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Tha physical baals for this inventlon s the surprising amount ;r powsr that
la avallable If the fluctuation energy of heated elactruns can be sfficlanctly
converted to ussfyl d.c. power. This Fluctuatlon energy In ite familiar form s
contideared & bad thing, as it is the source of the swplifier noles that limits
the sennltlvity of all electronic amplifiers including redlc and TV receivers,

To understand the nature of this fluctuation epergy, the following drawing la

usaful, "
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Conaider the electrons on cach side of the partition or potential barrier
to be colliding with sach other, the walls and the partitiom dividing the two
grours. Aleo, conslder that occaslonally an slectroo will chtaln sncugh velocity
From thess collluions to cross over ths top of the partitloan., On the average,
thia will occur with equal fraguency In both directions just as heads or talls
will occur wlth squal frequency on the average in toasing a coln. But at any
Instant It can be enpacted that there will be an unequal number that have crosesd
in one direction as compared to the oppoalte direction. This change In the
ousber of alectrons on esch side of the partition creates an Instantanecus
woltage difference acroas the partlilo-. This, then, is an example of fluctuation
ensrgy that results from the thermal sotioa of electrons. Similar fluctuation
energy occurs for resistors as well as the other slectrical clrcult components.
The fluctuation anergy that sxists at the Input of a radlo recslver is called

aclee power or nclse voltage. The only way to reducs this nolae voltage
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in to lower tha tespsrsture of the component which also lowars the - 1ty of
ths sleotrons.

Tha purpose of this Inventlon fs to efficlently convert the fluctuatioun
voltage resulting from the heated electron metlon to & useful furm of output power.
The potential power ocutput from this voltsge source has apparently heen overlooksd
as 1t {a sn {mpresslve amount if it can be afflclently converted ta d.c, power.
This large potential power output exlats becsuse an Important and fundamental
aspect of the fluctuation energy output of m circult component ia that 1t s
independent ;f the slze and number of slectrons In the component, This weans
that by making the componsnt smsller, the power output per unlt volume of the
vomponent s increased. The avallable fluctuation energy per component is
spall as It la only of the order of & microwatt. However, there lu a large
potential power ocutput per unit volume for small components. As an axawmple, IF
the circult size 'a reduced to consist of 1 milllon free slactrona, the total
povsr output from the clrcuits that could be fsbricated from 1 cuble centimster
of tie metal would ba 1000 billion watts. Thia exanple is given to show that
materlal coste can be negligible as the efircult wize s reduced. This potent lal
power output requires, of courss, a powsr input such as from sclar onergy of at
least 1000 billion watts,

To realiza this potentisl also requires the ability to fabricats clecults
of thess small dimensions. As Prof. TFeynman, the Mobel Laureate in Physice,
stated in an article sptly titled "There's Plenty of Room at the Bottom™, thers
ls no foressssble limitation in this direction as he foreseas the development
of precise circuit size of & few atoms In width and with the tolerance on
dimenslon slzs being that of & single atomlc layer. Also, ss we all know from
the rapldly expanding fiald of micro electronics, the manufactyrlng costs are

rapldly decreasing ss ls currently belng demonstrated for the pocket calculstora,
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The purpose of tha inventien s te give the donign of & elrouil l_ln' wildl

enable the sfficlent convarsion of the available Fluctuation snergy to usaful

output powsr. This design le sisple as can ba seen from this drawings
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The Ipput fluctuat!lon voltage Is rectified by a dlode to produce a d.c. voltage
Input to tha load. For this circult the fluctuatioo voltage gensrator, which

can be & resistor or another dlode, ls malntained at a higher tempsrature using

Input powsr from sclar energy or othsr scurces. The rectlfying diode is maintained

at the ambient temperaturs with a vacuum therwal barrisr saparating the Input
pousr from the rectifying dlods. That 1s al) there s to the clrcuit, Analysls
of the clrcult and extenalve computaticns show that the maxlsum theoretical
afficlency of the Carmnot cycle for the operating tempsraturss can be achleved iF
signlficant thermsl losses can be prevented from occurrfng across the thermal
barrier. This result was shown ip a papar published in the Physical Raview in
Octobar 197w,

The vacuum thermal barrier can preavent thess losass provided the spacing
support for the vacuum can ba at » small Fraction of the total area. Analysls
of the stresses and thermsl environsent indlcate this can be dons, however, tha
sctual fabricstion of this therwal barrler represents the big step that will
demonatrate the feaslbility of the comcept,

