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[Discussion of the syllabus]



Module 1 in brief – analog electronics

• We need an analog front-end to make sense of any quantity we wish 
to measure. The analog / digitized signal can then be used to measure 
or as part of a control loop. This is ubiquitous in mechanical sciences; 
thus the motivation to introduce the basics of analog circuitry.

• We will measure the work of fracture in a polyacrylamide hydrogel:

More on this later…



Modules 2 & 3

• Cracks in gels: Use digital image correlation to 
measure stress around a crack tip. Testing 
apparatus in our lab will be used. NCORR 
software for DIC 

• Brownian motion & micro-rheology. Use 
Stokes-Einstein relation to measure viscosity 
from images of particles in solution. Become 
familiar with open-source particle tracking 
software package for Python / MATLAB



How will your grade be determined?

• For each of the 3 modules, your group will write a lab report within a 
group of 3 students; this will count for 80% of your grade. The peer 
assessment in modules 2 and 3 will be factored into this 80% for each 
module.

• Lab reports will be evaluated by other student groups as a team. The 
evaluation will count for 20% for modules 2 and 3; for module 1, the 
grading will be done by me

• Contributions to the wiki, or experimental “Je ne sais quoi” in a given 
module can add up to 5% to your grade. These should be included in 
the appendix to the report.

• Lab groups will rotate groupings in each module



Deliverables – lab reports for each module

• The lab reports will consist of a 4-5 page two-column document, with 
a focus on the scientific outcome of the experiment. Format should 
follow Physical Review Letters

• Figures and captions are an extremely important component to the 
report, and should be clear, legible, and concise.

• Writing should be clear and concise

• Exercises unrelated to the scientific results should be included in the 
appendix

• Wiki contributions should be included in the appendix and can 
receive additional credit toward the report grade



Lab report format

The format is simple: an abstract summarizes the results. The first paragraph is dedicated to relevant background 
information, and culminates in the unanswered question that the report will address. The next paragraph will then 
proceed to explain how the work contained in the report makes progress toward addressing the question. The remainder 
of the report is dedicated to presenting results. A brief discussion and conclusion establishes context for the work.



A grading rubrick for grading the final reports:

1. Follows the PRL format (ca. 5 % of total). 
• Title, abstract, authors list using revtex template for PRL. No more than 5 pages for the main report, 

including figures, etc.
• 1-2 paragraph introduction for background, going from general to specific. 
• Conclude introductory paragraph with the open question you will address with the report.
• Next paragraph introduces your method to address the question - `In this letter, we will measure…. 

We simulate … This paragraph should consist of a concise summary of your results.
• Specifics of the measurement / simulation approach should be provided, and supported with figures 

that validate the chosen approach. This portion should be anywhere from 2-5 paragraphs and 1-3 
figures.

• Results should follow – what did you find, and why are you confident in your conclusions? Support 
with data in figures!

• Discussion / conclusion – 1-2 paragraphs. Review what you learned, and broaden the discussion to 
how your measurement / simulation advances the state of the art.

• References, formatted appropriately. 



A grading rubrick for grading the final reports:

2. Figures clear, legible and appropriately annotated / labeled and captioned (ca. 30 % of the grade)
• I should be able to understand what you did by reviewing only the figures and captions. They should 

be clear, legibly labelled, and completely captioned in concise text.
• Any error analysis (see statistics and error analysis) is provided with the presentation of the data. 



A grading rubrick for grading the final reports:

3. Writing is clear and concise (ca. 20% of total grade)
• 5 pages with figures is SHORT! 
• Good writing: the process of eliminating unnecessary words!
• Style and clarity count



A grading rubrick for grading the final reports:

4. Appropriate use of statistics and 
error quantification (5%)

• Use of error analysis where 
possible to generate error bars

• Any discussion of error should 
distinguish between sources of 
error

• Clear and consistent use of 
accuracy vs. precision

• Clear and consistent recognition 
of experimental error and 
measured fluctuations of the 
physical phenomenon

• Error propagation is carried out 
when relevant for derived 
quantities



A grading rubrick for grading the final reports:

5. Use of the scientific method (25%)
• Science is inherently hypothesis driven – the rationale for a given hypothesis is presented in the 

introduction, leading to the open question the experiment intends to address
• Confidence is built by hypothesis formulation and testing, which can rule out spurious / errant 

conclusions. This process should be described in the report or supplementary information.
• Conclusions are well-supported by data, within measurement error. 
• Future prospects, prospective hypotheses suggested by the work and broad scientific outlook are 

presented in  `discussion’ or `conclusion’ paragraph(s) in the report. 

