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summary

Final Video Score

Ranking in Ascending Order

* Teams generally did okay
(63/100), though there is
higher variability. Had a
couple of decent videos and
one that overwhelmingly
exceeded expectations

o
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 Fared better than juniors -
overall, though a few groups =
fared worse -




Summary

‘Most popular quest|on Questlon 18 |
~« What are pIanetary nebulae and why are they SO colourful?

Videos here were average |n ge - |
* Content was OK — though a fet ---e.-'---f'ké:s_wer‘e spotted
+ Presentation was the key w"'f e
i _lrreIev_ant/.un.heIpfu_I gra_p_h_l,gs;{

~* Choppy audio with interjec



summary

‘Best answered question: Question 26 - |
+ What lines of evidence .prov.e._ﬂat_—Earthers_ake'wro.ng?' '

e Excellent content coupled W|th Iots of effort in presentation
. Clnematography Synced video 4 steady camera o |
. Engaglng V|deo W|thout spammlng memes Plus tasteful Jokes _

L 'fj-:d _‘. k _'- Ll
:'* .-11?:;:\:-'. . o

' AstroChallenge news: Flat-Earthers Society
DESTROYED by FACTS and LOGIC




Pitfalls ana how to avoid them

“*» Problem: Watermarks, poor quallty- Windows -Mac OS Linux
video editing softwares o

e Solution: Use this list of free V|deo
ed|t|ng softwarel ML - Windows Movie

. Maker iMovie Kdenlive
* Bold: Recommended '

§ DaVinci Resolve DaVinci Resolve DaVinci Resolve

i o ShotCut LightWorks avidemux
* Problem: Chlpmunk voices, = OpenShot OpenShot OpenShot
speedmg up the video, dlstractmg B Kdenlive ShotCut ShotCut

- music - ' v s avidemux Blender Blender
e Solution: I\/Iake sure your aud_IO“I = Blender avidemux ffmpeg

clear and audlble SUBTITLES ffmpeg

and-line) ffmpeg (command-line)



Pitfalls ana how to avoid them

“* Problem: Long and boring, sIeep e mesvmporat
inducing videos ' _ S e i s i

A, £ Tk . times the average number
* Solution: Answer the question to the ﬂfﬂ'*;ﬂu*e;;j:ﬁ;gf‘;gr;?ﬁﬂ”?
point; NEVER pad runtime by readmg oy
out terms of tangentially related ol sopportfe imes —{onanden
equations; research W|dely and have
your own opmlon L

Drake
equation
(and move on)



Plagiarism

* Asset use warning
| * Create your own assets/ drawmgs/ materlal when possible; -

« Credit or reference the original creators, authors and/or artist where
applicable; provide Imks and sources in transcrlpts & video credlts

e When in doubt, be generous in vour credlts

* Major mcrdent Wholesale I|ft|__;;’-:'f'i

i i
e Use at least three dlfferent sour *;Qf mformat|on for research

"—M:"

TN
* Always mcIude your own OpImQﬂSJ a -er compllatlon

o



Plagiarism

Important remlnder/ clarification:

* TIME SPENT ON CREDITS DOES NOT COUNT
TOWARDS YOUR TOTAL VIDEO TIME | |

A TR :

e Use this to prOVIde credlts for aII resources used |f
p055|ble in addltlon to cr&d|ts for teamwork







This year’s “ 100%”

Q17 |
~» Which of the five pairs cannot,pdss_ibl_y. be _cdrr‘ect?.

" Object | Deity B
s [ suye B

* INR: 27% correct
« SNR: 16% correct




This year’s ”~100%’f X 2

Q38

* With respect to a hypothetlcal observer on the Sun, the phases of the
Moon as seen by the observer repeat once and only once |
approximately every o (Exclu""""' e
con5|derat|on) e

'cllpses/occultatlons from |

* JNR: 18% co,rr-eet-, _.
RELTEI



SNR Ind_i-vid ua"I"'_, Rou nd'

'° Easiest Questlon Q2 (93% correct)

* Arule of thumb is that it is best to stargaze durlng a new moon rather than
“during a full moon. Why? = . _

. Most Incorrect Q24 (9% corre "

* Which statements about the anal aaretrue?

