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Lens, trashcan, real image




Lens, trashcan, virtual image
The lens and the trashcan did not move!







The scientist must consider the observer.







Scientists must know a narrow range of science to great
depth to know the fundamental experiments.

Teachers must know how science in breadth, to relate topics
to each other and to the world in general.



Scientists write with great precision so they cannot be
misunderstood by other scientists but perhaps so they
cannot be understood by the public.

When writing for the public, write so there is at least one
way that the writing can be interpreted correctly.
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It is more complicated than that.



You have just learned Newton’s Laws
They are wrong.
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Frank Oppenheimer
Director 1969-1986
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Goery Delacote
Director 1990-2005










You white scientists have been lieing to us for 100 years,
But this time you were right.



Eclipse Explainers Amasya Turkey
“Our teacher says the sun doesn’t rotate.”







Adults have fun learning too!

Teachers with badges get into the museum free.
B

.

50% of our audience is over |8 years old.



What do you see?




Where are the rays?
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Mercator Your Face




Lorenz Buttertly

ratorium

the museum of science,
art and human perception
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SCIEMCE OF MUSIC

AT THE MUSEUM

"‘\ Explore the
F science of music
‘D{'ﬁ through online
3 exhibits, movies,

Y and questions.

JOURMEY TO MARS
Learn about Mars
and the rovers
now on the red
planet. Raw data
for Dpporfunity
and Spirit
available.

DRIGIMNS

= Explore the places,
people, tools, and
ideas behind the
R origins of matter,

the universe, and
life itself.

What do vou really
know about what
vou see? And what ;

i,

traits of life do all

Saturday, Apnl 10th, 2004

LIVE WEBCASTS
+ Coming Soon:
Transit of Venus!

Fecent Webcasts:
+ lron Science

organisms share?

SPORT S5CIEMCE

Find ocut how
surfing the Web
can help you surf
the waves, make

Teacher

+ Try This!

+ lourney to Mars

+ Archived Webcasts

TAKE A LOOK!
+ Current Weathe

forecasts, and
more.

Mew publication!
= Math and Science
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+ Foof Cam
+ Exhibit Carmi

WHAT'S MEW?
+ Science of Music

+ Mew Press Office

+ Sign up for eMews

GET INVOLYED
+ Become a8 Member

WISIT THE EXPLORATORIUM!
+ Check out the events calendar
for film screenings, live
Webcasts, and other public
programs. Meed Directions?

+ Summer Camp
+ Make a Donation
+ Volunteer!

About Us | Donations | Membership | Privacy Policy | Use Policy | Contact Info
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scientific Explorations
And Adventures

with Paul Doherty
Explore the wardd. Do experiments, Exaining scintific images.
Hewr activites alded Sepember 30, 2003,

Outdoor Adventures  Writing

Alphabetical Index Books, Lectures, Webcasts
host Recent Most Recent
Famiky Links
Comtact e at Pald £e ¥ plomionwn edu
Copyoght information,

Breaking News

At the National Seience Teachers National Convention of 2003 [ was gaven the Faraday Awvard for
axcellence in sclance communication,

At the award eeremony David Heil showed the film elip where | worked with him w show the physics
of elimbing on the Newton's Apple Wwlevision series, Stave Jacobs presented the avard which is a glass
sphere showing the earth, inside the sphere a cloudy atmosphere rises above the continents and oceans,

somehow Linda and Modesto who knew about the award managed to keep it a secret from me so | was r":

totally surprised Faraday Award from Sve Jacobs
[ was honored 1o be recograzed by fellow science teachers and science communicators for work which
[ lowe to do.
Scientific Explorations Outdoor Adventures Wrnting and Media
Tl ot pecent workahopa an on wp, My moat eeent advennares am on wp, My most recent publications are an wop
If v don' find wour workshop here 2o mo the arhive
To find specific activities go w0 the alphabetical index, Mt Lyl 2003 Try This svith Faul's
Frisnds
Wit Phvsiciass Da, Developing Magnetism Exhibis a1 1Tp Lavell and asound it wia
the Exploratmium 1he Siena High Roue, A monthly program of
Hclence exXperinmsnts
Physics Seminar a0 Sonoms Swe Unieisinre, 27 O 2003 Rizht, Paul IForgan climba demonsuand by the
he fdge of M, Lvell -= workl's greatest acience
- Earhers
RAFT Dinmer 2003 50 miles in S days,

