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

1. Whatis theDrake Equationusedfor, andhow accurateis it? [5]

2. In theearly1960sSETIpioneerFrankDrake beganseriouslythinkingabouthow we might communicate
with extra-terrestrialcivilizations if they existed. Remember, unlike differentcultureson Earth,which
at leastsharethe sameenvironment, and someof the sameexperiences,therewould probablybe no
commonalityat all betweenaliencultures.Sohow do we communicate?Drake,andothersreasonedthat
theeasiestform of communicationwould bewith pictures,andaswe shall seethat thebestway to send
thepicturewould beasa radiosignalin the1-10GHz frequency range.A picturecouldbeencodedasa
seriesof 0’s and1’s in a datastream,0 representingwhite in thepictureand1 representingblack. Also,
considerthatany civilization wouldsendthedatain amannerwhich would betheeasiestpossiblemeans
of decoding.

� To encodea picture– imaginethat it is drawn on a sheetof graphpaper, andfor eachsquarewith
blackin it, assignit thenumber1 andeachwhite squarebecomes0. Assignnumbersasif you were
readinga text: i.e. from upper left to lower right, andthis becomesthedatastreamfor theimage.

� Thepicturewould have unequaldimensions,eachbeinga primenumber. [Reminder– primenum-
berscannotbedividedby any othernumber, e.g. 1,2,3,5, 7,11,13etc.].Thus,if thedimensionsare
primenumbersthenthetotaldatabits in thepicturecanbearrangedonly asapictureof n � m or m

� n in size.Theuseof primenumbersmeansthereareonly 2 possiblecombinationsof dimensions.
� For example,if amessagestreamhad143numbersin it. 143= 11 � 13or 13 � 11andthesearethe

only 2 divisorsthatcango into 143,so thepicturecanhave only 2 possibleorientations.To figure
out the dimensions,assumethat the picturewill be almostsquare,andpick prime numbersclose
to thesquareroot of the total. 12

�

= 144,but 12 is not a prime number, so pick thenearestprime
numbersto try: 11or 13.

After thefirst USSETImeetingheldin November1961,FrankDrakecamupwith whathethoughtwasa
goodmessageandsentit to participantsof themeetingto seeif they coulddecodeit. Hedidn’t give them
any hintsat all (i.e. like theonesI have givenyou above). Only a few of thescientistsgotanywherewith
themessage– andthey werefrom thesamecultureandhadjust attendedthesamemeetingon this new
field of SETI.

(a) SupposeyouareconductingaSETIprogramandyoudetectanunusualradiosignalfrom spacenear
the1420MHz frequency. Why wouldyoursearchbenear1420MHz? [5]
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(b) Thisunusualsignalis narrow bandin frequency andcontinuouslyrepeating.On theattachedpageis
a binaryrepresentationof thesignalreceived. Usea techniquesimilar to thatwhich would beused
to decodeFrankDrake’spuzzleandthefirst signalsentinto spacefrom Arecibo(1974).Thenumber
of zerosandonesin thismessageis 2257.Recordyouransweron thegraphpaperattached[30]

(c) How wouldyou interpretthismessage?[10]

(d) What do you think will be the effectson societyafter a first radio contactwith an extra-terrestrial
civilization? [Note: thereis nosinglecorrectanswerfor this– if youransweris well thoughtoutand
justifiedyouwill getcredit] [10].

3. This questiondealswith severalof thepropertiesof
light andits interactionwith matter. The following
tablegivesyousomeusefulindicesof refractionfor
severalsubstances.

Substance n Substance n
Air 1.0003 Glass 1.4–1.9

Water 1.33 X 2.5
Water-ice 1.09 Y 3.2

(a) Whatis theindex of refraction?[5]

(b) Is thevelocityof light fasteror slower in watercomparedto glass?[1]

(c) Why doeslight slow down whenit entersamedium?[5]
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(d)
In thefigureat the left, indicatewhich might be the light ray at 4000Å
andwhichmight beat 6500Å? [2]

(e) Whatis refraction?[5]

(f) Whatis diffraction?[5]

(g)
In thefigureattheleft, whichsubstancehasahigherindex of refraction?
[5]

(h) If light entersamediumof index of refractionof substanceY, from a mediumof index of refraction
of substanceX, which of thefiguresbelow mostaccuratelydepictshow the light will behave? [5]

(i) Which of thefiguresbelow will be theoppositeof thesituationposedin part (h), i.e. light moving
fromamediumof index of refractionY to thatwith index of refractionX? [5]
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(j) Will light berefractedat thefrequency at which theenergy in theatomor moleculeis exactly equal
to thespacingbetweenenergy levelsin theatom?Why or why not? [5]

4. Thenext questiondealswith rainbow andatmosphericopticsphenomena.

(a) Why is thesecondaryrainbow (at51
�

) fainterthantheprimaryrainbow? [5]

(b) Canyou getrainbows in thewinter in a climatewherethetemperaturedoesnot go above freezing?
Why or why not? [5]

(c) Supposewe visit somealienplanetwhichhasanatmospheredrasticallydifferentfrom oursin com-
positionof thegases.In factmostof thecloudsarecomposedof substanceY (seeQuestion3). Will
“rainbows” on thisplanetbeseenatanglesof 42

�

from theanti-solarpoint?If not,will theanglebe
smalleror largerandwhy? [5]

(d) Briefly discusswhy rainbows areredon theoutside,sundogsareredcloserto thesunandcoronaor
glory is redfarthestfrom thesun(on theoutsideof thering) [12].
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