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Abstract To deflect impact-trajectory of massive and spinning kasteroid by a few terres-
trial radiuses one need a large momentum exchange. Theidgaafdiuge spinning bodies in
space by external engine seems difficult or impossible. Glutisn is based on the landing of
multi screw-rockets, powered by mini-nuclear engines hanttody, that dig a small fraction
of the soil surface to use as an exhaust propeller, ejedtigrtically in phase among them-
selves. Such a mass ejection increases the momentum exchiaaly number redundancy
guarantees the stability of the system. The slow landingybe: 40 cm s 1) of each engine-
unity at those very low gravity field, may be achieved by safting and bouncing along the
surface. The engine array tuned activity, overcomes ttex@dtangular velocity. Coherent
turning of the jet heads increases the deflection efficieh@yocession along its surface may
compensate at best the asteroid spin. A small skin-massi{(2bo10* tons) may be ejected
by mini-nuclear engines. Such prototypes may also buildl §eife galleries for humans on
the Moon. Conclusive deflecting tests might be performecamote asteroids. The incoming
asteroid 99942 Apophis (just2of km?®) may be deflected safely a few Earth radiuses. Its
encounter maybe not just a hazard but an opportunity, legimbw to land, to dig, to build
and also to nest safe human station inside. Asteroids asplieflections by gravity swing
may be driven into longest planetary journeys, beginniegaith the preliminary landing of
future missions on Mars’ moon-asteroid Phobos or Deimos.
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1 INTRODUCTION: THE ASTEROID SAFE DEFLECTION

On late December 2004 an asteroid labeled 2004 MN4, now n@8#tP Apophis, has been noted as being
in possible future collision trajectory with Earth on 2028182037. The 2029 nearer encounter will be as
near as 5 terrestrial radiuses. Therefore we shall inghgeneed to divert in a decade time by the same
distance an incoming spinning asteroid.

The case is now less pressing because a better trajectowtddge reduced the future impact prob-
ability. Nevertheless the subject revived the simple qaesin how and when it is possible to deflect an
asteroid. The possibility of an asteroid collision with tais usually small but, as in the past, in any near or
far future it may be faced as a real threat to human life or megal to life. Here we re-derived the simplest
basic law ruling the asteroid deflection, keeping in mind/é@sy possible spinning nature, in a quite general
way.

The landing of a screw-rockets array on a spinning astecodigt the soil, to fuel engine and to deflect
its trajectory in phase, possibly while contra-rotatirsgthe proposal of the present paper.

In next Section 2 we show in parametric form the general difie¢aws, linking energy budget, as-
teroid mass, jet velocity and mass to eject in a unique systemext Section 3 we discuss why mass
propulsion is much better than radiation pressure, takibhg account the prompt nuclear options. In the
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main Section 4 we compare the spin energy versus the defiemtie, showing the difficulty to deal with
the asteroid angular momentum. We also consider the larafitige screw-engine unities and their co-
operative deflecting role on the whole asteroid surface bgetimain processes: Array in phase, Turning
Jets, Contra-rotating procession. In Section 5 we conchataleflecting asteroids by array is possible: this
effect can be amplified by gravity swing. These large demathay drive them in space, offering a safe
housing, from cosmic ray radiation flare, for human travelfar planetary spaces. Some applications to
near future 99942 Apophis event are considered in conclasiection, where we present a surprising note
on the key role of Phobos and Deimos (being asteroid-mookkos): these moons are in fact ideal guest
place before Mars landing.

In late appendix (A, B, C, D, E, F) we answer to six related tjoas: How many Nukes for a de-
flection? Why Neutron Bombs are better in impulse transfe&y Msteroid be charged and deflected by
Solar Lorentz Forces? Are hypothetical Anti-Asteroids elelfbns, by gas annihilation, observable? May
fast Spinning Asteroid be break down and split in pairs? HBséduestion is puzzling also considering the
relevant spinning effect made by tidal forces while Apophil approach at a few radius impact distance
the Earth on 2029 encounter. The final and actual questioowstd tag successfully Aphofis trajectory on
2017.

2 THE BASIC PARAMETRIC LAWS

We shall first summarize the equation of motion for an astiedeflection. In the large mass limity > m

of the asteroidM respect the ejected fuel ome and in a non relativistic approximation for propeller
velocity (v; < ¢), the main equation of motion are ruled by the needed dewiatistance d (let’s scale
it by 5Rg), the mass of the flying object/, (let’s scale it by a kr water like mass or giga-ton unity)
in the given timet that may be considered in a characteristic decade duratimgit, and also by a given
total engine energy budgéf; (we compare it also with Hiroshima bomb energy usit10%! erg). The
consequent needed asteroid acceleratiqp{;o0iq) IS:

2d _8 o d t o\ —2
A Asteroid = t_2 =6.4x10"°cms (%) (m) . (1)
The required asteroid final velocity is:
2d d t \—!
=2 9202 *1(—) (—) . >
T S \5ry /10y 2)

The consequent required thrust (force) is:

