How Small Is It — Credits and Research
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Credits and Research

Here’s the list of sources I used to put together the “How small is it” video book. These books,
videos, and websites also represent resources you can use to do additional research into areas
touched on in this video book.

[Music: Igor Stravinsky — “The Firebird” — Written in 1910, the ballet is based
on Russian folk tales of the magical glowing bird that can be both a blessing and a
curse to its owner.)

First is the CERN website itself. It has a
wealth of information on Higgs and other
areas of research I think you’ll find very
interesting. It also has great content for
students and teachers.

There are two books I used
extensively. One is
“FIELDS OF COLOR:
The theory that escaped
Einstein” by Rodney
Brooks. It’s a really good
book on Quantum Field

Theory explained without
any math.
o a4 7P N\ B
Phy icCS [ |\® The other is Particle Physics
Brian Bfartn ’ by Brian Martin. It is jam

packed with info on
particles and particle
accelerators.

There is a great video series on YouTube
from Stanford University presented by
Leonard Susskind. I used it extensively and I STANFORD
think you’d find it fascinating —especially the
finally on Demystifying the Higgs Boson.

UNIVERSITY

http:/ /www.voutube.com/watch?v=]gNeg819PiZY

Page 1


http://www.youtube.com/watch?v=JqNg819PiZY
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HyperPhysics

HyperPhysics is the physics department
website for Georgia State University. It is a
very good site with clear explanations for
quarks, gluons, color charge, Feynman
diagrams and more.

http:/ /hyperphysics.phy-astt.gsu.edu

Of Particular Significance

Of Particular Significance
This is Professor Matt Strasslet’s WebSite. I’s Conversations About Sclence with Theoretical Physicist Matt Strassier

an eXCellent Site With a Wealth Of information HOME ABOUT ARTICLES MOVIE CLIPS ~ NEW? START HERE TECHNICAL ZONE XOTICA
on particle physics from a particle physicist. I '
used it extensively in the Higgs Boson
segment.

http://profmattstrasslet.com/

The following identifies all my sources.
Thanks for watching.

Websites

Optical microscope http://www.popsci.com/technology/article/2011-03 /worlds-most-powerful-optical-microscope-
can-let-researchers-see-inside-viruses-and-human-cells-no-ele

Head Louse_http://education.nationalgeographic.com/education/media/human-bodv/?ar a=1

Larva of Asian Tiger Mosquito http://www.fei.com/ template/Images/ImagePage.aspx?id=2147483677

Secrets Of Human Body http://humanbodysecrets.blogspot.com /2012 /07 /microscopic-images.html

Visual http://wonderopolis.org/wonder/what-is-the-smallest-thing-you-can-see

Microsphere nanoscope http://www.nanowerk.com/spotlight/spotid=33865.php

Electron microscope
http:/ /uic.igc.oulbenkian.pt/micro-em.htm
http://en.wikipedia.org/wiki/Scanning electron microscope

Texture of the skin of a splder Marla Carba}o
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http://en.wikipedia.org/wiki/Scanning_electron_microscope
http://www.flickr.com/photos/fei_company/7683167166/in/set-72157630587769114/
http://iliketowastemytime.com/2013/03/16/very-best-of-macro-photography-pt6-10-pics
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Basic Science Partnership, Harvard medical School http://bsp.med.harvard.edu/node/221

The Daya Bay Neutrino Experiment http:

A bubble chamber track (Courtesy of Fermilab Vlsual Medla Services)
. . ppid=

Welcome to the Higgs site at the University of Edinburgh http://www.ph.ed.ac.uk /higgs/

Young double slit experiment http://physics.about.com/od/lightoptics/a/doubleslit.htm

Gamma Ray Burst

http://www.theregister.co.uk/2013/11/21/scientists spot bigger ever gamma ray burst from birth of black hole

University of California, Lawrence Berkeley National Laboratory Antiproton — proton collision

Discovery of W at CERN
http://www.interactions.org/cms/?pid=2100&image no=CE0015

Wand Z discoveries  http://wwwinteractions.org/
Understanding Bubble Chambers (very good) https://teachersweb.cern.ch/teachers/archiv/HST2005/bubble chambers/BCwebsite/