. Most Blanks : Q28

- * Keven wants to d-etermin)e--'fchgﬁ

' R tar that is moving away from
Earth, with respect to himself.. A b Al



SNR Individual Round ScoreDistribution

Mean =61.8 . |
Std. Deviation = 20.6

Ty r PRI L AL e T N fl‘-_- i Th et -






AstroChallenge 2019
Senior Team Round Q1

Post-Mortem

Setter: Lim Kia Yee
Marker: Sharadh Rajaraman



Score Distribution (Bins of 2.5 marks)

0

[0, 2,5] (2,5, 5] (5, Tl =510 10,51 2,5 S8 255 Fs (.57, S a2 0]



Spectral energy density / kd/m3 nm
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1000

Wavelength / nm



More Stats

Mean 8.18
Median 6

Mode 4.5



Q1(a): In astronomy, what does the term
‘cosmological inflation’ refer to? [1]

& Common answers:
& ‘Expansion of the Universe’
& ‘Acceleration of the expansion of the Universe’

¢ ‘Expansion of space-time’

& Correct, complete answer:

& Cosmological expansion is the exponential increase in size of the extremely
early Universe, which lasted from 1073° seconds after the Big Bang, to about
10732 seconds after the Big Bang.




Inflation
Generates
Two Types o
WEWVES

History of the Universe

Gravitational Waves .
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_ Waves Imprint Characteristic
Density Waves Polarization Signals

Earliest Time

Visible with LV

Free Electrons
Scatter Light

Radius of the Visible Universe

Modern Universe

Inflation
Neutral Hydrogen Forms

-

10 ~*s 1us 0.01s 3 min 380,000 yrs 13.8 Billion yrs
Age of the Universe



Exemplars
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Q1(b): Cosmological inflation was hypothesised in order to explain
certain observations that could not otherwise be easily explained.
Name and describe an example of such a problem. [2]

& Common answers:

& ‘Movement of distant galaxies away from us’

¢ ‘Galaxies are receding from our POV’

& ‘Expansion of space-time’

¢ ‘Redshift of light emitted from distant objects’

¢ ‘More distant objects experience greater redshift than objects less distant’
& ‘Olber’s Paradox: why the night sky 1s dark’

& etc.



Exemplars
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Q1(c): Explain how cosmological inflation solves
the problem you have stated in (b). 2]

¢ Common answers:
& ‘It explains why distant galaxies appear to be receding from the Local Group’

& ‘The Universe is expanding, hence EM radiation emitted from distant galaxies and objects are
redshifted because space-time itself is expanding’

¢ ‘The Universe is expanding; hence, this means light from all stars in the Universe has not had time
to reach the Earth’

& FEtc.
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on -

s\\oufma =~ vu«a i vade ‘
. s ,
ca) deion W vnvesst Wsdd WM e an wgyh:: a‘e"
\ : edore 4 “erfadwn “ois allowtd N, mMa “3“2{
st x Anvoy k. '\S 50*\ t ‘“L Qﬂu%.a,
very Jm{drm\j n\w . T
ek & vy Grmlne , ~hich V¢ S
ounred . ( 5

et nols Y0 w\}rurvt) 3

vevse Harted witha pout at Hravmal equtlibrniumy aud

(> Tt povidey an explavation that tw wn
ofondtd | g0 4, eads of Hacunmvenp ace i thorma| tguiliornium .

© ‘,’W M/WM el

7 wteion by o 5 - Pt to b e h [ Dax LN L2

/‘[’\-\-'ulf "(,&M : ¥+ dupn folw (N LOr}ﬂm re Clem , ﬁ_‘” a~ e
A

Vel muth Sunall y ;
/’l nalle IA (s Crty Stagpey b s Al in frachul
W(‘{\ CuCh ew'




Q<1

300 000 years

iverse

Un

MAFPIZ000E



Q1(d): What 1s the Cosmic Microwave Background?

