Laying Off Jargon: Pop Science
Writing and Teaching High School

Dr. Karmela Padavic-Callaghan, Spring 2021

https://iwww.karmelapadaviccallaghan.com/




Outline

1. My work at UIUC and what happened next

2. Teaching at Bard High School Early College (BHSEC)
Manhattan

3. Freelance Science Writing

4. Some tips






My work at UIUC

e Defended in February 2020, advisor: Prof. S. Vishveshwara, CMT and AMO theory
e Three points of focus: novel geometries for BECs, SSH ladders and topology,
generalized AAH and quasiperiodicity
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My work at UIUC

e GPS and the Access
Network
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e GEO
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What to do after defending?

Applied to a lot of postdocs in the fall of 2020 and throughout the winter.
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RESEARCH STATEMENT
Karmels Padavic Callaghan (kpadavi2@illingia.cdu)

My ressusch interents are in the intersection of theoretical ccndensed mattat physics and atotsic, mclecular and optical
(Allojm'nqmmn-,pmmklhnmh
trias, topological propertias of coupled Su-Schriaffar-Heeger (SSH) chains and cos dimensional

Studying BECs in spbarically symasstric geometrice, collaborators asd | calculated densitition and col-
mmmhwmmmmmu:nﬂ We identiflad ecllsctive mode
msuwmt—.wu.ﬂm W conclided that BEC shells wosld ba unstabla
cn Earth dus my work hna beun directly conmectad with sxpeizmenta o

by having long. Boppings bave single particla edge.
#indings in the group of Praf. Brycs Gadway at University of lliinois Urbana- Champaigs (UIUC) 6]
1 have always elforta asd have worked with

ke, the fiurs, | wish to maintain a connection with experimental work. My adviscr, Prof Semiha Vibvostvara,
b guidod my training and 1 have boss, expased to many modern
advanced coursework. | comploted classes on quantam Seld theory, topological systems, atomi
5 1t Pitacvalsi formalise and quastum and classscal superduid bydrody.-
1 have calculated h@n&d‘-g.,..—-n_'._g._..'_,—dum_s..-n,

mmﬁg,!m‘-)-lujwddn-ﬂiﬂ-pn‘,n-nl' d sought cut a diversity of research

overlap with the work of Prof. V. Gurasie and Prol. V. Galitaki concerning many-body localizuiion physics. As | am
alsa aager 10 broadan my sxpartise, aad further explons ulticod atomic sysams s astbeds for eaginearing macToRoopic
quasium bebavior, | believe working within Lhis collaboration would be fruitful aeed stimmalating, asd hat my curment
training and experionce bave prepared me woll for it.

Balow, T prasetst & short overview of my wotk s far and my cogoing rasearch interosts.

1 Background and Current Work

1.1 Bese-Einstein Ce in Novel ie
Boso-Einstein Condensates. In 1, 3], collsboratons and |

currantly L
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Dus 1o having & hollow cors and an inner surfucs, HEC shalls exhibit compleesly
condemsates. Collaboratars and | idantifled ecllective-moda sigaaturan of the wpalogical chaage from. flled 10 » bollow
condsmsate: collective mod frsquancy spectra exhibit noo-monotonic featuras acrass the bollowing-out transiticn. Thess
5 s Br , T

parmetars (pumber of atoms aad locl gravitational accsleration) for relizing
three dimensional (as opposed to disk like) bollow BECs. We found that realizing three dimensional hollow BECE an
Earth i ot experimentally foasible at this time. Theas, our studien directly pertain 1o expefimental efirts 0 enginest
e 100 o N i Mt
ecnexening physics. of hallow quantum Suds and opesn up & Bew avenue for
mammumummmmmmwmm 15 cold atomic
systems, condemsate shalls are expertad in Hoss-Fermi mivvares and in optical lattios systems whers Moti-insulating
regions coafing layers of superfluid shells. In neutrom stars, shalls consisiting of suparfuid and
Bars bon pecposed ts commicucets of the sary’ outer corm. My work oo aballabaped BECe

perconducting matter
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eakulations in superfiuid hydrodynamics, aad colloctive mode caleulations. This project wis carried cut with
collaborstion Prof. Courtasy Lasnert (Smith Collage xad University of Massachusetts) aod Dr. Kusi Sus (University of
Teras Daliaa), and my advisor.

