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SPACE POWER SYSTEMS — WHAT WILL BE THEIR
IMPACT ON THE UPPER ATMOSPHERE AND IONOSPHERE?

Among the prospects  for  meet ing our country ’ s energy needs in the

2 1 s t  c en tu ry ,  perhap s the boldest , and certainly the most excit ing , are the

space power systems.  As current ly envisioned , huge powe r stations , each

capable of serving a large c i ty ,  would orbit  at geosynchronous altitude (35 ,

800 km) and eithe r t ransmit  space-generated powe r to earth or relay power

between distant  ground- based sites. If these concepts prov e to be feasible

and cost effective and become operational , there is no doubt but that they

will more than pay back the billions of dollars that have been invested in

space research and the development of aerospace technology.

Preliminary studies indicate that space power systems are viable

concepts that could become both economically and technologically feasible

by the end of this century. 1, 2 No scientific “breakthroughs ’1 are required ,

but signif icant  advancements in the technology in various field s need to be

accomplished. A number of technological problem areas have alread y been

identified that require detailed evaluation and anal ysis before a systems

feasibility decision can be reached. In addition , a number of sociological ,

political , ecolog ical and environmental issues need to be examined. The

obstacles are many and complex , but since they seem to be surmountable ,

given adequate time and funding, the re is great  enthusiasm on the part  of

proponents of the concepts to initiate a definitive phased program of stud y

and development that hopefully would culminate in the f i r st  operational space

power station before the end of this century.

-3-
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Considering the dwindling supp ly of fossil  fuels  on earth , the ever-

inc reas ing  demand s for energy ,  and the even more questionable feasibility

of nuclear fus ion power sou rces , the demands for seriou s consideration of

satellite power systems seem well jus t i f ied .  Initial studies we re sufficiently

encourag ing that a joint $5-million study of sa tell ite solar power stations

has been undertaken by NASA and ERDA during the current f iscal  year.

Both “active ” and “passive 1’ space powe r systems are presently

under consideration. In the passive concept, geosynchronous satellites

would relay energ y between distant ground-based sites. In this way, remotely

located power-generating stations , such as nuclear or solar power facilities

in the desert , could serve the populated urban region s as shown in Figure 1.

Energy-r ich countries could also ut i l ize the relay system to deliver power

to customer nations. In contrast , an active power satellite would actually

generate the power in space , by either solar or nuclear energy conversion ,

and then t ransmit  the powe r to earth.

In either activ e or passive systems , the t ransmission of energy

between space and earth would utilize the microwave portion of the electro-

magnetic spectrum . This choice is dictated by a number of factors: the

technology is well advanced , efficiency of transmission is high , ionosp heric

and atmosp heric interactions are minimized , and surface weathe r conditions

have neg ’i gible impact on t ransmission properties. Current  baseline desi gns

call for  a transmission frequency of 2. 45 GHz , which is equivalent to a

wavelength of 0. 122 ni.

The outstanding feature of power satellites , and the source of a

number of major problems , is the enormous size that is required of the

structures. For a surface power delivery of 5000. 10 , 000 MW , a solar

-4-
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power satellite requires on the order of 50 km2 
of solar cells or solar

collectors and concentrators, and its mass would he on the order of 1O 7

kg. A passive relay satellite would be somewhat smaller , having an

area of about 1 km 2 and a mass of about 1O 5 kg. Figure 2 provides a

perspective of the size of Glaaer ’ s2 proposed solar powe r satellite; the

Shuttle may be seen in the lower left corner of the f igure .  (Th e Shuttle

orbit will not be geosynchronous. It is shown here for pu rposes of

comparison only.)

The log istics of constructing and putting into geosynchronous orbit

structures of these proportions represent, as might be expected , one of

the major problem s to be resolved by space power systems design studies.

