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Homework 9 — Ast 281— Spring 2009
Due Tuesday4/14/09— 12:00pmWat 420— 130pts

1. Whatis the Drake Equationusedfor, andhow accuratés it? [5]

2. In theearly1960sSETI pioneerFrankDrake beganseriouslythinking abouthov we might communicate
with extra-terrestrialcivilizations if they existed. Rememberunlike differentcultureson Earth, which
at leastsharethe sameernvironment, and someof the sameexperiencestherewould probablybe no
commonalityat all betweenralien cultures.Sohow do we communicateDrake, andothersreasonedhat
the easiesform of communicatiorwould be with pictures,andaswe shall seethatthe bestway to send
the picturewould beasaradiosignalin the 1-10 GHz frequeng range.A picturecould beencodedasa
seriesof 0’sand1’s in a datastream,0 representingvhite in the pictureandl representindlack. Also,

considerthatary civilization would sendthe datain a mannemwhich would bethe easiespossiblemeans
of decoding.

e To encodea picture— imaginethatit is dravn on a sheetof graphpaper andfor eachsquarewith
blackin it, assignit thenumberl andeachwhite squarebecome®. Assignnumbersasif you were
readingatext: i.e. from upper left to lower right, andthis becomeghe datastreamfor theimage.

¢ The picturewould have unequaldimensionsgachbeinga prime number [Reminder— prime num-
berscannotbedividedby ary othernumbereg. 1,2,3,5,7,11,13etc.]. Thus,if thedimensionsare
primenumberghenthetotal databits in the picturecanbe arrangednly asa pictureof n x morm
x nin size.Theuseof primenumberameanghereareonly 2 possiblecombinationf dimensions.

e Forexample,if amessagstreamhadl43numberdnit. 143=11 x 130r 13 x 11andthesearethe
only 2 divisorsthatcango into 143, sothe picturecanhave only 2 possibleorientations.To figure
out the dimensionsassumehat the picturewill be almostsquare,andpick prime numbersclose
to the squareroot of thetotal. 122 = 144, but 12 is not a prime numbey so pick the nearesprime
numberdo try: 11or 13.

After thefirst US SETI meetingheldin Novemberl961,FrankDrake camup with whathethoughtwasa
goodmessagandsentit to participantof the meetingto seeif they coulddecoddt. He didn't give them
ary hintsatall (i.e. liketheonesl have givenyou abore). Only afew of the scientistgyot arywherewith
the message- andthey werefrom the sameculture andhadjust attendedhe samemeetingon this new
field of SETI.

(a) Supposegouareconductinga SETI programandyou detectanunusuakadiosignalfrom spacenear
the 1420MHz frequeng. Why would your searctbenearl420MHz? [5]



(b) Thisunusuakignalis narrav bandin frequeng andcontinuouslyrepeating Ontheattachegageis
a binary representationf the signalreceved. Usea techniquesimilar to thatwhich would be used
to decodeFrankDrake’s puzzleandthefirst signalsentinto spacdrom Arecibo(1974). Thenumber
of zerosandonesin this messagés 2257.Recordyour answeron the graphpaperattached30]

(c) How wouldyouinterpretthis messagef10]

(d) Whatdo you think will be the effectson societyafter a first radio contactwith an extra-terrestrial
civilization? [Note: thereis no singlecorrectansweffor this— if youranswelis well thoughtoutand
justifiedyou will getcredit][10].

3. This questiondealswith severalof the propertieof  [Supstance  n Substance n
light andits interactionwith matter The following Air 1.0003] Glass 1.4-1.9
tablegivesyou someusefulindicesof refractionfor Water 1.33 X 25
severalsubstances. Waterice  1.09 Y 3.2

(a) Whatis theindex of refraction?[5]

(b) Isthevelocity of light fasteror sloverin watercomparedo glass?1]

(c) Why doeslight slow down whenit entersamedium?[5]



d o
(@) In thefigure atthe left, indicatewhich might be the light ray at 4000A

andwhich might beat 650047 [2]

(e) Whatis refraction?[5]

(f) Whatis diffraction?[5]

(9)

In thefigureattheleft, which substancéasahigherindex of refraction?
5]
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(h) If light entersamediumof index of refractionof substance, from a mediumof index of refraction
of substanceX, which of the figuresbelon mostaccuratelydepictshow the light will behae? [5]

() Which of thefiguresbelov will bethe oppositeof the situationposedin part(h), i.e. light moving
fromamediumof index of refractionY to thatwith index of refractionX? [5]
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(H Will light berefractedatthe frequeng atwhichtheenegy in theatomor moleculeis exactly equal
to the spacingbetweerenegy levelsin theatom?Why or why not? [5]

4. Thenext questiondealswith rainbav andatmospheriopticsphenomena.

(a) Why is thesecondaryainbav (at51°) fainterthanthe primaryrainbow? [5]

(b) Canyou getrainbavs in the winter in a climatewherethe temperatureloesnot go above freezing?
Why or why not? [5]

(c) Supposeve visit somealienplanetwhich hasanatmospherelrasticallydifferentfrom oursin com-
positionof thegasesin factmostof the cloudsarecomposeaf substancé (seeQuestion3). Will
“rainbows” onthis planetbe seematanglesof 42° from the anti-solampoint? If not, will theanglebe
smalleror largerandwhy? [5]

(d) Briefly discusswhy rainbavs arered on the outside sundogsarered closerto the sunandcoronaor
glory is redfarthestfrom the sun(onthe outsideof thering) [12].



