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itselfl but cstoring the United States and other frao nations of the
world to an independence option whiclh wa o pnut presently huve
beceuse of our dependence on vil from foreipn sonrces. ho implica-
tions then for whatever discoveries can tc mnde are extremely
significant -

Our first witness this moming is Mr, Joseph C. Yater, who in a
f.h_\'nicisl from Lincoln, Muss: He has his own consulting firm. Ho bns
e v distinguished career in space physies, sensor sl data, collection
systems, thermal design of power systerns nnd statistical mechanics.
l?e has submitted an invention to the Office of lnergy-Retated
Inventions under the National Bureau of Standards.

That oflice conducted n series of evaluations and just & few days
ago recommended this invention for Government support by the
Energy Research and Development Administration (!CI”)A).

Wo will also hear from both of those pgencies Lhis morning.

Mr. Yater, we welcome your appearanca hefore the subcommittee.

Wa will administer the oath at an appropriate thins. Lt is our custom
te do so—and no wmore than that,

With that, the floor is yours and we would like to hear the details
about your iden and its prospeets.

STATEMENT OF JOSEPH C. YATER, LINCOLN, MASS.

Mr. Yarer. Thank von, Mr. Chairman.

I wish to express my sppreciation for the opportunity to give this
statement on an invention to convert heatl or solar energy lircetly
into & useful form of electric energy.

My statement here today may vary in some ways from my prepared
statement and I wish to request permission to also liave my prepared
statement submiited in the record.

Mr. lvan. Without shjection, your entire propared statement will
be included in the record,

{Sea p. 13

Mr. l\'n'i:n. In this statement 1 will first describe the technical
featurss of the invention, and then I will diseuss some of the applicu-
tions of the invention.

For the patent upplication on this invention, all 31 claims have been
accopted and the linal granting of the patent is being processed on the
bigh priority husis being granted o some energy-reluted inventions.

Before discussing the circuit and performance of this invention, it is
uselul Lo discuss briefly the general nature of fluctuation voltage,
inastnuch as the wse of flucluation voltages is busic to_thig inyy 101},

As a preliminary comment™ TN Discussion, 1019 also usoful to
note that, iasmucl as the discussion of fluctuation voltage depends on
therma! motion of clectrons, it is necessary to have n hieat input source.

Thisx enn be uny kind of heat source, but the most important
source, by far, is solur energy; and for the following discussion it will
he nssumed thut when solar energy is the heat source, u_;['inlnr rudintion-

bsorbing materinl s pluced in thermal contact with 1he Michinbion
o R ToT

'rmh:vn'u ol the inventien first converts the thermal energy Lo
electeie voltage fluctuations which in turn are relayed across u thermal
barrier to sl recbifying cirenits to produce with high elliciency
useful direct current ontput powor.




The satnn dovice is alse alils W pumnp with high olficier.. s beat Tron,
s low tempernturs region W a hi -[n teinperaluto region. ‘The dovice of
this invention is comprised of 1 ‘hm!, layer of microcircuit modules in
which leated resistors or diodes convert thermal enetgy into electrie
voltage fluctuations, a continuous second layer of microcireuit modules
in which capucitors electrically couple the voltuge fluctuations scross
6 vacuam thermal barnier, und, contiguons to the second layer, a
third layer of microcircuit modules in Wfli{ih at least one cooled dioda
in each modulo converts the electric voltage fluctuntions to direct
current electric power.

The physical basis for this invention is the aurprising amount of
owaer I,rmt 15 available if the fluctuation energy of hentod eloctrons can
10 efficiently converted o useful direct current puwer. This finctuation

energy in its fumibur form is considered & bad thing, s it is the source of
nmnplifier noise that limits the sensitivity of all electronie amplifiers,
incﬁjdiug rudio and ‘I'V receivers.

Te understand the nature of this Auctuntion energy, the following
drawing is useful.

[Witness displays disgram.)

Mr. Yaren This is similar to & model for a solid state diode in
which you huve electrons separated, as shown in this drawing, by a
partition. In a diode, you consider that s polential wall,

The electrons wre moving about due to thermal energy and are
colliding with the walls and with each other; und with the potential

arrier,

Occasionally in their collisions, one of them gains energy to cross
the burrier. On the uversge, this will oceur W'l[,li,l equal frequency in
both directions just us when you are tossing a coin, heads and Lails
veeur with cqun{ frequency.

Bul at any instent, it cun be expected that there will bo an unequal
number that huve crossed in one direction as compared to the opposite
direction.

‘This change in the number of electrons on each side of the purtition
crentes an instantuneouns voltagoe difference ncross the partition.

This then is an example of ﬁ{uctuatiun energy that results from the
thermal imotion of elertrons.

Stmilar fluctuntion encergy oecurs for resistors as well as other
electrieal circuit components.

The fluctuntion energy that exists at the io mt of a radio receiver
is called “noise power' or “noise voltuge." '[‘{N‘. only way to reduce
this noise veltage 1s to lower the temperature of the component which
ulso lowers the velocity of the eleetrons so that they don’t genorato
us much fluctuntion volinge.

Tho purpose of this invention is Lo elliciently convert this Huctua-
tion vu%tnge resulting from the heated electron motion to w useful
form of output power. "Lhe potentinl power o WL from this voltago

Tl A —
gairee s npparcatly heen oyerlooked ws it s an lLLL!;‘:.:“'\_lL.BJ!I!!';ﬁ]-
un o "ﬂl"‘-'-”ﬁjmm&. Tﬁmﬂﬁ”‘lﬂ; - -
This Targe porcatinl power t!xlﬁlﬁﬁlllllﬁl! n nportant and fondu-
mental nspect of the Hnetuntion elergy output of a cirenit component
15 that v s independent of the size number of vlecteons i the
componenl,
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The aame dovice is alue able W pump with high oflicier.. s heat from,
s low temperaturs region o a ki ',| teinperatuie region, Fho dovices of
thas invenlion is comprised of ’hmt Inyer of microcirenit modules in
which heated resistors or diodes convert thermal energy into electric
voltage fluctuations, w eontinuous second layer of microoreuit modules
in which capucitors electrieally couplo the voltage fluctuations scross
& vacunm thermal barrier, and, contiguous to the second layer, a
Lhird layer of microciccuit modutes in which b least one couled diodo
in ench module convorts the electric voltage fluctuntions to direct
curront electric power.

The physical busis for this invention is the surprising smount of

owor that iv available if the luctuation energy of hentod eloctrons can
Ru efficiently converted to useful direct current power, This {luctuation
energy in its familur form is considered s bad thing, as it is the source of
amplifier noise that limits the gensitivity of all electronic amplifiers,
including rudio and 'T'V receivers.

To understand the naturs of this fluctuntion energy, the following
drawiog is uselul.

(Witness displays diagram ]

Mr. Yaren. This is similar to a model for a solid stalo diode in
which you have clectrons separated, as shown in this drawing, by a
partition. In a diode, you consider that s potential wall,

The electrons ure moving about due to thermal energy and are
colliding with the walls and with each other; and with the potential
barrier.