[1]

® Common answers:

&

‘The microwaves that exist in space’
‘The ambient temperature of the Universe resulting from the remnant heat of the Big Bang’

‘Remnant light of the first light of the Universe, redshifted into the microwave spectrum



Exemplars

T Lsmic  Microwsvt Bu\:.arow\; , & - Sec ) u My d A S E wnttrs
windh 1S eade ‘}fm‘ ™ ; Obsevariion of W Micwurt P.m&w\\'dﬂ Fy s seen
cadindion  tht vl been omrited (¢

vntomly Ground Vs . Fa "u- W w firsd
. dishane Joen Wiy e WL JoXVVE Lot

1.}\'1 e dwe S . e,
witn R e X vnerst =y 0 fpaer Microwwh
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The cosmic microwoewe baclsﬂmmd s the remnant cadiation flom +he eor;p universe ~that

s redshifted into +he miCrowave 033:'0(\. It -ﬁlls all QPAC.Q }\om(?jan-ﬂou :j






QIl(e): Name and describe the process that initially
created the Cosmic Microwave Background. [2]

¢ Common answers:
¢ ‘Redshift’
¢ ‘The Big Bang, which caused the separation between matter and antimatter’
& ‘The heat and energy of the Big Bang’

& ‘Inflation’



Exemplars
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Q1 (f): Galaxies tend to group 1n clusters, rather than exist
in complete 1solation. Account for this trend. 2]

& Common answers: -
& ‘gravity causes them to cluster together’ ®

& ‘galaxies exert gravitational pull on each e & st
other, causing them to cluster together’ o _. oy

® ‘gravitational energy pulls galaxies together’ 4 i o | ‘ - ‘ | .

& ‘clusters of galaxies form from a single T ; K N
patch of mass’ [sic] 77? i T R
® ‘galaxies form around agglomerations of e ' e "
dark matter’ o - ey

& ‘protostars attract matter towards them,
triggering the formation of more stars’



Exemplars
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. Dphiuchué
2 Supercluster

RO I o+ Hercules |

U T Superclusters

100 millior o p._ S
—_

Pavoindls
* Superclugter
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“Coma .
Superchuster

leat
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Ql (g): It is clear from the image that spiral galaxies are rare within the core of
the Virgo Cluster. Furthermore, the few that do exist are highly distorted.

Account for this observation. |2]
& Common answers: -
& ‘gravity causes the distortion’ T
& ‘galaxies interact and form ellipticals’ i _
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Q1(h)(1): What 1s parallax? 4

¢ Common answers:
& ‘Angle subtended between the Earth and a star’
& ‘Angle between viewing an object from 2 different locations’
& ‘parallex error’ [sic]
& ‘Angle subtended by a star w.r.t. the Earth’

& ‘estimation of distance to celestial objects’



Exemplars
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Viewpoint A

> Object T~
Viewpoint B
Distant background
Viewpoint A Viewpoint B




1(h)(11): How might one use parallax to determine
the distance to a star? [1] Bl

® Common answers:

. 1
& Distance of star, d = s

¢ Units?



ANSWER IS IN THE FORMULA BOOK!

@) Determining distance d in parsecs using an observed
h ]-1 g parallax p in arc seconds

ASTROCHALLENGE FORMULA BooKk




Suppose one wishes to find the distance to a certain open star cluster within the Milky Way. The
star cluster is too far away for accurate parallax measurements.

Name two alternative methods to determine the distance to this star cluster, and briefly explain how
each method works.

Your answer should explicitly specify what data needs to be collected for each method to work. [7]

® 3 marks each for: ® Common answers:

¢ RR Lyrae variables
& Type la supernovae

& Cepheid variables

¢ Radiation from supernovae
& Main-sequence fitting

: & Redshift
And relevant explanations and data for each.

& 0.5 marks for: ¢ Use parallax [7777]

& Type la supernovae



READ THE QUESTION!

& Star cluster Withiﬂ the Milky Way; galactic orbits and relative motion of the Sun and the
cluster will render redshift ineffective

& Star clusters rarely have Type 1a supernovae; it is impractical to wait for one

& We are basically asking:

‘“What are standard candles to measure distance to star clusters, and what data does each standard
candle need?”’

