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ANKIND’ S machines, hisroutes of travel
IVI and commerce, and the environment inwhich
he hasfought hiswarswere until relatively
recent times confined to two dimensionsthat werere-
stricted to the earth’ ssurface—land and sea. During
thislong period, control of certain routeson land and
seahave played critical rolesin determining thewealth
and power of nations. Napoléon said that the world
could behisif only he had control of La Manche (the
English Channel) for aday. The Fulda Gap, now a
peaceful valley in central Germany, was once the fo-
cusof cold war land forcesfacing each other for over
four decades. Critical choke pointslikethe Suez and
Panama Cana sand the Straits of Gibraltar and Hormuz
are so vital to world trade that the mere threat of clo-
sureincitestalk of war. Enormousrichesintheform
of oil, raw materials, and finished goods pass through
each daily. Russia s struggle for awarm-water port
that would offer opportunities for trade, commercial
development, and military power motivated thewars
of Peter the Great aswell as many of his successors,
both imperial and communist.
| deas about the supremeimportance of the seaasa
decisivefactor inhistory asadvocated by Alfred Thayer
M ahan changed suddenly inthe twentieth century when
man first challenged thethird dimension. Aircraft could
now overfly the bottleneck and relieve the blockade,
asintheBerlinairlift, or fly over the“Hump” to China.
Aerial observation revolutionized battlefield intelli-
gencefor the commander, and the long-range bomber
added anew aspect to strategic warfare. Air occupa-
tion of hostile territory was conjectured and applied,
albeit with arguable success. The seaand land routes
remained valuable, but the new dimension of airpower
redefined our ideas of time, borders, and military
strength.



Eavest
 DISTRIBUTION A:
Approved for public release; distribution is unlimited.



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
1996 2 REPORTTYPE 00-00-1996 to 00-00-1996
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Antipodal Zones Implicationsfor the Future of Space Surveillance and £b. GRANT NUMBER
Control

5¢c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Air and Space Power Journal, 155 N. Twining St,M axwell REPORT NUMBER

AFB,AL,36112-6026

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE Sa_me as 10
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



2 AIRPOWER JOURNAL SPRING 1996

Thenext logical step, space, had animpact at least
asimportant asthat of the airplane. Near-instantaneous
worldwide communication, real-timeimaging and sur-
veillance, and the spectre of an unstoppable nuclear
exchange with less than an hour’ s warning changed
theworld. Satellites have an operational lifetime of
yearsinstead of the hours of an aircraft mission. Once
launched, they are difficult to detect and even more
difficult tointercept or neutralize. Control and access
toimportant land, sea, and air routes and theinfrastruc-
ture are still vital to power and wealth. Today no na-
tion or organization is capable of competing on the
world stage without access to space assets. It’'s the
ultimate high ground, but space systems have their
vulnerabilitiesalso, one ofwhich looks, at least at first
glance, strikingly like an example of Mahan’ sprover-
bial narrow seas.!

The choke points of low-earth orbit, the antipodal
zones, are of vital interest to the space user. A detailed
understanding of what antipodal zonesare, wherethey
can befound, why they’ reimportant, and what we can
do to exploit them is crucial to accomplishing aero-
space control—aprimary roleof the USAir Force. This
article providesthat understanding as well asrecom-
mendationsfor both using antipodal zonesto achieve
aerospace control and mitigating our vulnerabilitiesto
them.

Definition

Theinsertion of an artificial satelliteinto earth or-
bit requires a great deal of energy due to the earth’s

eastward rotation. This energy is needed to lift the
satellite abovethe atmosphere and to accelerate it from
its local, initial velocity on the launchpad to orbital
velocities of greater than 7.5 kilometers (km) per sec-
ond. Oncethisisdone, thesatellitewill remaininor-
bit indefinitely, without any additional expenditure of
energy, unlessit comesinto contact with the upper at-
mosphere.