Oceasionally in their rollisions, one of themn gains energy Lo cross
the barrier. On the average, this will occur witlin equal frequency in
both directions just as when you are tossing a coin, heads and tails
oceur with equal frequency.

But at wny instant, it cun be expected that there will bo an unequal
number thut have crossed in one direction ns compared to the opposite
direction,

Tlis change in the number of electrons on each side of the partition
crentes an instantaneons voltage difference across the puriition.

‘This then is un example of fuctuation energy thatl resulls from the
thermal maotion of electrons.

Similar fluctuntion cuergy occurs for resistors us well as other
electrical circuit components.

The Nluctuntion energy that exists ab the input of a radio receiver
i3 called “noise power” or “Loise voltage.” The only way to reduce
this noise voltage is Lo lower the tempernture of the component whiel
slso fowers the velocity of the clectrons so that they don't generato
w3 innch flucturtion voltage.

The purpose of this invention is to efliciently convert this hictua-
tion voltage resulting from the heated electron motion (v a useful
form of vutput power. Che potentind power ouln roun this Vtsllqa(la
_ il Yot

nree has npporently heetrover GLNS LIS i npressive wggunl,

I ’.Tf!l".x.r."'Tfu'l.a"s Ao WL ThEn T power, )
TIns Turge poten il power exiits Locmse nwtmpartant s funds-
mental aspect of the Quetuntion energy output of w circuit component

15 that it s independent of the size and number of clectrons i the
compounent,
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This sueai.  that by making the componont smaller, the powsr
output per unit volume of the component iv incroased. “I'ho uvailablo
fluctuntion enorgy per component is snall, us it is only of the order of
a mirrowsltdt,

However, thero is a large potential power output per unit volume
for siudl components. As an exaple, if the circuit size is reduced 1o
counstst of 1 omllion free electrons, the total power output from Lhe
aresits that could be fabricated from 1 :tuLic centimenter of the
motal would be 1,000 billion watts. One cubic centimeter is a very
stall volume,

Mr. Rran. Would you kindly repeat that again?

I'am having trouble following some of your scientific words and
labhels. '

Could you please repeat. that Jast point you just mede?

Mr. Yarten. Yes,

The circuit size of a resistor, for example—if you make s smaller
resistor, you linve not decrensed the fluctuation power thut comes from
iL. You ean continun to make it down to almost one olectron in size,
and you still have that same fluctuation energy that is eapable of
conung out of the resister.

This works very woll with getting a large power output becauss,
s you muke your cieeait size smaller you get the snime power output
from each circuit resistor; so, therefore, you have incressed your
power per unit volume.

That is s fundemental aspect of fluetuation effects. If you havo a
large number of moloscules, the percentage of fluctuation in pressure on,
Int’s say, a wall will be less than if you had a smell voluine hecausa there
nre fewer atoms hitting up agninst that wall. The same is true with the
vlectron motion.

This example is given to show that material costs can be nogligible
na the cireuit sizo is reduced. This potential power output requires,
of course, a power inpat such as from solar energy of at least 1,000
billion walts.

We are ot tatking sbowt. generating any power in this system. They
have to produce the power from the outsido. But the fluctuation energy
is the way that it is converted from therma! onergy into eleetric voltage
Nuctuntions.

OF course, 1his also illustrutes the materinl constraints as being so
minimal in this sys<temn ag compared to any other system you could
think of.

To realize this potential also requires the ability to fabricalo circuits
of these small dituensions. As Prolessor Feynman, the Nobel laureate
in physies, stuted innncarticle aptly titled ““There’s Plenty of RRoom at
e Bottom,” there is no foreseenlle limitation in this direetion as he
foresees Lhe development of precise circuit size of a few ntoms in width
and with the tolerance un dimension size heing that of a single ntomic
lnyer.

Also, as we all know froan the rapidly expanding field of ieroclee-
tronics, the inrnufactyring costs are rapidly decrensing as is currently
being demuonstrated for tie pocket ealeulators. o

The purpose of the invention is to give the design of a circuit that
will enablo the elficient conversion of the aveiluble fluctuntion energy
to useful sutpul power.
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Thim dosign in nitmpie as You ean neo lrom thia drawing,

(Withens dinplays fIrnwin’,(.]

Moo Yaren, e mput hictuation voliags iy rectilied by u diodes Lo
produce a direct current voltage input o the load. For thjs circuit the
Huctuution voltags generator, which can he n resistor or another
tioda, is maintuined ot 8 higher temperature uBing input power from
solar energy or other sourees,

The recufying diode is maintained at the ambient temperature—
room temporature—with a vacuum thermal barrier separating the
wput power from thae rectilying diodse.

hatis all there is to the cireuit,

It is & similar circuit electricelly to the battery charger, excepl in
this case the incoiing a.c., vollage is generated by the healed resistor
or diode. In n sense, al you do with a battor charger is that you have
A a.c voltage in and you turn that into d.c. eurrent by rectifying.
‘This is the essential fact that is going on hero.

Also in this circuit the power output of ench cireuit is ndded to the
power output of the other circuits so that the total power output is
the combinad output of all the circuits,

As I said earlier, 1k rower oulput of one circuit ig insignificant but
combinad it is truly linpressive.

The thermal cireui is quite diiferent from (he battery charger
circuit as in this invention a thermal barrier is included 1o prevent
uny thermal Jusses being conductod from the heated noise voltage
genarntor w the coole:d rectiflying diode,

The barriar consisty of having a capucitor plate to couple the electric
onergy ncross and having in the barrier a vacuum so that there iy no
thermal conduction Path—only radiation path whick shows to be
truly negligible in this respect.

Therelure, the invention consists of designing a circuit that will
enable the input hout or wolar energy Lo be converted into electric
valtage fluctuntions and then cunﬁucung these fluctuations to o
reclilying diode maintained at a lower temiperature.

Analysis of the circuit and extensive computations show that the
maxinuim theoretical efliciency allowed by the second law of therme-
dynamics for the operating emporatures can ba achioved if significant
thermal losses can be prevented from occurring wcross the thermal
barrier. This is the barrier thut is maintained betweon the conitenser
plates. This result was shown in u paper published in the Physical
Review in October 1974

Mr. Rvan. May | interrupt for just a moment, pleasa?

One of the facts of life hore on (‘)npil.ol Il is tfmt, irrespective of
any desires we mny have nhout pursuing the important things in life,
we nre required on occnsion Lo report to the House floor to roport Lhe
fuct that we are present,

Wo will then rocess for 10 minutes.

{ Recess takeon |

Mre. Rvan. Mr. Yater, 1 apologize for the interruption. 1 hope that
you will understund. We should be reasonubly uninterrupted for some
time to come now.

With that, you muy proceed from whero you were when wo recessed.

