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Part 2: Faulkes Telescope PPOje t:
remote control telescopes
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Simulating asteroid and
comet impacts
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Death, Destruction and
Dinosaurs...

— ——————— e+

‘ ‘No doubt about it... an asteroid killed the dinosaurs!” |




Important

guestion 1 —
what killed the
dinosaurs?

»

'he real reason dinosaurs became exting







Water, water, everywhere...

But where did it come from?






Comets




Latest news from Rosetta...

‘Science’ paper published yesterday

Isotope ratio of water from 67P does not
match that seen in Earth’s oceans —
suggests comets are not main
source of water on Earth(?)



http://www.esa.int/var/esa/storage/images/esa_multimedia/images/2014/10/shape_model_of_comet/14952569-1-eng-GB/Shape_model_of_comet.gif

What is “Down to Earth”?

e An inquiry-based science education
project based around the science of
asteroids, comets, meteorltes and
|mpacts N = %

‘..‘;*


//upload.wikimedia.org/wikipedia/commons/e/ef/Collision_d%27une_com%C3%A8te.jpg

e.to Deep impact”

- " -

; f'"'“

.?f'\
)1US

comets in

.“}%"o oo
"

.,..,

e Teacher tralnlng (‘fac;e to féce t-i

£ 4 -

onlme) 7’_ ,. it




“Deep space to Deep impact”
e Classroom activities (taIkS, demos)
* Online resource‘(DZE website)

e Meteorite loan box scheme
(resources to schools)



Chelyabinsk meteor, 15/02/13

12,2012 10530558 7=
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https://www.youtube.com/watch?v=tg02C 3FvFo



https://www.youtube.com/watch?v=tq02C_3FvFo




Comparative Sizes

Barringer Crater meteor
165 ft (50 m) diameter
300,000 tons (est)

10 megatons (est)

Ticonderoga Class Cruiser
560 ft (169 m) length
9,800 tons

Chelyabinsk meteor
56 ft (17 m) diameter
10,000 tons (est)
500 kilotons (est)

Boeing 747
211 ft (64 m) wingspan
196 tons

Hoba meteor
@ gt (2.7 m) diameter
66 tons

Tunguska comet fragment |
330 ft (100 m) diameter

600,000 tons (est)

30 megatons (est)
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http://questofthedicepterons.files.wordpress.com/2013/06/220px-mimas_moon.jpg

Herschel
e (180km)




Northern

hemisphere of
Mars might be
a giant crater?












Comets

Dirty snowballs or snowy dirtballs...




Sunlight

Gas jets

Rotation axis

Iccsand

Li# rocky core
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Previous close views of comets

| \
4.7 miles % 9P/Tempel 1 9.3 miles
v |

: Borrelly

5.4 miles

A
3.4 miles 2‘ wild 2
Y

1.25 mileS\ _.




” Best ground-based
- image (VLT, Aug. 11th
2014)

Rosetta image
(NAVCAM, Aug. 22"
2014)




Rosetta’s true colours?




Asteroids

Rock, metal

Main Belt
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Where are the asteroids?

(Orbits drawn approximately 1o scale) 9910006 3



Where are the asteroids?

[
o ]
Plat prepared by the Minor Plonet Center (QDDSEMGI’.JQ),
. I












. Light Curve of (1676) Kariba
FTN/LCOGT/Comenius Team
o . 26/01/2012

GTTP/EU-HOU
teacher training



http://www.galileoteachers.org/

Crater Formation

(1, Meteor

Broken rock and
mixed meteoritic
fragments are
propelled out of
impact cavity by
reflected shockwave

Broken rock
fragments
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Solid Geology
|:] Cenozoic - Quaternary
[:] Cenozoic
I: Jurassic - Cretaceous
[ ] Triassic
D Upper Paleozoic
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Archean
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Craters on Earth
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Number of Families