Since the beginning of the space age, chemical
rockets have launched every artificial satellite—
manned and unmanned. Whilethisisnot the only way
to space, it will almost certainly remain the method of
choice for the foreseeable future. In terms of orbital
analysis, achemical rocket launchisvery smple. Be-
cause of the short total engine burn time (10 minutes
or less), theorbital insertion point isgenerally consid-
ered to be at the same longitude and latitude (but not
altitude, obviously) asthelaunch site.

Once burnout occurs, if there are no other engine
burns, the satellite will follow an elliptical pathin a
fixed plane that contains the insertion point and the
earth’ s center and is parallel to the vehicle’ s position
vector (fig. 1). Giventhedefinition of the orbit shown
in figure 1, one sees that regardless of the satellite’s
launch direction (i.e., the compass direction of itsve-
locity vector at orbit insertion), all of the possible or-
bital planes contain athird critical point besides the
earth’ s center and thelaunch point, defined here by the
vector -R,.

Figure 2 displaysthis samefeature, but in termsof
orbital ground tracks on aflat projection map for satel-
liteslaunched into a1,000-kilometer altitude orbit from

Figure 1 Orbital Geometry
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Cape Canaveral. Thisthird point—called the antipo-
dal point—islocated exactly opposite on theglobefrom
the launch/orbital insertion point. We define an an-
tipodal zone (AZ), then, as an area on the earth’s
surfacedirectly opposite from the orbital insertion
points possible at aspecified launch complex. When
one takesinto account the rotation of the earth under
the satellite during the period inwhich the satdl lite trav-
elsfrom insertion to antipodal point (approximately
11 degrees of longitudefor low earth orbit—L EO), the
adjusted antipodal zone (AAZ) for alaunch site will
be centered somewhere near 11 degrees west of the
launch site’ santipodal point. Any satellite launched
into LEO (an altitudelessthan 1,000 km) from Cape
Canaveral will pass over its AZ provided the space-
craft performs no other orbital maneuversin itsfirst
half-orbit. Therefore, if oneislooking for the ideal
point from which to observe any satellite launched into
L EO from aspecific spaceport, they need look no far-
ther than the antipodal zone!

Implicationsand Significance

In the nineteenth century, Alfred Thayer Mahan's
treatise, The Influence of Sea Power upon History
16601783, discussed naval blockadesthat contained
the maritime threat posed by an enemy fleet (e.g., the
simultaneous British blockade of Toulon, Brest, the
coast along the Bay of Biscay, and Cadiz) 2 and the con-
trol of key straitsthat could effectively deny necessary
commercial tradeto colonial nationsof theera. Today
space control isdefined as operationsthat ensure free-
dom of actionin spacefor friendly forceswhilelimit-
ing or denying the enemy freedom of actionintheuse
of its space systems during conflict.® Isit possible,
then, to blockade space? Can we effectively deny an
enemy’ s access to spacein the early stages of a con-
flict or at any time our adversary attempts to deploy
additional space assets, such as surveillance, commu-
nications, or orbital antisatellite (ASAT) vehicles?

The complexes capable of supporting a satellite
launch are very well known. Several are located in
littoral regionsand could be neutralized by air or naval
strikes using conventional munitions. Launch com-
plexes are not currently heavily fortified, nor are the
launch vehiclesthemselves able to absorb much dam-
age. Other, possibly moreimportant, launch sites, how-
ever, arelocated well inland and would require either
a spaceborne intercontinental ballistic missile
(ICBM) attack or an air strike involving avery long
and dangerous overflight of enemy territory. In the
latter case, it might be preferable to intercept the
launched satellite after its postboost stage but beforeit
isfully operational or hasin fact completed its first

orbit. Antipodal zones hold the key to thistype of op-
eration.

