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GLAST for Lunch
The physics for traveling anywhere in the Universe in less than a human lifetime.
 
1) Elevator from Earth to Space  
Design
Materials

Mass of elevator
Electric cost / Kg  to climb out of Earth’s potential

2) Special Relativity - One Gravity Acceleration trips
1 g  x 1 year = 1.0 Lorentz Boost
Warp (from Star Trek)

Galactic and Inter-Galactic trips

Radiation dangers to traveler (p,e,)
3) The Ship

Initial mass

Relativistic exhaust
Matter/anti-matter, BH?
Radiation shield

Septum Torroid
Braking
Ship design
4) Signatures of present travelers

Going away ships
Approaching ships

Already seen?

Elevator From Earth to Space
(Movie)
· Cable attached to the Earth’s surface at the equator (ship in ocean).
· Cable extends beyond geosync orbit to a counter weight.
· Climb cable using electricity ($2/Kg) vs (Shuttle=$20,000/Kg).

· Climber can return material to Earth (no reentry and heat shields)

· Can climb beyond geosync, let go, and be flung into space.

· New materials (carbon nanotubes) make it possible….

If nanotubes can be woven, matrixed, or grown into a cable.

· Cable is tapered to make it less massive.

· Engineering challenges

· Space debris, airplanes, lightning, sabotage cutting cable

· Oxidation of the cable

· Powering the climber

· Damping oscillations of the cable………….etc.

http://www.elevator2010.org/site/primer.html
Elevator primer, movie, NASA prizes for Teather and Climber progress

http://www.isr.us/spaceelevatorconference/2004presentations.html
NASA and Los Alamos sponsored conference.

http://en.wikipedia.org/wiki/Space_elevator
Encyclopedia article

http://www.islandone.org/LEOBiblio/CLARK1.HTM
Arthur C. Clarke, some history,
http://www.liftport.com/index.php
Companies are forming….invest now!!
Many of us first read about the Space Elevator in Arthur C. Clark’s “Fountains of Paradise” (1978)
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Space Elevator

[meters] Radius of the Earth

[m/sec2] Acceleration of gravity at the Earth's surface

[rad/sec] Angular velocity of the Earth
[kg/m3] Density of the cable material (Carbon Nano Tubes)

[Newtons/m2] Stress allowed in cable (~1,000,000 psi) (Carbon
Nano Tubes)

a=f imax = 1360 isO0Limax  Ars 106107
g

1, = tearth + Ar

AreaRatio; i)

Cable Area Ratio vs Radius

* g0t 1107 1210714 1016107

I
f

o 210 410* 610

1000
{lem] Radivs from center of Earth

AreaRatiojg, ... =4.091  [] Max ratio at Geosync

figeossne _ 23104 [Km] Geosyn radius
1000






[image: image3.png]Assume the cable is (1 mm)? at the Earth. Assume the cable continues past Geosync
10 licounter - Hang a counter weight here. The centrifugal force on the counter weight
balances the remaining downward load of the cable.

Calculate the total mass as a function of where the counter weight is hung.
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Therefore, the minimum total mass that must initially be rocketed to orbit is ~1000 tons.




[image: image4.jpg]Flevator (osts

) Electric cost To [ift 1¥g oot of Earth's potentiaf

v . GM
m %
s 9yn - (‘?.8/""5%1)('6.4x106m) = 6,3%10 3%4%
= (L5 Kb
Ky

~ 3L @ # 1 kw-hr

2) Rocket cost for the fhﬁ‘faj JOj tons to orbit

6 4

= (]O KZ>(2" 1o #/Kj\)

= 320 % 10"
The cable then {ifts its own censtruction materials
and grows xloo0 1o 10% +ons

= 32/ x 107 K

= $ 2,>< ‘Oq

3 Research | design, c]fmber) base station, top station, ...
=42 x 10






[image: image5.jpg]Special Felativit

}) Boost i X direction by A (“ Lerertz Boost PafqmderI)

A coshkOOsgxM Pe 1{=P:W3~

o = O o)

0 - 8 ! © Y= cad N

E g E 2ind,
New sinhA O O CoshX 014 BY= A

L) Spaceship (45 Viewed by 'tmveﬂer) asuires BV in the next AT

Acceler aFion

= &Y. 'A'E = AA‘ | = Lok ~ 4N fo <<
L+~Q = ar o € A = (& AT Since AP AN r AN<S)
AN = % AY
A= %'Y since successive boosts AN in +he same direction

ave adolHive> A= constant acceleration ) T=time in spaceship

For oa=1 Earth gravi't/

e B8 o) (T 20e)
3,0 108 M/, « Thws]