Vorticos and Effects of Rotation in Sholl-Shaped Hoso- Einstein Condensatoa. Reocsily, | have b studying

the HEC thus prevesting ther asnibilation. For thicker shells, we found that vortex baies wre sucleated st lowsr rotation

speods than in the case of a Mlled sphore BEC. Furiber,
sraighe vorticos alignad with tha roeation axis aro most stable and lanst
BEC abells. I thia project, 1 umed the Grom-Pitasvakii and boavily based my analytical approach on bteratuze
o vorticn in clasical superfiuids, poteotial Sows and studies of defocts oo nematic shells. A formnal prasentation of this
work is in proparation [7] and it bas been prassstod at confermom.
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davic Callaghan (kpadai2illincia.odu)
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Background and Current Work
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Some personal nonsense

e A five year long two-body problem and my husband was about to
graduate from his PhD program at Yale University too

e Unexpected illness that landed me in the ICU around Christmas
2019, after a week on a respirator and multiple surgeries | was really
shaken and doing a fair amount of soul-searching

e Went to spend Spring Break 2020 in Brooklyn with my husband and
his parents (they live there) when COVID-19 got really bad, basically
didn’t manage to return to Urbana until August when my lease
expired

e In summary: things were bad and | was too sad and too tired to try
and fight my way into some surprise postdoc



How did | end up at BHSEC-Manhattan?

e In Spring 2020 me and my husband were living in my in-law’s
basement in Brooklyn, waiting for the pandemic to be over, and
applying to jobs

e My husband defended his PhD from the basement, via Zoom, and
got a postdoc at CUNY Grad Center, also via Zoom

e | was applying to jobs in:

o Education (private high schools, community colleges)

o Science outreach (after school programs, science and math museums)
o Science communication (science writing, public information work)



Name

Il AIP Junior Science Writer

Bl Bard High School Early College Manhattan

B Science Friday

%R NYC_Jobs.xlsx

I STEM Program Coordinator HCZ

[ 500 Women Scientists

I Rita Allen Foudation Civic Science Network Coordinator (Part Time Remote)
B APS Science Writer

I LREI High School Physics Teacher

Bl National Science Policy Network Program and Operations Coordinator (Remote)
E position_announcement_-_program_and_operations_coordinator.pdf

I St Francis College Lecturer of Mathematics

Bl Girls Write Now Community Coordinator

Il Lehman College Math Lecturer

B Museum of Math Program Coordinator

B Brooklyn Emerging Leaders Academy Charter School Math Teacher
Sloan DEI Director
Il Ascend Public Charter Schools Project Manager DEIA
B Success Academy High School Physics Teacher
Bl Success Academy Science Associate
CUNY Math Start Program
E 2019-20-Associate-Team-Student-Experience_February-2020-1.pdf
& 2019-20-Events-Associate-Academic-Operations-Strategy-_March-2020.pdf

+

+
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Karmela Padavic-Callaghan m g:“‘k:f" Sehod) arly
Assistant Professor at Bard High School Early College University of liinols at
Brooklyn, New York, United States - 302 connections Urbana-Champaign
Contact info

Opento ~ Add profile section * ) [ More..

Share that you're hiring and atiract qualified % Show recruiters you're opento work — you %

candidates. control who sees this

Get started Get started
About 7z
Physics and math teacher by day, science and non-fiction writer by night
Passionate about science and mathematics education, DEI advocacy, science communication and the intersection
of the three. Interested in students and scientists being people too, bullding community to advance knowledge
and always learning to be more kind, empathetic and humble.
Theoretical physicist with experience in studying ultracold quantum gases, topological and
quasiperiodic systems. Extensive teaching and mentoring experience and strong interest in advocacy and
organizing around issues of equity, diversity and inclusion.