One method of fabricatlon that has been designed conslets of thin fllms of

dielsctric substrate materlal such ss quartz malntained Ln tenalon on ons or both
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sldas of the therwmal barrier. Thin design of the Fllm support etruct ollows
the apalysia shuwm in the Applied Optica paper In Teb. 1978 {pp, %28-538) in whlch
the tension anerted at tha perimeter of the fila malnteing sn optlcaily Flet
surface for the Fllm. The distertions under snvironmental forces can sanfily be
computed for the fllm support structurs and ssvarsl slternate designe for the film
have baen analyzed. The resulte of the snalysis show that thermal conduction
losses can be maintalined within the limit required for the therwmal barvler. Alwo,
the computations show the daslgn can withstand the therwmal bending strass,
ridlltlon.pr-l-ur-.-lnd the gravitational forces. The design can sccommodata
several modifications and one of these ls to include an additional spaced fllm on
the outalde surface of each fllm support structure. Theas additional filma
could shinld the Inside flima and clrcuits from the cutslde environmant and
atmosphers while maintaining the required thermal steady stats values,

The deaign alternatives that wers analyzed do ahow that whereas the solutlon
to problems posed by thermal conductlon losess vequlrs carsful sttentlon, there
ars apparently no Ilnherent physical liwitatlons to ths concept that will prevent
the design of & satisfactory thermal barrier. The powsr output potential per
unit area of the fllm or rigld supporting substrate is dependent on how many
circults are placed per unit area, For clrcults spaced 10'3 cm apart snd with
an adequata energy ioput, the power cutput potantial [z 10 Xilowatts per sq. meter
of film area. Tor epacings between 10—5 ce and 10-5 ca apart and with an sdequate
energy input, the power output potential is I billion vatts per sg. meter of Film
or rlgld substrate area,

In the development of this Inventlon, the first step will be to Fabricats
and test & modal contalning tha thermal barrier. This wii] bs the decisive and
important step required to open the way for parallel development of the device
for many applications. If this First step verifies tha theory, then rapld and

predictable progress can be expected. Theas parcllel developments Include
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mppllcatioms for outputs renging from outputs balow the micruwatt itsvel of haat
pumy capaclty for lowering the temperaturs of the lmput circult of a low nolse
receiver to cutputs above the bundred wegawatt level for space solar power
stationa, These applicationa includs the followlng:

L. Eacth Solar Power. By concentrating the solar radiation a high input
temparatura for the devica can be achieved o as to enable efflciencies of 80\
te 90V to be achlaved for the powsr conversion of solar energy. The present
maximaes schievable efticiency of eilicon solar u_ll- Is 15%. A deslgn has bean
made for a thin solar concentrator layer that can effoctivety Increase the
temparature of tha first lsyer so as to obtain thens sfficlenclea. Other types
of concentrators of the solar snergy can be alec used Including wither the MIT
mirror concentrator anncunced last week or the KIT Lincoln Lab grid concentrator
anhounced this mpring.

1. Steam Power Plants. 6teas powsr plari. are limfted to 4O\ efflciency
for slectric power generation using fossil Fucle. Using fossll fuels, furnace
temperatures of 1700° can be achieved and this would enabls powar conversion

efflciencios of BOV to ba achiaved using this davice.

3. Topping and Talling. The wider temperaturs operating ranga of the device

for sfficlent power conversion can enabls the device to work off the unusable
temperature of the waste heat of many other types of power planta. The range of
efticlent operatbon for thiq device cau ba fros 350°K tao the hlghest Furnace
temparature 50 that eithor by tailing or topping the efficlency of the other types
of power plants can be increased., This Increase, for exasple, has tha potentfal

of doubling the power output of existing steam power planta.
8. Space Sclar Power Statlons. The high cutput power per unit welght of

the »icro modules of this jnventlon can enable & weight reduction of an order of
wagnltude or more to ba achieved over the walght of & sillcon cell solar power

station [€ similar efficiencies wers achleved. In addition, If the patentirl



cutveralon sfficlency of the device of #UN for Lhe spaas envitviment 18 achiaved,
then tia weight reduction and/or powsi: output sdvantage over s spacs solar puwer
atation using sllicon cnlla s further Incrsased by several fold,

5. MHeat Pump or Refrigcrator. The reveralble cycle resulting from the

minimlzation of losses enablas the aame tharwmal cycle to be used in a heat pump

mode and a refrigeration wode in addition to the powsr converslon mode. Thla
mode 1 the most difficult mode to explaln but It can be utilized by simply incresas-
ing the voltage at the cutput terminal so as to reverss the curvent through the
clrcuit. Thare §a, then, an Input of powsr to the clrcult st the Former output
terminal, This, In effect, takas haat away from the cold slde and dellvars {t
to the hot wide. An Important aspect of this mode that la often overlooked is
that for most operating .tcnperatum ranges, much more heat can be dellivered to
the hot side thin can be achieved from the same Input power delivered diractly
to the hot slde. This ensblas the efficlency of the Input power for hestlng
purposss to be incressed several fold.,

Tor home use this reversible operatlon can resuit In lsrge snergy savings,
The sams device can be used to getrerate power for the home, air conditloning for
the hu—’and heating for the home. To |lv-‘|.n snample of this saving, the power
In 1 square meter of sunlight can be converted inte 1 KV of power output by the
device oparating in a power converslon mode for the home. This cutput power
can be slored and later used to opsrate the device in a haat pump mode for the
homs. Than if, for example, this heat pusp mode la operated with the low temperature
resarvoir at 32°T and the high temperature ressrvolr at 9001'. the heat squivalent
of 10 K¥ hours of powar can be deliversd to the high temparature for each 1 KW
hour of output power etorsd From the solar powver converalon.