Mo Yaven I belisve that [ whas up to the point of describing the
circuit shown in (his diagram,
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If you undorstand how thizs works and then you go through the
theoratica”  alysis of it, then you will sne that you ean reduca tha
fossos in «  ry to whoere the circuit can oparate st the maxiimum
elliciency allowed by the second law of thermod ynamics,

The vucunm thermal barrier can provent those lossny provided the
spacing support for tha vacaum can [he nt & small fraction of the tora!
aren. X‘nnlysis of the stresses and thermal environment indicate this
can be dona, Imwuvnrl the actnal {ghicetion of this thermn} !:;}[rivr
reprosoents the biy—slap Thal will demonsirale (ho eastbility o D‘.‘n
concepl

ne mathoed of fabrication that has besn designed consiats of thin
films of dielectric substrate material such as quartz maintained in
tension on one or both sides of the thermal barrier,

This design of the film support structure follows the analysiy shown
in the Applied Optics paper in February 1976, pages 526-538, whicly [
wrate, in which the tension exerted at the perimeter of the film muin-
tains an optically flat surface for the film.

That is to try to keep the flat surface here [witness indicates on dia-
gram] so wa can cousz the energy across there using the capacitor
plates,

The distortions under environmental forces can ensily be computed
for the film support structure and several alternate designs for the
film have boen nnalyzed. The results of the analysis show that thernial
conduction losses ean be maintained -within the limit required for
the thermal barrier,

Also, the computations show the design can withstand the therma
bending stress, radintion pressure, and the gravitational forces, The
design can accommodate several modifications and one of these is
to include an additional spuced filin on the outside anrface of each
Blm support stricture. These additional films coutd shield the insida
films and circuits from the outside environment and atimosphere
whila maintaining the required thermal steady state valuos.

The design altarnatives that were unnlyzmlyllu show that whereas
the solution to problems posed by thermal conduction losses redquire
caroful atteption, there are apparently no inherent physical limita-
tions to tMe concept that will prevent the design of a satisfactory
thermal barrier.

‘I'he power vutput potential per unit aren of the filn or rigid sup-
porting substrate ia dependent on how many circuits are placed per
unit urea.

For circuits spaced 10~ centimeoters apart and with an ndequate
energy input, tho power output potential is 10 kilowntts por square
roter of film area.

For spacings botween 10-* centimeters and 10-% centimeaters apart
and with an adequato energy input, the power output potential ia 1
billion watls per squars meler u} film or rigid substrate arca. T'his iy
assuming that you had that much power in there.

In the 1Invcrl11unent. of this invention, the first step will Le to
fabricate and tost a model containing the thermal barrer. This will
be the decisive and important step roquired Lo open the way for
parallel development of the device for many applications. 1f this
lirst step verifies the theory, then rupid and predicteble Fmg'reas can
he expected. ‘Iiese puralle! developments include applications for

O
re

SLi



cutputs ranging from outputs below thae microwatt 1V gf .h(mt.
pump capacity for lowering the tempernture of e in circuit of
w low-noisn receivor b ontputa above e 100-megnwatt teyvel for
KPReo solar power stations,

These applications include the lollowing:

(1) Earth solar power. By concentrating the solar radiation a high
Hput temperature for the deviee can bo achieved so as to enable
efficioncios of 80 percent to 00 percent to be nchioved for the powor
eonversion of solar encrgy. The present maximum achiovable ceflicioncy
of gilicon solar colls iy 16 percent.

A design has been made for a thin solar concentrator layor L
can ellectively incresse the temporature of the first layer so as to
obtain these ‘efficiencies. Other types of concentrators of the solar
energy cun be also used including either the MIT mirror conesntrator
announced last week or the MI'I' Lincoln Lab grid concentrator
announced this spring.

(2) A second application is for steam oworplants. Stenin power-
plants are limited to 40 percent officioncy f':}r electric powar goneration
1|sin% fossil fuels. Using foesil fuels, furnnce temperatures of 1,700°
can be achieved and this would enable nower conversion efficiencies
of 80 percent te he achieved using Lhis tluvicu.

Mr. Ityan. Are you saying that if you used this along with current
powerplant usage that you could donble the efliciency of the plant?

Mr. Yaren. %’ns; I am going 1o say that in the nexi, sentence.

There are two different aspects. If you just substituted for steam
power, you would get 80 percent directly, but Jet’s say that you wantad
Lo try to achiave the efliciency from the prescnt one, then you would
do the pracess called topping and tailing which means (hat you would
try Lo use the energy al a higher temperature than you can—that is,
the efliciency you can got fromn the higher temperature of the furnace
than the steam can accommaodate; and take that pari. of the lempore-
ture energy and usu that in the conversion Then the tailing is to
take the exhaust, that is, ‘the heat that is coming out and get the
energy that can be acquired fromn that,

This device has that application because it has a wide oporating
range of Lemperature. You can, then, do that. .

(3) Topping and tailing. The wider temperature operating range
of the device for efficient power conversion can ennble the device to
work off the unusable {empurnture of the waste heat of muny other
types of powerplants. The range of efficiont operution for this device
cun be from 350°K to the highest furnace temperature so that vither
by tailing or topping, the efliciency of the other types of powerplants
cun be increase 'Fhis incrense, for oxample, has the potentinl of
doubling the power output of existing stonm pewerplants.

(4) Spuce Solur Power Stations. The high ontput power per unit
weight of the niicromodules of this invention can ennble a weight
reditetion—of un order of magnitude or more to be achieved over
the weight of a silicon celt solur power station if similur elliciencies
were achisved.

In addition, if the potential conversion efficiency of the dovies of
M0 percent for the space envivonment is achieved, then the weight
reduction and/or power outpuat advintage over u space solnr power
stution using silicon cells is }urtlu:r incrensed by severalfold.
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Tho nex. plication is s little diffioult to explain but it is an
l'merlnnLunh.

6} Hont Pump or Refrigerator. When you run this situation, or
operation, hackward end instead of having power output, you put
power input (o the diede and mmade the tlimh& work in & reverse diroc-
tion, then it actualy trunsfers heat from the colder side to the hotter
sida.

The reversibly cycie resulting from the minimization of losses
ennbles the same thermal cycle to be used in a heat pump mode and a
refrigeration mode in addilion to the power conversion mode! “This
maode is tho most diflicult mode to axpllnin Lut it can he utilized by
simply increasing the voltage at the output terminal so as to reverse
the current through the circuit. :

There is, then, an input of power to the circuit at the former output
terminal, 'i‘his, in cffect, takes heat away from the cold side and de-
livers it to the hot side,

Au important aspeetl of this mode that is often overlooked is that
for most operating temperature renges, such as for home heating,
much mora heat can be delivered to the hot side than can be achieved
from the same input power delivered dircctly to the hot side. That
wonld mean inside the home.