Wrote three or four versions of my CV highlighting
different experiences for different jobs

Put a lot of time into having a few very good cover letter
templates that also showcased different talents (at a
suggestion of a career advisor at the grad college
approached this as a writing project and tried to show a
bit of individuality)



How did | end up at BHSEC-Manhattan?

e | was applying to jobs in:
o Education (private high schools, community colleges)

m Had a ton of experience TAing at UIUC (pretty much every semester) and
from UChicago as an undergrad + completed a teaching course as a part
of the Mavis Fellowship + mentoring and organizing experience helps
Science outreach (after school programs, science and math museums)

m GPS, GEO, WGMPA and Physics/Art experience helped here

o Science communication (science writing, public information work)
m Had some experience but not enough “clips” (more about this later)



How did | end up at BHSEC-Manhattan?

e | was applying to jobs in:
o Education (private high schools, community colleges)

m Had a ton of experience TAing at UIUC (pretty much every semester) and
from UChicago as an undergrad + completed a teaching course as a part
of the Mavis Fellowship + mentoring and organizing experience helps - this
worked out

o Science outreach (after school programs, science and math museums)
m GPS, GEO, WGMPA and Physics/Art experience helped here
o Science communication (science writing, public information work) - | got one
job offer along these lines

m Had some experience but not enough “clips” (more about this later) - | had
some very good interviews and am still doing a fair amount of this
work freelance



What is a High School Early College?

Bard Earl OUR SCHOOL v OUR PEOPLE v ACADEMICS v ADMISSION v STUDENT LIFE v COLLEGE TRANSFER v
Colleges
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BARD HIGH SCHO!

\/COLLEGE MANHA

e _Jlump Start on College

Essentially students at BHSEC complete high school by grade
10 then earn an AA degree or 2 years of college credits in
11th and 12th grade. Everything is free and the school is fairly
diverse. Part of the NYC public school system and Bard
college

“The mission of BHSEC is to provide a rigorous course of
study that emphasizes thinking through writing,
discussion, and inquiry. This alternative to the traditional
high school is founded on the belief that many young
people are ready and eager to do serious college work at
age sixteen. Based on the premise that these young
adults’ ambition to learn must be taken seriously,
BHSEC's four-year program enables highly motivated
students to earn a high school diploma and a tuition-free
Bard College associate’s degree in four years.

Love of learning dominates the culture of BHSEC. Our
rigorous curriculum allows students to fulfill all of the
Newark Public Schools requirements through an
engaging and demanding college-level education.
Mastery of subjects at BHSEC is demonstrated by our
students’ reasoned analyses and by their thoughtful and
well-supported arguments for their views. Ninety-five
percent of BHSEC graduates successfully move on to a
four-year college.”



How did | end up at BHSEC-Manhattan?

Karmela Padavic Callaghan
kpadavi2@illinois.edu // 217-607-4032 / karmelapadaviccallaghan.com

May 1,2020

New York, NY 10002

Dear Dr Brutssert,

In college, I taught calculus. Most of my students were apprehensive about, or intimidated by, the subject.

Having had a different experience myself — enthusiastically learning calculus in high

right into an accelerated course on real analysis as a college freshman — [ was worried about teaching them.

Realizing that I had to meet students where they are and teach them well even if they are not initially pas-

m-bvmnymnm-fhmewumeduumikumdhh -lf-u&chwshulnummﬂhm
and work on 1 became passionate

about helping students prepare for nllvmd d.n:u by bm.lilmg both skills nnlmnfd-nw

While pursuing a doctorate in physics, | mostly taught introductory courses. Largely, these courses served as
foundation-building for students majoring in any science or entry-points into the major for physics studenta
I facilitated prublemawlvrin; n-dm-. hlphﬂ mdtnu mrl: in small groups. lﬂ-r pn-:nun; & brief lecture.
This wark
encountering it for uzn-ryﬁmhn- lhg:-mup-u-nt andnn-wpnmdmm able to teach multiple
sctions, meet grading deadlines and proctor exams in the evenings. | was repeatedly ranked as excellent by
‘my students and when I served as a mentor teaching assistant to my peers most received the same ranking.

In 2017, 1 completed a college teaching course and taught an advanced quantum physics class as a part of the
Mavis Puum Fuulty Fellowship. laumu: to structure a syllabus working backwards from learning out-
topics, helped me approach teaching in same
qnm.uc rlnukmmlsd T § apciied 16 ey waioaschs, Tuadifig a5, Slobncad coss Ml Gupscill
my skill set. Here, I developed und delivered lectures, designed exams and homeworks and held office hours
Le: tum mechanics is essential for students wanting to become physicists and they tand to be ex.
cited about it. In one-on-one meetings with students, | was often asked questions beyond the scope of the
m I was excited to discuss challenging material, nmmsbb"mmuewhd- also mtnndrntimdng

