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4 Twin Trip Relativity Wo

Ded Ay - =R W% - 2 dtm - A R =

Reference: Hewitt, Paul. (1992). Conceptual physics.

The twin trip compares the times experienced by a traveling twin and a stay-at-home twin. The two hour
trip experienced by the traveling twin is observed to take 2.5 hours from a frame of reference on earth. as
evidenced by the seading and receivine of regularb—spaced flashes of licht — an effective clodk for showing
Doppler effects. The 6 minwte-interval flashes emitted by the spaceship are seen from the earth at 12-
minute intervals when the spaceship is leaving the earth. and at 3-minute intervals when the space ship
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Einstein Plus Shared Resources — Week One 2006

Dawid Harding Special Relativity Resourceq

Julie Lemay Canadian Center for Remote Sensing
Student Activities using satellite imagery w answers
*alsg available in french

hitp-//ICCRS.nrcan.gc.ca/Ressourceftutoriplanetiindex e php

Bob Boyko Relativity Assignmeni based on daia from TRIUMF
Angelina Thornhill Introduction to Modern Physics and Web Resources
(on CD)
Video: BEinsiein’s Big idea (PBS)
Rob Schuliz Voice Clips (Thomson, Rutherford, Bohr)
Hydrogen Specirum Expenment
Emission Diagram
Henry Sikkema Share-ware /| Simulations
On CD
Bill Riddick Bill's Atlas Companion

Roberta / Damian Thomas Moore “A Traveler's Guide to Space-Time” or “Six Great
Ideas in Physics —Volume R®
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¥ WordPerfect 12 - [(Z...\Diana\Desktop\Einstein Plus Resources'\Bob Boyko\Unit 4 - TRIUMF Relativity Bxploration.wpd (unmodified)] N =
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The TRIUMF Cyclotron
A Relatvity Exploration

TRIUMEF 1s a world class subatomic physics laboratory located on the campus of the University of
British Columbia. a twenty-munute dove from downtown Vancouver. The heart of the facility is
the world’s biggest cyclotron.

The TRIUMF cvclotron looks like a giant pinwheel with each “spiral’ being a large electromagnet.
Negative hydrogen ions are created by passing hvdrogen gas through a spark which sphits bond
holdmng the two hydrogen atoms in the gas together. Some of the resulting atoms will be neutral.
some positive (no electrons = H+) and some negative (two electrons = H-). The H- ions are
given an mitial acceleration (300 kV) and their path 1s bent 90° three times by parallel electnic
plates on their way to the cyclotron. These negative 1ons are then injected into the air free
chamber between the poles of a 4 000 ton electromagnet 18 m in diameter. A currentof 18 500
Amps has its polarity reversed 23 mullion times per second to create an alternating maenetic field
of 5600 Gauss, roughly 11 200 times as powerful as the Earth’s magnetic field. A charged
particle entering this field at right angles s accelerated n an ever increasing spiral over 326
microseconds to a speed of 224 000 km/sec (roughly 3/4 of the speed oflight). At the edge of

the cvelntrmn  the 1ons strike a thim carhom film which strms minst af them of thar elertmins

Iey=Ie
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¥l WordPerfect 12 - [(-\__.\Diana\Deskiop'Linstein Plus Resources'\Bob Boyko\Unit 4 - TRIUMF Relativity Exploration.wpd] ._
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circle. The radius of the circle depend on the strength of the field (B), the mass of the particle
(m). the speed of the particle (v) and the charge on the particle (q). The relationship between

.
these valuess: gvB = 5 which simplifiesto mv = gBr.
In this activity a magnet is used
to bend the stream of particles various particles produced.
coming from the cyclotron into 3 different masses and velociies
the path of two detectors. The H beam from
time it takes for the various S
particles to travel the 4 40m >
between the detectors is measured
and these values are plottedon a
frequency graph. By placing the
detectors in only one position
outside the magnetic field. we @~~~ T <
restrict the particles we lookat to a 2 . .
single radius. : : - Partx
- chtc_[ntmnr : o Detectors
cr =
e 1«
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WordPerfect 12 - [(\..\Diana\Deskiop\Einstein Plus Resources'Bob Boyko\Unit 4 - TRIUMF Relativity Exploration.wpd]
B Fie Edit View Insert Format Table Tooks Window Help
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adds s ﬂwnpmblems Thus we needm use acorremnnfacmrnft (t - 133)1; 1{} - Ihe
following are the actual frequency graphs for particles at various momenta. Remember that
higher momenta mean that the particles are traveling faster.