En.Wikipedia: Scientific_method



Contribution statement (all students submit 
individually to me directly)

6. “CRediT offers authors the opportunity to share an accurate and 
detailed description of their diverse contributions to the published 
work.” (15% of the grade)

CRediT author statement | Elsevier

https://beta.elsevier.com/researcher/author/policies-and-guidelines/credit-author-statement?trial=true


A grading rubrick for grading the final reports:

7. `Je ne sais quoi’ – the effort of the measurement & attempts to reduce noise, and provide excellent, 
reliable measurements. (up to 5% of total grade)

• You’ve learned a lot of methods for reducing noise, and enhancing measurement precision. 
• Here is your opportunity to show off – how precise are your measurements? How do they stand in 

comparison with the state of the art?
• How well have you understood and quantified the various sources of error in the measurement?
• Have you provided sufficient detail in the supplementary document for your report to support your 

error quantification & technical approach, including details of your simulation?
• You can also score points for identifying paths toward an improved measurement in the discussion –

perhaps changing the actuator in some way, or enhancing the load cell’s precision, or changing the 
current range … however you might go about it, if you were given another chance, more time and 
unlimited equipment, what would you do to improve your measurement?



A summary of the rubrick for grading the final reports:

Grading Category % of report grade 
PRL format (title, abstract, technical layout, etc.) 5
Figures clear, well-annotated and captioned 30
Clear, concise writing 20
Proper use of any statistical analysis / error quantification 5
Use of scientific method 25
Experimental “Je ne sais quoi” / wiki / etc. Up to 5 bonus
Total 105 / 100



Good vs. Bad captions:



Contact hours & teaching staff

• The course is a 4 hour class. This means that you should budget 4 
hours for lab activities on Wednesday morning, and an additional 4 
hours off campus to complete the readings, and complete module 
reports.

• Chenzhuo Li, Lebo Molefe and Xinyue Wei will help help to teach the 
class & attend ad-hoc office hours on Tuesday afternoons.



Schedule for the class
Week Module Plan for contact hours Outside of class – readings for lecture

1 I
Intro to course – grading, expectations; intro to module; 
intro to exercises & background – passives and filters Reading on Oscilloscopes, review syllabus

2 I Transistors and amplifiers Assigned readings
3 I Wheatstone Bridge & driving circuitry Assigned readings

4 I
Calibrate samples with 4-wire measurement, debug / 
calibrate bridge circuit Assigned readings

5 I Measurements, report preparation and writing Work on report
6 II Intro. To instrumentation & experimental prep – DIC lab Assigned readings
7 II Prepare samples for measurement; first measurements
8 II Conclude experiments & process data Assigned readings & software preparation for DIC
9 II Measurements, report writing Measurement & Work on report

10 II Conclude processing & write lab report Work on report

11 III Lecture, discussion & exercises – Brownian motion
Prepare reading; evaluate report of alt. group from 
Mod II

12 III Experimental set-up & preparation
Assigned readings & software preparation for particle 
tracking

13 III Conclude experiments & process data
14 III Complete data processing & write reports



Measuring work of fracture 
with analog electronics

Reference: Polyacrylamide hydrogels. VI. Synthesis-property relation. Wang, N., Nian, 
Guodon, Junsoo Kim, Zhigang Suo
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Equipment for analog electronics module

You’ll be using the lab benches in MED 2 2419. The lab bench 
layout is standard at each desk, and includes a 3-channel power 
supply, a function generator, two multi-meters and an oscilloscope
(see the layout at right). 

Also available are a standard breadboard and jumper wire, as well 
as BNC connectors (not shown) and banana plug connectors. 

Circuit components are found near the entrance to the room, and 
include all components from passives (resistors, capacitors, 
inductors and diodes) to actives, up to and including the op-amps 
and precision voltage references. 

On day one of your on campus presence, you’ll form your group 
for the semester by our algorithm. Groups are formed at random.



Materials break when there is enough elastic energy (J/𝑚2) to 

drive a crack

Number of bonds 

per unit area 

(~1020m-2)

Bond energy 

(~10-19J)
Fracture energy

(1-10 J/m2)

The energy supply comes from the elastic energy stored in the solid –

due to the applied stress

➔ Fracture is a matter of energy balance 

𝐺 = 𝛤
Elastic energy stored in the sample = dissipation / surface energy

How do things Break?
The Griffith approach (1922) –



How do things Break?
Linear Elastic Fracture Mechanics (LEFM) 1950’s -

r
q

As 𝑟 → 0 , the stress diverges (Freund, 1990)
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Cracks create singular stresses at their tip



There are 3 fracture modes: characterized by the  

symmetry of the loading on the crack plane.

Our applied  loading is tensile loading                     Mode I
But remember ….    Mode II
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𝛼=I

III
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How do things Break?
LEFM – path selection and crack plane loading

Because the stress is singular, there is no a-priori path selected for a crack



Profilometry indicates a non-smooth crack 
surface

Using the mechanical profilometer, a 3D representation of the crack’s 
surface is obtained. It is clear that whereas the crack initially propagates 
smoothly, sharp features emerge as the crack progresses further. 

These features could be important in understanding the observations of 
crack tip velocity …



Analog electronics I: Fundamental laws, Passives, 
V-dividers. 



Two Fundamental laws: Ohm and Kirchoff
Ohm’s law & the hydrodynamic analogy



Two Fundamental laws: Ohm and Kirchoff
Kirchoff’s laws I & II



Two Fundamental laws: Ohm and Kirchoff
Kirchoff’s laws examples



Two Fundamental laws: Ohm and Kirchoff
Kirchoff’s laws examples & the law of dominance



A device: V-divider






