Once the launch sites are located, the associated
antipodal zones are also known. For low earth orbits,
then, the satellitewill passalmost directly the AZ about
45 minutes after launch. Intheantipodal zone, friendly
space control assets can be brought to bear against the
target to either intercept and, presumably, destroy it or
to examine and characterizeit viaremote sensors, be
they electromagnetic (radar) or optical (telescopes).
These assets could be either ship-based or airborne,
since the antipodal zones mentioned are over open
oceans.

In short, antipodal zones can be thought of asthe
modern-day space equivalent of passesor straits. Con-
trol of these points, comparableto the control of naval
choke pointsfoundin Mahan’ stheory, could effectively
deny space accessto others. Allowing othersto con-
trol our antipodal zones could be afatal mistake.

I nter ception

Thefirst required task prior to interception or de-
tectionat an AZ islaunch detection. Current Air Force
Space Command (AFSPACECOM) assets such as
Defense Support Program (DSP) satelliteswould cer-
tainly beresponsible heresincethisispart of their cur-
rent mission. Once alerted, components of the US
Space Command’ s (USSPACECOM) space surveil-
lance network could relay preliminary orbital element
datatointerceptors (air or sea) atthe AZ.* Radar data
at theantipodal zonewould then provide additional data
to facilitate the terminal phase of interception. Sucha
mission seems to fit a ship-based system because of
thesizeof radar needed to detect theincoming satel-
lite soon enough to allow interception. However, with-
out some prior warning from DSP or another system
asto thedirection of theincoming satellite, intercep-
tion by a sea- or air-launched missile could be quite
difficult because of the speed of thetarget.

A Kinetic-energy intercept hasits disadvantages.
M ost notably, the expl osive disintegration of an orbit-
ing satellite can add literally thousands of potentially
lethal piecesof debris, eachtraveling over 7.5 km per
second. These piecesof spacejunk can becomewidely
dispersed dueto changesin each chunk’ s orbital ele-
mentsfrom those of the original satellite caused by the
explosion and natural orbital perturbations (such as
solar and lunar gravity, earth’ soblateness, solar pres-
sure, and so on) that act on any orbital body. The net
result may be the poisoning of an entire orbital belt—
something we do not currently havethe meansof clean-
ing—making it useless or very dangerousfor any as-
sets, friendly or otherwise, that either traverse the belt
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or operateinit. This poisoning would be minimized
for low orbits below 500 km because atmospheric drag
would causethereentry of most debrisover time; above
500 km, however, thedebrismay stay in orbit for de-
cades. AFSPACECOM currently tracks over 7,000
objects as small as 10 centimeters in LEO and one
meter in geosynchronous earth orbit (GEO), although
it has been estimated that there are 40,000 to 80,000
untrackablefragmentsin L EO down to one centimeter
in diameter—nearly half of which arearesult of nearly
100 satellite breakups since 1961.% Of course, any
breakups caused by impactswith orbital debriswould
only serveto magnify the problem by producing even
more high-speed space mines.

Theuse of adirected-energy weapon such asala-
ser would reduce necessary warning time even more
becauseintercept occursat the speed of light. 1n many
cases, the chances of explosion and debris creation
would also bereduced, but these benefitsare tempered
by the increased difficulty in assessing atarget kill.
Atmospheric conditions may al so decrease the effec-
tiveness of a laser, depending upon the wavelength
chosen and the availability of adaptive optics neces-
sary to compensate for atmospheric distortions of the
beam.

What goesinto LEOsand which of these satellites
might beviabletargetsfor antipodal-zoneinterception?
Of primary military interest at low altitudes, high-reso-
lution imaging satellites would probably be the first
target of our proposed antipodal-zone interceptors.
Signalsand electronicintelligence (SIGINT, ELINT)
satellites, responsible for eavesdropping on apotential
adversary’ sradio traffic, might also befound at these
altitudes.® The disabling of an enemy’ s space-based re-
connaissance systems—engaged in both imaging and
datacollection—could effectively blind them during
the critical early stages of an attack, especially in a
situation inwhich friendly forcesalso have control of
the airspacein thetheater of operations, thus prevent-
ing aerial reconnaissance. Infact, theinterception of
newly launched platforms could even prevent an at-
tack by making theenemy’ schance of successtoo small
to bear.

