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ABSTRACT

Nuclear explosives may be used to capture small =tcroids (e.g.. 20-50 meters in di-

ameter) i~to bound orbits around the earth. The captured objects could be used for

construction material for manned and unmanned activity in Earth orbit. Ast.moifls with

small apprcmch velocities, which are the ones most likely to have close mppro.achm to tll(’

Earth. reqllire the lenst energy for capture. They nrc particuhw!y easy to cnpturc if tlw::

pass within one Earth radius of the surface of the Earth. They could be intcrccptm-1 with

intercontinental missiies if the latter were retrofit with a more flexible guiding and homing

capability. This asteroid capture-defense system could bc implcrnentcd in n few yriws i~t

low cost by using (Iccormnissioned ICMY. The economic value of even one cnpt Imd mteroi(l

is many times the initial investment. The ~~tcroid cmpture system wmdd be rm twsmltinl

lmrt of tllclenrning curve for chmling with larger wil (Jroids

1. FLUX AND CHARACTERISTICS OF SMALL

that can hit thr mrth,

ASTEROID INTRUDERS



in close approaches to the earth. The velocity of the object at

d, to the ccntcr of the earth is, from energy conser~i~cion,

‘“”=[v~+v’’’e)r’

its closest npproach [Iistance.

(1)

Hero V,s. = 1lm~km/~. -About 15 % of known NEA~ have V= less than \~r,C ,nn(~solll{,

hnve Vm less than 6 km/s (derived from table provided by Shoemaker, et. al. 19!)1 ) . If

1“= = 6 km/s nnd d = R@, then VP = 12.7 km/s. This object wmdd only hnvc ti) IN*

slowed by 1.5 km/s at distance d to bring it into a bound orbit armlnd the enrth (to grt.

V~ below V,,c ). (If a meteoroid is found with an approach velocity of 1 km/s, the rcqllirutl

reduction in velocity for cnpture drops to only 0.04 km/s).

II. CAPTURING THEM WITH NUCLEAR EXPLOSIVES

The only fensible way of capturing such an asternid into a beund orbit mmmd rIw

wwth is with nuclear explosiv~sm Forturmtcly, such explosives and the menns to (l(*liv(!r

thrrn to ml nstcroid ptwing near the earth are readily available ~t smnll mnrgirml rest (111(1

to the continued clccommissioning of many American ~.nd Russian ICMS, Ewm mtmx)i[!s

Imssing within the orbit of the mwm can be rcachccl I)y ridding n single cxtr.’. htngc to 1111

IChl. This would bc particularly easy for missiles with MIRVS rnw!l nn the MX thnt mNIIIl

Iw rwlucml to one explosive charge,

Pr(qwrtim of nuclear cxplmions and their cnpnhilitim for chnuging thr vvl(witil’s (}f

nstcroids Imvr hrm (nltlinwl in thi~ c(mfmmrr I)y J. SOlvm aml C, Pllipw, IV(Sfollli’1 wlrli{v’

t ]Inl h) cnl~tllrv m mdm(~ifl with n vohwity nt, idhity of G knl/H rr(lllirw tlult w (br~I*IIs(’ its

V( 1()[.ily I)y (MIly 1.CJkm/~ if it mnkm n rltNwmwt~~mtcr t[~ tlw rnrt.h. Wr rm~~i~lm(’nl~~ltrillg

nil irtm nvtwmoi(l witil n (Iinmrtrr of 35 Ilwtmw, n (I(mit.y of 7,fi grnllls/rlll:’, nllfl II Illnss

[~f 1.7 x 103 Ilwtrir t(m~. ‘rhltrwrgy mwlr(l tf) rn]}ttlro tlii~ (J)jrctl int[) ii lMMIIIfl (wl~it is
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30 kt for a 20- mmcr asteroid. It wmlkl dmp to ICSSthan 1 kt for the Iargcr ast~r(~id if OIN”

could be fmml with an approach velocity of 1 knl/s m lCSS.) The bomb has to he wwmml

times this minillllml WIIUChm-allsc of varimls incfficivncies, hilt this illustration sho}vs tImt

the capture of a nickel-iron asteroid is pmsihle with readily available tc .hnology.