. —2
FAstcroid =M - A Asteroid = Mlejected * V1 = 2Md -t
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This small force is comparable with a terrestrial persorgiveiJust to compare the above force with
the one due to the radiation pressure of solar light at 1 AU aveck sphere whose mass does correspond
to a kn? water one with a typical radius @& = 4.51 x 10* cm, and whose disk area s = 0.64 km? or
more simply on an ice-like sphere asteroid whose radiusvs Ro= 6.2 x 10* cm, and whose disk area
is A = 1.2km?, one finds for the lattet.66 or 9.3 Newton, respectively for total absorption or complete
retro-reflection. A possible large mirror-sail may mildlgftect the body asteroid, but the needed deflection
force considered above (Eqg. (3)) is at least two or threermtdmagnitude above the radiation one, without
any consideration on the problematic about the safe holafirrgsail on a spinning body. It is nevertheless
worth full to consider the possible mild deflection (hundrédh size in a decade) achieved by a complete
albedo change. There are at least three very different esaligck spray paintingmirror layer painting
or retro-reflector painting The total paint mass may reach a few tons (for few micronktieéss). The
eventual painting deflection, mass and operative cost meghwarable or competitive with the Kinetic
Impactor deflection Rizzo et al. (2006), but the final deftattio not reach the needed few Earth radiuses
desired. Most the final kinetic enerdy,, (of the total initial energy; stored in the rocket engines, partially
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dissipated in heat) resides in the fast exhausted gas mgs#.(,, ejected at velocity«;), while only a
tiny fraction of the total kinetic energy lay in the slow aslie, at final velocityvr, whose final deflected

momentum isA Pag = 2.018 x 106 g - cm s_l(ﬁ)(wﬁg)(ﬁ)_l,

d \2/ t \-2, M
Biawe = 2035 x 10" (52-) (55) () *

To be more precise the exact final veloaitysicroid—fina derived by equation of motion for a rocket at
afinal mass\f; and initial onelM; (M; — M; = m) iS: Uasteroid—final = V1 - 1n[M ] = ln[Mf’:m] where
v1 IS the emission velocity of the propeller maasrespect to the asteroid. However becalite> m the
above linear apprOX|mat|0n holds.

In generaIEE“—fft = 4, for present characteristic k%tueventsEl‘Ast =2x 10~ (ﬁowg)(lo%g)*l
Because of momentum conservation, for any given engmee&tﬁyn in converting into kinetic thrust the
total rockets energy;, we haven = Ek < 1 and the needed engine-jet velocityfor any asteroid mass,
deflection time, displacement and total energy, are bouatledce in the expression:

Et - t 5 —1 Et t M -1 d -1

=g 9 10ems (1022erg)(m)(1015g) (m) ' ©)
Here we imagined a characteristic reserve energy for allethgine, of the order ofs; = 10?2 erg=
10'% joule unity, corresponding to nearly ten Hiroshima bombrgpevhich is a typical value for small
size nuclear engines. The nuclear fuel engine, spread izendaf unities, should not exceed a few tenths
of kilos each one while the nuclear core, the robotic scregiress, the tractor wheels, the thruster rockets,
might be well within a half a ton mass per unit. We remind thseaize of any radiative protection in these
robotic unities, allowing a light unit reactor mass. The Berand the Iighter the better. The relation be-
tween the exhaust soil kinetic and total energy convergign= 1/2 - mv? = E; - n = 10?2 ergn and the
above equation, defines the needed total propelled mass:

2. M2d2 M N2/ d N2/ E. \N-l/py-ly ot o2
seten = s =203 10" (1) (5) (gmes) (D) (55) - @
Mejected = P73 % 10%5g) \5Ry/ \10Zerg/ \1 10y ©)
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By geometry, we know that the fraction of radius of the agtesttin eroded by mass expulsion, is on
averager = £ = 0.66 x 10~ (%)(ﬁ)%wrg—grg)—l(@”(ﬁ)‘?

Each one of the, let’s say a dozen, screw-engine may ejecaldesiitaction~ 10% — 20% of the power
above. The usually huge amount of expelled mass (assuming delivered to the asteroid by a chemical
rockets) is too large (tens of thousands tons) and too riglep (for mini-meteorites impact) to be, in our
opinion, seriously considered (nevertheless, see a diffagpinion in Schweickart et al. 2003). Nuclear
engines may provide the main energy at a much small weigbtghfew tons range) and the asteroid mass
soil the main propeller thrust (at tens thousand of tonseanthe wide spread in unities components and
moreover their different places, guarantee the stabititythe redundance of the mission.

The total consequent ejected mass rate is :

) 2. M?d? 1 M N2/ d 2 E; g\l ot 73
Mejected = P48 — = 04.54gs (1015 g) (5R@) (1022 erg) (I) (m_y) - ®

It should be noted thimverse cubic dependenadth time: the faster is the needed deflection, the higher
is the mass rate ejection (as well asjerse quadraticallyotal mass needed).

One may wish to reverse the above formula to derive a neechedftir a deflection of a kiasteroid.

Its characteristic value is, obviously, already calibdatea decade. For the same power and energy in case
of “light” Apophis the result becomes:

me'ec -1 ]\/[A oph 2 d 2 Et -1 n -1
t=0.737y¢ ject pop o I 9
y\/(64.5gs1) (2><1013g) (SR@) (1022erg) (1) ©)
The needed time to reach the object in its periodic trajgcamd to land the array and to make it active
should be around few years.
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3 MASS PROPULSION VS RADIATION PRESSURE.