Fractional-orbit warheads—those that complete
more than one-half but less than a full orbit prior to
reentry and target strike—would also bevulnerableto
antipodal-zone attack. The Soviet Union tested just
such asystem (amodified SS-9, Mod 3 Scarp) ” inthe
1960s. However, conventional ICBM and submarine-
launched ballistic missile (SLBM) reentry vehicles, as
well asintermediate-range ballistic missiles (IRBM)
and theater ballistic missileslikethe Scud, would not
bevulnerable, sincethey reach their target in lessthan
half an orbit (i.e., prior to passing over their launch

site’ santipodal point).
Problemswith the Concept

Obviously, there exists avery important class of
satellitesthat would seem to be vulnerableto early at-
tack at antipodal choke points, but can thisvulnerabil-
ity be minimized or eliminated altogether by either a
potential enemy or by American forces seeking to pro-
tect their space assets? Also, what types of satellites
simply cannot be reached using thisstrategy duetotheir
operational orbits? Thelatter questionwill be addressed
first, continuing thediscussion of satellite missionsand
their related orbits.

Threeimportant classes of spacecraft aretypically
placed into orbits that do not lend themselves to an-
tipodal-zone interception—commmunications, missile
early-warning, and navigation satellites. Missileearly-
warning satellites, most current communications sat-
ellites, and many meteorological satellites are found
in geosynchronousearth orbit. A satelliteat GEO al-
titude (35,786 km) and zero inclination (i.e., the or-
bital planeliesin the earth’ sequatorial plane) rotates
around the earth at precisely the sameratethat the earth
rotatesabout itsaxis. Theresultisageostationary or-
bit (GSO), in which the satellite remains over the same
spot on the equator, looking down over nearly half of
the earth’ ssurface. Three such satellites, appropriately
spaced longitudinally, have worldwide coverage ex-
cept for relatively small areas over the poles.

To put asatelliteinto GSO, thelaunch vehicle usu-
aly first insertsthe spacecraft into LEO. Asthe satel-
lite passes the equator, headed either northbound or
southbound, an upper stage ignites, propelling the
spacecraft into ageosynchronoustransfer orbit (GTO).
GTOisahighly elliptical orbit whose perigee (lowest
dtitude) isthat of atypical circular LEO (e.g., 200 km)
and whose apogeeisat GEO altitude (35,786 km).

When the satellite reaches apogee, an integral up-
per stage or apogee kick-motor providesthe necessary
energy to circularize the orbit and change theinclina-
tion to zero degrees (fig. 3). This final maneuver is
called acombined plane change, sincethetwo thruster
burnsgeneraly needed to circularize an elliptical orbit
or to effect a plane change are combined into one. A
GTO usualy has the same inclination as the launch
site’ slatitude—asisthe casefor adue-east launch that
takesfull advantage of the launch site’ stangential ve-
locity caused by earth’s rotation. Like any satellite
launched directly into orbit, onein GTO will passover
itsantipodal point, sincethethruster burn that moved
it from LEO to GEO did not change the orientation of
the orbital plane, only the size of the orbit. Unfortu-
nately, because of the size (semimajor axis) of the or-
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Figure 3. Combined Plane Change at Apogee of GTO

bit, the elapsed time to where thesatellite is directly
over thelaunch site’ santipodal point may beuptofive
hours. The earth may haverotated over 60 degreesin
thistime, much greater than the 11 to 13 degrees for
LEQ! Our intercepting platform, waiting at the LEO
antipodal point will be nowhere near this point, and
the rocket needed to intercept would be prohibitively
large anyway, since the satellite’ s altitude would be
much greater as well. If the optics problems due to
beam propagation over such a large distance and
through the atmosphere could be solved, however, la-
ser interception might still be possibleif we stationed
our directed-energy weapon at an anticipated GTO
antipodal point.