Momentum =70 MeV/c Momentum = 120 MeV/c
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4. Calculate the mass of the particle. { p=mv }. How does this value compare to the rest
mass of the muon (1.895 x 10 kg). Why are the values different?

5. Calculate the expected relativistic mass for the muon using the formmla m = ——

Lo 235

What is the percent difference between the accepted value (above) and vour
Page 8/125 _*|
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- Student Activities using satellite imagery w answers

- *also available in french
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; Bob Boyko Relativity Assignment based on data from TRIUMF

& Angelina Thornhill Introduction to Modern Physics and Web Resources
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= Video: Einstein’s Big Idea (PBS)

g Hob Schuliz Voice Clips (Thomson, Rut_herfufd, Bohr)
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(= Emission Diagram
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5 On CD
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Shop PBS - NOVA: NOVA: Finstein's Big Idea (DVD) - Microsoft Internet Explorer provided by Rogers Hi-5peed Iniernet

He Eit View Fovories Tools Help
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NOVA: Einstein’s Big Idea (DVD)

e o v
s — 1o Ly g

E Single DVD

Cwr Price : 519.95
Single DVD Description:

Everyons='=s heard of it but what does E=mc2. the world = most famous egustion, reslly mesn?
And wivy did it change the world? &An sccessible. suspenseful eoic, Einstein's Big [des revesis
the mots of his astonishing breskthrough in the hum=n stories of men =nd women whass
imnovative thinking scross four centuries helped lead to E=mel. and uldmately unlesshed the

Also awailable in these formats:
'.I"'l

power of the astom. (More Det=ils)

=0 EERETE oorwss

AVAILABILITY:
In stocc, lesves warehouss in 1 - 2
full bu=. days. - (Detail=s

i\"ou May also Like:: zdu=s the quzatity znd dick "800 TO C2ST" to indude thess ftems with your order)

{VHS)
| Single VHS

VTG Dur Price @ $19.95

30% off Summer Oversiock Sal=
Se= Promotion Detzils

| Badsts Top =

MOV A: Einstein Revealed

=== Finstein's Wife (DVD)
Single DVD

Dwr Price : $29.98 A 0

)] | @ c

30% off Summer Overstock Sale
Se= Dromotion Det=ils)

ADD TO CART » ADD TO WISHLIST »

NOVA: Einstein's Big Idea (DVD) Also Available in These Formats:

QL= =i s

CpLE

Pirsa: 06070010 e

e [a .8 Cog

- pith your ord

e e

Page 10/125

E[ jevasmptvertyaids{ yves , dooument orderForm);

P miemet



CANDU_Assignment

WordPerfect 17 Docment

T KB

DoubleSitCaailations
WordPerfect 12 Dooment

¥B

&) Fublish ths e to the Web
3 Smail this fie

i3 Print this fle

¥ Delet= this fie

P fo
WordPerfert 17 Docment
r—

Haiflife Gr=ph

WardPerfert 12 Dooment
W=

Micro=oft Bucel Workshest Microsoft Wiord Dooument
15KB 252 KB

MassDefect

Microsoft Word Document

sreat

3990 KB

Polarizstion_Mo==s
Micrasait Word Dooument

CaAEE
J T el

SOLVAY RN

WordPerfect 12 Document

Diana Hall OAPT Membership (Newsletter, Contests, Conference)
www OAPT ca

NITR: CRRR R

ri 1= :=E¢
| Drism: dgo70010 Mulnshapes~ S, W [J O B 4 8 &-Z-A-== B W - Page 11/125

