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12 A Non-Relatlvlstic Look at the Compton Effect, Steve Feller,
Sandeep Girl, Nicholas Zakrasek, and Mario Affatlgato

16 Superluminal? You Bet! Jack HIgble

17 Open-ended Laboratory Investigations in a High Schooi
Physics Course: The difficulties and rewards of implementing
Inquiry-based learning in a physics lab, Aaron Szott

< 22 Physics in Literature, Harry Manos

Mouthpiece and Bell Effects on Trombone Resonance,
Michael C. LoPresto

Gyroscopic Motion: Show Me the Forces! Harvey Kaplan

and Andrew HIrsch

Just in Time to Flip Your Classroom, Nathaniel Lasry,

Michael Dugdale, and Elizabeth Charles

Integrating Numericai Compu
tation into the Modeling Instruc
tion Curriculum, Marcos D.

Caballero, John B. Burk, John

M. Alken, Brian D. Thorns,

Scott S. Douglas, Erin M.
Scanlon, and Michael F. Schatz

43 Determining the Coefficient of Discharge for a Draining
Container, Ashley Hicks and William Slaton

48 A Left-Hand Rule for Faraday's Law, Yehuda Salu

49 Mechanics from Scratch, Andreas Valadakis
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Learning, Carl E. Wieman, Georg W. Rieger,

and Cynthia E. Heiner
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Columns 1
6  Letters to the Editor

8  Editorial

In praise of Imperfection, Gary D. White

9  In Memoriam, Mary Beth Monroe,

Tom O'Kuma

10 In Memoriam, Albert Allen Bartlett,
Steve lona

11 Figuring Physics, Equivalent resistance,
Paul Hewitt

37 And the Survey Says..., Susan White
42 Visual Physics, Hubert Biezeveld
50 Fermi Questions, Larry Weinstein
54 Trick of the Trade, Fluorescence In cola

drinks and caramel, Carlos Eugenio Tapia
Ayuga and Alfredo Luis

55 iPhysicsLabs, Analyzing elevator oscillation
with the smartphone acceleration sensors,
Jochen Kuhn, Patrik Vogt, and Andreas
Muller

57 Physics Challenge for Teachers
and Students, Boris Korsunsky

58 Little Gems, A simple demonstration of the
high-temperature electrical conductivity of glass,
Chris Chiaverina

59 For the New Physics Teacher, Chart a
new Introductory course, David Kagan

60 Figuring Physics, December answer, Paul
Hewitt

61 WebSights, Dan Maclsaac
62 In My Opinion, The attraction (and fear) of a

counterintuitive world, Wiliiam DeBuvitz

63 Book Reviews, MicroReviews by the Book
Reviews Editor, John Hubisz

64 What's Happening!

This Month's Coven-
represents the balance of
"modern" and classical physics
as expressed by about 450 TPT
readers In a recent poll. (See
editorial, p. 8.) The blue spheres
In free fall correspond to the
topics to be omitted or curtailed
from the traditional introductory
physics sequence In order to
make room for the four largest
vibrantly colored balls, topics
most often selected by the sur
vey respondents for Inclusion.
Two of the balls appear to have
much greater density than the
others - which two?

Physics
-'TV-
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73 Boomwhackers and End-Pipe Corrections, Michael J. Ruiz

76 Visualizing Sound with an Electro-Optical Eardrum, Nicholas
P. Truncaie and Michelle T. Graham

80 Teaching Resonance and Harmonics with Guitar and Piano,
Michael Sobei

84 Friction and the Intuition-Outcome Disparity, Peter Kaiajian
and Maria Makarova

< 86 The Singing Rod (in the Modern Age),
B. Lasby, J. M. O'Meara, and M. Williams

88 Damped Mechanical Oscillator: Experiment and Detailed
Energy AnalysisTTommaso Corridoni, Micheie D'Anna,
and Hans Fuchs