& Examples of data:
& ID of suitable Cepheid/RR Lyrae variables
& Light curve (gives periods and magnitudes for said variables above)

¢ Colour-magnitude diagram (CMD) of stars in the cluster, + CMD for a known star cluster



2



Obligatory Score Distribution byTéam
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Summlary

Why does a red giant become Iess Iumln'ous when it beg-i-ri_;s-_'_h"el"i.u_m.

nyou



What is a heIiU-m-ﬂash? (2b)

* Turns out a majority actually e
- don’t know what is gomg on.ih | 0000~ 2 Planetary Hebuia
hereI . :

! ey,
Horizontal
~, branch

* Recall Q26 of the MCQ:
 What is the domlnant source of
energy at event 9?7

* 45% correct

Luminosity (solar units)

13
White dwartf

30,000 10,000 6000

Surface temperature (K)



What is a helium flash? (2b)

* “string of helium gas

molecules shooting past the

night sky...”

* Are you describing a rocket
launch? e |

* Poor hahdwritihg:'he'lium"
~ “flush” |
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So whatis a helium flash?

1. The core becomes SO dense that degeneracy pressure becomes
' |mportant ' & - -

2 HeI|um ash constantly ra|ns onto the core and so it contracts and
~ heats up e . i

3 -EventuaIIy hellum fu5|on b
- degeneracy e
1 Cllmblng (el temperatu es -



The,Second-D'eriva_tive Test

1. Find tlhe'firs't :_d_er_ivativé_.:

o T
L 4 Pl H
R

2. Set flrst derlvatlve to O
iy Cr|t|caI pomt(s) found'

'---u"

3. Find the seco ndderlvatlve .



The Second Derivative Test N Practice (28)

“« Many teams (thankfully) tried to 'make_ use of the hint
| * Substitutions are important for finding I\_/Ia'clauri'n series!

. OnIy the SIGN of the second derlvatlve matters AT the cr|t|cal pomt
* I’'m not interested in its valueI -
* Nor do you have to show |ts negatlve everywhereI

-~

b
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Notable ment'ion- -

A team rediscovered the First [E—_
Derivative Test after 3 pages
- of working through the oth
Derivative Test - |
* | ended up accepting that,
but had to deduct 1 mark for
the unphysical values used

ﬁflu

* Would STRONGLY
recommend learning about
the Second Derlvatlve Test |n-" =
future 5




ntracting i
helium core

As more scripts
rain down...
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InitiaIIy_

Key point: the helium core is doing absolutely nothing.




2¢: Why does the core have the same
temperature as the surroundings?
. Formally doable via the Table, butWhaf the math is reaIIy..:saying IS...

TALCore 3 VSt m dé uj Gilg fuliow NG
; | .

bnd doey et froduce ‘;”EE':'" Py &
b LA |

“ﬁ ElL'*-.uL"‘qu_. 1LY #‘”iﬁ_ 1L’\:!_ LU;? . ;I' Qv ¥ -r 'f‘L"LHj + 1_, *f-T’

Intuition: the core "is ju:sf'sitt‘ing tre untll |t reaches the same .

temperature as the surroundmgs .
* No work is:being done'




2d: Why can’t"-core/shell temperat.ure change?

Fusion shell that is

Slacker Core £
. carrying the team

Fu5|on is highly sen5|t|ve to temperature' | |
~* |fits too hot, too much energy;zfsfrelea_sed and the whole star
goes hayW|re g : L




De: Can the core support- infinite p'ressure? '

“» Many of you tried to go way too far your arguments would prove
~ black holes cannot exist | -

* e.g. mtermolecular forces of repulslon/degeneracy pressure would aIways be-
strong. enough oy : |

e Even IF true, doesh-’ t that mea'n thecoreCAN support infinite pressure?

. The answer: when the pressure becomes too much and the core
shrinks beyond a critical pOInt___'}'.g_ﬁai/_ltv becomes |mportant |




Why you should read your work

* Core radius cannot increase mdeflnltely cause the core cannot shrink
- further?!? -

_ [ : .f.rp (V"f“lff‘
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Pressure equals to energ

£ Lé;-:.

y minus gravitational force?!?

e ¥ - i 5 : P &



28) Why can t'heSun have aHUGE.Core?