CERN documents http://cds.cern.ch/record /1373706

Brian Kobetlein’s blog: A Puff of Logic http://briankoberlein.com/2014/06/25/puff-logic/#more-3391

Drum Vibrations - Oleg Alexandrov - self-made with MATLAB, http://en.wikipedia.org/wiki/Atomic orbital

Ultraviolet Coverage of the Hubble Ultra Deep Field (UVUDF) project. -
http://www.spacetelescope.org/images/heic1411a

Microscopes -

Comet resolution - http://hubblesite.org/newscenter/archive/releases/2014/19/image/a/

Wave pattern for partlcles

International Master Class — Hands on Particle Physics
http://cms.physicsmasterclasses.org/pages/cmswz.html

Quantum Diaries — great place for QED and Feynman diagrams
http://www.quantumdiaries.org/tag/qed/

Excellent particle physics site with pages for teachers
http://www.particleadventure.org/index.html
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http://bsp.med.harvard.edu/node/221
http://www.interactions.org/cms/?pid=2100&image_no=LB0056
http://www.interactions.org/cms/?pid=2100&image_no=FN0141
http://www.ph.ed.ac.uk/higgs/
http://physics.about.com/od/lightoptics/a/doubleslit.htm
http://www.theregister.co.uk/2013/11/21/scientists_spot_bigger_ever_gamma_ray_burst_from_birth_of_black_hole/
http://photos.lbl.gov/viewphoto.php?&albumId=341513&imageId=9067377&page=1&imagepos=12&sort=&sortorder
http://photos.lbl.gov/viewphoto.php?&albumId=341513&imageId=9067377&page=1&imagepos=12&sort=&sortorder
http://www.interactions.org/cms/?pid=2100&image_no=CE0015
http://www.interactions.org/
https://teachers.web.cern.ch/teachers/archiv/HST2005/bubble_chambers/BCwebsite/
http://cds.cern.ch/record/1373706
http://briankoberlein.com/2014/06/25/puff-logic/%23more-3391
http://commons.wikimedia.org/wiki/User:Oleg_Alexandrov
http://en.wikipedia.org/wiki/Atomic_orbital
http://www.spacetelescope.org/images/heic1411a/
http://commons.wikimedia.org/wiki/File:Transverse_Zeeman_effect.jpg
http://wonderopolis.org/wonder/what-is-the-smallest-thing-you-can-see/
http://hubblesite.org/newscenter/archive/releases/2014/19/image/a/
http://www.livescience.com/19261-quantum-weirdness-big-molecules-act-waves-video.html
http://cms.physicsmasterclasses.org/pages/cmswz.html
http://www.quantumdiaries.org/tag/qed/
http://www.particleadventure.org/index.html
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The CERN website with pages for teachers in multiple languages
http://home.web.cern.ch/

The Standard Model of Electroweak Physics, Christopher T. Hill, Head of Theoretical Physics Fermilab
http://users.phys.psu.edu/~cteq/schools/summer07 /hill/Hill CTEQ1.pdf

YouTube credits:

Euglena veridis —x1000 http://www.youtube.com/watchrv=sYupCQT46cl

Bees Under Electron Microscope http://www.youtube.com/watch?v=ETbeYUcfYUO

Deep Inelastic Scattering https://www.youtube.com/watch?v=ETbmjDel.o5k

Photons, Gravitons & Weak Bosons | Standard Model Of Particle Physics
https://www.youtube.com/watch?v=]JHVC6I'8SOFc

Quarks | Standard Model Of Parmcle Physics

Gluons | Standard Model Of Particle Physics
https://www.youtube.com/watch?v=72YPem05vpS4&index=>5&Ilist=PI.4A8C50311CIF7369

Electrons, Protons And Neutrons | Standard Model Of Particle Physics

"The God Particle”: The Higgs Boson
https://www.youtube.com/watch?v=1 HrQVhgbeo&index=9&list=PI.4A8C50311CIF7369