Mass Extinctions

TOTAL DIVERSITY

1000 This grsphicshowstrends intotd bidlogicdl dversty by Hoffamilies.
Large dps areindcaivecf messexdindions.

500

Dl

500 4b0
Geologic Time

Mllions of Years

Adapted from Sepkoski, Jr J.J. Paleobiology 19, no.7 (1993)
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IR reveals
asymmetric
ejecta blanket at
Meteor Crater










-
(©
oYy
(©
-
O
—
-
(©
=




ORIGINAL CRATER RIM

\w\

/
i

o

4

“VREDEFORT DOME€®

J
| A

oY P
T -

o St
b od 5

)
-
O
G
Q
§®)
Q
. -
>



d-esa

g

/

Simulating asteroid and
comet impacts

down 2

EARTH




Deep Impact...

e Use the science of impacts to help
teach STEM subjects, e.g.

— Kinetic energy, gravity, orbits

— Impacts, crater formation

— Mass extinctions, life (death!) on Earth
— Planetary formation



e Ages 9 to undergrad, adult education
e Funding for:
— Website development
— Teacher training
— Loan box production
— Booklet

— Talks, demos, outreach BACK
3 80 .o down2
FARTH

Exploring Asteroids, Comets, Impac




Soon: Portuguese, Greek, Romanian

Impact Calculator

mE = . = C L g -
English ~ Cymraeg Deutsch . Espanol Francais 4 Polski

- -
§ A

http://education.down2earth.eu



http://education.down2earth.eu/

e Research code by Gareth Collins
(Imperial) & Jay Melosh (Purdue)

e Graphical user interface — student-
friendly, multi-lingual

e Real physics




Let’s blow things up...!

e logontot

e Play with t

ne “new” Impact Calculator

ne simulator, then try some of

the worksheet activities

Note: you will need IE 9, Chrome, Firefox,
Opera or Safari as new version runs htmi5

http://education.down2earth.eu



http://education.down2earth.eu/

Android app

ol - Y | B & 1% 12:57 P Bl PG F 1% 12:51 O B F Ll 1% 13:01

f‘ Impact Calculator Asteroid Diameter \Q Impact Calculator

586 m x 9,698 m

%%[22 Impact Calculator
v B

Language:

English

15000m

Submit

Burj Dubai (~800m)




Other impact websites
(ille steroids @) B e oo

science fiction or science fact

Hey! Welcome to our site on asteroids and comets.

Here you can play a physics based asieroid game, = =
leamn about how backyard astionomens are ==
contributing to asteroid research, or hit any spot in the

world with an asteroid using our Coogle Sarth Impact

simulation.

Il
|l

NEO News!
Check out our new app version of the Rubble game!

http://killerasteroids.org



http://killerasteroids.org/

http://www.purdue.edu/impactearth



http://www.purdue.edu/impactearth

Meteorites in the classroom

Excellent “wow” factor!
UK: free loans to schools

Different types of box
containing meteorites,
terrestrial rocks, dinosaur
fossils & resources
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Main types of meteorites

Chondrules
“Chondrites”




Main types of meteorites

Irons

Mix of Iron
and Nickel




Main types of meteorites

Stony-lrons

Mix of Iron
and Olivine
crystals










Cosmic comics
COSMIE COLICS 2

Comic strip cartoon
about teenagers
interested in astronomy
and space

Asteroid hunting with
the Faulkes Telescopes...



http://www.planet-science.com/categories/extras/cosmic-comics/
http://www.planet-science.com/categories/extras/cosmic-comics/
http://www.planet-science.com/categories/extras/cosmic-comics/
http://www.planet-science.com/categories/extras/cosmic-comics/
http://www.planet-science.com/categories/extras/cosmic-comics/

Maths: what is an asteroid worth?