Bage 1 Ser T 11 AES4m In7 Cdi REC ek BT [ovE | BB




-
Diana Hall OAPT Membership (Newsletter, Contests, Conference) 1
www OAPT ca <
3
|

| Drirse: 0go70010 AutnShapes~ S, W [J O B 4 8 - Z-A-==c B W - Page 12/125
Bage 1 Ser 1 11 AES4m In7 GCdi REC frex [ExT [O9E [ EBE




U spectrum expt - Microsoft Wo
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B The apparatus diagrammed below will allow vou to measure the actnal wavelength of
the spectral lines nsing the formmia izﬂ?—‘}:@ Observe each speciral line s position
n
and calculate its wavelength All of these lines are first-order specira meaning that #
in the formmla s 1. Note that this # is not the principal guantum somber 71 in the

previous formmla
/mdres&d:
9 B+ 100m >
diffrachion 1
grating- 5360 spectrd tube of
bnes ‘'em H: gas

Set up notes — I clamp the tube power supply between 1 rinss on a sand and vse
some weishis on the stand base to counter balance it The srating 1= clamped to
another stand using a thermometer clamp. The meter stick i= clamped to a 3 stand
=o that the speciral nes appear =t below it This experiment canbe donem a
fully lishted room!
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the spectral lines nsing the formmla A=—— _

ﬂ...p,.z.,q...‘;.,.E.r.E.L,;.l.ﬂ...9.t.m‘..u..,u..‘ﬂ.““,t.

B The apparatus diagrammed below will allow vou to measure the actual wavelength of
Observe each spectral line s position

dx

nl™

and calculate its wavelength All of these lines are first-order specira meaning that #
in the formmla s 1. Note that this # is not the principal guantum samber 71 in the

previous formmila
/mel:estici:
zy Re ——  100m >
diffracihion 1
erating- 5360 spectra tube of
hnes ‘em H: gas
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Set up notes — I clamp the tube power supply between 1 rinss on 3 sand and use
some weishis on the stand base to counter balance it The syating 1= clamped to

i
il
i
]

another stand using a thermometer clamp. The meter stick i= clamped to a 7 stand

=o that the speciral ines appesr =t below 1 Thi= experiment canbe donemn s
fulty lighted room!

nnsa&én@om N \[[og“ . g

m |;v
II|

:

Al io

I

i




q Senams fus fils
& Adobe Reader - [Bill's Atlas Companion.pdf]

" A= E&t View Dowmment Toos Window Help —|

= @ N

File and Folder Tasks

o =

e e

"

& cHookz ~

1 ﬂ Hil's Afia= Compsnion

Adobe Acobat Dooument

oy 831KB

. e = ———— i =5 - 1
_~.r.I I—f i _ r.!.\‘ - d 1SN & 86% - @ Mﬁ:ﬂml

Slgnatures ‘I

\.,I

Bookmarks

Ir

Bill’s Atlas Companion

7 OW




M Adobe Reader - [Bill's Atlas Companion._pdf]
£ Fle Edt View Doument Tools Window Help —| &
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2 pigs for mmch of the matenal that 1s contamned herem
=
g To Mr. Hoogenraad and his Grade 10 History class at Nepean High School in Ottawa_ for
g grving me the siumulus to turn draft notes nto structured text. and for bemg the first class o
- recerve this matenal m a structured way.
g é“?
B =
Bill Riddick
=
g June 2004
=
g
£
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Hi Adobe Reader - [Bill's Atlas Companion_pdf]

[ [Esewctre - @ -] - 7 & 18% - @

appears to be TE‘}F little need to have to remember anything!

|

Imagme however. that you are 23 years old and traveling through Europe on a tram with your

backpack Someone of approximately the same age (and perhaps the opposite gender) 1s sitting

across from vou. also with a backpack Clearly you have a common interest. and one of the first E
thungs you ask 1s. “Where are you from?” to wlich the answer “Slovema™ 1s given. Your

response can take one of three forms  If you believe that technological marvels require vou not

to have to remember anytiune then vou might say to your traveline compamon “T ve never ™

beard of the place. but if you’'ll give me a minute while I consult my super-hghtweight-always-
on-wireless-connected-pocket-computer, I will be able to tell you anythime about vour country

that you would lhike to know!™

If yvou choose thss response. then vou get what vou deserve.