) 7 A onstant lgmvi’r/ acceleration
A= Lo [/YR] * T[yaﬂ[ qves the Traveller a - lorents
boost of [.O per year

3) Distance X travelled as seen 137 an ebsecver on Earth

5 C}B ol‘t‘(s Earth tme o £ - 3*!08%“ 5
| R P o
= clandn dt Ship Hime T B e
o = 5 L
= ¢ Tand X coshr AT - Lo s

"

c 2y dr /
W

6= Lacdteryor =5 feoktr =) [l o






Some Typical Trips
	Trip
	Accell time

[Years]
	

at half way
	Decell time

[Years]
	Traveller Time [Years]
	Distance Travelled [Lyrs]

	Nearest star


	1
	1.5
	1
	2
	1

	Across the Galaxy


	10
	104
	10
	20
	2 x 104

	To Andromeda


	14.5
	106
	14.5
	29
	2 x 106

	Way Out


	21.5
	109
	21.5
	43
	2 x 109


Notice:
1) Humans are built (strength and lifetime) to travel anywhere in the Universe (albeit.… never to see friends and family again).

2) Star Trek had something correct !

Warp <10 
all episodes within the Galaxy

Warp ~15 
the episode where the Enterprise was hijacked and modified to fly to Andromeda

Therefore:

Lorentz Boost Parameter = Warp   (which is easier to say) !!!
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Ship Signatures

Going away – exhaust redshifted 


earth =emitted / 


=5000 x 10-8 cm / (104)2 

= 5000 cm (Radio)  ………  (Not for GLAST)

Approaching (and media braking)

GLAST sees Comptoned s from the turned around electrons.
GLAST sees reflected s if braking using mirror on  density.

Cosmic Ray Ground Arrays see the turned around protons. 
	ship
	ship
=cosh(ship)
	Photon Braking

= (1eV)cosh(2ship)

[GeV]
	Electron Braking = me cosh(2ship) [GeV]
	Proton Braking
 = mp cosh(2ship)
 [GeV]

	
	
	
	
	

	4
	2.7 x 101
	.000001
	.05
	1.5 x 103

	5
	7.4 x 101
	.00001
	5
	1.1 x 104

	6
	2.0 x 102
	.00008
	40
	8.1 x 104

	7
	5.5 x 102
	.0006
	300
	6.0 x 105

	8
	1.5 x 103
	.004
	2.2 x 103
	4.4 x 106

	9
	4.1 x 103
	.03
	1.5 x 104
	3.3 x 107

	10
	1.1 x 104
	.2
	1.2 x 105
	2.4 x 108

	11
	3.0 x 104
	2
	9.0 x 105
	1.8 x 109

	12
	8.1 x 104
	13
	6.6 x 106
	1.3 x 1010

	13
	2.2 x 105
	98
	4.9 x 107
	9.8 x 1010


Yellow=Mirror on ship can reflect CMBR (3 x 10-4 eV) photons
Blue=GLAST energy photons

Red= End of the Ultra High Energy Cosmic Ray spectra
[image: image10.jpg]SH‘P SZﬁnq‘{\)re 'FOF GLA5T

Glevlate the energy flox of ¥ radiation we wovld see

at Barth Trom The cosmid -Plr‘oJron dengH}' Compton SC-fr(erinj

on +the Shffs' me.‘nj vadation, a 5
Assome

) All ships have ‘the same X

) Ey ~Fe

Compton  Braking
9 Viewed From Eorth), the most FrolmHe ship warp is the maimwm A

(Since +the | yr spent there l’)’ the traveller = Cost\W) years on &ﬁh)
4) £= [%] Densﬁ): of SHFS
5) 5(; ,,5)‘ 'loﬂ [_V%;fl] Bray\;'\j Power,(ir\ Pra‘fons) ‘o deccl!;rqie |¥Z at )Z/mr
ie=ZJo~bZ ;ZF = ]oé [l/k__‘;b] Bm}’\qu power in electrons

Fraction of Braking Jets (Asl is the Jet solid angle in the Earth fmme)

Fhat point af Eafth [ seen on Bt

- R e ——— Tn Barth frame ) The
Wats = A ie R ¢ 4T rLdT Time between Fhoﬂ‘bni
¥ LAY is shorter |}
rean
Fh o . Arrivef time
Earth ~ 18 arrive™ difference
Frame L
Lorentz boos? of ener i = Emissiontime
e 37 A-tEmr'l’V!‘ dn’;ﬁf‘rence
] y F y
) = Y AR o shiigets
L " ]Eaﬁn 2LYeR B e 'Atem;f (C CPsh},») i
between