To better appreciate the efficiency of the mass ejection masslesgxplosive radiation (at same energy
budget, see also Appendix A, B), it is worth-full to remindtlthe momentum exchangeP for a massn

ejected at velocity, is
AP = /2Eymn

wheren = - is the total energy conversion into propeller kinetic oneté\that the above expression
may be derived from both non relativistic and ultra-relistic regime. Therefore the adimensional raio
between the momentum exchange for the present screw mattethe help of a mass: ejected over an
analogous due to radiation pressure (external nucleaosixpis) with albedg at same energy budget, is:

2me3n 4 m 1022 erg 7
R= —6.32 101/( ),/ s 10
Eq X 2% 1010 E, \/; (10)

Therefore, contrary to much written in popular science jéctematter is much more effective (nearly
five order of magnitude, as in example above) in deflecting & &steroid than any radiating propeller
(Fargion 1998). External radiating atomic bomb are unéiffe¢see Appendix A and B). The prompt ex-
plosion of nuclear bombs on the asterwiterior may be as good as the screw array, but this prompt event,
even if it is well projected, may lead to uncontrolled bregkinto undesired asteroid fragments (Fargion
1998).

Moreover we would reconsider the screw-engine landing aimihgnthe asteroid. Because of this low
gravity the vertical propeller engine has two role: firstaseject mass and to thrust the asteroid, second
is to force the engine-screw tank toward the asteroid serfiecleed while digging or mining the surface
there would be a very problematic impulse reaction back ftbenasteroid to the screw engine. For in-
stance, an astronaut hitting with a fist of few joules on theragd ground could be sent in orbit or at
infinity. Consequently we like to have a persistent engiresgure on the ground that guarantes a perma-
nent adherence on surface, even while the screw is diggagah (within limited pressure). Once again
this force might be spread on each active engine all overutface, leading to a tingz 64 N force, cor-
responding about to a terrestrtalt kg weight and (over a- m? engine base area) a pressure as small as
6.4 x 102 Pa (0.6% of terrestrial atmospheric one). This thrust i$ almve the YORP (Yarkovsky-O’Keefe-
Radzievskii-Paddack) effect phenomenon and a solar lighfarce (at 1 AU) on a krasteroid surface,
which exert a force (even for maximal albedo) higher of a feswkon. Therefore this Jet activity may rule
all the predictable disturbances by nearly three order gfnitade. It should be noted that, if the asteroid
is made off of pile or pieces as in a rubble pile model, tharhsuanit force may accelerate any smallest
finite zone (let us imagine- 0.001% of the whole kni asteroid, an island block df)'°g) transferring by
gravity the thrust pull, as in the gravity tractor proposalét al. (2005). Such a tinies6'°g fragment (let
say a sphere) attracts indeed the other asteroid masseauity gvith an acceleration

~ 4-mp\: 1 4. m \s [ p\3
g—G~( . ) m¥ ~7.06x 10 %ems (m) (%) . (11)
Thousands of times larger that the one produced on the wioalg iy the desired deflection (see Eq. (1)).
The body will move as a unique object. The eventual but exttgrimprobable deformation of a fragile
asteroid surface under such a tiny pressure, can be justawerby driving the screw-tractor elsewhere
or by a physical linking the screw-engine array into a se#fggiing spread web-net or wide area wheel
extension. Indeed, elastic wheels should be inflated intobalar cylinders array (long and extended),
possibly linked in a tractor (like an armored tank) struetdrhe wheel area will spread the force and lower
the pressure successfully. Anyway the free-fall or cokaps such a small gravity body is so slow (hours
long) that the engines will have time to move safely. A préivensoil structure study may avoid such a
surprise by the help of mini-test impact hit.

Exa

3.1 Binary Asteroid Companion: will it be Lost?

The large presence of multiple or binary companion alongraits may lead to a question abou a safe
acceleration in such binary case. As in the previous casesltiw acceleration considered for safe de-

flection aasteroid = %—;i = 6.4 x 10"8cm §2(ﬁ)(ﬁ)*2, is well below the characteristic gravity on
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the surface (for sake of simplicity let us imagine a sphéteca® body): gasteroid = G(%)% M3 =
3.28x10 %2cm s~ 2- (%’ﬁg)% . It comes out that the dragging of the heaviest primary aitevill smoothly
and safely drive also the second companion as a unique object

4 THE ASTEROID SPIN ROLE

A km? asteroid is in general an irregular shaped body. Becausgétaf sun light pressure acts a net torque
on the asteroid. Because of such a YORP phenomena (Yark@Y#lgefe-Radzievskii-Paddack effect) it
has been early estimated (and also recently observed onA(R8d spin rate Mikko 2007) that the asteroid
rotation may be propelled and accelerated to the maximallangelocity (just before to break apart). In
general the angular velocity is non zero. Let us considerstsefstimate a spherical prototype whose own
gravity and inertial momentum is well predictable: we mafgmaate its own kinetic rotational energy (at
critical break angular velocity or even just at a smaller léegn one) and compare it with the desired
asteroid center of mass kinetic displacement. It is easyhtovshat for such critical (orbital) spinning
asteroid, its rotational energyas;—rot IS:

wlen
/N
[N
sl
N—

wl;