The material blown off the front (in the direction of motion) of the nstcroicl by tlw

explosion h~asa hyperbolic velocity tmd escapes the gravitational field of the cart. h.Bt*~i]lls~

of its high tm-mle .itrcngth. it will not he difficult to hold the raptured nickel-ircm ~strrt)it!

in onr pimw. Stony asteroids arc mow fragile, IV(>may wisil to cnpt Itrr mdy th(wr \vit11

very low approach velocities with respect to tlw enrth to minimize the rwiuirml lvq~h)sioll

crwrgy. some development work is needed to better understand how ntlclear explosives

couple to asteroids of vnrim]s compositions. WC also need to dcvrlop Mnnkcts for [l~lcl(~i]r

explosives to “cool” them: minimim thv gmnrna mys, x- rnys, nnd nelltmns tllry mnit, so

they do not hnrm satellites nnd the mngnetosphmr of tiw rarth. WC u-my wish to priwtirr

intmrcptiug tho astcmids nt lunm distnnrrs lwf[)rr ntltmnpting to ilktrrcr]lt ~mc ill n l“I(w(I

aplmoiich to the earth. The nbility to rnptllrc (J)jrcts with nuclear cxph)sivrw is (“ltli~~l~

ilrllie~”ml)l~ nnd could bc inlplcmcntml ill n mlat ivcly snort tiltl~ nt n rvlnt.ivcly I(nv (Slwt

Ilsil]g {1(.c[~rl~lllission(~[lIcl{s nll(l nllclvnr f~xl)losil”fw.

A cnptlmd nstmoid wouid Ix n mnj(m mm-t, It r(Ms nlmlt $1()”/mctri~ toil to laIIIM’11

to l(nv-mrtli tml)it ( LOA) Rid IIIIWl~nmrr to highrr (ml)it, T() hIImrlI t]w 111[1SS (}[ II :lfi-

Iuvtm nick(’1-ir(m mctcoritr into LOA WOII1(Irest, nlmllt $ 2 x 1011 or lo% of t!w GSI’ ~~f

thr [7.S. J\, .Altmmtivc]y, to mptllrr it intt~ rnrtll tml)it mny tnlw {Mily (MN’stlrldlls IC31

nlltl wnrhm{l ic tlw closmt qqmmdl of tlw (J)j(v’t to tlw sllrfurr of tlw vurtll is (ull’ I’ill’t II

r:l(lills (w lIIss. If IIwsr illis~ilos nllfl wllrll(’mls urv srlmlll!ml tf~ Iw (lt’f’tltllissit~ll(~(llIy trII:If!“,

tll(’ lIInrpjIInl rIwl of Iittillg Iwrtl f(w this I]lissioll Illny 1)!’ 1(sss tllntl $107, wllirll ])olt’lltiil]]y

givf ’s n rd 11111011 llw initial i[wwtlll(vlt IIS Iliflll IIS 10,{)()() t(} 1. I)vvvh JlnlIIvIt c(hts :11111t III’

IIIVVI f(n’ r(vltlll[lnllt Illiwihw will 11’[111(’11this rrlllrll. I)llt i~ is still Slllmtnlltilll.

‘]”II(srnl)tlircj~l X1 hst(qflitl \VIIIIh I II(* II S, MIIXV* [If Illnttirilll f(~r flltllrt’ d[’tivity ill •~I;II.I’.

II (’1)111(1INSlInllImtvl (~llt tIJ Imj(llw(’ n lnrg(’ ‘illa(”(’ !Stllll(}ll. OI}J{ f’ts Iil’(’(1 {dr till’ I’il]lfllll’l I
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asteroid at its closest approach to earth would be given a boast by being ~vithill th(’

potential wdl (‘f the cnrth. .4 rail gun could be used to eject the objects. This physicill

process is tllc reverse of the one that allowed the capture of the asteroid into earth rwhit.

If the object is ejected at 1.5 km/s in the direction of motion of the captured asteroid at

its closest approach to the earth, its escape velocity from the eazth is 6 km/s. The rail

gun could be used to launch cheap probes to the larger earth- crossing nsteroi& ( XC’.AS).

A number oft hme probes are needed to characterize the vario~ls types of INC.% iIntl short-

period comets.

The metrd in a captured nickel-iron asteroid COIIMbe melted using n solar furrmcr. .4

good candidnte may be the gas lens (a large plastic balloon shaped like a lens nnd fillwl

with gas) mentioned in this conference by Clallde Phipps. A lens several hundred fret

flcross would be Iipjltweight and cheap.

III. DETECTING INTRUDING SMALL ASTEROIDS



terminal defense system for asteroids. ultimately, it would be desirable to build ra~lars in

the southern hcvnis]imre to provitlo all-sky co~”crrqgeof asteroids approaching the ~art!~.