A‘t:ﬁ«riv: = Atg, (“ )Bﬁlnf)a) emissions
Atpnive = Atent cand ) (I— M,\)
ship

= Atey (wha—4indd)
ship

S i
Afren = Atenn /e A>' “2y





[image: image11.jpg]+=24.4"%R

The ship boost = Mg, Viewed from the ship, - A:_Mﬁ electron
comes in and s tvrned Qroond to a A= HMpp electron

Boas‘i—iﬂj back 4o +he Earth Wq’ame) +the electron *then
has_ A= 2 Agpp

(:-’O_ngﬂ bounge F‘rfr.s‘t Order Fefmi_ ACCe\ero:Hon>

2Ashi

Ey ~ Eo= M o5h(2hang) ~ me3€ 7 = mg 2 Jeshy> "lelx;.
/(‘omfﬂ‘ﬂ'\”‘ "
off electron

” GLAST
E,~ me 2 By > looMey = Agy>
watfs
n ‘ffpkofons 7 _ '?[“Wc:] }
mEsec sterad Ey 4T

.\,nAe?er\den‘r of Xﬁ‘”? / {as ]pnj a5 X>'Few
4T me So aF?rox?ma'\'ians Frve

‘Eﬁragé[acﬁc diffuce bacKﬁrauho( measured l>)’ EGRET

Pholons > (oo mev

1.5 x |o‘5
cm? Sec Sterad

it

photons > 100 Mev
mt sterad

1"

-5





[image: image12.jpg]-9
p - 4N m, {4Tx 8~ >(,5y 16%v x Lex 1o Jmf%V)

e ol
(o ;ice%)(‘o Lywg * v )D sec X 3y |O° %{)
7R
= rex 1ot Ky
m?

; 2
] M Ke L le . 6 Ly . MLij‘
<1,Ex 10 ma)( @] %r{ o }M/LYR> ( } W)

I’G & IOZZ ‘ %alaxy o0

Rt

Z*—‘)Olq ;g”d"fT/ -~y Pa/];oad’ media meihj

Lrom >\5“"F>6 would accowit for The Hotal
number of eAX'{’.mj"v(‘?VHC diffvse F‘\D‘fvﬂi

measvred by EGRET,

How could GLAST separcife bm\‘u‘vﬁ Fho‘%onﬁ
Lrom ﬂarmnj fls-f'rth/sTcn.( Souroe?

Spectral Shape ?

T4 all ships had the Seme A, there would be a

Pc‘al’\ ot EX: Me (Cosk)\)L





[image: image13.jpg]De"(‘e(’/‘i"lor\ by UHE COsmiC
T (Aeasa, Flys Eye, Auvger,...)

- \
RC“/S \/Frn‘}:}ns )

Same ship densi-V € formola

e = (4:“” Mp n
' R iP /\;,,\ o Same as for U.Sl'nj e
o sice Lp Lo
@HF‘ B eshi o TP M e Area of
using profons  bsing GLAST [y T AGASA Bumf)

s

-4 Protons > ’DVL\/ 2 «d \
(2y O " fons > B 1o o 2 sec ster }
ja)\ax/ 5 Ganimas > 100 Me%z sec ﬁer/
»
b e n 3
WS ’j\:rc'{;ns IO TO /34162)(/ ]} v (,OO M) o‘F H?,O
\K ~ 01l Svper Tanker

/ y
| 5"\??/3&,@(/ €XP)aiV\§ AGAsA Eum}o !E

. . 9
Gl e ”W‘F) = 1310 eV protons





Ultra High Energy Cosmic Ray Spectra (HiRes)
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http://xxx.lanl.gov/PS_cache/astro-ph/pdf/0501/0501317.pdf 
Ultra High Energy Cosmic Ray Spectra
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Summary

1) Civilizations must first get material off their planets cheaply.  The Space Elevator does this. A cable material with a large enough [strength/density] is now at hand. When it can be fabricated into cables, the Space Elevator is buildable.

2) A constant acceleration of one Earth gravity for one year gives a Lorentz Boost (=Warp) of 1.0 
3) A 1g trip for ~1/2 human lifetime takes you billions of light years.

4)  GLAST can set a limit on the density of other civilizations’ ships in transit by looking for the ships’ braking radiation.
5)  Ultra High Energy Cosmic Ray Ground Arrays may have already detected the media braking radiation from Warp ≥ 12 ships at a density of 106 tons payload (~1 ship) / galaxy.

If more than 1 same energy proton is detected from the same spot on the sky, the ship is nearby.
Fortunately….
If they are nearby and heading for us, it will take them >80,000 years to slow down.
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