"This_ enables the efficiency of the input power for heating purposes
to he increased ﬂuvvralfuld).(

For home use, this reversible operation can result in large energy
savings. The sume doevice can be used to generate power for the home,
air-conditioning for tho home, and heating for the home. To give an
examnple of this saving, the power in 1 square nietor of sunlight can be
converted into 1 kilowalt of power output by the device operating in a
power conversion f{or the home,

This output powoer can be stored and later used to operate the device
in a heat pump mode for the home,

Then, if, for example, this heat pump mode is operated with the low
teniperaturs reservorr al 32° F, and the high terperature reservoir at
a0° &*‘, the heat equivalent of 10 kilowatts of power can he delivered to
the high tomperature for each 1 kilowutt hour of ontput power stored
(rom the solar power conversion,

So, you don't have to store as much power if you arce going to use it
in the heat pump mode /s you would to dircctly Liest your house.

Finally, it iy be approprinte 1o mention an application o an
area that hrings the utilization of fuctuation energy fall cycle and
for this application the circuit i3 wsed in w refrigeration mode to
reduce the input noise voltsge and increaso the sensitivity of radio
receivers and amplifiers.

For this application s multistage circoit of micromodules is suflicient
to produce the microwatt heat pump capucity required to lower the
termperature of the input stage of the recriver Lo s very low value so
a3 Lo effect a lurgn deereaso i the bad fluctnation energy or noise
power existing ut the input of the receiver. )

In other words, yoru use the same eifect to pump heat out; that is,
the undesirable fluctuntion energy at the input of the receiver.

For the nbove applications and others, there can be n parallel
development s wll upplications depend on the suine busic circuit.
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In considering Lhin invention, it in perhiaps uselul o npt Lo
ostimate and predict some of the long rongoe applications cnnd will
vcear i the In(liul wbago in the dovelopinent s saeconfyl

I approximately 8 1o 10 years it could bo oxpected that the mams
production conld be fully automated using o mierofubricntion tech-
nigue, such a3 X-ray lithography, to reproduce the eircnils.

L)vun ot that stage, it can be expeeted that manufucturing costs
will be the dominant cost ng the materinl cost ean ba made traly
negligibla, This can ensilv be seen from the example given in the
Physical Review articlo of October 1874 which shows that a cubic
meter of these cirenits had the capability of delivering 100 kilowatts
Lo each person in a world population of 10 billion.

Regardless of the i||.ui,urin|l cost per unit volume of the muterial in
the circuits, this result indicates how truly negligible the material
cost per kilowutt output of power capability would be.

Thig is even more evident whon it is realized that, if tunnel diodes
aro used, all the circuit components can bo made of relatively inex-
pensive and locally produced metals and, if supporting films nre used
the support structure can alse be mado of an inexpensive matorial
stich as glass or quartz,

On the basis of this assessment, it appears that, provided the first
step in the development verilies the theory of the device, it is reason-
able to expect thut the cost per kilowatt. will bo fur holow the $200
level that has been atated to be the level at which solur energy be-
comes more attractive fur most spplications than the alternative
methods of power generation. The size of this device required o gener-
ate | kilowatt of solar power is only 1 square meter in area with the
thicknaess given by the thickness of the film or rigid substrate support
structure. ‘T'he material costs will bo negligible and it appenrs reason-
nble to expect that the cost of manufacturing will continuully decrease
with time and with the quantity being manufactured.

As an example of an application for which large quantitics are
required, consider the upplication of sotar power for the home. An
MIT study has shown that, if 125 watls of electric powor plus ap-
proximately 700 watts of thermal hest power into water were lIlIHSB
available to a home from solar power, a rooftop sular ey unit
rosting $5,000 would pay for itsell in 6 to 7 years.

It would secim rensonable to expect this performance to bo feasible
early in the developiment of this technique s logs than 2 Bquure melers
of effoctive cirenit wren exposed to the direct Sun can achiove this
};erfurmu.n(:e eveu il we assume only a 50 percent ciliciency is achieved
or the solar power conversion,

If this effective circuit aren wers increased to 20 square moters or
npproximately 10 percent of a typical roof urew, power output of 10
kilowntts ontput power could he obtnined for n 50-percent cirenit
efliciency. "This autput power, if stored, is approximately 40 times the
f:ruscnt clectric power needs of & typicat homa or about 13 times the
leating energy needs of a home,

The hent energy requirement for a home can bo reduced tenfold
if the device iy |ﬁau used 13 the heat pusap mode for the operuting
conditions given i the previous exnmple. For this example, the 10-
kilowult outpul power represents 130 times the heating energy needs
of u Lyl»icnl home. For this alost universol wpplication, 1t seeims
reasonable Lo expect, if the lirst step in the development verilied the



shrairew, 1hat mise tha material coste are negligibile for tha J1O-kilowntt
dovica aind since thoe manalscturing cost wouhl continue Lo decroans

with time for the Ligh volume production, that by perhaps 1800
the cost of onch vnat will e much less than $200.

Trying to look even further down the rond, it hecomes necessary
to spm'uﬁuo aid perhaps dream a fittle, but it does semin worthwhile to
Liope thet the day wil% sometime come when a lightweight portable
Inexpensive solnr power unit cun be available to everyone as this may
he thoe only wuy the peoplo of the undeveloped regions of the world can
lift themsolves by their bootstraps.

Then, these people cun more efticiently move about to develop
their land without nwaiting the development of largo power stations
andd expensive distribution systems.

‘The most hopeful aspect of this dream is that this source of power is
effectively limitless nnd will not create any thermal or atomsphoric
pollution of our planet.

Thank you, Mr. Chairman.

Mr. Ryan. What you say—-as far as I am concerned—is so inter-
esting that one i ulroid almost Lo carry it out because of being accused
of denting in exnggerntion und hyperbole.

Howevor, 1f your comments have substanco and waoight, tlis eould
bocome u vory historic mesting.

Wounld you stand a moment, please, and raise your right hand
while I administer the oath?

Wea now have enangh members to do that.

['The witness was then duly sworn by the chairman.

Mr. Ryan. Mr. Yater, il this system is proven Lo be feasible, the
resulty could bhe classified then as near-term or iunediate in their
unpact within the noxt 5 to 10 yoars.

L' that n reasonable statement?

Mr. Yaren. 1 think it is reasonable, Mr. Chairman, because Lhe
first step is the erucial step but it does not require much time to do
it M that happons, then the rapid development of it can go forward
M a near-torm future,

Mr. Ryan. Obviously, the impact, as you indicated toward the end
of your statemont, on American life and on life in the entire worll
would be mewsurnbly and significantly affectad.

This committee is particularly coneerned, among other things, about
the ¢ffect on Federnl netivities and planwing.

Do you think this invention could sffect Government planning and
docisions in ways which would have major impacts on how our tax
dolturs nre prosently being spent?

Mr. Yaren Yes, sir.

Mr. Ryan, Do uny examples coms Lo mind immediately thot we
might consider?

Ir. Yaren, AN energy decisions, as we presently are operating,
have long leadtimes.