Near Earth Asteroid 1986DA A
2km Iron-Nickel (~¥8% Ni) spherical

Metal: Quantity: Value (01/10):
Gold 107 kg S0.4 trillion
Iron 1013 kg S2.2 trillion
Platinum 108 kg S$5.5 trillion

Nickel 1012 kg $17.6 trillion



“The Rotato”

Classroom simulation
of asteroid rotation




Other subjects?

e Effects of impacts on life on Earth — mass
extinctions

e Global climate change — massive effects
on ocean and atmospheric chemistry



ing (very!) soon

¥Of impact simulator to
d Mars

: 2005 Bep 1 02:23:Z8 UT

e Compare effects of different’g,
different atmospheric compositions

.\\


http://en.wikipedia.org/wiki/File:Lunar_libration_with_phase2.gif

FAULKES TELESCOPE

education.down2earth.eu

paul.roche@faulkes-telescope.com


http://education.down2earth.eu/




Faulkes Telescope Project
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Deep impact - Down2€arth,



e Faulkes Telescope Project

e Professional & Amateur astronomers
e STEM educators — EU collaborations
e European Space Agency

?
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Observing the Universe from the
classroom

www.esa.int/education European Space Agency - Education



Faulkes Telescope Project

e Free accessto2m, 1m
and 0.4m telescopes
around the world

e Participate in real
research projects

www.faulkes-telescope.com



http://www.faulkes-telescope.com/
http://www.faulkes-telescope.com/
http://www.faulkes-telescope.com/

Faulkes Telescopes

FTN started
operations
March 2004

~£10M Dill Faulkes Educational Trust
~E£1M STFC (UK Research Council) 4

~£0.6M Government (Education) N\
FAULKES TELESCOPE



$I’he Faulkes Telescope ‘Haleaka |a, Maui










Siding Spring, Australia










.' Las Cumbres Obser'va:cory Global

Tele,scopex~

FTN + FTS + additional telescopes:.

Education - 6 clus"%e'rs'of 0.4rp 3

Research - 6 clusters of 1.0m

.-"{
~S$100 million programme

OCE Wayne Rosing



http://lcogt.net/
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LCOGT 1m node, Cerro Tololo, Chile




e Request observations via website

e View live (“real-time”) or download data
later (“offline”)










Screenshot of Saturn with Starry Night Pro at 13:25 UTC

. ’

Image taken with FT at approximately 13:25 UTC

-




Transient targets

Supernova
2011dh

Whirlpool
Galaxy (M51)

07/06/11 o




SN 2011fe in
M101 at
maximum
brightness

Optical data from
LCOGT 0.8m
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reul Inquiry-Based Science
Education

V Light curve for G101
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Oberon occults Umbriel, 5 May 2007
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Educational resources

http://resources.faulkes-telescope.com

mn Galileo Teacher
. Training Program
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Gaia |

e Map 1,000,000,000 stars in Milky Way * -
using 1,000,000,000 plxel camera at cost
of €1,000,000,000 over 5 6 years :




Gaia |

| 7,

* |t wil acadentally dlscover ~3 new

supernovae every day, plus numerous
variable, transient and m_ovmg objects




Gaia |

e FT users will provide ground-based -
observations to help confirm Gaia
transients — real discovery science!
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Observing comets

C/2012 K5 (LINEAR) FTS 07 2013




C/2013 A1 FTS 07 March 2013 by E. Guido, N. Howes & Horbury Academy
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International Asteroid Search Campaign

e |ASC using FTs for

. follow-up of students

- & MBA discoveries and
i confirmation of new
§ " NEOs and comets
& from several surveys

Discovery of 2012 BW23

http://iasc.hsutx.edu/



http://iasc.hsutx.edu/

Asteroid Rotation

* Pro-Am-School collaborations

e Asteroid identified (Astrometrica),
brightness measured (Salsal), light curves
produced

Light Curve of (216) Kleopatra

JD - 2453000
1260830 1269850

L3
DN *doa
*¢

*®




. Light Curve of (1676) Kariba
FTN/LCOGT/Comenius Team
o . 26/01/2012

GTTP/EU-HOU
teacher training



http://www.galileoteachers.org/
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Rotation Period = 11.78 minutes + April 12
Amplitude = 0.3 mag * April 11