Other orbitsabove LEO that would cause similar
problems for interception include those at
semisynchronous (12-hour period) altitudes. Circular
semisynchronousorbitsare used by satellitesinthe GPS
constellation, while Molniyaorbits—inclined, highly
eccentric, but still 12-hour orbits—are used by the
Russiansto provide communications support to high-
latitude (polar) regions. In each of these cases, a
prepositioned antipodal-zone LEO interceptor—par-
ticularly of the kinetic-energy kill variety—would be

of littleuse. Figure4 showsacomparison of theabove
orbits, whilefigure 5 showsthe antipodal point for each
orbit type (GPS, Molniya, and afirst-chance GTO) pro-
jected onto the surface of the earth for alaunch from
the Russian complex at Tyuratam.

Asanother example, consider the case of asatel-
litelaunched directly east (minimumiinitia inclination)
into GTO from the Xichang launch complex in China.
If at the descending nodeatangential thruster burn (i.e.,
inthe same direction asthe satellite’ svel ocity vector,
V) isaccomplished resultinginaGTO, the satellite’s
ground track would passno closer than 2,394 km from
thelaunch antipodal point and approximately 1,000 km
from the antipodal point adjusted for earth rotation
(AAZ) at an dltitude of 5,000 km. Because of thishigh
altitude, however, line-of-sight contact would be pos-
sible from both points. Instead of the 44 minutes
elapsed timefrom launch to antipodal (half-orbit) point
typical of satdllitesin LEO, nearly 98 minuteswill have
passed.

A related weaknessin the concept of antipodal in-
terception isthat posed by the orbital maneuvering ca-
pability possessed by many satellites besides those
placed in GSO. The plane-change maneuver used to
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GPS Tranfer

1000 km

. Figure 4. High-altitude Orbits (to scale)

zero the inclination of a satellite in GSO can be ac-

complished by any satellite. If, for example, aplane
changeis effected during the first half of asatellite’s
orbit using onboard thrustersor a strap-on upper stage
at the descending node of asatellitelaunched from the
northern hemisphere, the satellite may not pass over

itslaunch site SAAZ. Most LEO satellites, however,

are launched directly into their operational orbits to
minimize useof onboard fuel and to maximize either

payload or servicelife. Any fuel expended to accom-

plish evasive orbital maneuversreducesfuel that oth-

erwise would be used for on-orbit station keeping to
counter orbital perturbations, maintain proper satellite
attitude, or to power onboard systems. Still, because
of therelatively low altitude involved, these maneu-

verscantake LEO satellitesout of range (line-of-sight)

for waiting AZ interceptors.

Asan example, consider the case of a1,000-kilo-
gram reconnai ssance satel lite launched from K ourou,
French Guiana, into apolar (i =90°) circular orbit at an
altitude of 200 km. Asit passesover the North Pole,
the satellite fires an attached upper-stage thruster di-
rected in such away asto maximize the orbital plane
change while keeping the circular orbit altitude con-
stant. If theobjectiveisto changethe orbit sufficiently
so that the satellite is out of the line-of-sight of asur-

face detection/interception station at the AAZ, there
are several strap-on commercial upper stagesthat can
easily achieve this level of performance.® Although
the added weight would be expensive, it would by no
means be prohibitive and would be well within the
launch capability of an Ariane4 rocket. Obvioudly, if
an enemy is aware that his launch site’'s AZ is con-
trolled by opposing forcesfor aspecific orbit atitude,
he can take substantial and fairly simple stepsto by-
pass this choke point, much like an aircraft taking an
alternate route to thetarget. The additional costs are
real (between $5,000 and $50,000 per kilogram, de-
pending upon the system used) ° but not insurmount-
able, especialy in situationswhere national security is
involved.

