/sciadv.abb0620 
“Compact electron spin resonance skin 
oximeter: Properties and initial clinical 
results” doi:10.1002/mrm.28595 

Radioactivity “Opportunities in the Synthesis and Design 
of Radioactive Thin Films and 
Nanoparticles” 
doi:10.1021/acs.jpclett.0c00412 
“Photonuclear reactions triggered by 
lightning discharge” 
doi:10.1038/nature24630 
“First on-line detection of radioactive 
fission isotopes produced by 
laser-accelerated protons” 
doi:10.1038/s41598-020-74045-5 

Mr Squid “Room-temperature superconductivity in a 
carbonaceous sulfur hydride” 
doi:10.1038/s41586-020-2801-z 
“Scanning SQUID microscopy of a 
ferromanganese crust from the northwestern 
Pacific: Submillimeter scale 
magnetostratigraphy as a new tool for age 
determination and mapping of 
environmental magnetic” 
doi:10.1002/2017GL073201 

Diode Laser “Architecture for the photonic integration of 



Spectroscopy an optical atomic clock” 
doi:10.1364/OPTICA.6.000680 
“In-orbit operation of an atomic clock based 
on laser-cooled 87Rb atoms” DOI: 
10.1038/s41467-018-05219-z 
“Double-resonance spectroscopy in 
Rubidium vapour-cells for high 
performance and miniature atomic clocks” 
doi:10.1088/1742-6596/793/1/012007 
“Tracing Acetylene Dissolved in 
Transformer Oil by Tunable Diode Laser 
Absorption Spectrum” doi:10.1038/s41598-
017-13823-0 
“Carbon monoxide concentration in 
mainstream E-cigarette emissions measured 
with diode laser spectroscopy” 
doi:10.1136/tobaccocontrol-2019-055078 
“Simple and compact diode laser system 
stabilized to Doppler-broadened iodine lines 
at 633 nm” doi:10.1364/AO.409308 

 
 