91 Kinesthetic Investigations in the Physics
Classroom, Brooke A. Whitworth,
Jennifer L Chiu, and Randy L Bell

94 Light-Emitting Diodes: A Hidden Treasure,
Gorazd Planinsic and Eugenia Etkina

100 Demonstrating Energy Conversion with Piezoelectric Crystals
and a Paddle Fan, Prissana Rakbamrung, Chatchai

Putson, and Nantakan Muensit

102 Using Simple Circuits as Thermal Models for Your Home,
Adeie Poynor

104 Revisiting a Problem of Two Freezers, Don Easton

106 More than "Cool Science": Science Fiction and Fact in the

Classroom, Vandana Singh

<109 Measurement of the Convective Heat-

Transfer Coefficient, Rosaria Conti, Aurelio

Agiiolo Gallitto, and Emiiio Fiordiiino

The Trouble with Trig, Gillian Galie and Dawn Meredith

A Simple Example of Radioactive Dating, Todd Brown

Columns
68 Letters to the Editor

70 Guest Editorial

Meet AAPT's new President, Steve lona,

•  Courtney Willis

71 Guest Editorial, Comments from the
President, Sfeve lona

72 Figuring Physics, Wind Turbines,
Paul Hewitt

116 And the Survey Says..., Susan White

118 iPhysicsLabs, Analyzing collision processes
with the smartphone acceleration sensor, Patrik
Vogt and Jochen Kuhn

120 Figuring Physics, January answer,
Paul Hewitt

121 Fermi Questions, Larry Weinstein

121 Visual Physics, Maddle C. Lupori

122 Little Gems, The Sakal spinner: A paper-clip
top, Christian T. Corrao

124 Physics Challenge for Teachers
and Students, Boris Korsunsky

125 For the New Teacher, Using the
real world to teach physics, Diane RIendeau

126 WebSights, Dan Maclsaac

127 Book Reviews, The Genesis of Science:
How the Christian Middle Ages Launched the
Scientific Revolution, by James Hannam and
How the Catholic Church Built Western

Civilization, by Thomas £ Woods Jr.,
John Hublsz

128 What's Happening!

This Month's

Cover...

portrays a rainbow of light-

emitting diodes (LEDs)
atop a snippet of magnetic

prose. See Planinsic and

Etkina's articie on p. 94,

"Light-Emitting Diodes:

A Hidden Treasure," for »

weaith of suggestions on

ways to use LEDs in the
classroom.

pFlysics
Teacher



March 2014 Volume 52 Number 3

PFiysics
Teacher A publication of the American Association of Physics Teachers

tpt.aapt.org

Papers

137 Physics Almost Saved the President! Electromagnetic
Induction and the Assassination of James Garfield:

A Teaching Opportunity in Introductory Physics,
James Overduin, Dana Molloy, and Jim Selway

140 Physics Back in TIME, Boris Korsunsky

142 A Century-Old Question: Does a Crookes Paddle Wheel
Cathode Ray Tube Demonstrate that Electrons Carry
Momentum? T. E. Humphrey and Vaishnavi Caiisa

< 146 The Acoustically Driven Vortex Cannon,
Spencer B. Perry and Kent L Gee

149 Analyzing Forces on Amusement Park Rides with Mobile
Devices, Rebecca E. Vieyra and Chrystian Vieyra

152 Animating Energy: Stop-Motion Animation
and Energy Tracking Representations,
Lesiie J. Atkins, Craig Erstad, Paui
Gudeman, Jacob McGowan, Kristin

Muihern, Kaitlyn Prader, Gregoria

Rodriguez, Amy Showaker, and Adam Timmons

157 An Arduino Investigation of Simple Harmonic Motion, Caiin
Galeriu, Scott Edwards, and Geoffrey Esper

160 Low-Cost Timer to Measure the Terminal Velocity of a Magnet
Falling Through a Conducting Pipe, Shirish R. Pathare,
Saurabhee Huii, Rohan Lahane, and Sumedh Sawant