It has been proposed that the structure be assembled at low earth orbit

and then ”tugged ” to geosynchronous orbit by the space tug,powered by the

satellite itself. In a futuristic approach, 0’ Neill 3 has suggested that

the construction of huge space stations could utilize lunar materials. This

would alleviate the problem of having to lift  large masses from the earth’ s

surface  to space , and also help to conserve the resources on earth.  With any

approach , it appears that a new generation of heavy lift launch vehicles

and orbit t ransfer  vehicles needs to be developed for  the task. The

development of such capabilities must be included in cost analyses of space

power concept s, even thoug h such development would clearly find appli-

cability in other advanced space systems. It is implicit also that techniques

of construction in space need to be developed , and that problems con-

cerning the large scale and long-term use of men in space need to be resolved.

-6-
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Evt~n a s s i m i n g  t h a t  the  t t chno log ica l  p rob lems  can  all be resolved

or c i  rcumventL ’d , the a c c e p t a b i l i t y  of space power concepts  will also

depend on the i r  pro jec ted  impac t s  on (1)  t h e  sociological and poli t ical

s t r uc tu re  of our society,  and ( 2) the s u r f a c &  ard r e a r  ear th  envi ronment .

The f o r m e r  impacts are , or course , subjec t ive  in na tu re  and impossible

to quant i fy .  The latter are more amenable to quan t i t a t ive  or , in some

cases , at least  semi- quan t i t a t ive  treatment.

There  are many ways in which l ife and the environment  can be

af fec ted  by space power systems , ei ther directly or indirectly, and the

design of the ‘~ystems . in particular the transmission power levels , will

be strong ly influenced by consideration of such factors. Problems of great

concern include the effects on humans, animals , microorganism , and the

flora and fauna of prolonged exposure to microwave radiation. Thermal

pollution effects (i. e. the “heat islands “) on the environment also need to

be considered. In the atmosphere above the receiv ing antenna, the problem

is dual-natured in that one must consider both the effect of the beam on the

atmosphere as well as that of the atmosphere on the beam. In addition to

effects directly related to the power t ransmiss ion  system , the impact on

the atmosphere and biosphere of the pollutants emitted by the space vehicles

in support of the power stations also needs to be assessed.

The impact of space power systems on the earth’s atmospheric

environment from ground level out to the far  reaches of the ionosphere is

a subject that has not been dealt with to any depth in the many review articles

that have been written on the power satellites. Indeed , since the microwave

spectral region was selected for  power t ransmiss ion  largely because of the

-8-



atmosphere ’ s t r ansparency  to such w a v e l e n g t h s , i~ wou ld appear tL~~t t h ere

should be no impact of any si gn i f i cance  on the  .t l ~nosp h cr ic  t~nv i ronn ,cn t .

P re l imina ry  spac e power  sys t ems  s tud ies  2 , 4 have , h oweve r , iden t i f ied

po t en t i a l  ionospher ic  problems , and it is t hese and r e la ted  atmosp h er i c

probl e ms that shall be addressed in th i s  ar t icle .

lo  obta in  a be t te r  perspec t ive  of potential  atmosp her ic / ionosp h er i c

p roble m s , it is necessary  to delve into g rea te r  detail  on the des ign and

project ions  of the sytems , in par t icu lar , the cha rac t e r i s t i c s  of the micro-

wave beam. B ased on considerat ion s of cos t e ff ec ti v eness , size of the sp ace

a~4d ground s t ruc tu res , safety levels for  the microwave flux intensi t ies  at

the receiving antenna , the basel ine design of a solar power satellite
2 

call s

for  a 1-km diameter antenna in space and a total power delivered to ear th

of 5 , 000 MW . The size of the beam at the sur face  of the earth is abou t

- - 2
7-km in diameter , and the averag e flux of the order  of 100 W/ m  . The

dimensions  of the beam and the flux level throug h the major  part  of the

atmosphere (i . e. out to about several hundred km) can be taken to be

essentially the same as at ground level . The average in tens i ty  of the micro-

wave beam when it reaches the eac th ’ s surface is much less than the solar

constant , which is about 1350 W/ n h 2 .