Finally, it way be approprlate to mention an appllicatlon to an area that
brings the utllization of fluctuation energy Full cycle and For this application

the circuit Is used In a rafrigeration mode to reducs the input noise voliage
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and jusroans the songltivity of redie veselvers snd amplitiere. Fue thin applice-

tion & multi-stage circuit of micromodules is sufficient to produce the micro-
watt haat pusp capaclty required to lowar the temperaturs of the Input stage of

the recelver to very low value 30 as to effect a large decrease In the bad

fluctuation eneigy or nolse power existing at the Input of the recelver,
for the above spplications and othars, thare can be s parallsl devalopaent
as al) applications depend on the same bazic circult,
In consldering this inventlon, it ls perhaps useful to attempt to estimate
and predict some of the long range applicatlons that will occur §f the injtial
| step In the development §s succeasful. In approximately 5 to 10 years it could
be expected that the mayes production could be fully automated using a wlcro-
fabrication technlyue such us X-ray lithography to reproduce thes clecylts, Even
&t that stage, it can be expected that manufacturing costs will be the doainant
i cost as the miterlal cost can be made truly negligibla. Thls can easily La seen
| trom the example given In the Fhysical Review article of October 1974, which shows
that & cuble meter of these circults had tha capability of dellvering 100 ¥V to
sach person in a world populatlon of 10 billion. Regardlesa of the materlal cost
per unit volume of the material In the circulta, this result Indicatesa how truly
negllgible the material cost per kllowstt outpul of power capabllity would ba.
This Is even morce evident when 1t i reallized that Lf tunnel diodaw are used, all
the clrcult componants can be made of relstively lneupensive mctals and, if
supporting films are used, the support structura can also be mada of an inexpensive
material such as glass,
On the basis of thiz assassment, 1t appears that, provided tha first step
In tha Jdevelopment verifics the theory of the device, that It is reasonable to
c.'pact that the cost per kilowatt will be far below the 5200 level that has been
stated to be the level at which solar snargy becomesn mors attractlive for most

applications than the alternative methods of powar generation. The slze of this
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device reguired to genarate 1 kilowatt of solar pover is only 1 sq meter in

area with the thicknass gliven by the thickness of the fllm or rigld substrate
support structure, The materlal costs will ba negligible and it appears reason-
able to expesct that the cost of manufacturing will coentlinually decrsase with
Lime and with tha quant ity belng manufactured,

As an spample of an spplication for which lsrge quantities are required,
conslder the application of solar powsr for tha howms, A HIT study has shown
that If 12% u;tt: of electric power plus approximately 700 watts of thermal
heat power into water was made available to a home from solar power, a roof
top sclar anergy unit coatlng $5000 would pay for itself In 5 to 7 years., It
would seem reasonable to expect this performance to be feasible sarly In the
development of this technique as less than 27 sq meters of effective circuit area
exposed to the direct sun can achieva this performance even if we assume only
a %0\ efflciency Ls achieved for the aclar power conversion. If this effective
clrcult area was increased to 20 sq maters or approximately 10V of a typlcal
roof area, power output of 10 kilowatts ocutput power could be cbrained for a
50% circult efficlency. This output power, If stored, ls approximately 40 times
the presant slectric pover needs of & typlcal home or about 11 tlmss the heating
snergy nesds of a home, The haat energy requirement for a home can be reduced
10 fold If the device i3 also used in the heat pump mode for the opearating
conditions given in the previous exampla. For this example, the 10 kllowatts
output pover represants 130 tlmas the heating anergy needa of a typlcal home.
For this almost universsl application, it seems reasvnable to expact, if the
flrst step in the development verifias the theory, that since the material costs
are negligible for the 10 kilowatt device and since the manufacturing cost would
contlnue to decyeass with time for the high volume prcduczion. that by pevhaps

1990 the cost of each unit will be much less than $200,
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Trying te awh aven furihar down the resd, it besemes BOSSIBArY o spevulate

#nd perhapa dream & Jittle, but it doep seem worthwhile to hope tlrat the day wil)
sometimas came when » )ightwaight poitable Inexpansive solar power unft can be
available to everyone as this asy ba the only way the people of the undeveloped
reglons of the world can 1111t themselves by thelr bhootetraps, Then, these people
can more efficlently move about to davelop thelr land without ewalting th-
development of large power stationa and expenaiva dlstribution systems, The
»ost hopefu) aspect of this dicam I3 that this pource of power 1s effectively

limitlass and will not creste sny thersal or atmospheric pollution of our planet.
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