0.0 0.2 0.4 0.6 0.8
Phase

from images by:
Paulet High School, Lord Wilson School, TU-Darmstadt, R. Miles and G. Faillace (BAA-ARPS)




Observing with FT

* Free access for GTTP/ESA schools

e Register direct with FT (via Paul)

e Currently 2m and 1m telescopes,
later 0.4m



Observing with

§r S Bartlett NGC 1514, M72 | x

(& Icogt.net

Tags: Engineering

Weather

Scheduled: 2014-12-09 10:45 — 2014-12-09 10:53 oot R
Target: NGC1514 (RA: 62.3:

+.. Observing’-- Duration

[Z] Pending -- Duration: 2

[Z] Pending -- Duration: 2

[F] Pending -- Duration

ass telescope in Clam A at Haleakala

Target: M78 (RA: 8¢
Duration: 5.0s. Exposures: 1. Filter: B. Binning: 2
Duration: 5 /. Binning: 2

Duration s: 1. Filter: R. Binning: 2

10:47
. |m
B O om0




Observing with FT

lcogt.net
LCOGT Observatory On Sky
.net
Home ed F i Ip
Faulkes Telescope Project: S Bartlett NGC 1514, M78: 10:45 — 11:00, 09 Dec 2014 (UTC) Haleakala

-~ Network Overview

' Haleakala
Tue. 00 Dec 2014 1074641 GMT - °
WTIN 1S628W 5 L
Asteroid moons Planets aren't the only objects with moons; the asteroid 243 Ida has a moon
called Dactyl.

Tags: Astronomy, Minor Planet

Envdkdiiibiatoderodiviac 9 10:46:23 2014

Scheduled: 2014-12-09 10:45 — 2014-12-09 10:53

1 A at Haleakala

10:46
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'+ Open Clusters

Colbur images )

Produce Hertzsﬂrung Russel (colour-
magnitude) dlagrams (BV images)

Iden?fy “unusual stars (BVR Ha images)
Variable star searches (hours-days-years)

Link with Project CLEA software (age,
dlstance chemlstry) e
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Luminous
Stars

- - - LS -
L L] L]
Dim Stars AT R
J'+" - ® a 1
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Hot Stars Cool Stars
O B A F G K v

Spectral Class Types for Stars

ClassO Class B Class A ClassF Class G Class K Class M



Stars are not like taps...

Blue = hot
Red = cold



Making a HR diagram

 Use SalsaJd to measure the
brighter stars in the NGC 957
open cluster

* Images are in Blue (B) and
Visible (V) filters

» Use spreadsheet to convert
counts to magnitudes



Open Cluster NGC 957
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Finder chart, 4.6’ x 4.6’ (Old FTN field of view)



Colour magnitude diagram for open cluster NGT 957




Case study: NGC 2004

CMD for NGC2004
Data taken 13/05/2008




CMD for NGC2004
Data taken 13/05/2008




Magnitude

Magnitude

New variables

V Light curve for G301 V Light curve for G101
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NGC 4038 and NGC 4039 ‘

The Antennae



M109 :



NGC 5195



NGC 1365



http://faulkes-telescope.com/files/faulkes-telescope.com/image/ngc1365_danny.large.jpg

NGC 253 Sculptor Galaxy

R band only




Summary

o Talks, demos 'teacher trammg, Ioan
boxes |

e Online resourc v simulator(s)

e FT (in.futuresLCOGT network)
observations of astermds/comets

e Support for Pro- Am- Schools programmes

~e Support for space m|SS|ons (Gala
. Rosetta) - ° '




FAULKES TELESCOPE

www.faulkes-telescope.com

paul.roche@faulkes-telescope.com

http://lcogt.net
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