The ionosphere  will absorb on the order of onl y about a thousandth

of one percent of the energy in the beam , which means that the ionosphere

will have v ir t uaU y no impact on the t ransmiss ion  power levels. On the

other  hand , 0.00 1% of an average flux level of 100 W/ m 2 corresponds to

1 m W / r n
2 

of energy deposited in the ionosph ere , which is of the same

order of magnitude as the solar energy contained in the epectral region

below 100 nm (the extreme ultraviolet)  that represents  the ma jo r

-9-



source of heat  and ion iza t ion  in the atmosphere-  ionosp here system above

an altitude of about 100 km. Figure 3 compares the rate of absorption of

energy from the sun with that f rom a microwave beam of un i fo rm flux 100

W/m 2 at a f requency of 2. 5 GHz. These profi les  were computed assum ing

nominal atmospheric and ionospheric  models 5’ 6 representat ive of average

conditions. The neutral  upper atmosphere  and the ionosphere are actually

hig hly variable in time and space , but the curves should g ive a reasonable

representat ion of the energy deposition rates on average. The microwave

absorption profile does not ref lect  possible anomalou s absorption , which

mig ht resul t  if the response of the medium to the additional energy input

t r i ggers fur ther  enhanced absorption and instabilities.

Of course , microwave and extreme ultraviolet radiations interact

in completely dif ferent  ways with the atmosp heric medium, the microwave

photons being much less energetic and unable to produce ionization or

dissoc ia t ion  of the ambient molecules and atoms. In fact , the solar extreme

ultraviolet photons interact initiallywith the molecules and atoms , whereas

the microwave radiation reacts primari ly with the ambient electrons. Desp ite

this fu ndamental dif ference , energy considerations alone indicate a poten-

tially significant impact on the thermal state of the atmosphere-ionosphere

system. It is recognized that such a situation could hav e portentou s ramif i-

cations4 , but it is not known exactly what the induced effects will be , and

fur the r studies , both theoretical and experimental, need to be conducted.

Cause for  concern over potential microwave-induced perturbat ions of

the ionosphere may be attributed in large part to the results of recent radio-

frequency ionospheric modification experiments conducted at Platteville ,

Colorado and at Arecibo , Puerto Rico. 
‘
~
‘ 

Since many unantic ipated phenomena

- 10-
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were observed in these experiment s , s imilar  “surpr ises ” could result  from

microwave transmission operations. Indeed , thoug h the atmosphere and

ionosphere are normally so transparent to microwave radiation that astro-

nomical studie s can be conducted at these wavelengths , it should be noted

that the transmission power levels utilized thus far have been far  below the

100 W/n-i 2 level being contemplated for satel l i te- to-earth power systems.

The radio-frequency ionospheric modification experiments that have been

conducted have utilized power outputs of the order of a few tens of ~t W / m 2
.

Assum ing that the level for interactions with the medium scales as the square

of the frequency, one expects , on the basis of the radio frequency experiments,

that ionospheric effects would occur with mic rowave frequencies at power

levels in the range being associated with apace power transmission systems.

Some indication of what mig ht be in store is provided by the RF

ionospheric modification experiments, These tests were conducted using

frequencies in the range of the F-region p lasma frequency,  that is , in the

range of a few to 10 MHz . The effects  on the ionosphere we re determined

by probing the modified reg ion with RF beam s ranging from a few to a few

hundred MHz. It was found that significant changes in the thermal balance

of the entire ionosphere could be produced by modest flux levels. Brief l y,

ene rgy absorbed from the modifier beam by the ionospheric electrons raises

the electron temperature, resulting in a spatial redistribution of the electron

density due to thermal expansion along the earth ’s magnetic field lines. In

the upper ionosphere , this is manifested as a depletion in the electron densi ty ,

since the electrons dif fuse  up the field lines. In the lower ionosphere (the D-

region ,between 80 and 100 km), the incr eased elect ron temperatu r e lowers

the rate of electron- ion recombination, result ing in an increase in the electron

density.