Fages ‘I Layers J SWgnalures “J BOOKMAarks \]_ .

More hikely 1s the second form of response. consisting of questions on vour part (“Slovema?
Sounds mieresine Where exactly 1s that?") followed by a forther discussion of your
companion’s. and perhaps your own. homeland Wlile your ignorance of Slovema has not
hampered your discussion. it certamnly hasn’t enhanced 1t Many mtroductory conversations
revolve around the exchange of mformation about people’s homelands. and you may have
mussed a oreat opportumty to establish a meanmngfol connection with another human bemng.

Suppose that you are able to make the third form of response:
“Slovema?” you say. “Are vou from Ljubljana?”
“Why yes [ am'! Have vou been there?”

“No. actually, I haven't. But I'm very mierested m vour couniry and I' ve heard there 1s some
great skung there. Doesn’t 1t share a mountamous region with Austria?” 3

_PBirsa: 366700407 Page 18/125
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M Adobe Reader - [PhysicsTeachingldeas2000.pdf]

£ Fie St View Doument Todls Window Help BT
= open B saveacopy (Pt @ Emai P scarn ) [Bokotes - {@ € - (][] ©118% - @ B ———
e

T o [ By eBoue - %

Fages "J| Layers " Sgnawres “J BOOKMAarks < | l

A Portfolio of Teaching Ideas
for High School Physics

ACTIVITIES FOR GRADES 9-12
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P.O.E. — DISAPPEARING PYREX TEST TUBE _

Disappearing Pyrex Test Tube

Outline:

[his demonsiration can be used as an aid to visually undersitand the imporance of the imdex of refraction (“n™). and how it
atfects the way we see things. This demonstrations refates (o the Ontario Curriculum Expeciations (for SPH1 1U) throwsh:

Light and Geometric Optics
LGV.01 —Demonstrate an understanding of the properties of light and the principles underlying the transmission of light
throvsh a medium and from one medmm to another
Predict. in qualitative and quantitative terms. the refractid ) of light as it passes from one madium 1o another. using

Smell's law

Materials:

Beaker (300 —S(0MmL preferable) x

Pyrex test tube x2

Wesson (Uil {or canola oil) 100--300mL
Extra beaker to hold the test tubes upright  (optional)

Demonstration:
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Lab Excercise
Analyzing the Photoelectric Effect

Introduction:

Since most schools do not have access to 2 phototube, dara from an actual experiment are provided
for analysis.

Working with these data will acquaint the students with most of the important concepts that are
required to understand the photoelectric effect and its relationship to the photon theory of light.
Photoelectric current will flow at amy time that light of sufficiently high frequency shines on the
photoelectric surface. The effect of the intensity of the shiming (incident]) light.

In this lab exercise, the collector will be comnected to variable negative potential to impede the
current in the mbe (retarding potential). The relationship between

At a sufficiently negative retarding collector potential V, (cut off potential). the photoelectric
current will stop altogether. At this point, the reading of this retarding potential difference represents
the maximum pessible kinetic energy of the ¢jected photoelectrons. If the potential difference is
expressed in volts, this kinetic energy of the electrons can be found in joules from the relationship,
E=q¥..

Planck's constant. The discrete emergy of photons. Einstein's photoelectric equation.

The significance of the intercepts on the Energy vs Frequency graphs.

light

nullamnr/G‘D
microammeter

S
G-\ battery

=
oy
g
. +
8
Collected data: -
Refer to the observation chart on next page. _
g2 Anakvsis: & ~
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Cannon balls: a guantum mechanieal treatment.
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At a resolution of 10 metres. isolated clumps of
Strange Matter pop briefly out of the quantum foam
to debate the possible existence of Particle Physicists.
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Photon self-identity problems.




Neutriyeses, n.

A ffectionate particles produced when
neutrimos are passed through an underground
tank of beer. Unlike the newtrino. the neutrives
can be widentified by its indiscriminate attraction
to almost any available atom.
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Movie Physics
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Special effects are significant in film media such as action-adventmre movies, television.
and commercials. There are many things that we see in media that we have never
witnessed in our daily lives However, many people accept that the way that an event
occurs in a movie is consistent with how it would occur in the real world.