[t would cortsiuly be true that anything that was guing\ to be
mjected into the pipeline at this stage, which conld actually be sup-
plying energy i, let us say, 10 years, would affect the nmount of
needs for some other powsr systams,

The only general answer you can give which is certninly truo is
thut the Sun is an unlimited source, as fur us our practical needs
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hero on arth ara concarnad and, il you can mnnidncture - orn aned
Can maks thein cost ¢'.nt:||lmthivu, You would coertaindy faal that Lhis
would reduce the need for vther sources of onorgy, unlesy they be
used for spocial applications or in spaciad conditiong.

Mr. Ryan. What impact would this have on present plans for
nuclear pawerplauts for the eneralion of slectricity?

Me. Yaren, ! think that ﬁﬁls in the same calegory as thisstulement.

Nucelear powerptants are long-rangs investments and have o be
considered n long time alend. S0, you would certuinly want to La
Aware of this technology because 1 think it Tepresonts in n sonse an
alternate which you would like to explore in ordor to ind out as soon
05 possible whether it can indeed perform and, if it can, it would
seem Lo me Lhal it wonld cut back on the need for nuclenr powerplunts.

Mr. Ryan. Then, it would also have, I would asvsume, & very signifi-
eant impact on large publie utilitios because—-um | not corroct- uach
home could becone its own private utility or electrie utility?

Mr. Yater. That is the example 1 was giving.

You would generats in Your own house all Yyou needed in the way
of powor. This would g ply to heut and olectricity.

Mr. Ryan. Lot us Laﬁm unother applicetion then such as transpor-
tation which is one of (he crushing pressures we havo tofay —the
transportation systen and the nso of the gasoline powered automaobilo.

Does this theory of yours have any application for rewsonable
size motor vehicles which would bo powered by solar enorgy con-
verted into electricity rather than by the present, system?

Mr. Yaten. In this caso, you would have to considor this as aty
evolving impact,

What you need is first to consider that n l-squure meter of aroa
only gives out 1 kilowatt whieh is roughly 1 horsepower.

50, you do not have much power ag compared to our present
autemobile,

On the other hend, battery assisted vehicles aro possible,

Mr. Ryan. Through storage.

Mr. Yaten. If this systenm were worked into a universal application
for this such ns in a city, you wounld have within the city a possibility
of pgenerating envugh power from the solar eoergy so that, instead
of filling stutions, you would park your car in o mrking ot and plug
it into the battery or your parking meter or w’nuwwer, You waonl
then be able to keep your curs in motion from the electric genern Lo
power,

Mr. Ryan. So, there is a possibility then thut we could continuo
o maintuin the present system of vehicular teudlic in this country,
nsing eloctrical power, by some gpecifie secondnry maodifiention with -
ot the seecompanying pollution of the internal combusion engine?

Mre. Yaren This is certuinly true inasmuch as the solur enerpy
that we have impinging on u city is many times mors than we would
need. We wounld just huve to elliciently convart that from roofiops
Lo gtve yon tha cnergy necded for this.

Mr. Ryan. I huve JISL Gt more question.

Aside from your purticulur invention, do You see any nead for this
country to make n dedicuted an Lop-priority commitment to solar
energy as the primnary sourcn?

Mr. Yarven ! Leliove our country should,
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The reasvn 1 say that Is bocausa | Doliova i4 pesds to ba nald in the
senso that people in general have to he onorgized somelimen Lo go
inte now ficlds that thoy have not been working in. Our history
in the past has been of n very onergy surplus Nation. Wo have not had
the miotivation ta do this.

If wo hud n different history, we would have bean working on it
and wo would alrendy have given to it Lhe priority that il needs,

Mr. Ryan, Thank you, NMr. Yater.

Mr. Yarea. Thank you,

Mr. Fascern. Mr. Yater, I gather that you would have to have a
devico Lo manke use of the fluctuntion encrgy of healed olectrons.

Mr. YaTer. Yes, sir. .

Mr. Fascsun. Tha power to run that would come from a solar
roncontrator?

Mr. Yarer. Any kind of & thermal motion has to have some hent
sutplied to have this kind of thermal motiou.

Mro Fasceu.. 5o, the heat would be solar hent applied to create
iluctuations on hestod electrons. Then, you would convert that into
usable d.c. power?

Mr. Yaren. Right.

Mr. IPasceLL. The unit itself does the rectifying?

Mr. YaTen. Yes.

Mr. FascerL. So, you take the solar power, concentrate it Lo create
the necessnry heat?

Mre. Yaren. Yoz, sir.

Mr. Fascete, In ordor to crents a flow of heated eloctrons.

I'he unit itself rectifios that to & d.c. outpul. Then, you can plug
everything in vour house Lo it?

Pu?r. Yaren. Yes, sir.

Mr. Fascent, | am roady.

Ar. Ryan. Mr. Preyer?

Mr. Prever. Your testimony, Mr. Yater, is mind boggling, as the
chatrman suid,

1 notice from you résumé that you are currently working under a
National Science Foundation grant on a study ol power conversion.

15 that this particular project?

M YaTew Yes. FCis a 8-month study Tunded at $9,000,

Mr. Preven. How much longer does that grant have to run?

Mo Yarer: This month.

Mr. Prever. | notice that, under patents, you list power conversion
of energy Nuectuntion filed September 1975.

13 that the davice here?

Mr YaTeEn Yes, uir.

It has been submitted under the priorily treatment given Lo energy -
related inventions. 1t lina heen handled very rupidly. The claims have
already been granted. )

Mr Pueven. You mentioned that your grant from the Nalional
Science Foundation expires this month.

Do you necd another grant?

Do you need a l'nm'.w!ﬁ of that grant to pursuo this furthier?

Has there beon an indication as to whether or not you would got
a rencwal?

Mr. Yarer. Howould be helplul wo get it.
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I have not submittod a propoual. :

It usunlly takos ahout 6 manths. Kvery Limo you sk for a renewal,
you have to submit a new |I)rupn.~au|.

So, us | understand it, the earliest 1 could get an upproval would
bo in Decambor of this yenr.

The proposal hns tn go out for review.

Mr. Prevenr. Tave you submitted (hat propesal?

Mr. Yaten. Nu, sir,

I was working quite hard to gel this matorial together. T have
haon doing some computalion wul‘F( on it. 1 felt that it was premnture
to submit the proposal before I had gotten thoe results togother.

Tintended to do that, barring some other fortunuate source of funds
that might help it go along.

Mr. Prever. My final hnsic question is this.

What noeds to be done to test out the iden?

I gather that, right now, it is in tho theoretical stage?

Mr. Yaren. Yes, sir,

Mr. PrEver. 1t has not been demonsirated anywhore?

Mr. Yaten I think that thore is n common consensus that the
next stop is to munufucture a limited size module, that is, u Hinited
sized circuit-—perhaps 10 centimetors on the side of this micromoedule—
test it out; chock l{w thermovaenwn, that s, the burner; and then,
measnre the output power,

Fromy that, you can scale so many things that really thet step is
the big stop.