- 12-



With increased power levels , plasma i n s t a b i l i t i e s  are  e x c i t . • ~. :~~~t

produce additional nonlinear (or anomalous) absorption of the heater  beam

and result  in the generation of f ield-al igned densi ty  i r regular i t ies .  These

irregularities give rise to a number of scattering phenomena, of wh ich the

best known is spread- F. This is a condition such that a f requency normall y

reflected from a well-defined hei ght in the F- reg ion ionosphere is reflected ,

instead , from a wide range of alt i tudes due to spatial i r regula r it i es  in the

plasma. The spreading of echos has been observed in the E- region

( — 1 1 0  km) also. The phenomenon of spor adic-E , the existence of very  thin

layer2 of greatly enhanced ionization in the E_ region , has been observed

to occur concomitant with ionosp heric heating experiments, but it has not

been firmly established that those sporadic-E events were directly related

to the RF experiments.

A number of scattering phenomena have been observed to occur in

the modified reg ion. The nature of the phenomena depends on the heater

frequency. For example , the scattering region extend s beyond the l imi ts

se t by the heater beam pattern if the heater frequency exceeds the F- reg ion

maximum plasma frequency, but at lower heater f requencies  the modif ied

reg ion conform s to the heater beam width. Probing frequencie s as hig h as

a few hundred MHz were found to be affected by the heated region.

In addition to radio frequenc y phenomena , optical phenomena have

also been observed that are indicative of the physical processes taking place

in the modified ionospheric region. Changes in the airg low emission at

630 nm , which is excited by photoelectron impact on atomic oxygen , are

caused by the redis t r ibut ion of electron energies .  Enhancement  of molecule oxygen

infrared emissions at 1. 27 ~m have also been observed , but the mechanism

is not full y understood. The effect occurs not in the pr imary  modified region ,

- 13-



but in a reg ion removed from it but along the same magnetic  flux tube .

This i l lustrates the complexity and interdependence of atmospher ic  and

ionospheric processes.

Whethe r the forementioned phenomena would occur if the ionosphere

were heated by microwaves is a question yet to be answered. Theoretical

studies have not yet been accomplished , but even if they were , one would

be reminded that theoretical studie s did not accurately predict  all the effects

observed in the RF heating experiments. A possible ameliorating factor  is

that microwave frequencies are far-  removed from the range of plasma

frequencies of the ionospheric reg ions. While this might lead one to in-

tuitively expect that noth ing drastic is likely to occur as with nearly resonant

frequencies , the factor of the hig h flux levels could be co unter-active if the

levels are sufficient to t r igger  instabilities in the plasma. In addition to

creating problems of concern to communications systems that t ransmit  via

the ionosphe re , ionospheric modification could affect the space powe r system

design via it~ influence on the phase and amplitude of the microwave beam.

Of course , any modification of the ionosphere by the microwave beam

will be localized in nature and will not have impact on a global- scale. The

absorption of energy from the mic rowave beam will be confined to the beam

width , roughly 7 kin , but the subsequent interactions and the excitation of

instabilities increase the sphere of influence beyond the limits set by the

beam width. In the RF ionospheric heating experiments the recovery of the

ionosphere to its normal state occurred fairly rap idly following the heater

turn-off .  For microwave power transmission systems, however , the power

will be “on ” for the lif ~ tirn e of the satellite, which is projected to be some

30- 100 years , depend ing on the specific design. Another pertinent point

- 14-



is that the beam position will be essentially fixed in geograp hic space , due

to the use of geosynchronous orbits , and thu s any per turba t ions  induced by

the microwave beam will  not be very e f f ec t ivel y di luted as mi g ht he the

case with a non-geostat ionary beam.