164 Two Demonstrations with a New Data-Acquisition System,
Yaakov Kraftmakher

167 Index of Refraction Measurements Using a Laser Distance
Meter, Romuio Ochoa, Richard Fioriiio, and Cris Ochoa

169 Measuring the Drag Force on a Falling Ball, Rod Cross and
Crawford Lindsey

172 Friction and the Intuition-Outcome Disparity, Peter Kaiajian
and Maria Makarova

174 American Automobile and Light Truck Statistics Update,
Bernard J. Feidman

176 Quantized Algebra I Texts, Wiliiam DeBuvitz

Columns
133 Letters to the Editor

134 AAPT Awards

136 Figuring Physics, Round and Round,
Paul Hewitt

Ml Trick of the Trade

The geometry of Snell's law, James Metz

178 Figuring Physics

February answer, Paul Hewitt

179 Visual Physics

•  The physics of chair swing carousels.
Chin Slang ONG and Chin Shen ONG

180 iPhysicsLabs

Rotational energy in a physical pendulum, Martin

Monteiro, Cecilia Cabeza, and Arturo C.

Mart!

181 Fermi Questions, Larry Welnstein

182 Little Gems

Deconstructing a complex waveform, KoulchI
Ishlkawa and Norlhiro Suglmoto (Stray
Cats group)

184 For the New Teacher

What will you do on your summer vacation?
Diane RIendeau

186 Physics Challenge for Teachers and
Students, Boris Korsunsky

187 In My Opinion

Reflections of a TPT enthusiast, Jim Hicks

189 And the Survey Says..., Susan White

190 WebSights, Dan Maclsaac

191 Book Reviews

MicroReviews by the Book Reviews Editor,
John Hublsz

This Month's Cover...

is a montage of images of
physics and medicine inciud-
ing a modern staging of a doc
tor and patient preparing for
a nuciear MRi scan, historicai

illustrations from Harper's Weekly
and Frank Leslie's Illustrated

Newspaper depicting the attempt

to detect the bullet that killed

President Garfield, and a stage-
prop "replication" of the device
used in this effort (oval inset).
For a more authentic sense of

this instrument, see the article on

p. 137, Physics Almost Saved the
President, by Overduin, Moiioy,
and Seiway.
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A Guided Inquiry on Hubble Plots and the Big Bang, Ted
Porringer

The Physics of Equestrian Show Jumping, Art Stinner

Tennis Rackets and the Parallel Axis Theorem, Derek Christie

^|< 210 The Crystal Set, r/?omas S.
Greensiade Jr.

LIght-EmlttIng Diodes: Exploration of Underlying Physics,
Eugenia Etkina and Gorazd Planinsic

234

236

239

241

243

Blown Away, Alan Scott

A Spectacular Experiment Exhibiting Atmospheric Pressure,
Armand Le Noxai'c

A Physical Model to Help Explain Evaporation, M. Branca
and!. Soietta

New Experiments on Wave Physics with a Simply Modified
^Ripple Tank, Fabrizio Logiurato

< 232 Subwavelength Focallzatlon of Acoustic
Waves Using Time Reversal. Yes We
Can!, Mohamed Ei Abed

Radioactive Decay and Penetration Depth - Why Should
There Be an e?, Biil Baird

Measuring Earth's Local Magnetic Field Using a Helmholtz
Coll, Jonathan E. Wiliiams

Simulating the Phases of the Moon Shortly After its Formation,
Emit Noordeh, Patrick Haii, and Matija Cuk

Why Is It Harder to Run on an Inclined Exercise Treadmill?
Car/a M.A.P.F. Nave and Luis J.M. Amoreira

The Confirmation of the Inverse Square Law Using Diffraction
Gratings, Pangratios Papacosta and Nathan Linscheid

Columns
197 Letters to the Editor

198 Figuring Physics, Approximation
Paul Hewitt

2.21 Visual Physics, James Lincoln

246 And the Survey Says..., Susan White

246 Fermi Questions, Larry Weinstein

247 Figuring Physics
March answer, Paul Hewitt

248 iPhysicsLabs

Anaiyzing the acoustic beat with mobile devices,
Jochen Kuhn, Patrik Vogt, and Michael
HIrth