In other wordy, onen you got that experimontal result and it verifies
your wholo theory, unless there s seme unexpected nnd surprising
dovelopment, you can go forward very rapidly from that to ol the
applications.

1r. PueyERr. So, the next step then, in order to advance this ides,
is Lthe demonsiration?

Mr. Yaren. Yes.

Mr. Preven. T guther that application has been mado to ERDA
or someano?

Mr. Yarew | believe the next witnesses will talk about this subject
and where it goes from hore, nnd what 1s the situntion,

Mr. Preven. Thauk yvow very much, Mr, Yalor

Mr. Ryan. Thank you, Mr. Yater, Wo npprecinte your being
hore if for nothing more than becouse, 1 hope, you have exeited others
ns mueh as you have excited mo, Wo nre closer to s solution to a very
fundmmentul !nrnhh-.m. )

IMr. Yater's prepured statement follows:)



Alr. Hivam, Wa will now call AMr. (loorge owastt and Mr, Albert
Heddrich.

[The witnesses wore duly sworn by the cheirmun.)

STATEMENT OF GEORGE P. LEWETT, CHIEF, OFFICE OF ENERQY-
RELATED INVENTIONS, NATIONAL BUREAU OF STANDARDS, DE-
PARTMENT OF COMMERCE

Mr. LEwert. 1 appreciate this opportunily to sppear befure you
to discuss the Nationn! Bureau of Standards” progrum for evaluntion
of cnurg{'-re]atml inventions,

The Oflico of Energy-Related Tnventions was established in April
1975 to carry out the responsibilities ussipnod to the National Burean
of Standards wler soction 14 of the T“mlerul Nomnuclenr Enorgy
Research and Dovelopmont Act of 1074,

Section 14 directs NIIS to assist the Enorgy Resoarch and Dovelop-
ment Administration (ERDA) by eveluating promising energy-
related inventions. DParticular aliention i3 to [m puid o thuse
inventions submitted by individus! inventors and small coimpanies
for tha purposs of obtaining direct granls from ERDA.

The principal functions of our office nro to dotermine the polentiul
vulun of inventions snbitted directty or through ERDA o NBS for
evaluation, wnd Tormulnts recommendations for or ngainst KRDA
su%a]mrt to develop or otherwise encourage utilization of the inventions.

noour first 13 months of operntion, response by the public to the
program lns Leen sulmlnntinl. Total correspondence in and out of
the oftice uvernged upproximately 50 lotters per day for a total of
over 14,000 items for correspondence in the past year. The office
responded 1o over 4,000 inGuiries by sending out svaluation request
forms for inventors te use in submitting inventions. To date, more
than 2,200 of these have been returned with invention disclosuros
attached for evaluation, )

In program development over the past year, considerabls attention
hes been given to designing un evaluation process which would meet
the necds of individunl inventors and the small business community.
We linve attempted to minimize paperwork : invention disclosures are
accepted in the form nost convenient for the inventor; there are no
rigid formnt requirements; ouly one copy of the disclosure has to he
submtted.

We hnve been particulurly sttentive to the probloms of safegunrding
the proprictary rights of the inventor; u rigorous :,ucuritﬂ; system hus
bheen estnblished to restrict and closely control accessibility to dis-
closures, ad to hold Government personnel and contractors formully
accountablo for ench invention disclosure handled,

In desyming the program we nlso had to anticipato that only s
very smull pereentage of the inventions subimitted could be expected
to huve siguilicant vulue, ‘The prior oxperience of NBS over many
years in reviewing invention disclosures submittod by the gencral
public told us thut, ay did the experience of olther orgunizations in-
volved in invention evalustion, At the sane time, however, we wlso
knew thiat any une such invenlion ean bo oxtremoly vatuable, and its
identification enuld muke the entire program worthwhile. ]

I consideration of these [netors then, wo knew that ull submissions
could not bo treated the seme. To the sxtent possible, expenditures



shouli] ba graator on inventlons with prombae, We would L looking
for "noodlos in the haywtack’; our vbjeetive would ba to ook ut
those very few invenlions that could he valuablo.

If we wers to err it should be in the (irection of ealling a poor
invention good, rather than the other way around. In addition, when
an invenlion i3 idontified as valuable, every cffort should be directed
to moving it through the process aa rapidly ay pussible.

The evaluation process we designed to meetl these requirements is
now in full operation. The first mejor step in tho process is a non-
technieal, noncritical review of the invention disclosuro submitied
by the inventor. The intent in this review is to ko sure that the
disclngure is suilicient 1o insure that the invenlor receives appropriate
nttention and consideration in technica) evalustion, and that ever
submission, regurdless of outward appearance, receives o Lhoruugﬁ
reading and review,

At this step also we scresn out those submissions which are outside
of program scopo, for oxnmple, those which are not onergy related
or are nuclear in nalure; perpetual motion machines; irrational or
unintolligible disclosures; or suggestions which do not have suflicient
tnchnian depth or dotni! to wurrant ovaluation.

If the disclosure is found to be suitable for considaration and within
‘)rogram scops, the invention then enters the lirst staga of evaluation.

n this first-stugo ovaluntion, we obtain al least two independent
technieal opinions from qualiied evaluntors who ure senior engineers
or acientists. Thoese evaluators are dirccted to review the invention
disclosure theroughly in order Lo provide a rocommendation for or
agAinst support. ’]khe roview is limited to developing an understanding
u% the invention's oporation and construction, determining its tech-
nical validity, and assessing ita potentisl and realizable energy
saving value,

The review does not extend to a detailed wnulysis of poerforinance
or of the inventor's cluims. The evaluators are requested Lo commont
briefly to justily their recommendation hut to keep written comionls
to a minimum. This policy of “thorough review but cursory docu-
mentation' 18 dictated by the economics of tho evaluation program,

Evaluator revulmnen:ﬁatiuns and comments nre then roviewed
Ly a ssunior stafl mumber of OERI, and » decision is mnde whethor to
continue to sscond-stuge avaluation. H the doecision is not to continue,
the inventor s nutilicﬁ that the evaluation s complete und that we
do not recommend his invention to ERDA for support,

Second-stage evaluation of thu invention entuils more oxtonsive
and intensive roviow, data development, and analysis, und yiolds a
formal evaluation report. 1f the end resull i3 a recommendation to
LRDA for support, this report is expected to sorve as the principal
busis for ERDA decisionmaking on tllu nature aml extent ()H sufsport
to be provided. The inveutor is given a copy of the repott in any cusa.
The format of the report will vary with L)):u nature of the invention
nnd spocific detnils fursished i the disclosure.

