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10YearsofWirelessResearch

�Mobility

–Notanathema�ithelps!

–Delaytolerant?�transmitwhennearbase!

�InterferenceAvoidance,Pricing&SpectrumManagement

–Interferencehurts�dealwithit!
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AHoaryOldEpiphany
�RFinterferenceisbad

�Mobilityisgood

–Channelreallygoodwhennearby

–Canoftentoleratedelay

�Storagedensityisincreasing(fasterthanMoore)

�GoPostal!

–ForgetRF!Writemessagedown!Tossittorecipient!

–Netflix!FedEx!

Completelyridiculous!!
(right????)
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ALittleEmpiricalRigor

�MagneticStoragewithFeO2:2�1017bits/kg

�OpticalLithographywithSiO2:3�85�1018bits/kg

�E-beamLithographywithSiO2:1�54�1021bits/kg

�STMwithXeonNi:1�74�1022bits/kg

�RNA:3�6�1024bits/kg
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ALittleAnalyticRigor
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RadiationEnergyRequirements
�Energycapture
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Some(freespace)RocketScience
�Averagevelocity
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(Jensen’sInequalityRock(et)s!)
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MinimumTransportEnergy
�GIVEN:h��andv̄
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ButWhatAboutGravity?
�q�x�potentialenergy:
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�Energyminimization:
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ẍh

��

�ẋ�
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PotentialFieldResults
�Non-relativistic:

mẍ�q

�

�x�

�q

�

�x�isforceatpositionx:�“freefall”

�Freefall?�E�t�
�constant

�E�t�constant�minimizationsatisfiedwithequality,so...

.
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PotentialFieldsResults
�Lowspeed:

mẍ�q
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�x�isforceatpositionx:�“freefall”

�Freefall?�E�t�
�constant

�E�t�constant�minimizationsatisfiedwithequality,so...
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GravitySummary

Artillery:addsafactorof2toenergy

Escape:smallpenaltyifv̄�2�escapevelocity
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InscribedMatterEnergyRequirements

�MessagesizeB,massinformationdensityρ̃
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–BriskWalk:δ�3�108

–Jetliner:δ�106

–EarthEscape:δ�2�7�104

–SolarEscape:δ�7�1�103

–MilkyWayEscape:δ�6�102
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RadiationtoTransportEnergyRatio
�Definition:
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IsotropicRadiationvs.TerrestrialArtillery

ρ�3�1024,R�5cm,Temperature300K
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ChiptoChipLaserLinks

�Temperature:300K

�Delay:δ�109

�Aperture:R�5µm

�Wavelength:λ�1µm

�Distance:D�10cm

�Ω�5�17�10

�14ρ̃

MUCHbettertotossmagneticchits!
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Interstellar

ρ�1022,δ�103,Temperature3K
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(fromNature431,pp.47–49,September2,2004)
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OtherIssues

General

�Radiationisbroadcast–IMstillwins(atreasonablereceiverdensities)

�Inscriptionenergybudget–generallysmall

Interstellar

�Radiationneedsrepetition–penaltycanbeverylarge

�Matterdecelerationattarget–notterribleforδ�103

�Cosmicraybombardment–evenwithshieldingIMwins

�Advertisementattarget–stillstudying
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IsRadiationBetterforBroadcast?

�Radiationilluminatesmany�matterpenalty

�MilkyWaystellardensity2�8�10

�2stars(LY)

�3

�Sphericalgalaxy,isotropicradiation,Arecibo-Arecibo

�R�104LY:1�13�1011stars(butΩ�1028)

�R�106LY:1�13�1017stars(butΩ�1032)

No,inscribedmatterstillwins!

C.RoseWINLABAsilomar’04



WriteorRadiate19

DoesInscriptionEnergy/SpeedEatBudget?

�MatterInscription/ReadoutEnergyandTime

–Canbereversibleandabitrarilyfast(R.Landauer)

�Empiricalenergycalc:

–60000ATP/secondfor20minutes:4639KbaseofE-coli

–8�10

�20JperATPmolecule

–6�2�10

�19Jbit

�1.

–E

�

atearthescape:1�68�10

�17Jbit

�1.

�Constructionenergyprobablynotaproblem
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RadiationNeedsRepetition

�CivilizationBirthRate:α�1�109peryear

�CivilizationExtinctionRate:β�1�106peryear

�Successcriterion0�Φ�1

�NowmanyrepetitionsN(optimallyplaced)?

�Φ�0�99�N�2�105

Φ�0�9999�N�2�107,
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PackageDecelerationPenalties

�Needexhaustbraking

�Energypenalty(excessmass):e
c

δgIsp

�Isp�SpecificImpulse

–Chemical:102

–NuclearElectric:104

–Fusion:106

�Isp�20�000,δ�1000�penalty4�6

�δ�100orIsp�2000�penalty4�4�106
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CosmicInsults
�Insults:

–Highenergyparticlebombardment

–Heating(diffusion)

–Iontracks,dislocations,subatomiccascades

�Shielding:

–10millionyearsat10%bacteriaviability:3mradiusrock

(3gcm

�3density)

–3�4�106penalty

�CleverComposition,CodingandCorrection:

–???????
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AdvertisementMethods

�Bigrock?

�Dust?

�Embeddeddust&rock(comet)?

�ActiveProbe(Bracewell)?

�Colonizationviapanspermia(Crick)?
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Paradigm-PiercingPunchlines
�InscribedmattermessagingisNOTridiculous

–FedExandNetflixareontosomething

�FinessesGupta-Kumaradhocnets�Nproblem?

–littledatamissiles

�Chip-to-chipormote-to-mote(highlatency)communication?

–smartdusttossinginscribeddust

�ETmightwritenotradiate

–lookforartifactsnotradio

Learnmore:
Naturecoverstory(431,pp.47–49,September2,2004)
http://www.winlab.rutgers.edu/�crose/cgi-bin/cosmic19.html
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