1 dmpn 3
Bpsirot = 5 - M3 - (%) LG =296 x 10" erg - ( (12)

),
1055 g

This value is comparable to the asteroid kinetic deflectioergy shown before

d N2/ t \-2, M
Bieas = 2.04 x 107 (—) (—) (—)
kst e BRy ) \10y) \105g/)

and it implies an additional (at Ieast—gr‘nllarger factor) energy cost and a more difficult control as in

any one unique tug (Schweickart et al. 2003) engine projdoteover becaus&aq_rot o M3 while
FEast—e.m. o M it is obvious that for large mass asteroidsl.5 — 2km? the de-spin energy request will
largely exceed the deflection one. In a different and popsdanario where the deflection is due to the
pulling by a sail (many square Knarea) one faces the unavoidable problem for almost all spirvodies,
on how and where to held the thrust on such turning massive kfade do not have stability along the prin-
cipal axis it will turn out to be an almost impossible missithere is not in general any fixed tracking point
where to hang the cable to the sail (or external jet engine)sWggest to overcome the asteroid rotation
disturbance by a cooperative engine action on the astewnoidce, mainly in three different (but comple-
mentary) procedures that we summarize heréddaaned Phase Array activity, Contra-Rotating Procession
Array anda turning Sunflower or Earth-flower array

Let us first briefly describe the unity engine, the prelimyniast, its parental missile structure and the
individual engine landing procedure on the asteroid.

4.1 Deflecting a Spinning Asteroid: Preliminary Test

Any landing on asteroids of the main rocket array, must beguted by precursor mini-stationary satellites
whose role is to be on orbit and to inspect the soil nature pamition and structure. Assuming a few AU
distances of the asteroid position, the whole preparafiost {est landing, final array landing, deflection)
for a kn? size, might take a decade. Different tracking exploratiolh guarantee the success. The first
landing of mini acoustical, radio, gamma and optical deviceght better characterize the asteroid inner
cohesion, as well as its exact morphological map, gravitgmial and spinning behavior. An array of light
retro-reflectors, mirrors and antennas may offer at bestesctracking. Piezoelectric acoustic emitters and
detectors may offer a 3D physical test of the asteroid. Thédiminary study will leave an independent
radio array to better communicate and a gyroscope arrayeautface and on nearby asteroid-stationary
orbit to track the spinning details of the body. This may keedase of Apophis, discussed also in Section 4.9
and in Appendix F.

4.2 In Flight from the Earth to an Incoming Asteroid

The flight and the landing might take place, if possible,aiih one of the eventual nearby asteroid periodic
Earth encounter, or viceversa for any one-way incoming chpeaent, by a fast reaching to the asteroid in
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flight, possibly accelerated by other planet’s gravity begand swinging as well as by a rapid slowing
down into stationary orbit and on the soil, at lowest Kepldsital velocities (a fraction of ms'); for a
spherical ideal case (that maybe simply estimated) thiddfepbital velocity is:
1 1 1 3 (*%) _1 ]\/f % P %
VAst—Kepl = G2 -Ms . pe - (E) =38.45cms . (m) . (ﬁ) . (13)
4.3 The Landing of Unit Screw-Rocket Engine in a Safe Oval Aibag

We suggest to build a robotic unit (of the whole array) mademni “screw” tank of a few hundred kg mass

or less, based on a screw-rocket structure, whose mineauehgine is digging and drilling downward the

soil while being ejecting it at high speed (ten km'} upward into a (nearly vertical) jet beam. Such a mini
nuclear engine should not be confused with much larger aadiéenuclear thermal rocket considered

elsewhere for self-sustained lunch or longest planetapages. The center of mass of the oval airbag,
guarantees a soft rolling and a vertical standing (becali®vogravity gasteroid = (G‘“g—f’)% M3 =

3.277 x 107 2cms™2 - (%)% . ﬁ%) in a very slow oscillatory period (assuming a three metexl ov
height):

Peots () (55) ()

Therefore the relaxation time is long and the vertical eaginopulsion may increase the apparent
gravity and the speed up relaxation time. The common chétazssters might be the main carrier rocket
(containing the payload of a dozen of screw-rocket unifessibly located in two or three independent
landing rocket heads). The whole parental missile will defram the Earth surface by the usual chem-
ical thrust engines, while in outer spaces it will be palialccelerated to high speed and decelerated by
additional (few tons) power-full engines (this one usingbaard chemical propeller and eventual nuclear
thruster).

The whole array and the parental courier engines (that esfiain for control and communication in
asteroid orbit) may reach a mass of nearly ten tons. Justnipare the lunar payload for the various past
missions, it varied between 48 and 75 tons. The asteroidrgnaiill occur at very low spiralling orbital
speed, as small as a fraction of m's Because of it there is not need of any delicate landing mhoee
but just a few safe air-bags or twin halves of egg-like infladédrbags: they may allow a smooth rolling
and bouncing and landing along the asteroid, leaving theersganding vertically on asteroid surface. The
expulsion of such mini-airbag, or the undressing of the iggtanding envelope may take place once at
rest at vertical position. The procedure is simple and bdstan Earth (see Fig. 1).