As par t  of the systems feasibi l i ty  and evaluation studies , it wil l

be necessary  to de te rmine , both theoretically and experimentally, the

nature of the microwave interact ions with the ionosphere and its impact

on other users of the electromagnetic spectrum. For a sing le satellite

power station , the impact would not be part icularly disruptive , but sinc e

a fleet of some 50-100 satellites is projected for  the USA , and since it is

likely that other nations would put powe r satellites into orbit , the problem

takes on new proportions. It may well be that if plasma instabilities can

be excited , which would produce ionospheric i r regular i t ies  and concomitant

scattering phenomena that would affect communications as well as the

transmitted microwave beam , then the flux level for commencement of

such phenomena would serve to define the maximum level for  microwave

power transmission.

If power were to be transmitted at a level that would produce some

perturbation in the ionosphere but still be tolerable by the power system

and other users , then it is possible that a good deal of science may be per-

formed as an extra benefit. It is known that fluctuations of both large

and small scale occur at all times in the iono spheric electron density,

but the study of the physical mechanisms produ c ing the disturbances is

usually hampered by the lack of knowledge of the source or driving

function. In the case of microwave-beam induced perturbations , the

- 15—



source cha rac te r i s t i c s  would be well-defined, allowing studie s of the type

of the  RF ionospheric heat ing exper iments .  A new d imens ion  is provided

by v i r tue  of the fact that the microwave source function will be constant

in t ime , whereas  in the RF experiments the heate r was on for only short

intervals.

The ionosphere can also be affected by the exhaust  products  of

the var ious  space vehicles used in the construct ion and maintenance of

the space power stations. A striking example of the consequences of

in teract ion between the ionosphere and booster exhaust gases was provided

by the launch of NASA’s Skylab 1. The second_ stage burn of the Satu rn 5

eng ine s deposited large quantities of hydrogen and water vapor molecules

in the ionosphere. Rap id ion- atom interchange reactions occurred between

the exhaust molecules and the ambient atomic oxyg en ions , and the positively

charged molecules formed thereby recombined rap idly with the ambient

electrons. The net effect  was a substantial depletion (~ 50%) of the total

heig ht integrated electron density that persisted for several hours and

encompassed a region on the order of 2000 km in diameter.  Such “holes ”

in the ionosphere would certainly create problems for communications systems.

Although one or a few of such events mig ht be tolerable, the projected 10 or

more Shuttle flights ~~~~ in support of the power satellite fleet (mainly

for construction, but also for inspection and maintenance purposes) could

probably cause serious and troublesome disruption of communications if

each flig ht were to create an ionospheric hole. Clearly, measures ~~~uld need

to be taken to avoid such occurrances.

- 16-



The molecular ef f luents  f rom booster engines , par t icu la r ly water

vapor , could also affect  the D layer of the ionosphere. This layer is

composed mainl y of water -c lus te r  ions [ i. e. 11+. (H 2O)~ J , and thus any

increase in the abundance of l-1
~

O is likely to affect the format ion rates

of the ions and , as a result , the ion density.  Thi s problem needs to be

inves ti gated in order to determine whether si gnificant alteration of the D

reg ion is a possibility.

Another potential pollution problem is presented by the orbit t ransfe r

vehicles that will move the completed (or partially completed) power satellites

from low earth orbit to geosynchronous orbit, An advanced hi gh performance

propulsion system is required for the task , and the one that is favored by

many is the solar electric propulsion system , which operates basically by

the acceleration and then expulsion of a heavy ionized metal. Prel iminary

studies have not indicated any serious problems , but fu r the r  investig ation

using realistic traffic models is necessary9.

Thu s far , we have considered only perturbations of the ionized

component of the atmosphere. What of the neutral  component ? Of the

major atmospheric gases, only 02 absorbs in the microwave spectral

reg ion , but the absorption is not strong enough to affect either the beam

or the thermal balance of the atmosp here. Of the trace gases , H20 is

the dominant absorber , but again the impact will not be very great  owing

to the low abundance of the molecule in the earth’s atmosp here. Thus,

direct absorption by the neutral atmosphere is not expected to affect  eithe r

the beam or the atmosphere.
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In the upper atmosphere , between about 100 and 400 krn , the

neutral  atmosphere will be indirectl y affected by microwav e t ransmiss ion

via its coup ling to the ionosphere.  Some of the energy gained by the ambient

electrons f rom the microwave beam w~il be t r ans fe r red  to the neutrals

either directly by collisions or by intermediary collisions with the heavier

positive ions. This t r ans fe r  of energy would raise the neutral  atmosp heric

temperature. In addition , changes in the ion density would affect  neutral

wind speeds , as the ions , which are constrained by the earth’s magnetic

field , provide a “frictional ” force that regulates the winds.