Gonerally the inventor's claims for porformanee and effoctiveness
of his invention will bo investigated in depth; tochniesl and commercial
{easibility will bo exatmined ; and subsoyuent stops required to he takon
for invention devolopient will be discussed. The report makes
techimieal cuso for support of the invention so rs to minimizo further
mvestigutive or evaluutive olfort by ERDA in arriving at its docision.
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With transiittal of the evaluation raport and & recommendation to
EXDA, the NBS role i essontially completed with respect to the rec-
ommended invention, However, in view of the need to maintain '
fecdback of end resilts for improving the effectiveness of the evalua-
tion program, we have established a policy of monitoring the further
olforts of KRDYA in supporting or not supporting an invention recom-
mendod by us. To that end, the senior staff member, who has boen
ussigned responsibility for second-stage evalustion, is directed to main-
tuin cognizance of the invention and ils progress throughout subse-
quent proceedings.

Mr. Alhert Hedrich was assigned as the senior staff member responsi-
blo for evaluation of the invention described to you earlier hy
Mr. Yater. Mr. Hedrich, whose testimony follows, will discuss the
specifics of our avaluation of Mr. Yater's invention.

This concludes my presontation. I will be happy to answer any ques-
tious you may have.

Thank you.

Mr. Ryan. Thaeinitial quostion I have is this. It relates to inventions
tnitiated in other countrios.

Do you have any traffic in inventions subwmitted from other coul-
trias to ovaluate here?

Mr. Lewerr. Yos, we do, sir; quite a few, in fact. I would venturs
to say that, ont of the 2,200 we have now, approximately 20 are from
other countries.

Mr. Ryaxn. T will postpone my questions until we have the other
commernts.

Mr. Hedrich, we will be pleased to have you proceed.

STATEMENT BY ALBERT L. HEDRICH, SENIOR EVALUATOR, OFFICE
OF ENERGY-RELATED INVENTIONS, NATIONAL BUREAU OF
STANDARDS, DEPARTMENT OF COMMERCE

Mre. Henneen. Thank you, Mr. Chairman.

! appreciate this opportunity to comment on the invention sub-
mitted by Mr. Joseph IYamr for evaluation by the Office of Energy-
Related Tuventions.

Solar enerpy represents a source of energy of considerahle potential
importance. Mr, ]Yutcr's invention may assist us to exploit it.

.Lfr. Yater's invention for the power conversion of energy fluctua-
tions was received in the Office of Energy-Related Inventions on Sap-
teinber 18, 1975, und was referred to me for o first-stago evaluation.
The malorial submitted by the inventor consisted of a copy of a patent
spplication and w reprint of a paper published by the inventor in the
October 1974 insue of ' Physical heviaw.”

I concludud thut the concept was theoretically sound but that it
would require a substantinl amount of development before it could be
considared w commercinlly useful device for the conversion of thermal
to eleetric vnergy. In particular, I belioved that development of an
slficiont therial barrier batween the hot and cold sides of the device
aud ths very sl elomients would present difficulties. Sines the
officiency of the converter depends directly on both of these factory,
they could well represent the dillerence botween success and failure
i its developinent.
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[ alsa racognized that, if suecessiul, 1L had groat potential for in-
proving the ofliciency with which therinal energy con be converted Lo
oloctrical energy. An obvious, hut by no menns the onty source of ther-
inal enorgy, n;{cuursu, is the Sim.

For an mdependent evaluation, I reforred the invention Lo & senior
member of NliS tochnical staff, Dr. Chester Page, former chief of the
Electricity Division, and now Coordinator for International Stane-
ardization Activities. e agreed with me that the concept was theo-
retically sound but that it should undergo additional evaluation in
depth to determine tho nature and the lovel of support to be recom-
mended.

Becnuse of the complexities of this invention, substantially more
effort was put into LLis first stage evaluation than we normally
reqiure,

We also consulted on several occasions with the invenlor for clariki-
cation of particular aspects of his invention. Mr. Yatar's cooperation
botl in first- and second-stage evaluation of his invention has been
invatuable. e hes invested substantial time and effort to clarify and
explain his work.

Subsequently, the lunovation Center at the Massachusetts Insti-
tute of 'l‘achno‘vogy (MIT), Cambridge, Mass., was selected to perforin
& second-stage evaluntion.

They concluded that the concept s theoretically plausible but
confirmoad that the thermal barrier and the very amall dimensions of
the individuul circuits must be studied further Lo ovaluate their offect
on the efliciency of the process. They were ununimous, however, in
their opinion that the only way in which these factors can be properly
evaluated is to build & mode! of the dovice.

1t should be peinted out that this proposal is based on a theory that
has not yet boen demonstrated in a practical vperating device, Fur-
thermore, there is a risk that it cannot be made to operate ciliciently
enough ta bocome commorcially valuable. However, if it can be
dovoﬁjped o operale at an officiency even close to that elaimed by the
inventor, it can bo extromeiy important in develo nng the use of solur
energy. The way to determine the trie potential u} this idea is to Luiid
an expcrimentu{ model and study it.

In our recommendation to the Energy Resoarch and Develop-
ment Administration wo stated that an extended evaluation eflort
would be necessary o fully establish feasibility of the invention, Until
tlns is done, wo will not know how veluable it is,

This invention may represent a ver significant advance in the
efforts Lo use solar energy more ﬂ'ectively_y. It meats, in my judgment,
all the criterin for support by ERDA under this program,

Thank you, Mr, Chairman.

I will be hnp[')y Lo try Lo answer any questions yon may have,

Mr. Ryan. Your last sentenco is the most impressive of all,

The only comment | can mnke now, aside from any specifie ques-
Lions, is this. It ocenrs to e in listenin Lo this testimony that thiy
country and this Congress ure (:ommiueﬁ to literatly billions of dol-
Inrs of research. We ure looking for —as aslready referred to by Mr.
Lewott—n “needle in a lmystac'i(."

L am aware of the pressure upon you because of the enorinous
need this whote world has to find—for (he first time sinco tho dis-
covery of oil in 1859 in Pennsylvania—an wlternative source of
enorgy which the entire world cun {mgiu tu use.
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The man.... iy which you avaluate anid the responsibility which
ou have ta bo necurnto In rejecting those altornatives which do not
iave valuo and encournging lfm.-m which do huve vilue is extremely

heavy and very high.

I do apprecinto your comments about this particular device.

Mr. Illmlrir.h, if the Yater proposal could ':c ronlized, what wouhl
some of the practical applications he and how long would the next
stago of d{-vn’upumnb LnLc?

Mr. Hepwien If Tiay, I would like to unswer your last question
first.

In myv judgment, the next step should probably tnke 6 months to
b yeur. | do not believe that it ean bo carrjed out or should be carried
out in purallel with any other steps. T think that wo have to build o
model. We have to demonstrate the theoretical predictions.

Alter that, then 1 see nseries of parallel efforts to develop the various
components. | think that this could be done uver n period of several
VCHTS,

I wonld hesitate at this point to make a prediction as to just how
long it wonld take to bring this to fruition beeanse there ure too muny
unanswersad questions at this point.

Fdo beheve that within 1 venr we should know whether or not we
shonld go into an extensive development effort.