A satellite with e~-en a small aperture cmncn i. equipped with n large C’CD placc(l ill

a distaut orbit. mound the earth (at the moon’s {list ante or greater) cwdd detect wlall

asteroids approaching tl~e earth. A satellite at the Lagrangian L: point, which lies insi(lf’

the emth’s orbit mound the sun, would be particularly cffrctive. lt wrm.ld alwnys src

the astmoicls al~proaching the earth as full (in the sense of the full moon), m thcy mv)Id(l

nppear at their brightest (the opposition effect). It would see much smaller ol)jrcts nr

htrge distances from the earth than is possible with radar, which stdfers from thr r-’

dilution e!fectm It would not suffer from wmtht=r or the inability of detecting mtmnids

thnt are approaching from the dirmticm of the stm. which mr t.hc prinmry Iin]itntions (Jf

(’:lrtll-l)il.*![l cnnmrn systcrns.

IV. HOW SHOULD THIS BE IMPLEMENTED ?
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to continuous international in~pecticm to awure that they are not converted to w-capons

use. We wouh! invitr the Russinn state to institute a similar program with some of tlmir

decommissirmml nlissiles rmd nuclear explosives. Their program would Lc coordinated with

ours.

The second phase would be to add another stage to the larger deconm~issimw[l lC’lls

such as the 31.S. This would extend the range of the missile to escape velocity from the

cart 11. This would allow asteroids to be interccptrd much fnrtlwr from t11(?cart Ii, i.e..

at the distance of the moon or greater. This may provide a large enol@ lever arm to

allow umny asteroids in collision orbits with the earth to bc deflected away from tlw ~i]rtll

before they strike it. Otherwise, we could only blow them !nto small pieces and let the

atmosphere provide the final defense. This second phase would have the goal of dcfenclin.g

ngainst mtcroids up to 1 km in dirwnetcr that rue only dctectcd in their final npproach to

tht- cnrtll. It nlso would allow small asteroids to he captured into large scminmjm nxis

orbits rmo~md the t-vwth, which would allow them to be used as way stations for rtmnm-vl

ildrllsions into the sohir system.

The phnse 2 work would dovetail into the proposed earth-bawd survey to tind ncnrly

nll rnrth-cmssing nstcrtlicis with diarrwtcrs greater than 1 litn over n 20-ymw pcrio(l. TIM*WI

li~rg(s nstrroi(ls cm fmly be fldlected away from mrth, if they arc hit with nuclrnr cxldosivv+

srv~*rnl [wl)itnl prrimls I}eforr they WOUI(lothrrwisc hit tlw mrth.

.4 Pll:wc 3 (w Phrw 21) progrnm may Iw tlw dewhpnmnt of tnilcmvl mndr rfwkt’ts

nn(l nllrlvur vx~)l(wiww to dmd with the mtrroi(l tlnmt. This progrwn cm Iw illll)l(’lll(~llt(’11

fwt(”r if 1{lls~i:l jf)ills t.lw ~m}grnm. TIM* Illlssinn Zrllit 2 r(x:k(’t w(NII(l IN ])nrticllhrl~.

(Mm-t iw for rl{w ill iiltmcr])t lwrnllw$ it is (Irsiglw(l tt) lx’ fit-ml (df 011 sllfwt Iioticl”. 11 i.~

s:li(l t~~ lI; Ivf* iI I)llilt -in fl(’xil)lo glli(lnlw(’ syst(wl thnt, nlh)w tllc (qwrnt(m to (Iiul ill :Illy

I)(wit ion ;lll(l vohwity witllill t III* fIIIf r~y cnlml)iliticx of tlw rfwkvt.

L~ltl*r, it WX)lil(lIN’ to ~l(*sirnlJr to f’xtvlltl t.llf~(.nt:ll~)g of ust(m~i(ls with kii~)lvll t,rl,it+

(hnvil ro tluwr with (Iihtllf ’tws w]] I)rh)w I k!Il, so {1It!gwolls I)IIr:{ f“nil IN’ (I!’flr’rtf’{1 ;lt Krfq:lll’r

i



dist antes from the e,arth. New surveys based on ohscmations from satelli .s orbiting \-en~w

and at the Lz point of the earth (discussed by the author in another report in the Confcrt=nce

Proceedings ) would be used to fill in the systematic gaps left by the earth-based slm-e!”

and to cxteml the sumey to much fainter asteroids. These satellites would also warn of thr

approach of long-period comets that currently could hit the cart h wit Lout ~varnin,g from

the ~lirection of the sun.
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