Quantum Mechanics 8b - Spin IT https://www.youtube.com/watch?v=1cUUSq3jARE

The Zeeman Effect https://www.youtube.com/watch?v=T]rej02BmQA#t=43

BestOfScience series

Quantum Mechanics: The Structure of Atoms
http://youtu.be/-YYBCNQnYNM

Quantum Mechanics: The Uncertainty Principle
http://youtu.be/Fw6dI7c

Quantum Mechanics Part 3 of 4: Shells
https://www.voutube.com/watch?v=Q9Sl11 PYSyOw

Quantum Mechanics Part 4 of 4 - Electron Spin
https://www.voutube.com/watch?v=28Xe4FCCijt4
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Waves on a string Dr James Dann, Nicole Yee, and Brad Ecert
https://www.youtube.com/watch?v=-gtr7TKmTOrx0

Newton's corpuscular theoty of light
https:/ /www.youtube.com/watch?v=uO2uyvf-F3k

Rise of the atomic orbitals
https:/ /wwwyoutube.com/watch?v=OkDYblhisZE

Types of radiation and radioactive decay
https://www.voutube.com/watch?v=vuGvQjCOdr0

Slow motion water drop
https:/ /www.youtube.com/watch?v=QQ37RI.XNA

Double Slit Experiment explained by Jim Al-Khalili
http://www.youtube.com/watch?v=A9tKncAdIHQ

SPIN VA
http://www.voutube.com/watch?v=ugDIIeUDEIA#t=3

New Revolutions in Particle Physics: Basic Concepts (Leonard Susskind Stanford University lectures)
http://www.youtube.com/watch?v=2eFvVzNF24¢&list=Pl 4E35E60BCEF36216

Demystifying the Higgs Boson with Leonard Susskind
http://www.youtube.com/watch?v=]qNg819PiZY

Origin of Mass - Search for the Higgs
http://www.youtube.com/watch?v=]BhA{Tpx Os&list=TTL.wgSidC27rok afyixPUmBi6ecfbx8z18

Jets of Particles http://www.youtube.com/watch?v=8H8HdaMAVhY

Higgs decay into 2 photons http://www.youtube.com/watch?v=51XK4YeNFn8

Event with 2 protons http://www.youtube.com/watch?v=bTdMUJZr4Fs

Event with 4 muons http://www.voutube.com/watch?v=G4O3ciWHVdg

Event with Two Electrons and Two Muons http://www.youtube.com/watch?v=HCFqVpl.z8{8

Higgs Boson http://www.youtube.com/watch?v=]BhAjTpx Os

Creating a black hole http://www.youtube.com/watch?v=AHTIRTICqjQ)

Quantum Physics | The Fabric of the Cosmos http://www.youtube.com/watch?v=tgH8 GjFXT4

Spooky Actions At A Distance: Oppenheimer Lecture http://www.youtube.com/watch?v=ta09WXiUqcQ

Cosmic Voyage http://www.youtube.com/watch?v=qxXf7AJZ73A

A Microscopic Tour of My Back Yard — Craig Smith http://www.youtube.com /watch?v=M8NYDU4t8 Aw

The World's Most Powerful Microscope - KQED QUEST http://www.voutube.com/watch?v=sCYX XQgnSA
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https://www.youtube.com/watch?v=-gr7KmTOrx0
https://www.youtube.com/watch?v=uO2uyvf-E3k
https://www.youtube.com/watch?v=OkDYbIhisZE
https://www.youtube.com/watch?v=vuGvQjCOdr0
https://www.youtube.com/watch?v=QQ37RLXNAgc
http://www.youtube.com/watch?v=A9tKncAdlHQ
http://www.youtube.com/watch?v=uqDlIgUDEIA%23t=3
http://www.youtube.com/watch?v=2eFvVzNF24g&list=PL4E35E60B6EF36216
http://www.youtube.com/watch?v=JqNg819PiZY
http://www.youtube.com/watch?v=JBhAjTpx_Os&list=TLwgSidC27rok_afyjxPUmBi6ecfbx8zl8
http://www.youtube.com/watch?v=8H8HdaMAVhY
http://www.youtube.com/watch?v=51XK4YeNEn8
http://www.youtube.com/watch?v=bTdMUJZr4Fs
http://www.youtube.com/watch?v=G4O3ciWHVdg
http://www.youtube.com/watch?v=HCFqVpLz8j8
http://www.youtube.com/watch?v=JBhAjTpx_Os
http://www.youtube.com/watch?v=AHT9RTlCqjQ
http://www.youtube.com/watch?v=tgH8_GjFXT4
http://www.youtube.com/watch?v=ta09WXiUqcQ
http://www.youtube.com/watch?v=qxXf7AJZ73A
http://www.youtube.com/watch?v=M8NYDU4t8Aw
http://www.youtube.com/watch?v=sCYX_XQgnSA
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Visualizing Mechanics: Natural Frequency of a Spring-Mass System
https://www.youtube.com/watch?v=1ZPtFDXYQRU