Here are a few examples:

When a bullet strikkes a hard surface it creaies a spark.

Cars explode in most collisions or roll-overs.

A car will always explode after falling off a cliff. (usually before striking the

A hand held astomatic weapon can fire continuously for up to a minute.

A person can sarvive crashing thromgh plate-glass window or extremely loag fall
so long as the motion ends with a shoulder roll

A person struck bv a bullet will flv across aroom_ (Tvpicallvy crashing through
plat=-glass windows )

A person encountermg a long freefall can safely come to rest by grabbing onto a
tree branch.

Anvthing placed on the end of a2 handoun_ (a towel_ pillow_. empty plastic pop
bottle. etc ). will reduce the sound of the explosion to a gentle “pud™
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The purpose of this project is to examine the validity of a movie scene from a physics
standpoint In groups of twe vou will select one scene from a movie, TV _showora
commercial Choose a scene that looks plamsible. Do not choose a scene that involves
people fiving_ floating in mid-air, or rising wpward duoe to some psychic or supernatural
power.

Your project will be assessed on the following criteria-

I A written report that includes:
= A problem statement that addresses the guestionable physics of the scens.

A prediction of what should happen based on physics principles.

® A procedure describing how vou will investigate the difference between what
was observed and what should have happened

* An evidence section summarizing the data collected

An amalvsis of the data

® An evalmation of the comrectness of the scens. Incinde estimations that vou made

2 A 6-minnte oral presentation that inclodes-

An overview of the scene.

A statement of your mmvestigation question.

A brief description of how vou investigated the question
Your findings.

sef= =
| Drmirs: 070010 Autoshapes > . W [J O E 4 @ & -
Page 2 Sec L m = T =

Page 54/125




® Millikan Oil Drop

Fle Ed@t VYiew Fovornies Tools Help

DEFALL TS.BAK

i

DEALLTS

aaa DAT Fle BAK Fie
=3\ 1= 1KB

FASTDUMP

M=-D0S Appecation

HERC.BGE

¥B

LOGOHERC
ChsickTime Biciure

32¥8

T
i

i /10§

DAT Fie
1 KB

m;ﬂ@ﬂ

PICHERIC
ik T e Pichr
32 KB

SNENEN JENER

CuickTime Pchore

15 X8

[EL
j

Diana Hall OAPT Membership (Newsletter, Contests, Conference)
www OAPT ca

NI MR V0

B e =4
| Drmwsa: dgo70o10 Aumshapes > . W 1O B 4@ - Z-A-==c 8B W - Page 55/125
Page I  Sec 1 Y1 |AtS4am In7 Gal PEC [k [T R | B




1 Millikan Handout 2006 - Microsoft Word
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Table 1: Oil Drop Daza Table

Drop = | Steppmz | =of Drop = | Stopping | = of
Voltaze Divisions ‘oltage | Divisions
Vel travelled (Volts) | wavelled
im4 m4
seconds seconds
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3 Millikan Handowt 2006 - Microsoft Word
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Drop = | Stoppms = of | Drop= | Stopping | =of
Voltage Divisions ' Voltage | Divisions
S travelled . (Volis) travelled
| in 4 ' in 4
| secomds Tl seconds

1 154 | 9 il 8 315 10

180 o 252 10

539 | 9 210 10

216 2 292 10

270 | 9 210 10

2 539 91 9 405 98

3 1091 | 91 202 938
' 261 8.8 152 938 —

149 8.8 243 9.8
5 132 £3 10 817 J 2
267 y & 204 9 s
6 728 11 163 75 e
7 aoa | 70 128 75 3
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Conference
2006

Perimeter Institute
Innovative
Teaching Strategies

for Modern Physics |

Authentic Inquiry

Members of the OAPT prepare fo go 2100 m underground to visit the Sudbury Neutrina 25 - 27 May 2006
Observatory at the 2005 cormerernce
= Workshops
Mﬂjﬂr Prngrﬂms » Qutstanding speakers

& TOurs

) : _ Rejuvenation
Grade 11 High School Exam wnitten by 3500 students m May. = 3

Photography Contest for high school students.
Conference in May for teachers.
Quarterty Newsietter.