250 Little Gems

■Nickei Curie point engine, Chris
Chlaverina and George Lisensky

251 For the New Teacher
The ianguages of physics education, Diane
RIendeau

253 Physics Challenge for Teachers
and Students, Boris Korsunsky

254 WebSights, Dan Maclsaac
255 Book Reviews

Comparative Biomechanlcs: Life's Physical
World, by Steven Vogei, Princeton University
Press; Hong Wang, Reviewer

Inside Back Cover What's Happening!

This Month's
Cover...

shows Canadian Eric
Lamaze and his young
mare, Derly, at the comple
tion of the takeoff phase of
a jump, in profile (and from
the front on the screen
above). See the article on
page 202 by Art Stinner,
"The Physics of Equestrian
Show Jumping," for some
Insights Into the relevant
kinematics and dynam
ics. (Photo courtesy, Franz
Venhaus.)

,—, iTbiB •Physics
Teachi-
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266 Electrostatic Deformation of Liquid Surfaces by a Charged
Rod and a Van de Graaff Generator, Josip Slisko, Rafael
Garcfa-Molina, and Isabel Abrll

270 The Sponge Resistor Model - A
Hydrodynamic Analog to
Illustrate Ohm's Law, the Resistor
Equation R = pilA, and Resistors in
Series and Parallel, Hans Pflster

Nearly 1.4 Million High School Physics Students -
Enrollments in AP and second-year courses up 26% even
though number of graduates down in 2012-13,
Susan White and Casey Langer Tesfaye

276

281

284

286

278 Simplified Models for the Drag
■ z

Coefficient of a Pitched Basebaii, ^ V
/ Fl

David Kagan and y

Alan M. Nathan F, Fd

Experimenting with Inexpensive Plastic Springs, Leander
Perez, Adriana Marques, and Ivan Sanchez

An Unusual Exponential Graph, M. Qasim Syed and Ian
Lovatt

Why Was Kelvin's Estimate of the Earth's Age Wrong?
Ian Lovatt and M. QasIm Syed

< 291 Energy Theater, Ab/ga/V R. Daane,
Lindsay Wells, and Rachel E. Scherr

295 Motivating Students to Do Homework, Frederick J. Kontur
and Nathan B. Terry

298 Learning Gains in Introductory Astronomy: Online Can Be as
Good as Face-to-Face, Vera Margoniner

302 Decibels Via Loudness - Distance Properties of a

Loudspeaker, Alan Bates

304 Scaling in Theropod Dinosaurs: Femoral Bone Dimensions,
Scott A. Lee

Columns
260 Letters to the Editor

262 Editorial

Sheroes and Heroes: Thank You to Our

2013-2014 Referees, Gary White

264 Figuring Physics, Cosmic Coincidence?
Paul Hewitt

288 AAPT H.S. Physics Photo Contest

290 And the Survey Says..., Susan White

307 Figuring Physics
April answer, Paul Hewitt

308 Visual Physics, David Sitar and
Mariah Birchard

309 Trick of the Trade

Caution: Strong gravitational field present,
Marc Reif

309 Fermi Questions, Larry Weinstein

310 Little Gems

The puzzling immersion hand blender effect,

Chris Chiaverina

312 iPhysicsLabs
Angular velocity and centripetal acceleration
relationship, Martin Monteiro, Cecilia
Cabeza, Arturo C. Marti, Patrik Vogt, and
Jochen Kuhn

314 Physics Challenge for Teachers
and Students, Boris Korsunsky

315 For the New Teacher

The hot dogs of physics, Michael Rudolph

317 WebSights, Dan Maclsaac

318 Book Reviews

Hands-On introduction to LabVIEW for

Scientists and Engineers, 2nd ed., by John

Essick, Eric Ayars, reviewer

Inside Back Cover What's Happening!