Iz netisn activites RAFT Dt nets Sl vwsmnmiye Og tead] and o




Exploratorium Teacher Institute
founded 1985

2100 science teacher alumni



The Teacher Institute is
21| years old next year.

We invited all of our alumni to a party.
We are old enough that,

We can serve alcohol.



Teachers attend a 4 week long Summer Institute

Monday - Thursday

08:00 - 10:30 Exhibits
1 1:00 - 12:30 “Snacks”

12:30 - 2:00 Teacher Time
Machine shop

Library
Friday

Teachers Present lessons to us.
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The Sound
Column
a concrete tube
7.5 m long
Fundamental
frequency 10 Hz



The teachers discover the sound is loudest at the floor
at the node!
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Soap Film in a can










o _ Jn
. L

]

(UN). SEINADIHL |
















snacks by subject snack supplies

These pages are full of Snacks...but they're not the kind you eat. They're the kind you can leam from and
have fun with. Exploratorium Science Snacks are miniature versions of some of the most popular exhibits at
the Exploratoriun.

Sjuare
W heels

Snack name

Afterimage
Sinti-Gravity
Mirror

Balancing Ball

Balancing Stick

Benham's Disk

Bernoulli
Lewitator

Bicwcle Wheeal
Guro

Bird in the Cage

Blind Spot

Try activities from
our latest !

Descripton

& flazh of light prints a
lingering image in your eyve,

It's all done with mirrars!

Suspend a ball in a stream
of air,

Cioes it matker which end is
up?

& rotating black-and-white
dizk produces the illuzion of
colar,

Suszpend an objectin air by
blowing down on it

A bicycle wheel acts like a
giant guroscope,

Stare at a color and see it
change.

To zee or notto seea,

Duestions about Snacks? Click here!

Snack name

Glue Stick Sunset

Gray Step

Hand Battery

Hand-Held Heat
Engine

Hot Spot

Inverse Square
Law

Jacques
Cousteauin
Seashells

Lazer Jelln

Descripbon

Why iz the sky blue? That's a
sticky question,

Without a boundary, it's hard
to distinguizh different
shadesz of gray,

Your skin and twa different
metals create a battery,

You can make the liquid in
thiz toy rize and fall in a
cycle,

You can focus the invizible
light from an electric heater,

Why the world gets dark so
fast outzide the circle af the
campfire,

There's more ta seeing than
meets the eve,

Jze gelatin as a smoked
lens, to view total internal
reflection, and as a caolar




SNACKS cer=asyrrs SNACKS

snacks by subject snack supplies snacks froma -1

stripped Down Motor

As motors go, this is about as simple as it gets.

&\

Color | |Polarization| | Perception

& coil of wire becomes an electromagnet when current paszes Twovgh it. The electromag net interacts with a pemmanent magnet, cansing the codl
o apin. Woila! ¥ou hasre created an electric motor.

materials

" 5 small disk or rectangular ceramic magnets (available at Radio Shack).

¥ 2 large paper clips.
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Square Wheels

1
«..and Other Easy-To-Build, Hands-0n Science 'LL’{ I l“ 1 If'{"
Activities by Don Rathjen, Paul Doherty, and the \1 I . II g i
Exploratorium Teacher Institute ]l Cls A

A
i

The lateszt in our popular Snackbook zeries, this
volume features 21 all-new Science Snacks-- ;
small-scale versions of exhibits wou will find in y (T
the Exploratoriurm made with easy-to-find
ratetialz-- which are perfect for the classroom.
Topics covered in this book include: Cheristry,
Light & Color, Electricity & Magnetizrm, Sound 2
Waves, and Heat & Mechanics,

IBas Habjrn

AW AR Pl A BRINN AEIimCE ANACELOBR

Read what teachers are saying about " Square
Wheels."