In the same year, [ with Prof. 8.V course on
phynund art that she had been developing. The class I helj am..mu.ma.k.mum.w.
pnlunun undergraduate n:donummmp‘lj‘lﬂr.l It has been offered multiple times since and

great feedback mwnd’mmdﬁdhm hmhlngnbad\lmmnoutwmg
lmi &nlnpin;u:s:i-]iin q-d.hmdm-.l.ndnln be thorough and thoughtful in my preparation
and

My d 1 i d h, but 1 held a teaching position for most of the past six years. Working
in theoretical condensed matter physics expanded my problem-solving skills, exposed me to complex, new
physics and allowed me to always be a learner. As a long-time student [ understand the importance of
teachers and mentars. This was underscored for me as | moved through higher education and was often one
of the few women in the room. I credit my to teachers that had encouraged and challenged
me when | was learning physics basies. Brlng-dmrdty equity and inclusion advocate and a leader in
a mentoring organization in graduste school informed my teaching in sddition to training | received as an
instructor and made my interactions with students having different academic or personal backgrounds more
important. | would be excited to stay invested in teaching in the future and continue helping all students
build their foundations, jump-start their learning and own the knowledge that excites them.

Sincerely,
Karmela Padavic Callaghan

KARMELA PADAVIC-CALLAGHAN
3640 S Peskwny, sy, 11235 NY
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Accass Notwork Asgt 2010 - present
Assembly Fellow Mentor

« Support and mentor Amembly Fellown in desiging and executing the troo-day Acces Assembly
confcrenn by ercating worksbop templates, peoviding individusl foodback and addresdng logistical
concerrss wich ns noquiring materinls or appropriate toch

= Collaborate with other co-mentors 1o plan, structure and lead Aseimbly Fellow mectings and
communicaze Amembly Fellow progress to Accem Network's Core Organizers

On-Site Asscmbly Fellow March 2019 - Junc 2019

* Worked collaboratively with  team of Assembly Fellows from nine different institutions o plan
and cxeeuto the Acces Assembly conference hosted at UTUC

» Handled logistical cancerns such s food, housing and sccossibility for all attendees throughout

the Asmembly
» Propased, designed and exseuted two workshops and two large group (over 50 attendoes) netivitios
at the Asembly
ADVOCACY
Women and Gender Minorities in Physics and Astronomy 2018 - prosent
Leadership Member Deparument of Physics, UIUC

+ Organize, design and co-ordinate events contering social issuss o profossonnl development for
women und gender minorities

+ Work in concert with advocacy UIUC Physics
Department to broaden the impact ofurglmmd ovents

 Lead & team of volunteers in planning and realizing a two-day rotreat at an offi-cumpus location

Engineering Graduate Student Advisory Committee 2018 - 2019
Underreprescnted Students Subcommitice Chasr College of Engincering, UIUC

 Advoented for undorreprescnted students in monehly meotings with ndministrators
. different academ & worksly ing all graduntc
s arrtion College of Engincering

PUBLICATIONS AND CONFERENCE PRESENTATIONS

Google Scholar: http:/ bit.ly [ZmbrUxR.

Scicner Publicatiana: 5 roforeed journal articlos

Conference Prescnintions: A ol preserations a: nationsl conforences, 1 poster presentation nt
national conference, 2 puster prescntations as specialized workshops, 1 poster presemation at an
International conference

Popular Science Publications: The Coolas. Physics You've Ever Hesrd Of, Scientific American
OhbservtionsOpinion Blog, 20 Jan. 2020, hesyy/ /bitly /28<XKYy

Non-fiction Publicatians: I'm Losing Conss, The Xylom, 9 Nov. 2010, husp:/ /bitly/2ul0Ze7

+ Interview with the whole science department and the principal + demo class
in the 9th grade (all over Zoom)




What do | do at BHSEC Manhattan?

e Since I'm not a department of education certified high school teacher,
| am an employee of Bard College and my title is Assistant Professor.
My current position is for three years, but were it to be extend and if |
get certified | would also be eligible for tenure within Bard College

e |teach a 9th grade Conceptual Physics Class and a 12th grade
college-level elective (in the fall | taught Calculus Il, now | have been
given freedom to design and implement a Modern Physics class)

e We had blended in-person and remote learning for about 6 weeks in
September and October and have been remote ever since, | teach ...
from my kitchen (luckily we moved out of my in-law’s basement right
around when school started, but we still live in Brooklyn)

e The work is very different than TAing and much harder (but also more
rewarding when you manage to catch your breath)



CONCEPTUAL PHYSICS 1l

SPSS220A, Speing 2021, Or. Padavic-Callaghan

Instructor: Dr. Karmada Padavic Calaghan,
Contact: & b

Meeting times: days here

Location: Zogen bk here

future studies you
may undertake in the sciences or engneering.