The effects  on the neutral atmosphere will of course be spatially

localized and no significant changes in the global balance of the upper

atmosphere are expected. Since the uppe r atmosphere and ionosphere

interact , there will be some feedback to the ionosp here as a result of the

neutral atmospheric perturbations, and this feedback or coupling will need

to be taken into account in any thorough treatment of ionospheric modificati on

by the microwaves. For example , heating of the neutral atmosphere causes

an upwelling (i. e. thermal expansion) which would re sult in a relative

enrichment of molecular species at F-reg ion altitudes and an increased

rate of recombination of electrons and ions. Thus , the electron density

wi th in  the beam-heated column of air would diffe r f rom that in the surround-

ing reg ion. The dis t r ibu t ion  of the electrons and ions would also be affected

by the perturbed neutral wind pattern , since the ions are moved along the

earth ’ s magnetic  field line s by the neutral wind . It is also likely that the

heated column of air , which presents a discontinuity in the medium, will

g ive rise to atmospheric grav ity waves. The wave structures , whose scale

size and properties would need to be determined , would be impressed on the

ionized component and would thereby affect communications systems.
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The effects  of microwave t ransmiss ion  on the ionosp here and

atmosphere above 100 km are summarized in Table 1. The mutual

coupling effects  are also included.

The major impact on the neutra l  atmosphere that could have

repercussions affecting the biosphere would stem from the effluents

of the space vehicles that are need to lift , assemble, and then servic e

and maintainthe power stations. The sheer mass of a sing le powe r

station , some 1O 7 kg, clearly indicates that a high rate of Shuttle

launches and orbit t ransfer  vehicle activity will be necessary. At

the present tim e only rough estimates can be made , but the projected

rate of about 10 Shuttle launches per day in the early 21st century,  at

the peak of the construction phase of the power satellite fleet , should be

indicative of the volume of traffic to be expected.

The biospheric problems tlat may arise as a result of the release

of booster exhaust products are similar to those widely discussed in

connection with stratospheric pollution by SST’ s and other high fly ing

aircraft. However , the Shuttle problem is accentuated by the fact that

the exhaust is released throug hout the atmosphere from ground level up

to at least the thermosphere. In the troposphere , residence times of

injected compound s are relatively short , typically of the order of weeks ,

so that “cleans ing ” is rapid. However , the residence time increases

with altitude , and ranges from abou t a year in the lower stratosp here to

about 10 years in the upper stratosphere. Thus , the accumulation of

exhaust products becomes a critical factor.
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TABLE 1

POSSIBLE EFFEC TS OF MICROWAVE BEAM PROPAGA TION

IONOSPHERE

• Electron tempera ture  increase

• Electron density decrease in D-reg ion , increase in F- reg ion

• Modification of electron energy distr ibution

• Anomalous absorption and heating , leading to field- ali gned

irregularities and radio scattering phenomena

THE RMOSP HE RE

• Neutral temperature increase

• Modificat ion of relative composition

• Modification of airg low characterist ics

• Excitation of atmospheric gravity waves

MUTUAL COUPLING EFFECTS

• Neutral composition af fec ts  the electron- ion recombination rate

• Ion density affects  the neutral  wind system

• Neutral  wind s and gravity wave structure affect  the ion distribution
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Althoug h effluents will he released over a wide range of altitudes ,

the region of greatest  concern is the s t ra tosphere  (-.. 10-50 km) , because

it provides the protective layer of ozone that shield s the earth ’ s su rf ace

from solar ultraviolet radiation. It is well known that an increase  in the

ul t ravio le t  flux at ground level will resul t  in an inc rease in the inc idence

of skin cancer among humans . However , the consequences are of even

g rea te r  scope , encompassing the biosp here  as a whole , since any change

in the ul t raviolet  spectral character is t ics  is likely to af fec t  other f o r m s

of plant and animal life and microorganisms as well . The potent ially

dangerous exhaust products  that could reduce the ozone content if injected

in sufficient quantities are the NO~ 
and chlorine compounds.