The screw and dig procedure occurs while the engine is mogiogg its surface. Because of the
asteroid extremely low gravity and the risk of inclined ggefrom the surface, we imagine a cooperative
ejection (of the rocket) orthogonally to the ground, whaszction and thrust guarantee downward pressure
and complete adhesion on its asteroid surface. The landiegtieemely low gravity is offered by a slow
(a fraction of m s1) rolling of the engine inside an inflated spherical muliida possibly a transparent
air-bag envelope, as suggest by figure above.

4.4 The Simplest, Anrealistic, Non Rotating Asteroid

In a very rare case the asteroid is not rotating respect t&dnth; in such an ideal situation, the engines
location may face (respect to us) always the same side.dp#uuliar case there is a point or a slow moving
region on the surface (defined by the intersection Eartler&gl) where to locate the propeller engines. This
eventuality could be faced by an ideal array configuratiostelred in a very narrow area as described, for
instance, in Figure 3. There is also a very tiny, though naw,zerobability that the asteroid principle
inertial momentum axis and spin is located at the main symynaetis and mostly collimated toward (or
opposite to) the Earth. As before, in this very fortuitousegathe deflection maybe offered also by a few
well located engines. But there are good reasons not to oeldlyis unprobable case.

4.5 To Compensate the Asteroid Spina Tuned Phase Array Activity

A wide and wild spinning of the asteroid, may need a randomagpof screw rocket engines on the asteroid
surface; these rockets will switch their engines at giverchyonous times in analogy of our Earth human
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Fig.1 The multi-layer oval envelope that will be inflated arouné gtrew-engine at the landing time,
offering a safe bouncing, rolling and a final standing up am akteroid soil. The egg-like bag, possibly

made by twin-vertical slice component, will be safely abmmetl on the ground or deflated on the engine
sides.

Fig. 2 The screw-engine tractor might bend partially its jet dii@ts, leading to a wide angle sky coverture.

This angle (related to the friction coefficien} is: 6 < arctan u). It may guarantee the inclined emission
within a narrow or wide solid angl@ = 76?).

cities, that switch on the lights while in the night time: $@ trocket-screw engines will act every time is
facing, for instance, the Earth (as in the simplest case).

The multi jet action at synchronous phase will cope with ttemid rotation and it will push coherently
to a needed direction. This procedure imply dead time fortrobhe engines and it may reduce the whole
thrust efficiency. However, the engines reside within timgiarby landing places and do not move much
far away on the asteroid surface. Moreover, the estimatedggrof thrust engines may be considered as
an average one: therefore the whole mass and energy outpbbire equations remain the same ones.
The eventual need of contemporaneous ejection of a numtléréd engines-jet at different anglemay
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reduce by a factoros(a) the whole output efficiency. For a maximal spread’af = 60° the efficiency
will be within a factor of a half. Figure 4 describes the pbksset up of a large array distributed either at
will or in a random way. The possible turning of the enginerhget pointing (as Sun-flower or better as an
Earth-Flowel) makes the efficiency larger while a partial engine arraession, discussed below, might
also increase the efficiency back to the unit (see Fig. 2).

4.6 A Contra-rotating Procession Array

In the case of a safe mobility on the asteroid, the mini-sezagines may follow or trace @ad-mapon

the asteroid surface whose trajectory is defined by thesettion of the line from the Earth to the Asteroid
center of mass, with the asteroid surface. Thad-mapmight be a point (or a small circle) on the body
tip if the asteroid is spinning along a principal axis whoasthe same time, pointing toward the Earth, as
discussed above. In general it may be a ring or arrays of defjaing aroad-mappossibly never returning
at the same starting points. A slow procession of the screines may always stand in the optimal place
in axis with Earth-C.M. (Center of Mass of the Asteroid, ség B).

4.7 Aturning Sunflower or Earth-flower jet array

If the surface of the asteroid with the screw engines, antrés, offer a large friction coefficient (as on
terrestrial soil)i. ~ 0.5 —1, than the jet propulsion may be turned not just verticallghsurface, but also
at moderate inclined zenith angle < arctan . For the valueg, = 0.5 — 1 the consequent sky coverture

by jet bending becomes}{* = ”“*%:“’”2 ~ 5.4% and15.5% of all the sky or at leasf2 > 0.679sr.
The inverse of these fractions (respectivél/5 and6.45 defines the number of unities to complete

sky coverture. In general a dozen of engines may be a quisemaale number. It is the jet bending (for
instance as an Earth flower mode) that may thrust the astiadihg to the persistency of the array unity
all over the flight; an additional slow contra-rotating pession (as prescribed above) may better optimize
the cooperative action of the array (see Fig. 2).

4.8 The First Useful Mining on the Moon

The test of robotic screw-tractors on the Moon is a first geath a robotic array on lunar soil may mine
and provide first galleries and tunnels for human stationsdmelding for permanent biophysical and hu-
man scientific laboratories. The eventual small nuclealupoh on empty moon will not induce relevant
problems; the quality test for the automated system will werg important step for a permanent landing
and stay on our natural satellite.