Why should you care about this course?
Hstoricaly, of na

v 1thas abways been
movated by answering lage, deep and ambious questions about our workd. Working

o thei days tryin ” W he flow of ime, howa
materist thout any resistance, b

wath laser g . i

This course wil gve you a ghmose nto many of thase topics and took for exploring them and
wnderstanding them on your own, or in future courses.

approsching problems in a systematic and analytic way, testing hypotheses, engaging in

thoughts it internally consistent thearies. Whie this way of thinking will bring us cioser to

they knaw, 1t wil 3150 be good practice for al ather araas in which you may encounter complex
bhems and will make you 2

bevcer thinkes overal the parts of your brain th
deas and obfects you can hold n your hand aike.

What will you get out of this course?
By the end of this course you wll be able to
1 Ask a welk-defined question about the physical world nd plan and carry out an

Office hours: Fridays

et #that question
Goagle Classroom: ik here e s s

physical phenomena
NOTE: Some of the information contained in this syllabus might change during the 3 . of amadeiof a ph
semester phenomencn based on those results

4
What s this course about? el
i Physcs s ona of and 5. Engags
Phrysics deals with & s it ©

energy, ght, forces, waves, heat, space, atoms... you name it and there’s probably some pait knowledge
sy ok 7

and interact with each other

and
cacudations, thiscourse What will this course cove
calcuiations and hel youthink ke & physiclat. Here, we wal startfroen the vy begioing,
- P ind protiem sohving. I
We wil lear o speak and 1L impulse and Momentum
Modern Physics oo Chawol e

¥ Meet

Math Checkein

Reading 1 Helsenberg on the Copenhagen

Wave Math

£ Googi Caiendar

Week 1: Intro + What is Quantum

Week 2: Light and Mathematics of Waves

(&) Class Drive folder







How did | get around being a freelance science writer?

NewScientist —

Mews Podcasts Video Techrology Space Physics Mealth More » Shop Courses Fuents Tours lobs & Signin O Search

Ultracold atoms can work together = | physicsworid | a
to shape or steer light T

Fast quantum random number generator could advance
00 (clin]slslo] cryptography on the cheap
PHYSICS & Septomber 2010

w0~ | TOPICS

B wr v o ¢

o) VASSINE  stories. Follow. Writeforus. Shop. About- @ sesren () Karmela -
Wood can easily be tuned =
transparent to make 1 |
energy-saving windows
H i uantum
Flowering plants may be Deborah Jin engmeet‘Ed new q
100 million years older 2
than we thought
According to colleague Kathryn J.
Levin, Jin “probably would have gotten
the Nobel”
Karmela Pad
, maorsticas P
She p would have
Chicago physicist Kathryn J, Levin doesat he
UNIVEBEITY OF ILLINOIS UBBANA CHAMDAICK about fellow physicist Deborah S, t
Debbie.
The Granger Coliegrel Engineesing
I Illinois Quantum Information Science and Technology Center
SCIENTIFIC
Latest ssues ) cart O |
T e e = AR

Ultracold Molecule Mystery Solved

Lasers slow molecules for a glimpse of the quantum world—and a strange heating is uncovered

Defects may help scientists
understand the exotic physics of

READ THIS NEXT
topology AL
o = @ Automorive
Vant Greener Cars? Focus on Fuel
ficiency
WEGTYUN BY RARMELA PABAVIC CALLAGHAR .o
.
‘e
Real-world materials are usually messier than the idealized scenarios found in textbooks. Imperfections. MENVAL HEALTH
s Prychedelics as Antidepressants
can add compiic. d even limit a material’s usefulnéss. To get around this, scientis ¥
strive to remove defects and dirt entirely, pushing materials closer to perfection, Now, researchers at .
: v - - a




How did | get around being a freelance science writer?