* Recall Presumptuous Assumptlons _
' * Section assumes an |sothermal ideal gas ;"
. Questlon teIIs you the sun will have an |sothermal core (note the om|55|on')

* The sunis a low mass star ~ it "'- ’-‘_'__"
going through the helium flash_"’"’-"~ s
* The degeneracy helps to suppo re, allowing it to grow beyond the



Best answer

When people want9
planets in the solar
system, they probably
don’t mean this!




2h/j) Energy Rel e'a-‘se from Core Contraction
| -.Only 1/3 rﬁade it to this point -

* Of the few survnvors many dldn’t use the prowded formula for
grawtatlonal bmdlng energy .
* If you did, you probably ended

* Most instead used some varlatlo_.-
formula... e . -

\ear the top for this questlon |
-grawtatlonal potentlal energy



End re_sults.

-
- |

e
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0.0201 W U 36P] 4

100,000x less than a
typical nightlight???

CAKA3 X1075W




- Anything worth doing is

 _worthd

* ECF means that you can attai s you demonstrate the -






Q3: Flat and Sbmevvhat Round

Scores

* |dea behind the question: [

| * Investigate discs in the Universe.
* Why are there so many discs?

* Fun fact iy :
 Question idea + Tifc_le's ‘A Universal

Slimming Regime’ and ‘Expanding -
‘ Horizontally’ came out ofdad
~ + Mean: 5.816 o



Part 1: A Universal Slimming Regirne

“» Investigate the process from cloud coIIapse to the disc.
o Generally not well- explalnedI |
* What you did right:

e Identified the role of grawty and |nternaI gas pressure in cloud collapse. .
« |dentified an averaglng of veIocat,tes W rt net angular momenta 7

* What you did wrong:
e Couldn’t explain well details of th ' . -
~* Didn't |dent|fy the role of centrlﬁetaj, forces in dISC formatlon




The Main Question S




Fragmentation
"+ 3bi: Given to you that th'__e're_are _m.any factbrs affecting f-ragrﬁe.ntation; .

* 3bii: Ahd_ youahswer_ed...'_,__

: : | i A
The motostellar CdoudS hw no vef a«g;éxégvghﬁ”ﬁv‘ﬁf’ﬂf“ the

rperanans

We¥ argwar momeatuam s O due o e,

B i loud i) d e

TR menm

- B - " an’é 9},:;4./.-@ P 45



Changes in velocity

e The |ntended answer

* On the d/rect/on of motion averaglng
out to the direction of net angular
momentum 5 e

'°Yougave SAr
. Answers on mcreased velouty

. Direction would have made - I8 srluu!n'ﬁwmvonm :

explalnlng collapse to a



A Brief Summary of the Process
“» Gravitational attraction c':)'ver_c_o.més gas_-pressu.re. > fragme_rttation._

* Fragmentation is non-uniform -._5._-non4zero. net angular momenta

;t'-

* Collapse = more coII|5|ons > ﬁt1on averages out in dlrectlon of net
angular momentum . o

?‘"

: ':_m-.

j  in a plane, no such resistance in



Part 2;- EXpanding Horizontally

‘» Data response + Investlgate the Kozal mechanlsm

~« What you did right: .
e Graphing. You guys Iove graphlng

e Graph question was meant to test. |f you could correct for mlnor
uncertalntles/dewatlons in data é_*’rtst managed th|sI

* What you did wrong

e Very few attempts at the Jast qu:. ion! o i
’-‘f;;_: gelt .m the data/lnformatlon



The Graph

“» Most of your marks came from thi_s}

* Common mistakes:
e Scale o
* Givinga: b instead of aand b =



Linea risationbf Equation

* Given 'e,quation:,LZ — ] a.‘%_ber:__?_.f_cos. i

» Expected Ilnear form .
S o
o T

cos?2i L2

. What a few of you d|d .



Kozai Mechanism and Planet Nine

* Argue from data and own
- knowledge whether the Kozai
mechanism could be usedas =
justification for Planet Nine’s
existence. . o e

+ Ahard question, with two-
thirds leaving blanks, two
teams scoring 1 mark, and ol
team scoring the full 4 marks.