Sue Pritchard, Ph, D
Middle School Science Teacher

kenneth King
Azzistant Profeszaor

Purchase Square Wheels from our online store

Sample Pages: click an a link balow ta view the PDF file, In arder to dawnload and wiew the PDF docurents, yau
will need the free Adobe Acrobat Reader, Get Acrobat Eeader,

Table of Contents
Modulated Coil
Modulated LED
Square Wheels

String Machine

About Uz | Online Store |Prograrms | WVisit the Muzeum
@ Exploratoriurn - All rights reserved | Privacy Palicy | Use Policy
2601 Lyon Street San Francizco, CA 94123 | 415-EXP-LORE | Contact Info




Curt Gabrielson

Wrote the new science curriculum for
East Timor

A Snackbook
Using local materials

It is the first technical book ever written in Tetum



You will need the fres
RealPlayer in order to
receive the audio and
video live feed andlor
archive of the
wehrast, Please visit
RealMetworks' Service
% Support page for
rmore informmation,

Live@The
Exploratoriun:
IROM SCIEMNCE
TEACHER

Each webcast, the
Exploratariurm staff
and teachers
dermonstrate their

- _ _ L ___ _||

Teacher Institute leader Diane Whitrmore

introduces a group of teachers to our
panoply of powar toals,

Webcast Archives!

Date
Broadcast

August 5, 2003

August 1, 2003
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=00
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200
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uly 1

Junpe 27, 2003

Cckober 31, 2002

August 9th, 2002

August Znd, 2002

July 19th, 2002

July 12th, 2002

o

Click here
to viewr webcast.

Prior to the webcast this

will link to a test
message,
Lecret
Ingredient
Iran Mails

Dizpozable Plates

kitchen Utenzils

W ater
Sticky Tape
Apples

Zip-Lock
Plaztic Bags

Pencils

Eggs=

Shoe Boxes









My pyramid scheme to take over science education.
2100 alumni
100 return as co-teachers
20 come for a | year sabbatical.
8 become permanent employees

8
20
100

2100



Spectra in a compact disk
l







CD spectrometer













Public = Martian Baseball

Physicist = Atwoods Machine




Moonwalk Exhibit Experience |/6 g




Marswalk snack: experience 1/3 g,
experience an inclined plane.
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Ftension

Friormal

Foravity




Orbital mechanics




Scientists are like composers
Teachers are arrangers
Students play the music

Scientist/teachers
play jazz in a jam with the students



Silent Collisions

.




Push a grape with diamagnetism




Digital Magnetic Tape




Metal Detector Barkhausen effect




2006 Benjamin Franklin 300’th Birthday




Waves on a phonecord




Bowling in a Gravity Well




Bohr Model
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Light comparator













This presentation is available on my website
Paul Doherty
use google
or

http://www.exo.net/~pauld



Progress?
Losses
Phone Cords - Cordless Phones
Film Cans - Digital Cameras
Magnetic Tape - i-pods

Gains

Neodymium Magnets
Compact Disks



Museums Need Scientist/Teachers

Scientists heed Museums



Moshe’s question

On-hand science

Why when you blow on your hand through pursed lips do you feel cold, while when you blow with open
mouth you feel hot!?
s it Joule-Thomson throttling or entrainment.
Here is a photo of entrainment:




Moshe’s question

When Moshe did the experiment in a sauna even the blow
with pursed lips was hot.

When you blow through a straw the air is hot.
So it seems that entrainment is most important.
A high speed low volume flow jet of air mixes into

stationary air to produce a low velocity high volume flow
which is a turbulent mixture of the jet and the air.