This Month's Cover...
is a jasmine flower and buds
wrapped in a soap bubble from a
photo taken by Zohe Beth Slack,
a student of Valerie Risk's at

Albany High School in California.
Gas, liquid, and solid intertwine
here In a delicate balance to

reveal concave mirror reflec

tion and thin-fllm interference.

Providing a meaty contrast to this
floral tranqulllty Is the article by
Slisko et al. on p. 266, featuring
surprising electrostatic deforma
tions of liquid surfaces.
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344

349

351

357

360

364

367

368

Serious Fun: Using Toys to Demonstrate Fiuid Mechanics
Principies, Camilla M. Saviz and Said Shakerin

337 The Expanding Universe: Dark Energy,
Don Lincoln and Brian Nord

On the Stabiiity of a Can of Soda, G. A. Benesh and J. S.
Olafsen

Laithwaite's Heavy Spinning Disk Demonstration,
Rod Cross

iRadioactivity - Possibilities and Limitations

for Using Smartphones and Tabiet PCs as
Radioactive Counters: Examples for Studying Different
Radioactive Principles in Physics Education, Jochen Kuhn,
Alexander Molz, Sebastian Grober, and Jan Frubis

Three Misconceptions About Radiation - And What We
Teachers Can Do to Confront Them, Susanne Neumann

Apparatus Named After Our Academic Ancestors, HI, Thomas

B. Greensiade Jr.

Piumbdads and Quarkies: Discussing Modeling Trends with
Students Using Fictional Parameters, Timothy Grove

Shooting Fish in a Barrel: A Demonstration of the Refraction
of Light, Walter Trikosko

Measuring c with an LC Circuit, Patrick Doran, William
Hawk, and P. B. Slegel

<  371 Blackbody Radiation from an incandescent
Lamp, C. /. Ribeiro

Columns
326

328

330

359

372

373

374

Letters to the Editor

Editorial

Teaching: Art, craft, science? Yes!

Gary White

Figuring Physics, Scaling the Eiffel
Tower, Paul Hewitt

And the Survey Says...

Women among newly hired faculty,
Susan White

Fermi Questions, Larry Weinstein

Figuring Physics, May solution,
Paul Hewitt

Little Gems

The Signaling Mirror: A life-saving applica
tion of reflection and refraction, John

Carlson

iPhysicsLabs
Determining ball velocities with smartphones
Patrik Vogt, Jochen Kuhn, and Denis
Neuschwander

Visual Physics, James Lincoln
Physics Challenge for Teachers
and Students, Boris Korsunsky
For the New Teacher
Realism: The antidote to teacher burnout?
Diane Riendeau

WebSights, Dan Maclsaac

Book Reviews
Fundamentals ofAeronomy by R. c. Whitten
& I. G. Poppoff; John Hubisz, reviewer

384 What's Happening!

376

377

378

380

382

383

This Month's Coven.
is a stunning photo by Reidar

Hahn of the Cerro Toloio Inter-
American Observatory (CTIO)
in Chile, with the Milky Way as
backdrop. Dark energy, whose
mysteries CTIO Is poised to
unveil, Is the topic of Don
Lincoln's and Brian Nord's fas
cinating article on p. 337. See
^^p.j/darkenergydetectlves.
org for updates from Nord
about the Dark Energy Survey
Collaboration and their work.
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434

Martin Gardner: 100 Years of the Magic of Physics, John D.

Gillaspy

Letters Home as an Alternative to Lab Reports, W. Brian

Lane

< 400 Glow Sticks: Spectra and Color Mixing,

Jennifer Birriel and Ignacio Birriel

From the Scale Model of the Sky to the Armillary Sphere,

Alejandro Gangui, Roberto Casazza, and Carlos Paez

Teaching Special Relativity to Lay Students, Ira Mark

Egdall

A Simple Derivation of Time Dilation and Length Contraction

in Special Relativity, Fred Behroozl

Magnetic Field Due to a Finite Length Current-Carrying Wire

LIsing the Concept of Displacement Current, Robert

Buschauer

Drop'T^Jwer Physics, William A. (Toby)
DIttrlch

Complete Cycle Experiments Using the

Adiabatic Gas Law Apparatus, Mickey D.
Kutzner and Mateja Plantak

Motor Demonstration Using a Hand-Cranked Genecon, Carl E.
Mungan

Transformer Impedance Reflection Demonstration, William
Layton

Interference and the Law of Energy Conservation, Robert
Drosd, Leonid MInkIn, and Alexander S. Shapovalov