4.9 A pro-po of 99942 Apophis and Swing Gravity: a Hazard or arOpportunity?

(99942) Apophis (previously known by its provisional degtjon 2004 MN4) is a near-Earth asteroid; in
future is expected to reach an impact Earth distanc20@8 of 0.0002318 Astronomic Unit (34.700 km)
forcing to a question of hazard and urgency, calling for thasfbility of needed deflection. The above
formulas have been advocated for a*kmrest masses, while the Apophis one is much smaller, nearly
2 x 10'3g, or50 times less the considered unite mass. Therefore the defieatility considered for ki
case is nearl2500 the needed one for Apophis and the mass request may be reugathaller fraction
(just a few tens tons). This mass maybe evacuated by miclearuscrew-engines, whose weight may be
extremely light. A few terrestrial radius deflection meangeat opportunity: to use the Earth (or Venus or
any planet) gravity swing at our will. Indeed the gravity sgii(even its General Relativity extension) may
amplify the future trajectory by wide spreading angle (kamdlL981):

GMg 1 + (32

Ap=2 Z 5

wheref is the incoming-out-coming asteroid velocity at infinitydrunite, b is the impact distancéy/ is
the bending body. For the Apophis visit this angle value is:

Ap ~15.2° - (101{;3*1)_2(&:@)'
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Fig. 3 A non rotating or a spinning asteroid in axis toward the Earthy offer the simplest solution of a
clustering of a few screw-engine in a well defined area, asries] in figure. In principle it may exist just

a point on the surface, connecting a line from the Earth tdwlae asteroid center of mass intersecting the
body surface; however, even in the most optimistic configpmathis point by slow orbital spin will define
at best a small area where to locate the engines.

Fig.4 A number of screw-engine tractor might activate the jet imgsh compensating its rotation; an
additional bending of its directions is leading to a betteharent thrust. The total number required is
related to complete sky coverture. The bending angle @etlet the friction coefficient) is: § < arctan

and it depends on the screw-engine material over the adtengi). It may guarantee the inclined emission

within a solid angleQ = 762).

Fig.5 A procession of the screw-engine jet leading to a coherenstitontra-rotating and vanishing the
asteroid spin.
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Because of the large deflectibrmay be changed by a factor 2—3 leading to a wide solid angleenthe
asteroid might be driven. Assuming a general maximal défle¢at 2.5 terrestrial radius) the whole solid
angle is7% of the whole sky. A large window of opportunity into space.

5 CONCLUSIONS: AMPLIFIED ASTEROIDS DEFLECTION BY GRAVITY S WING TO
DRIVE THEM IN SPACE

A safe and successful asteroid deflection (a few Earth rafinds a solution by the landing of an array
of screw-robotic engines (at best of nuclear nature) ableotavork in phase, keeping care of the body
rotation. Such an array maybe used to create a first gallénipside the Moon to guest permanent human
laboratories. Exploiting mini asteroids, driving them liyegy engines at highest speed (also aided by plane-
tary gravitational swing) may offer a novel safe shieldingfiiture human interplanetary flight. Indeed the
proliferous presence of incoming smaller asteroids NEQQateter size) may allow fastest deflections.
Indeed for the lighter the body (not biIIions like Bnbut few tens thousands tons) the larger is the final

velocity achievedvasieroid—final = 10km s~ mm[ ] |fthef|nal mass is , for an example, half of

the initial one, than the final velocity mayb&croid—final = 6.93km s~ 7,1, therefore it could be
possible to drive the asteroid to a planet gravity swing adbldeflect and accelerate the asteroid to highest
velocities in solar system. It maybe possible to projetijack of nearby small asteroid deflectable toward
Mars. The inner (few meters under-ground) spaces of thecadsemay offer a safe container for biological
eco-system and even human room able to survive longestdrgesed by most dangerous cosmic rays
radiations. Indeed the largest solar flare threat (ofteim¢pglace in a few years duration) may lead to a
lethal radiation dose to astronauts. The procedure mayteriexced on nearby Earth Object (NEO) or on
far Jove (a few k) captured asteroids: S/2003 J12 19002480; S/2003 J9 280416

The Apophis near encounter at few terrestrial radius déflecheans a great opportunity: to use the
Earth gravity swing at our will. It is not yet clear if the defteon may point to Mars, but probably it maybe
forced to Venus. Indeed the gravity swing may amplify thesfettrajectory by wide spreading angle and
the asteroid mass may be the novel niche where life may tiatelinter-planetary spaces. Or at least
asteroid mass is a reserve where to pick up propeller (du$ted and fuel spacecraft jet engines. In this
view and because of the low gravity and a low cost docking eerasls, it is preferable to first land on
a large asteroids (tens of thousand3)rike Phobos or on Deimos, than on Mars itself. There are very
good reasons why these asteroids, may guest in the innethepfiest human station in martian space, from
where to visit, time to time, the main planet. Therefore $raatl large asteroids may be the courier, the
shielding, the refueling station and the host for new hunt@pssinto deep space.
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Appendix A: HOW MANY NUKES FOR AN ASTEROID DEFLECTION?
One would like to compare the needed Screw-engine output

Buacictos = 2= =317 MW (gmsc) - (1) - (355) (A1)

as well as its total energlf, = 10?2erg/n (ten Hiroshima bomb energy or a week of large nuclear, GW
power activity) versus a competitiexternalnuclear blast prompt deflection.