Defects may help scientists understand the exotic physics of topology, IQUIST News

Ultracold Molecule Mystery Solved, Scientific American

Identical Quantum Particle Pass Practicality Test, Scientific American

Time's Arrow Flies Through 500 Tears of Classical Music, Physicists Say, Scientific American

The Coolest Physics You've Ever Heard Of, Scientific American Observations/Opinion Blog

Fast Quantum Random Number Generator Could Advance Cryptography on the Cheap, Physics World

Ultracold Atoms Can Work Together To Shape Or Steer Light, New Scientist

Deborah Jin Engineered New Quantum States of Matter - Twice, Massive Science

Physicists plucked and collided two ultracold molecules with laser tweezers, Massive Science

The International Space Station creates bigger, colder states of matter than are possible on Earth, Massive Science
Hands-on at a distance: Making sense of physics with Jill, University of lllinois Urbana-Champaign Physics Department
home page

Physics learning for the future: Developing new ways of thinking with Eric, University of lllinois Urbana-Champaign
Physics Department home page

Creativity and authenticity are key ingredients for successful student-led DEI advocacy, Science on a Postcard Blog
Amidst National Reckoning with Racial Injustice the Physics Community Reflects on Its Own Inequities, A Science Blog
by Science Talk

Quantum Physics is Easier to Understand as an Adventure, Lifeology Blog

I'm Losing Count, The Xylom



How did | get around being a freelance science writer?

The Xylom + newsletter (personal essay writing)
ComSciCon-AlP + Science Talk
Opinion piece in Scientific American that was workshopped at ComSciCon-AlP and where a mentor
helped me with the pitch

e Two blog contributions (Lifeology and Science on a Postcard) based on what | learned and heard
about at Science Talk
Joined the NPR SciCommers Slack and Massive Science Consortium
Debbie Jin piece on Massive Science (there is an internal pitching process where you get help and
don’t have to search for editor’'s emails by black magic)

e Started pitching to magazines: three pieces in Scientific American, one New Scientists, one Physics
World (these are paid! SciAm pays ~1000$ for 800ish words).
Public information work with IQUIST and IPaSS at UIUC
Joined National Association of Science Writers
Getting more freelance work by editors contacting me instead of me pitching them (but there is less
and less money for freelance work at many magazines right now)

e Occasionally some company will reach out and ask for freelance work, I'm still testing the waters on
this.



How did | get around being a freelance science writer?

e Hardest and most important part: pitching stories to editors

e Sometimes they don’t write back at all and sometimes you can't find their
email
(generic emails that are pitches@publication.com instead of a name
don’t get read by anyone + need to go through groups like NPR
SciCommers etc and find someone who has contacted an editor before if
the information is not listed anywhere public)

e Sometimes your pitch is just bad

e Mostly it takes a lot of time to do enough background research to write a
really good pitch (a big challenge if you’re also, for example, teaching
high school)




Hi EDITOR,
| hope you have been doing well.

| am writing with two story ideas | think you and your readers would find fascinating.. One
is about a new platform for quantum computing that could lead to engineering of larger
quantum computers without sacrificing the fidelity of information transfer within them and
the other focuses on a recent study that used methods from nonequilibrium physics and
statistics to quantify properties of over 8000 pieces of classical music. Below are more
detailed pitches for both stories. I'd be happy to reach out to relevant experts when writing
them.

I am a freelance science writer based in Brooklyn, NY and | hold a PhD in theoretical
physics. The focus of my PhD research was in ultracold and quantum systems. | have
recently written about quantum physics for Scientific American’s Opinion section here and
Massive Science here. | am looking to take on more freelance work and would be very
excited to write about this study for Wired.

ANALYZING FIVE CENTURIES OF CLASSICAL MUSIC SHOWS THAT ENTROPY-PRODUCING
TUNES ARE MOST LIKEABLE

While the thought of playing songs in reverse might make you think of conspiracies and
hidden messages, scientists are using ideas about time reversibility to quantify features of
music we find pleasant as listeners. In a recent study published in Physical Review
Research, a team of scientists used nonequilibrium physics and statistics tools to study over

8000 musical pieces originating across five centuries and consequently pinpoint how time-
reversible and non-random music really is. Using novel statistical techniques, their work
offers a mathematical foundation for our common experience of music being very different
than noise. In other words, this study attaches measurable quantities to the notion that a
musical composition is “going somewhere” rather than being generated at random.

