
On Final Projects

• What? Anything You like
• Written report + presentation
• Either Programming, Critical Review or Proposal



Paper Abstract Format

Sci. Adv. 3, e1602339 (’17) 

(1) Problem: (1a) It is extremely difficult to realize two conflicting properties — high 
hardness and toughness — in one material. Nano-polycrystalline stishovite, recently 
synthesized from Earth-abundant silica glass, proved to be a super-hard, ultra-tough 
material, which could provide sustainable supply of high-performance ceramics. (1b)
However, its toughening mechanism remains elusive.  (2) Finding: Our quantum 
molecular dynamics simulations show that stishovite amorphizes rapidly on the order of 
picosecond under tension in front of a crack tip. We find a displacive amorphization
mechanism that only involves short-distance collective motions of atoms, thereby 
facilitating the rapid transformation. The two-step amorphization pathway involves an 
intermediate state akin to experimentally suggested “high-density glass polymorphs”, before 
eventually transforming to normal glass. The rapid amorphization can catch up with, screen, 
and self-heal a fast moving crack.  (3) So What? This new concept of fast amorphization
toughening likely operates in other pressure-synthesized hard solids.

Tell your own narrative of history & place your work within!



Paper Abstract Format (2)

(1) Problem: (1a) With the recent experimental realization of quantum supremacy on a very 
specific problem, search is now on for the use of quantum computers for nontrivial scientific 
applications. A highly anticipated application is as a universal simulator of quantum many-
body systems, as was conjectured by Richard Feynman in the 1980s and later elaborated by 
Seth Lloyd. The last decade has witnessed the growing success of quantum computing for 
simulating static properties of quantum systems, i.e., the ground state energy of small 
molecules. (1b) However, it remains a challenge to simulate quantum many-body 
dynamics on current-to-near-future noisy intermediate-scale quantum (NISQ) 
computers.  (2) Finding: Here, we demonstrate successful simulation of nontrivial 
quantum dynamics on publicly available NISQ computers, namely, IBM’s Q16 
Melbourne quantum processor and Rigetti’s Aspen quantum processor. The compelling 
scientific problem is ultrafast control of emergent magnetism by THz radiation in an 
atomically-thin two-dimensional material. (3) So What? To liberate these newly available 
NISQ computers for broader scientific use, we also provide the full code and step-by-step 
tutorials for performing such simulations on each quantum processor. As such, this work 
lays a foundation for the promising study of a wide variety of quantum dynamics  on 
near-future quantum computers, including dynamic localization of Floquet states and 
topological protection of qubits in noisy environments.

Towards Dynamic Simulations of Materials on Quantum Computers
Lindsay Bassman et al., Phys. Rev. B 101, 184305 (’20) 

Problem funnel: Narrow down to the specific problem you solved!



Punch-Kick Writing

https://www.articulatemarketing.com/blog

So what = kicker



Lede: Diamonds in Sky

J. H. Eggert et al., Nat. Phys. 6, 40 (’10)

Shimamura et al., Nano Lett. 14, 4090 (’14)

Astrochemistry:
Space origin of 
life materials

“Molecular dynamics simulations of dielectric breakdown of lunar regolith: implications for water ice 
formation on lunar surface,” Z. Huang et al., Geophys. Res. Lett. 48, e2020GL091681 (’21)



Winning Pattern in Science: Story

Why ® So what ® Now what 
“Now what” by John Hopfield (Princeton)

https://pni.princeton.edu/john-hopfield/john-j.-hopfield-now-what

It’s all telling a story!
“I concluded some time ago that the distinguishing 
characteristic of human intelligence is our story 
competence. We tell stories, we listen to stories, and we 
make up new stories by blending old ones together. That’s 
really what education is all about, if you think about it…I 
think sharing the stories, the opinions, the asides, and 
understanding how a person solved a particular problem, 
what they were thinking of when they did that, what they 
were motivated by, etc. is just as, and probably more, 
important than teaching the actual skills.”

“Open with a promise, close with a joke” 
by Patrick Winston (MIT)

http://www.ocw-openmatters.org/2016/07/19/open-with-a-
promise-close-with-a-joke/

Cognitive 
revolution:
~70,000 BCE, 
Sapiens 
evolved 
imagination & 
fictive 
language

https://pni.princeton.edu/john-hopfield/john-j.-hopfield-now-what
http://www.ocw-openmatters.org/2016/07/19/open-with-a-promise-close-with-a-joke/


Neno’s Ten Questions
1. What is the main goal of your work? 
2. What are the tangible benefits? 
3. What are the technical problems that make that goal difficult to achieve? (i.e., 

why hasnʼt this been done already?) 
4. What are the main elements of your approach? 
5. How does your approach handle the technical problems that have prevented 

progress in the past? (i.e., what makes you think you can do it when no one else 
could before?) 

6. What are the unique, novel, and/or critical technologies developed in your 
approach? 

7. What are the potential spin-offs or other applications of your work? 
8. How can progress be measured? (i.e., how can anyone tell if/when youʼve

succeeded?) 
9. What have you accomplished thus far? 
10. What is your schedule for the work remaining? 

Prof. Nenad Medviovic (USC)

“Answer all before you shall be allowed 
to take a qualifying exam.”



Manage Your Research with Paper

Adv. Mater. 16, 1375 (’04)

cf. Cinema storyboard

Do It for Your Final!

https://aiichironakano.github.io/phys516/Whitesides-WritingPaper-AdvMater04.pdf

https://aiichironakano.github.io/phys516/Whitesides-WritingPaper-AdvMater04.pdf


Team Project
• Who did what? Team efforts are encouraged with the condition that the role 

of each team member is clearly delineated in the final-project report.



A Final Team

material science
molecular dynamics

parallel

computer science
visualization

parallel



Another Final Team

mechanical engineering
shock physics

computer science
parallel

Computer Physics Communications homepage

https://www.journals.elsevier.com/computer-physics-communications


Multi-Class Project

O(N) Lanczos eigensolver (PHYS516) ® parallelization (CSCI596/653)



Multi-Class Project (2)

Kinetic Monte Carlo (PHYS516) ® parallelization (CSCI596/653)



More Class Projects

Buildings 9, 44 (2019) 



Project in Another Class

Involve your Ph.D. advisor in final discussion!