One should note that radiation being massless, for a samgyet@ntent, offer much less momentum
than a mass with same kinetic energy. Moreover the sphexioalic blast momentum, to be captured at
most, might explode nearby the asteroid: its huge consédbermal inhomogeneity and corresponding
momentum impulS&uiroshimaBomb/¢ = 3.33 x 101%g cm s~! might break down the body integrity.
Anyway the total needed momentutiP, = 2.018 x 106 g cm s‘l(ﬁ)(ﬁ)‘l - (g1 ), Might be
reached by

5
NHiroshimaBomb =6 x 10°.

Such a huge explosion might be occurring coherently or ntighbeamed as a plane wave, possibly each
one, by an ad hoc paraboloiel km? sail-mirror, whose structure, nevertheless will be imraggly evap-
orated by the explosion. Otherwise nearly a million cohelembs in half a sphere should explode in
phase and time on the desired asteroid side. This configneatieem unrealistic and nevertheless very
risky because of very probable fragmentation.

Appendix B: WHY NEUTRON BOMBS TRANSFER LARGE IMPULSE?

Neutron bombs, also called enhanced radiation bombs (ERomsg, are small nuclear or thermonuclear
weapons in which the burst of neutrons generated by therfusiction is intentionally not absorbed inside
the weapon, but allowed to escape. Because a large fradtiba explosion is focused into baryons of mass
m (and not in radiation) the courier momentum is higher tmaradiating nukes (the effect grows with the
square root of the mass). The exchanged momentuhs:= +/2mE. For instance for a neutron bomb
massm as large as 20kg, at a smaller energy (nearly two k-ton TNT)ejéct almos x 10'2gcm st
momentum, nearly a hundred times larger than the previaes 8éoreover the same result maybe enhanced
by an order of magnitude if the ER loaded mass is as large as 3tach a deflection may lead to a prompt
deflection speed for incoming Apophis asterai(of km® mass) as large as 1cn’s corresponding

to a deflection in a decade scale of nearly 3000 km distancerefdre even if quite dangerous because of
possible asteroid fracture, the mass loaded nuclear bdaiysafe an interesting options for fast deflections.
However the neutron-bomb lifetime is limited because theymposed by tritium, which has a half-life
of 12.3 years. In such a long journey it maybe a problem or awlicap. However to make the effect larger
one may imagine to use larger asteroid skin mass, as indelkd gase of the explosion inside the asteroids
(Fargion 1998). However with more danger on the asteroigtire survival. In the same view our present
screw-array nuclear engines are doing the same procedar®iger but much more controlled way : for
a nominal asteroid mass ejected = 2 x 10'° g, and a total energ¥; = 10%*2 erg, comparable to ten
Hiroshima bombs, for a kinmass asteroid prototype, we recover exactly the same aesfdt screw array
considered in the text.

Appendix C: MAY ASTEROID BE CHARGED AND DEFLECTED BY LORENZ F ORCES ?

Itis in principle interesting to consider the deflection ofasteroid by charging its surface (by ionic emis-
sion) and by bending its trajectory because coherent sadametic field. This procedure , while being
elegant do not guarantee the needed bending as well as #rensafjnetic field coherence. Nevertheless
just to have a first estimate we compare the needed Chargédareawith the maximal Lorenz one derived
in maximal solar field:

QAsteroid ' BSolar - UAsteroid = FAsteroid =M - G Asteroid

crata = onsn(p) () (56)
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From here one derives:

M d t -2 B ~1/ Vasteroid \
steroid — 6.4 1060( ) ’ ( ) ' (—) ( 8 ) ( ) . c1
Q Asteroid X 1055 g 5Re 10y 104 Gauss 10kms™! (€D

The charge will lead to a highest potential on the Asteroifbse (here assumed spherical) whose capacity

i — L~ -8, 3/_M P
IS C = 4meRAsteroid =~ 5.17 x 10 3 1015g(2.6><103 kg-m*3) 3

av = eye =120 () (50) - (157) () (t) v

1
3-

The needed energy to charge such a huge net charge overdhadi prohibitive:

M \% d \? t 4 B 2/ Tasteroid \ 2
Echarge—Asteroid = 3.9 X 1027 (—) . (—) . (_) ( O ) ( steroi ) (C.2
Charge— Asteroid erg 1015 g 5Rq 10y 10—4 Gauss 10kms * (C2)

This extreme values is nearly x 10 Hiroshima bomb energy and it does not guarantee the needed
deflection road; indeed one may imagine, in principle, amadled charge change along the asteroid trip,
as well as a verified and controlled solar magnetic field mapaeh stages. It is surprising and exciting to
imagine the electromagnetism dominance over the gramitatitrajectory of a massive body. Because of
the energycharge—Asteroid dependence on the asteroid mass expo@ew&rsus the linear dependence in
screw-array procedure, at lowest masses (a few hundredagtesoids) the procedure maybe in principle
of interest. But such bodies are already safely evaporatathiosphere. Indeed at lightest edges, charged
particles like cosmic rays follows the Lorentz forces mdrart gravity ones.