Telemetry with an Optical Fiber Revisited: An Alternative

Strategy, Yaakov Kraftmakher

Kinetics of the Shanghai Maglev: Kinematicai Analysis of a

Real "Textbook" Case of Linear Motion, Tung Hsu

Columns
391 Letters to the Editor

392 AAPT Awards

396 Figuring Physics, Weight on an incline,
Paul Hewitt

402 Visual Physics

Supersonic Bullet, Andrew Davidhazy
436 Trick of the Trade

Science magic for inquiry-based instruction
about friction, Jang-Long Lin et al.

437 Fermi Questions, Larry Welnstein
438 Figuring Physics, September answer,

Paul Hewitt

439 Physics Challenge for Teachers
and Students, Boris Korsunsky

440 iPhysicsLabs
Smartphone astronomy, Marcus MelBner
and Hendrik Haertig

440 Little Gems

Low-cost student experiments in optics,
Robert Polak et al.

443 And the Survey Says...
Physics departments with women faculty
members, Susan White

444 For the New Teacher

Why you need a mentor, Diane RIendeau
446 WebSights, Dan Maclsaac

447 Book Reviews
MicroReviews by the Book Reviews Editor
John Hubisz

448 What's Happening!

This Month's Cover...

...freezes a pumpkin-colored

halo in the aftermath of an
emphatic "hair fiip." Strands
were coated with orange
powder paint before the fiip;
afterward, smaiier particies

are suspended briefly, while
larger particies fail to Earth.
Hannah Nicole Hansen of
Detroit Country Day School
(teacher, Dan Berger) won
Honorable Mention with

"The Orange Wave" in the
2014 AAPT High School
Physics Photo Contest

(www.aapt.org/Programs/
contests/winners, cfm 'i'theyear=:201

.leachen
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458 Vampire Selfie: A Curious Case of an Absent Reflection,
Joshua M. Grossman

459 The Invisibility of Steam, Thomas B. Greenslade Jr.

460 Introducing the Moon's Orbital Eccentricity, Benjamin
Oostra

464 Debunking Coriolis Force Myths, Asif Shakur

466 Bridging Physics and Biology Using Resistance and Axons,
Joshua M. Dyer

< 470 Helium and Sulfur Hexafluoride in
Musical Instruments, Kyle Forinash
and Cory L Dixon

474 Towards Explaining the Water Siphon, William o.
Jumper and Boris Stanchev

479 Backpack Weight and the Scaling of
the Human Frame, Michael O'Shea

482 Simple Ways to Make Real Capacitors, S % ̂  ̂
Rhett Herman '

485 Grading by Response Category; A simple
method for providing students with meaningful feedback
on exams in large courses, Cassandra Paul, Wendell
Potter, and Brenda Weiss

< 489 Visualization of the Invisible: The
Qubit as Key to Quantum Physics,
Wolfgang Our and Stefan
Heusler

493 Teaching Diffraction of Light and Electrons: Classroom
Analogies to Classic Experiments, Athanaslos Velentzas

497 Graphing Reality, Paul Beeken

li

Columns
454 Letters to the Editor

456 Figuring Physics, Crushed-can weight,
Paul Hewitt

481 And the Survey Says...

Women faculty members in PhO-granting
departments, Susan White '