Kozai Mecha nism and Planet Nine

* The essentials: : _
| « Kozai mechanism can explam h|gh eccentr|C|t|es and mclmatlons

e Kozai mechanlsm can explain clusterlng of argument of perlap5|s about._'
certain values ‘. Vo i

* All the above (andmore) 'c_an.b: sedaSJustlflcatlonl

e Some arguments'against-'-
~« Mean-motion resonances e
K CIustermg of argumen__t of- perla Invalues
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Q4: Presumpt'uous Assumptions

Scores

EREE : : : ; .
{
=

‘» |dea behind the question:

* |nvestigate the use of assumptlons
in Astronomy. :

* Diverse question Set,- but they all - '. _'
deal with assumptions in some .
way. | iR

* Fun fact aai

* I'm a mathematician.

* Born out of the Joke assume
spherlcal human...

» Mean: 5.461
. +SD:4.423



Part 1: How Big s the Hill?

K Investlgate assumptlons and valldlty of a nalve theory The H|II radlus
e What you did right: E | el e

* The majority did okay with |dent|fy|ng components and assumptlons
* About half could perform the Hrll-‘ff‘" d-lus caIcuIatlon |




Components

“» You are glven an equatlon W|th | |
- three components

-------

, Gmu + GMu(r— rH) ; 'GMM.'
i e ’: (r rH)2 o
e Question: Identlfy these three o GM,l((f-_TZ’)) |

components!

 If | wanted 2 copy paste from
the text, it wouldn t be wort_,g
marks' |



Binomial approximations

‘You were given a hint to use b_inomi.al ap'_-proximations. What did you do?

3 -] 2
mMmr — S
Gl) "t M (r=rp)a s MI"Hzrg =0

273 3 -
mr'?'Crz-QrHr +rH2) + Mr, (r' "3!'er "3rr,_,2~f}., et l\/h-,g‘,zf3 20

mr;_ 2mrHr4+ mr‘l_,zr-3 + M,—-Hzr?- - 3Mrt+ 3Mrﬂ"r - Mr,> - M-, 3=0




- ; el .. \‘(ed) §1 S dalid .
How to infer validity? [Ese

Asta ta) \)\j\
; ulll) -~ \ * Y\
Cg(mcg 4. wo ok \t‘ﬂ"\’&l\ \f\'\tx R _”\“

\S

s Check: You are given the orbltal radu of the furthest moons. Are they
apprommately near the alll radn? . |

e |f n__d, something’s Wrdhg! _



Part 2 - Working in the Age of Assu mptions

~ » Generic 'qUesfion'S. v
* What you did rlght |

. Fuzzy idea of what statlon keep|

* What you d|d wrong




Stat|on of Stat|on keeplng Solut|ons_'

Ellllll TRY:. ‘.
@

STIll NOT BIII'I\I’IHGEII BUT Gllﬂ[l s

memegeneratar net e



Part 3 ;-.Tre m uI'ousTh eo ri es

* The obllgatory cosmology part :
. Investigate an accepted theory where an assumptlon must be made
* What you did rlght e e |

» What you d|d wrong

Some |dea
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4 pics 1 prefix'

- Same pressure

Same témperature

Same volume -

Protium Deuterium

nt home u&ww 45 3 . \ I class

v
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Isotropy and Homogeneity

“» [sotropy: Observations are the sa'me in all directions. (Verifiable)

o Homogenelty Observatlons (i.e. energy den5|ty) are the same in all
locations. - -

« Why the deco upling of the two’2 o -

Isotropic, not
homogeneous

Homogeneous,
not isotropic







Cio: Questioné of Galactic Proportibns

* |dea behind the question: Scores

* |[nvestigate var|ous thmgs about
galaxies. '

+ Jack-of-all-trades question. -

e Fun fact

* Born out of (finally!) watching

. Guardians of the Galaxyvol2.

e |'just wanted a question of ep|c

| proportions. _ e 4
* Mean:5.895 | ,



Pa rt. | _Tihe H y|oes _and Types of Galaxies .

“» Basic questlons about galaX|es
~« What you did rlght -

e Can compare stellar formatlon rates + galaxy colour
* Good appreC|at|on of galaxy mr ,s-'ln clusters

. What you did wrong |
e Surpnsmgly, most couldn t resol



Paradoxical

‘» Most observed galaxies are s_pi.r-al',._bu___t
deep sky surveys show more ellipticals.