Probably the most seriousthreat to thisnew strat-
egy of orbital strangulation comesfrom the devel op-
ment of mobilelaunchers. The United States currently
has one operational mobilelauncher, theair-launched
Pegasusrocket produced by Orbital Sciences Corpo-
ration. Firstlaunched in April 1990 from off the Pa-
cific Coast near Monterey, California, Pegasus is a
winged, three-stage, unmanned vehicle carried aloft by
thesame USAF-owned, NA SA-operated B-52 (#0008)
that was used to launch the X-15 in the early 1960s.
Orbital Scienceshassinceacquired aL ockheed L-1011
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for later launches, but the point remains that such a
system could be flown to any point on the globe for
launch.® The benefit for evading an antipodal-zone
interception isobvious: Intercepting forceswould not
know thelaunch antipodal point until after thelaunch,
greatly reducing the chances of having early-intercept
assetson hand.

Taurusisanother system produced by Orbital Sci-
encesCorporation. Thisstandard vertical-launch, four-
stage vehicle uses the same first stage as the Peace-
keeper missile. Theupperthree stagesareidentical to
the Pegasusrocket. What makes Taurusuniqueisits
low-infrastructure launch capability. Originally con-
tracted by the Defense Advanced Research Projects
Agency (DARPA), Taurusisdesigned to place small
satellitesinto LEO within 72 hours of command, fol -
lowing afive-day setup on astandard cement slab not
unlikewhat could befound at any airport. Theentire
systemiseasily transportableto providefor wide de-
ployment and surgelaunch capability. * Only very good
intelligence gathering and mobileinterceptorsguaran-
tee antipodal-point interception for a satellite placed
into LEO by such asystem.

Other future systems that could make antipodal-
zoneinterception impractical arereusablelaunch ve-
hicles(RLV) such asfully operational versionsof the
National Aeronautics and Space Administration
(NASA) X-33and X-34 RLV technology-demonstra-

tion programs. These systemsmay be self-ferrying and
capable of operating at launch sitesrequiring little spe-
cialized support such as standard airport facilitiesor,
in some cases, any flat piece of ground. Additionally,
RLV systemsareinherently more maneuverablethan
the standard direct-launch, expendable vehicles that
have monopolized the launch industry since the days
of Sputnik.

Whereas Pegasusisthe only currently operational
mobile launch system, thereis little doubt that other
nations have the technology available. For example,
in 1991 Space Commerce Corporation proposed using
SLBMs of the former Soviet Union to launch small
payloadsinto LEO from Delta-class submarines. The
Vysota(SS-N-8 Sawfly), Volna(SS-N-18 Stingray) and
Shetal (SS-N-23 Skiff) could all launch satellitesinto
orbit with no morewarning than an SLBM attack and,
of course, very littletimeto position forcesin the cor-
rect location to make antipodal-zoneinterception prac-
tical .12

Thefact that mobile launch systemsare not more
common is probably due to the increased cost of de-
velopment (in some cases) and the reduced payload
over medium- and heavy-lift vehicles that currently
operatefromfixed, high-infrastructuresites. Also, no
real threat of antipodal-zoneinterception has necessi-
tated a hard look at the advantages of such a mobile
system. However, if such athreat materializes, mo-
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bile systemswill quickly become the norm, in much
the same way that mobile ICBMs and IRBMs were
considered quite seriously and in some casesfully de-
veloped during the cold war in responseto theincreased
threat of counterforce targeting. Of course, SLBMs
have always been mobilein thissense.

Alternatives

Thequestion of whichtypeof ASAT systemwould
best serve the mission of space control is quite com-
plex, and hasalready filled volumes—from studiesto
proposals, actual tests, and endlessdebate. Theinten-
tion hereis not to fully cover this subject but to sug-
gest where antipodal -zone interception concepts might
(or might not) fit into this debate.