The notion of statistical time reversibility is associated with an “arrow of time” or a clear direction
in which time progresses, allowing us to define what it means to move forwards and backwards in
time. Processes that are statistically time reversible are ignorant of the arrow of time and, under a
quantitative analysis, seem the same when the arrow is flipped. White noise is one example. More
surprisingly, so-called pink or 1/f noise, widely accepted as a valid description of composed music,
is another example. The authors of this new study find the 1/f noise description of music to be
imprecise — most compositions in their sample display time irreversibility. Irreversible processes
are more ordered and less random, so one implication of this finding is that composing music is an
out-of-equilibrium process. In equilibrium, all musical components would be evenly distributed
rather than ordered. An equilibrium distribution would also have large entropy or disorder and
look the same in all time directions. The ordering process i. e. composing can then be assigned a
certain amount of lost energy and a change in entropy. The authors of this study even compare
famous composers on how irreversible and how energy dissipating their work is. For instance, they
find that Mahler’s compositional style on average produced more entropy than Paganini’s. Their
work then not only challenges the so far accepted idea of music as 1/f noise, but also points
towards a relation between time irreversibility and attractiveness of music to the listener.

I think this article could work well at 800-1000 words. In writing it, | would start with basic
explanations of how music can be quantified, how thermodynamic equilibrium is related to
randomness or disorder while more ordered systems are considered out-of-equilibrium, and how
entropy is related to energy loss for a physical signal. The rest of the article would recount the
Physical Review Research study, briefly touch on the fact that the authors used a new statistical
method particularly well-suited to musical composition and outline their results. Since this study
has made strides in quantifying the “musical narrative” we experience while listening, it could be
interesting to close the article by noting that there have been musicians that have experimented
with more random means of generating musical compositions in the past, but their music is less
widely known and less commonly enjoyed than for instance Mozart. Looking through past writing
about music and science in Scientific American, there seem to have been many interesting reports
on how music affects our thinking and cognition, but not necessarily as many focusing on how

music itself can be studied as a mathematical and physical object. | believe your readers may be
interested in this perspective of why music is pleasant not just based on how our brains take it in,
but also quantifiable properties of music itself.



PHYSICS

Time’s Arrow Flies through 500
Years of Classical Music, Physicists
Say

A statistical study of more than 8,000 compositions shows how the flow of time distinguishes
music from noise

By Karmela Padavic-Callaghan on August 19, 2020 4 Al 4l 13 a £l

READ THIS NEXT
L 4 5]
= = BEHAVIOR & SOCIETY
What Makes a Song? It's the Same Recipe

in Every Culture
November 21. 2019 — Jim Dalev




Things | learned about science writing

e You have to try a lot even though you will often not get assigned stories

e At the beginning it's ok to write for free especially at places like Massive
where you get training, but don’t get stuck there for too long

e Talk to people and use all the resources you can get, NPR SciCommers has a
mentoring program where a real NPR editor helps edit an pitch your piece,
The Open Notebook has a database of pitches

e Your pitches will be awful more often than not, other people need to look at
them before you hit send (you are never as good of a writer as you think and
editors are brutal)

e Interviewing scientists is really fun (and having a PhD means you speak
insider language)

e You can't use jargon and you have to be snappy, you have to be less jargony
and more clever than even when you're talking to a 9th grader



Things | learned about science writing

e You have to try a lot even though you will often not get assigned stories

e At the beginning it's ok to write for free especially at places like Massive
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Things | learned about science writing

e There’s a lot more public information work than there is freelance magazine
work, these are more stable jobs and include some creativity, but you don’t
choose your own stories as much and you’re working to market the
university/lab you work for vs. just exploring and explaining cool science

e As a freelancer you are running yourself as a business and have to send
invoices, make sure you get paid, worry about taxes efc.

e Time management and being reliable is extremely important

e Social media and LinkedIn are surprisingly important, as is word of mouth

e There are master’s programs for science writing (that cost money) and the
AAAS Media Fellowship which pays you and embeds you at a magazine

e It's probably possible to make a living as a freelancer but not in a year and
maybe not in NYC