* A problem about -(i';){bs;e___r\_(atibna."l_}!@%;éj;s.!_ -

 Ellipticals are more common, bu

- Spi_réls'are brighter é'm;’)rg"";a
observed.... = .



Part Il Round'andRound an__d Round We Go

“« | should have called it Welcome to the Dark Slde
~« Rotation curve + Dark matter

* What you did right: =
e About haIf could do the math/lntegral correctly

fi".

* What you did wrong .
* Lots of blanks for the 21cm Ilne questlon'
e Plenty could not explain the rotatff"f'f“';;-_ curve correctly .
* Common mistake in flndlng M(R) a§sume den5|ty is constant It’s notI
» Noone (except one team) could pr ""'*“'::ress towards deducmg Problem X




Rotati_on Cu rvé

“ Many know that the eventual drdp-off_-
~is Keplerian and can explam | |

. I\/Iathematlcally, VT 2,

e The |n|t|aI rise was Iess obV|ous -

» Closer to the centre, it behaves closer to
rigid body (non- dlfferentlal) rotatr@n -

* Difference i in behawour |s due to *‘i
mterstellar dlstance



Problem X: The Cuspy Halo Problem

‘s Flat dark matter den5|ty proflle at
- flat galaxyI 2 :

* It means that dark matter dens- ty

'-Cat W|th a fIat posrtlonal proflle
Not a flat cat






-. — Nuclear fusion. In

a cloud of gas.
~ Before protostar
~ stage.



4_ If y.olur g_raph_ isn’t
: linear, check your
~working!!




Cool Com pendium of Cool Clunkers

» Q3d: The graph | didn’t know | needed

@ Notwhatimeant' ..
e when | said “draw

e -I_-r'n'éa__h, g
L ephblta L

7

B () (R



Cool Compendium of Cool Clunkers

'+ Q4d: On the Hill radius

.‘ '_ e Thq't S 4870k_m
: and 2750km! "~
‘Smaller than the
' Ear_th_!__

e ~ Are you very sure?




Cool Compendium of Cool Clunkers

“+ Q5g: Random arbitrary c'_.c')'nstants'

It’.s a finite
integral.

~ Youcan't have
- arbitrary constants _
. |n a f|n|te mtegral e



Cool Compendium of Cool Clunkers
* Q5c¢: Spiraigalaxies | | i | |







When you give up: Brainfart Edition
| . T.Q‘U”(WY' W%i ﬁ.;:s?‘( ‘Af .




When you givé up: Divine Help Needed Edition

Nege arv




When you give up: AN G E R Y Edition







SNR Team Round Average Score, byQuestion

o = N W b U1 O N 00 ©




ort




SNR Team Round Score Distribution

b ; : . : :
£ Lo~ T LY

‘Mean =32.1 _
“Standard Deviéti'o_n =17.6




NOTE: TEAM ROUND SCRIPTS

o We will aIIow you to take a Iook at your scripts after the 'I__:inals

 Note that SNR Ql/QZ + JNR Q3 were scanned and o) no annotatlons
were made on your scrlpt 53

* You may take photos of your scrlpts but for recordkeeplng purposes
we cannot let you take the scr| d;s home . .

L FeeI free to cIarlfy W|th the QMS : Qutwhere -y"o'u We’h?f'W_FOhg.,"b'ut
scores awarded are .- e






Observation Rou nd (Theory)

* Cloze Passage |
* Generally, mostly weII done |

* Observation Plan -

* Galaxies (capped at 9)

« For every extra alaxy that you state:"'t' '
and ignore thatline. . . =

* Finding Chart

~ohoe-Disappointing coeo s saies
- NG offinder ceis
* Only one school actuaIIy gave_sl-é

. Constellatlon |dentification

~» Need more work for some: sc (o]
< Generally, mostly weII done

ardless it’s correct or incorrect, we deduct 7.5 points




Finding Chart 'Grading

Component Percentage (%)

Using of Finder

FOV Calculation

Accuracy of Drawing

Indication of Start and End Points

Instructions on Slew
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. General observatlon
* Took too Iong to set up
. Requ1red prompts




Observation Round Total Score