What's New
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NEWSLETTER
AAPT REPORTS

Home | Hewsletier

Newsletter

We send a paper copy to every member of the Assocaton

Regular Features

Physics & Cognition

Digital Physics

High School Teaching Strategies
Demonsiration Cormer

What's New 3t OAPT

Elecironic Edition

The QAPT has decded to produce and post an eledronic version of ks newsletter,
begmnning with the September 2005 issue. Additional features such as video dips,

which are not possible with 2 print version, are planned for fubure issues. Your
comments and suggestions are solicoted. Please send feed back to Rolly Maisal

Links to Currenily-Posted Newsietiers.

September K5

AAPT Reports

Editor

Paul Passafiume

Publisher

Glen Wagner

Electronic Edition

Folly Mejs=l

Submit an Article

Contact the Editor

Submission Deadlines

February 1
April 1
September 1
MNovember 1

Page 59/125 b

L=y

P mi=met




2 OAPT - Microsoft Internet FExplorer provided by Rogers Hi-Speed Internet

Flie Edit View Fowories Tools Help g
&Eav.:{ L i_ EI-I I j— Search 7 Favorites -ﬂ_ - = - s.'::? -’_‘? "‘i
iSeress | ) htps/frwmn. aant.cajphota_contestindex.himi > B e
Sponsored by A.J. Hirsch
Home | PholtoConiest | EnbbyForm | Judging | Prizes | Fules | 0 Contesi | 4C Contest | Winners | Comiaci | Login
Who can Participate?
« Any student enrolled in 2 day school Grade 12 physics course m Ontano in the
2005 - 2006 school year.
Rifsa306070010 = One category for thoses registerad in SPHAU (university). Ra0ei60/125 :

" Iniemet

BV




Teaching Modern Physics |
using
Eric Mazur’s
Peer Instruction
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Mazur’s Peer Tutoring Method?

A) I have never heard of 1t.

B) I have heard of 1t but not used 1t.
C) I have used 1t a little bat.
D) I use it frequently.
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Eric Mazur 1s a physics
professor at Harvard who
studied why his students
hadn’t learnt the material after
he had explained it all so
clearly.
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Eric Mazur 1s a physics
professor at Harvard who
studied why his students
hadn’t learnt the material after
he had explained it all so
clearly.



Most students do not learn
physics by listening.

Students learn physics by
being actively mvolved.
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Concept questions can be
used to get the students
actively involved even 1n
huge lecture halls
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Concept questions can be
used to test what students
know at the start or
during the lesson.
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His research showed that students
did much better on concept
problems

and

on standard calculation problems
after he started using peer
instruction with concept
questions.
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The Polarization
of Photons
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Unpolarized light 1s shone through
a polarizing filter. Through the

filter you will get

A) all the light

B) light with 1/2 the intensity
C) light with 1/2 the frequency
D) nothing
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Unpolarized light 1s shone through
a polarizing filter. Through the

A) all
B) lig

filter you will get

the light
ht with 1/2 the intensity

C) light with 1/2 the frequency
D) nothing
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Unpolarized light 1s shone through
a polarizing filter. Through the

filter you will get

A) all the light

B) light with 1/2 the intensity
C) light with 1/2 the frequency
D) nothing
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Unpolarized light 1s shone through a
polarizing filter and then another turned

by 90°. Through both filters you will get

A) all the light
B) light with 1/2 the intensity

C) light with 1/4 the intensity
D) nothing
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Unpolarized light 1s shone through a
polarizing filter and then another turned

by 45°. Through the filter you will get

A) light with 1/2 the intensity
B) light with 1/4 the intensity
C) nothing

D) I don’t know
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Unpolarized light 1s shone through a
polarizing filter, then one turned by 45°
and then one turned by 90° from the

original. Through all three you will get

A) light with 1/2 the intensity
B) light with 1/4 the intensity
C) light with 1/8 the intensity
D) nothing
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