Besides affecting the ultraviolet absorption characteristic s , any

modification of the structure of the atmosphere is likely also to have impact

on the surface climate , since the radiative balance of the earth- atmosph ere

system is strongly regula ted by infrared-active molecules and aerosols

in the atmosphere. The populations of both of these components can be

altered by large-scale pollution. An assessment  of the climatic impact is

by no means simple. On the one hand , one must  consider  the increase  in

IR absorbers and radiators (molecules like H20, CO 2, CO , 03) that would

enhance the “greenhouse effect”  and produce an increase in the average

surface temperature. On the other hand , certain effluents would react

photochemically and form aerosols , which partially shield the surface

from the incoming solar rays and thereby counteract the greenhouse ef fec t .

Other feed-back mechanisms (such as temperature-induced changes in the

snow and ice cove r , which would alter the earth’ s albedo) add to the

complexity of the problem.
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A large number of studie s have been pe r fo rmed  on the problem of

s tratospheric pollution from a i rc ra f t , and s imilar  studies would need to be

repeated for the advanced space t ransportat ion system envis ioned for  the

fu ture .  The SST studies were not conclusive or totall y satisf y ing to all

crit ic s , and , if anything, they highlighted the uncertainties in current

knowledge of the s t ruc ture  and dynamics of the stratosphere and of the

relevant chemical reaction rates. Although a good deal of research on

chemical reaction rates and st ratospheric composition has been initiated

as a result  of the SST problem , substantial gap s in knowled ge Btill exist ,

particularly concerning the global behavior of stratosp her ic  c i rculat ion ,

and thus an assessment of the environmental impact of the advanced space

transportation system will not be an easy task.

A list of the ways in which booster exhaust products may affect  the

stratosphere and ionosp here is presented in Table a. The list is by no

means comp lete , particularly with regard to effects on the hig her atmos-

pheric layers (the rnesosphere and thermosphere) ,  but since virtually no

research has been done concerning pollution effects  at such hig h altitudes ,

it probably is best not to speculate at this time on the possible consequences.

NASA’s Satellite Powe r Team , headed by Dr. William B. Lenoir

of Johnson Space Center , has recently assessed the critical areas of satellite

power systems concepts 9, and , in connection with microwave beam pro-

pagation and transportation system pollutant s , the following objectives of

required effor ts  were identified:
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TABLE 2

POSSIBLE EFFEC TS OF SPACE TRANSPORTA TIO N POLLUTION

• Creation of ionospheric “holes ”

• Modification of D- reg ion water cluster ion chemistry

• Modification of stratospheric-mesospheric t race gas

composition , aerosol distr ibut ion , thermal balance
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Microwave Beam Propagation

• Preliminary desi gn studies with meteorologis ts  and atmosphere-

ionosphere experts to define propagation environments.

• Detailed analysis and calculation of propagation ef fec ts ;  measure-

ments and experiments;  determination of flux density limitations.

Transportation System Pollutants

• Determination of all emissions of stages and boosters  considered

for satellite power systems.

• Determination, using an appropriate t ra f f ic  model , of the impacts

of the various exhaust products (including NO
~ 

produced by the

plume) , of heavy ion injection , and of ionospheric F2-laye r in-

terruption (the ionospheric “holes ” caused by launches).

• Study and classification of short , medium , and long - term effects.

• Identification of secondary impacts.