Of course, an ASAT system would have some com-
monality with aballistic missile defense (BMD) sys-
tem and would in many cases be completely redun-
dant. For example, aboost-phase (prior to orbital in-
sertion) interception system would be equally as ef-
fective for negating areconnaissance satellite launch
asthat of an ICBM. Space-based interceptorsthat could
neutralize ICBM or SLBM reentry vehicles in the
midcourse phase could also intercept satellites—par-
ticularly thosein LEO. DSP satellitesand other launch-
detection assetsmentioned earlier would providelaunch
warning for both system types. For thesereasons, it
would seem obviousthat if the United States wereto
develop and deploy aboost or midcourse-interception
BMD system, therewould be little reason to develop
an additional ASAT system based on antipodal-zone
interception, although surface-based componentsof this
type of system (directed-energy weapons, for example)
could be deployed in critical AAZs during times of
heightened tension.

A terminal-phase BMD system using Kinetic in-
terceptors might be employed in an AZ-interception
scheme, assuming they had the altitude capability nec-
essary for LEO intercept. However, deploying sucha
system for long periodsof timein the open ocean would
be expensive and difficult, especially since such a
shipborne asset would be an attractive target to any
enemiesintent on preserving their space accessibility.
A ship-based interceptor would presumably requirethe
type of protection one would associate with acarrier
battle group. Loiter time of an airborne intercept, or
detection system at an antipodal point would be even
morelimited, and thedistance of most AAZsfromland
would make ground-based, rapid-response, or alert air-
craft ineffectual.

Still another argument against the necessity of plac-
ing interception assetsin AAZsisthefact that any sat-
ellitelaunched into LEO will passwithin line of sight

and therefore presumably bewithin interception range,
at least once per day, for any ground-based intercep-
tion sitelocated at alatitude less than or equal to the
satellitesinclination. Inother words, we could inter-
cept any satellite in LEO within 24 hours, using the
same assetsthat an antipodal-zone system would use,
from the safety and security of the continental United
States (CONUS). The maximum wait timewould be
much lesswith additional assetsbasedin severa widely
dispersed |ocations such asHawaii and Diego Garcia.
Considering thefact that the United States has already
successfully tested an air-launched (from an F-15)
ASAT against a target in LEO during the 1980s—
though it was never operational—argues against the
necessity of investing in an antipodal -zone intercep-
tion system.

Conclusion

This paper hasdefined antipodal -zoneinterception
of space assetsin the context of modern space-control
strategy without real regard to national policy or
whether any ASAT system should be deployed. The
pointwasnot to argueif ASAT systemsshould be used,
but simply to point out that certain operational and
strategic objectives could be met through their employ-
ment, intimes of crisis, if the necessary system infra-
structureispresent and the national command authori-
tiesdecidetousethem. Likeany militarily significant
technical advancement, the use of space assetsto ad-
vance or secure national power in the context of the
modern world will not beforgotten. Inthisgrand strat-
egy that aims primarily at accessto or denial of vital
information—command, control, communications, in-
formation, and reconnai ssance sys
tems—antipodal-zone interception of just-launched
space assets constitutes an aspect of space control that
both we, the United States, and our contemporariesin
the space-faring world must recognize and exploit if
possible and economically justifiable. The United
States should continue to develop space launch sys-
temsthat are relatively invulnerable to AZ intercep-
tion, such as Pegasus, Taurus, RLV, and others, while
maximizing launch flexibility and surgeratesand mini-
mizing necessary launch infrastructure and, therefore,
cost. Designing for additional orbital-maneuvering ca-
pability in future high-value spacecraft would also
minimize our vulnerability to AZ-based ASAT weap-
onssystems. If adversariesdevelop AZ-interception
capability, above and beyond any based on their own
soil, USnaval or air assets should betrained and em-
ployed to neutralizethethreat, if necessary, intimes of
heightened tension or outright conflict.