496 Physics Challenge for Teachers
and Students, Boris Korsunsky „

499 Fermi Questions, Larry Weinstein

500 Visual Physics, Optical Conclusion,
Skyiar Louise Black

501 Figuring Physics, October answer,
Paul Hewitt

502 iPhysicsLabs
Understanding coffee spills using a smart-

phone, Fernando Tornarfa, Martin
Monteiro, and Arturo C. Marti

504 Little Gems
Another colorful conundrum,
Wen-Tang Lee and Richard
Chin-Wei Chang

505 For the New Teacher
From cookbooks to single sentences^ The
evolution of my labs, Andrew Morrison

507 AstroNotes
A cosmic perspective timeline, Kristi
Concannon

509 WebSights, Dan Macisaac
510 Book Reviews

The Physics of Chance: From Pascal to Niels
Bohr, by Charles Ruhia, John Hubisz, reviewer

512 What's Happening!

This Month's
Cover...

startiingiy portrays the recent
supermoon, with skeletal
remnants of a 2003 wildfire
In silhouette as captured by
Gordon R- Gore, a retired
physics teacher in Kamloops,
British Columbia. For a fuller
exploration of the Moon's
orbital wanderings, see B.
Oostra's article "introducing
the Moon s Orbital Eccen-
tricty" beginning on p. 460.

Physics
Teacher
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521 Forelimbs of Tyrannosaurus Rex: A pathetic vestigial organ
or an integral part of a fearsome predator? Scott A. Lee and
Joshua D. Thomas

525 Kinesthetic Activities for the Classroom,
Elliot Mylott, Justin Dunlap, Lester
Lampert, and Ralf WIdenhorn

A New Twist on Torque Lahs, W. Brian Lane

A Weil-Known But Still Surprising Generator, Ole Anton
Haugland

534 Reflections on a Bouncing Ball, Jim Rohr, Veronica
Lopez, and Tyler Rohr

538 Backyard Infrared Trapping, Thomas
C. Gibbons

542 Experimentally Building a Qualitative Understanding of
Newton's Second Law, Joshua Gates

546 Digital Pinhole Camera, Rachael Lancor and Brian
Lancor

548 Modeling the Nature of Science with the Mystery Tuhe,
Scott Miller

552 Developing an Energy Policy for the United States, Pat
Keefe

554 "Hearing" Electromagnetic Waves, Marta Rojo and Juan
Muhoz

557 Familiarizing Students with the Basics of a
Smartphone's Internal Sensors, Colleen
Lanz Countryman

Magnetic Fields at the Center of Coils, Philippe Binder,
Kaleonui Hui, and Jesse Goldman

Using Experiment and Computer Modeling to Determine
the Off-Axis Magnetic Field of a Solenoid, Juan Jose
Lletor-Santos

Columns
518 Letters to the Editor

520 Figuring Physics, Estimating hang time,
Paul Hewitt

553 And the Survey Says...

Number of bachelor's degrees in physics

doubied since 1999, Susan White

559 Fermi Questions, Larry Weinstein

564 Figuring Physics, November answer,
Paul Hewitt

565 Visual Physics, 2014 iunar eciipse over
Fermiiab, Martin Murphy

566 AstroNotes

Astronomy with the coior blind, Donald A.

Smith and Justyn Melrose

568 For the New Teacher

What can we iearn from PER: Physics
Education Research? Chandraiekha

Singh

570 Little Gems

Exploring eiectric circuits and resistance
using pencii lead, Chris Chiaverina

572 Physics Challenge for Teachers
and Students, Boris Korsunsky

573 WebSlghts, Dan Maclsaac
574 Book Reviews

MicroReviews by the Book Review Editor,
John L. Hubisz

576 What's Happening!

This Month's Cover...
showcases an aimost

impiausible spiral of water
against an impressively
verdant Nepaiese back

drop. When an elephant
curls its trunk and then

blows water out as it

unfurls, this striking

pattern appears and then
disintegrates downward

with a splash, as quickly

as it formed. This winning

entry from the 2014

AAPT H.S. Physics Photo

Contest is by Bridget Park from Thomas Jefferson H.S.
for Science and Technology, Alexandria, VA; teacher:
Mark Harmon.