The recommended studies are part  of an overall nea r- t e rm “get

smar t”  program to examine and evaluate those aspects of space power concepts

“that presently constrain our abil ity to project the economic viability of

satellite power sys tems ”. Assessment  of the ionospheric propagation and

atmospheric  environment effects  will no doubt hav e impact on decisions

related to microwave power levels and the propellants and propulsion

systems to be used by the transportation system.

It is of great significance to note that in the 2 1st century the power

satellite fleet will probably be only one of a number of space systems that

will be operating to serve mankind~ °. Ultimately, and in the near fu tu re ,

an assessment of the pollution problem related to space transportation will

be required that will encompass not only the activities associated with the
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power satellite fleet , but with all other la rge-st ruc ture  space concepts

as well. Realistic t raf f ic  models , including allowance for g rowth on an

international basis , will be crucial for a realistic assessment of potential

impacts. The utilization of space hold s great  promise for improving the

quality of life on earth , but we should ensure that such activ ities do not

precipitate events that could ultimatel y have adverse ef fect s  on life.
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1HF. I V A N  A.  G E T TIN G  L A B O R A T O R I E S

The L a b o r a t o r y  Op e r a t i o n s  of The A e ro .pac e  Corporat ion is conducti ng

, - xp er in i en t a l  and th e , ,r e t i c a l  inve stigations necessary or the evaluation and

a p p li c at i o n  of s c n n t i f , c  advanc e s to new m il itary concepts and system ,, V er-

sat i li~ y and tIe~ ih,l ~ty ha ve been developed to a high degree by the labora tory

per s onnel In dealing with the many problems encountered in the nation ’, rap idly

de veloping apace and mi s s i le systems. Expertise In the latest scientif ic devel-

..pmen ts i s vital to the accomp lishment of tasks rela ted to these problems . The

lab orator ie, that contribute to this research are:

Aerophy sics Laboratory : Launch and reentry aerodynamic., heat trans-
(er reentry ph y s ic s , chemical kinetic. , structural mechanics , flight dynamics .
atn-iospher ic pollution , and high-power gas lasers.

Chemistry and Physics Laboratory : Atmospheric reactions and atmos-
phi- n c  optics , chemica l reactions in polluted atmosp heres , chemi c al reactions
of exc i ted spec ies in rocket plumes , chemical thermod ynamics , plasma and
laser- induced reactions , laser chemistry, propulsion chemistry, space vacuum
and radiation e f fec ts  on material . , lubrication and surface phenomena , photo-
sen s i t ive materials and sensor s , hig h precision laser ranging, and the appli-
cat ion of physics and chemistry to problems of law enforcement and biomed icine .

Elect ron ics Research  Laboratory : Electromagnetic theory, dev ice . , and
propagat ion phenomena , including plasma electromagnetic . ;  quantum electronics ,
lasers , and electro -opt ic . ;  communication sciences , app lied electronics , semi -
conduct ing, superconducting, and crysta l  device phy s i c s , optical and acoust ical
imaging; atmosp heric pollution; millimeter wave and far- inf rared technology .

Material s Sciences Laboratory : Development of new materials; metal
matrix composites and new f irms of carbon; test  and evaluation of graphite
and ceramics in reentry , spa ecraft  m aterials and electronic components in
nuclear wea pons environment ,  app lication of fracture mechanics to s t r e s s  cor-
ros ion and fatigue-induce d fractures in structural metal,.

Space Sciences Laboratory : Atm ospheric and ionosp her ic physics , radia-
tion from the atmosp here, density and composition of the atmosp here. aurorae
and airg low ; magn etospheric physics , cosmic rays , generation and propagation
of plasma waves in the magnetosp here; solar phy sti  s . studies of solar magnetic
field.; space astronomy, x~~ray astronomy; the ef fec ts  of nuclear ex plosions ,
magnetic storms , and solar ac t iv i ty  on the earth’ s atmosp here , ionosp he r e . and
magnetosp here ; the effect ,  of optical , electromagnetic , and particulate radia-
tions in  space on space systems.
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