Because of the many available countersto AZ in-
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terception, however, and the fact that cheaper and, in
some cases, proventacticsalready exist for ASAT op-
erations, the United States should not pursue devel op-
ment or further study of an antipodal-zone intercep-
tion system. It should not do thisfor reasons stated in
the body of this paper—namely, that any interceptor
technology developed for AZ use would almost cer-
tainly bejust aseffective, and in many casesno sower,
if based within the borders of the United States, its
possessions, or those of itsallies. The priceof a du-
rable, persistent AZ-based system would almost cer-
tainly be much higher, however, because of the loca-
tion of AZsof potential adversary nations. AZ basing
would, again, be unnecessary and ineffectual if an en-
emy decided to employ evasive tactics or to develop
mobile systems, as he most surely would if we had
demonstrated control of the air and space above his
launchsite AAZs.

In conclusion, antipodal-zone interception is an
interesting ideathat deserved a compl ete eval uation.
Awareness of any developmentsin ASAT technology
in the future and being vigilant to threats they pose
will continueto beimportant to the Air Force mission
of space control. If usedin conjunction with AZ con-
trol or basing, within adoctrine of generally minimiz-
ing the threat to our space assets, the relatively little
leveraging such basing provides does not justify the
expenseto put them there.

Notes

1. Aadu Karemaa, “What Would Mahan Say about
Space Power,” US Naval Institute Proceedings, April 1988,
48-49.

2. Alfred T. Mahan, The Influence of Sea Power upon
History 1660-1783 (Boston: Little, Brown and Company,
1890), 23-24.

3. Air ForceManual (AFM) 1-1, Basic Aerospace Doc-
trine of the United States Air Force vol. 2, March 1992,
300.

4. AU-18, Space Handbook: A War Fighter’sGuideto
Space, prepared by Ma Michael J. Muolo et a. (Maxwell
AFB, Ala:: Air University Press, 1993), vol.1, 97.

5. Darren S. McKnight, “21.2-Orbital Debris-A Man-
made Hazard,” chap. 21 in Wiley J. Larson and James R.
Wertz, eds., Space Mission Analysisand Design(Torrance,
Cadlif.: Microcosm, Inc., 1992), 700—702.

6. Joseph P. Loftus, Jr., Charles Teixiera, and Martin E.
B. France, “Launch Systems,” chap. 18in Larson and Wertz,
617.

7. Space Handbook, vol. 1, 21.

8. Loftus, Teixiera, and France, 614.

9. Robert Wong, “ Cost Modeling,” chap. 20in Larson
and Wertz, 671.

10. Interavia Space Directory 199293 (Alexandria, Va.:
Jane' s Information Group, 1992), 328-30.

11. 1bid., 331-32.

12.1bid., 261-62.

Maj Martin E.B. France(USAF; M S, Stanford Uni-
versity; PhD, VirginiaPolytechnic Institute and State
University) isassigned to the Plans Directorate, Head-
guarters Air Force Space Command, asthe command
lead for space operations mission areaplans. Previous
assignmentsinclude laser systems structural engineer
at the Air Force Weapons L aboratory and teaching as-
signments asinstructor, assistant professor, executive
officer, and associate professor in the Department of
Astronauticsat the USAF Academy. Asthe USAF ex-
change engineer to France, Major France performed
research at the Centre d'Etudes et de Recherches de
Toulouse, Space Technology Department, Tousl ouse,
France, where he specialized in modeling and ssimula-
tion of charged particlesin the operational orbit envi-
ronment. He is a graduate of the Air Command and

Staff College.

The views and opinions expressed or implied in the Journal are those of the authors and should
not be construed as carrying the official sanction of the Department of Defense, the Air Force, Air
Education and Training Command, Air University, or other agencies or departments of theUS
Government. Articles may be reproduced in whole or in part without permission. If they are
reproduced , the Airpower Journal requestsacourtesy line