Appendix D: ARE ANTI-ASTEROIDS ANOMALOUS DEFLECTIONS OBSE RVABLE?

In our Universe and also in our galaxy and solar system théghtrhe present a tiny relic antimatter trace.
There are ongoing experiment (AMS) in space looking for pridial anti-nucleolus relic in cosmic rays
(AMS Collaboration 2007). The possibility that such largéyck, as anti-meteorites, maybe crossing our
space and hit Earth, Moon , Sun and planets has been widadgtigated (Fargion-Khlopov 2003). This
possibility is strongly constrained by the absence afini-burst on Moon, Earth, Jove and Sun. However
there are on-going projects to detect eventual anti-heliucosmic rays. In this view there is an additional
argument regarding the eventual rare presence of antie&s{enostly mini-ones) whose trajectory in solar
system maybe disturbed by gas matter annihilation on attmalong their flight trajectory. Even if the
amount of energy annihilated at Krm ten year period is comparable to the one considered to pthee
screw-engines the final momentum exchange is negligibleigtbecause the radiation pressure is much
less effective in making force than mass expulsion. Indieedhnihilating nucleons are producing four-five
ultra-relativistic pions whose behavior is comparable &satess radiation. Being the effect of annihilation
proportional with the surface the total effect is indeperidm size; however along solar or planet’s atmo-
sphere the higher gas density and the anti-matter highdnitation leads to observable enhanced repulsion
or bouncing ruling the antimatter trajectory (Fargion-gdv 2003). Therefore one cannot use eventual
anomalous asteroid trajectory in solar system to infer ecafate on their eventual anti-matter nature.

Appendix E: MAY FAST SPINNING ASTEROID BROKEN DOWN AND SPLIT IN PAIRS?

The existence of fast spinning asteroids, whose rotatienatgy may exceed the total kinetic one for a
complete deflection, inspire a process that convert thiyrspinning energy into a translational kinetic one.

The process, eventually aided by a central breaking exgipsiay divert two main fragment approximately

at their extreme rotational speed (tens of cm)s converting part of the present rotational energy into
prompt twin kinetic ones (just a few tens of cm'$. In the most urgent eventuality it is possible to induce
such a splitting deflection, by the same screw-engine atrayst and torques, spinning up the body to
its maximal angular velocity. In an ideal longitudinal asid the break event might be also induced by
a central nuclear belt array coherently exploding. Suchia firmgment deflection while being the fastest

solution it is still a very risky process: the eventual mfrtigment and the uncontrolled fragment size break
and velocity may generate undesired consequences. It ertheless the fastest deflection that in some
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extreme case might be taken into consideration. An inteigSpeed up maybe obtained in slower, but
cheaper and coherent way by an asymmetric painting of thg, lexgloiting the solar radiation pressure
(see Lowry et al. 2007) and the YORP phenomena (Yarkovsk$e€fe-Radzievskii-Paddack effect).

Appendix F: HOW TO TAG APOPHIS TRAJECTORY ON 2017

One of the simplest and cheapest way to follow the Apophjisdtary with high accuracy is to land or to put
in its orbit a precise clock-radio-transmitter: its bayteiill be fed by solar array, its output will economize
by bursting emission (via beamed array) to Earth directiosyinchronous coherent radio-wave (hominal
duration 100 nanosecond); this timing , like in Pollicintetatory, in a precise correlation with a terrestrial
twin clock, will mark the asteroid distance @epth) from Earth. Every lapse period (hours) will trace the
depth distance with necessary accuracy: indeed the pressintm (or even better) atomic clock may tag the
time within an error below a second every million years. Saitiming accuracy may guarantee a distance
of an error dispersion (for a decade time) of 10 microsecooaisesponding to a distance below 3km,
offering better than three sigma longitudinal distanceweation (12 km). However the relativistic delay

2

dilution due to radio-clock traveling velocity B‘“% ~ 8 x 1078 must be estimated, counted out,
or emulated and subtracted; for instance by twin clock irupaccomparable trajectories (for instance in
tuned Jove orbit). To obtain a precise angular resolutiersijynal, for instance at 30 Gigahertz band, might
be recorded, by interference, from largest allowable edgjesultaneous observation of a radio source with
the Halca satellite and the ground VLBI network makes pdsgib obtain images with the same angular
resolution as images obtained with a single dish as largeeamtiximum distance. This distance is about
twice the Earth diameter. The consequent angular resalstia0~? rad, makes easy to tracks within one
km the Apophis transverse distance-{ y), offering as for the depth an accurate track of the asteroid
position.

A better depth tag maybe achieved via echoes timing, where the clock radio 1taig @ automatic
burst message replying to a trigger terrestrial one. Hatlfieftwo way time multiplied the velocity of light
define the Asteroid distance. No relativistic correctiomaeeded. In this scenario however the radio-clock
should be also a very good receiver, making it a much sophistil and heavier object. Both the system
may be applied for a most stable system and a better positadnation.