Simple harmonic motion https://www.youtube.com/watch?v=S75411.ug4nE

Quark Gluon plasma https://www.youtube.com/watch?v=7kChj3Wu4GO0

Books

Rodney A. Brooks, “Fields of Color: The theory that escaped Einstein” Epic Publications 2010
Brian Cox and Jeff Forshaw, “The Quantum Universe” DaCapo Press 2011

Brian Green, “The Elegant Universe Superstrings - Hidden Dimensions and the Quest for the Ultimate Theory” W. W.
Norton & Company 2003

Stephen Hawking, “The Universe in a Nutshell” Bantam 2001

Albert Einstein, ““The Meaning of Relativity “Princeton University Press 1956

Gerard G. Emech, “Algebraic Methods in Statistical Mechanics and Quantum Field Theory” Wiley-Intersicence 1972
Arthur Beiser, “Perspectives of Modern Physics” McGraw-Hill 1969

Jerry B. Marion, “Classical Dynamics of Particles and Systems” Academic Press 1970

Richard T. Weidner & Robert L. Sells, “Elementary Modern Physics” Allyn and Bacon, Inc. 1969

C. Moller, “The Theory of Relativity” Clarendon Press 1972

Papers

“Sub Microscopic Description of the Diffraction Phenomenon” Volodymyr Krasnoholovets, Nonlinear Optics and
Quantum Optics, Vol. 41, pp. 273-286, ©2010 Old City Publishing, Inc.

“On the Wave Function of the Photon” Bialynicki Birula, Proceedings of the International Conference “Quantum
Optics”, Szczyrk, Poland, 1993

“High Energy Inelastic e-p Scattering at 6° and 10°”, E.D. Bloom, D.H. Coward, H. DeStaebler, J. Green, G. Miller,
L.W. Mo, an R.E. Taylor, Stanford Linear Accelerator Center, SLAC-PUB 642, August 1969

“Deep inelastic scattering: Experiments on the proton and the observation of scaling”, Henry W. Kendell, reviews of
Modern Physics, Vol. 63, No 3, July 1991

Maxwell’s Equations and Electromagnetic Waves, MIT OpenCourseWare

Page 6

X

.
T

b,

,
s


https://www.youtube.com/watch?v=lZPtFDXYQRU
https://www.youtube.com/watch?v=SZ541Luq4nE
https://www.youtube.com/watch?v=7kChj3Wu4G0
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Music
The Microscopic
Tchaikovsky - Swan Lake
John Williams - Schindlet's List _ Theme
Handel - Water Music Suite No 1
Dvorak - Symphony No 9 The New World II
Chopin - Piano Concerto No 1 II Romance
The Atom

Haydn - Cello Concerto No 2 II Adagio
Mozart - Violin Concerto No 3
Albinoni - Adagio in G Minor
Dave Porter - Breaking Bad Theme
Bizet - L'Atlesienne Suite No 1, Op 23
Mabhler - Symphony No 5 IIT IV
Elementary Particles
Stravinsky - The Firebird
Beethoven - Symphony No 6 (Shepherds Hymn)
Mozart - Divertimento No 10
Dvorak - Cello Concerto, op 104
Rossini - William Tell Overture
Haydn - Piano Concerto No 4
The Higgs Boson
Albinoni - Concerto for Oboe and Strings No 2 II
Rachmaninoff - Symphony No. 2 Adagio
Brahms - Violin Concerto, Op 77 II Adagio
Ravel — Boléro

Vaughan Williams - The Lark Ascending
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