Then, af that effort is suecessful, 1 see wide applications for this
device,

I win quito sure—und 1 have no hesitancy in saying this—that the
applications of this device nre beyond anything that has been men-
tioned this morning.

We are going to come up with applications that we hiave not thought
of vet. 1 bhase that on the fact that every development of this nature
which T have had anything to do with has ulways worked out this way.

1 um not saying that 1 think this will work. ! don’t know. But [ do
think that it is worth the good old college try to make it work.

Mr. Ryan. My Lewett, do you think that vour bureaw and BRDA
ure equipped nud funded to go onto the next step? Fhat is, to your
sutisfuetion?

Mr. Lewerr, Of course, T eannot nnswer for ERDA

Mr. Ryan. How about yeur hureau?

M Lewerr. We wre not funded Lo enrry out this next phase.

My best estimate is that it wanhd range somewhere in the order of
F30,000 to $200,000.0 My progeramn s not funded to undertnko this
sizo avaluation.

Mr Ryan. We will talk to Dr. Hirseh about that.

Mr. Hadvich, do you believe the technicnt obstneles which stund
m the way of this praposal can be avercotne?

Mro Hepnen., Yes; I do.

I think they can be overcome.

would have to add that if T am wrong, it wouldn't he the fiest time.

Mro Rvan, I you wre wrong, there will e nobody who will
ertlicize,

Whit we wre luoking for is the right nuswer, and we ure all trying.

Mre, Prever?

Mr Puevew. | pgathier, Mro Lewelt, that you have reviewed some
2,200 npplications so Tur.
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Ilow meny inviewers do you have Lo review those?

Mr. Lewerre. My in-hovse avalyation stafl and when | way -
houso it is the HLu"_ of Lthe office - consigls of three, one of which i3
parL time.

However, 1 am privileged to draw on the staff of the rest of the
NBS as T did in this case with Dr. Chet Page.

Of course, | do uso contructors extonsively.

Finally, T am currently actively engaged in extending my in-hounse
evaluation siaff.

Mr. Preven. Do you think this systein is working wherchy you
have an R. & D). responsibility for the Nation's enerpy in one agency
end o review of energy-reluted inventions in another ageney?

Mr. Lewerr. That is » very appropriate way Lo operate.

One thing that such u system guarantees is o campletely objective
evuluation without undue cousi{h‘rul‘iun for what hins alrendy been
programed in . & D),

r. Prever. Where soine really promising proposal comes out
of tho 2,200 thut you review, do you Lhuve uny special procedures for
expediting that?

&"ur example, in this particutar project, is there any expediting
of it that is done?

Mr. Lewrrr. The procedure is to assign full responsibility for the
invenlion to a purticular tnember of e oflice evaluntion stadl with
instrirctions 1o expedite ik, Such an assignment tukes precedence over
anything else that that particular stafT anember hundies, For example,
My. llcﬁrich has lived with Mr. Yater's invention since e first picked
it up in ourly September. Ilis instructions then were to expedite and
move it as rapidly as possible,

In this purlicu{ar case it was very difficult to move the invention
rapidly, inasmuch as it was very early in the progrsm und we had
startup procedural problems to eontend with,

Mr. Pueven. Thank you very much.

Mr. Itvan. I have ono inore question, Mr. Lewett, which lins te do
with administration and the coordination of Government agencies
which are constant problems we ook st on a regulur basis in ulh)f the
subeommittees of the Committee on Government Operntions

There is an overtup between your function in resenreh and develop-
ment and the resenrch nnd development responsibilicy of RDA.

Do you think that averlap is effective or inetlicient; or what kind
of comment do yon have?

Mr. Lewerre. [t is an overlup that we do have to fully define in
disenssions bewtween myself nmf the corresponding sponsoring oflice
in ERDA. Tt does need definition.

We are procecding with that definition, and T win sme that wo will
resolve it

Whether we will ever resobve it completely 10 the satisfuction of
ourselves and KIDA| is another question.

Mro Rlvan, Can you renssure me thers is not much ehaneo that
something mood wifl fall hetween the crneks heenuse you thought
they were doing it und they thought you were doing 10?2

Moo Bewere. 1 oean wssuee you of that beennse if womething does
full between the eracks, then my progrom hns w good chaonee ..f‘l.‘-i..g
rated as not worthwhile nud therefore of being erninatsed.
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Corininly se find ourselves recommending into a vacuum, that is
HU”Jhlf,' ,Iuppf‘nill}; ns w resuit of our I'IH‘UHIlllllllllﬂlilllm, thon | fnul
that tho progrnm wonld cesso to ba furdded; and 1 think it is within
my l'[“apullh‘ilri“t_\' to tuke every step to make sure that that does
not happen,

Mr. l{YAN. Thunk you.

U hope that you will bear with ws, We will have to go over to the
Housn floor for a vote.

[Heeess tuken |

Mr. Ryan. ‘The committee will come back to order.

Our next witness is Dr. Robert L. Hirsch.

['The witness, Dr. Robert 1. irsch, was duly sworn in by the
chairman.]

Mr. Ityan. Dr. Tlirsch, you may proceed.

BTATEMENT OF DR. ROBERT L HIKSCH, AYSISTANT ADMINIS.
TRATOR FOR SOLAR, GEOTHERMAL, AND ADVANCED ENERGY

SYSTEMS, ENERGY RESEARCH AND DEVELOPMENT ADMINISTRA-
TION

Dr. Hhisen. Mr. Clinirman and members of the subcommittee.

[ nppoar befors you toduy to testifly on the urrnngements ICRTYA
has established with the National Burenu of Stindards (N1B3Sy, De-
partment of Commerce, {or the evaluntion of energy-reluted inven-
tions. At your request 1 will specifically address an invention on which
the Bursau has just recently givon KRDA a favorable report.

Before responding to the specifie requests contained in your leiter
to Dr. Seamuns dated June 4, 1976, 1 would first like to review the
background of the arrungement between the Bureau of Standards
and KERDA and the way it is being administered. ‘

Tho Federal Nonnuclear Energy Itesenrch nnd Development Act
of 1974—Public Law 93-577, Doceinber 31, 1974—states in section 14

The Nutivuel Burenn of Standards shall give particular nttention to the evalun-
tion of all promising cnergy-related inventions, particulurly thosc subiitted by
individual inveniors tnd snll companies for the putpose of obtiining direet
grants from the Administrnator (of KILDA), The Nutionnl Burenu of Standurds is
nuthorized to promulgate regulations in furthernnce of Lhiy section,

You have already heard this morning from the representatives of
the urenu of Standurds as to how it ndininisters this legislution,
ERDA, of conrse, provides funding to the Bureau in support of this
sctivity, The nmount. was $1.5 nallion for fisenl year 1976 and the
Lransition quarter. The President’s requested budget recommends $t
million for this purpose in fiscal year 1977

Lt me now describe the action taken by ERDA to [rocess proposed
tiventions which huve been evaluated by the Natonnl Durenn of
Standards and reconmmended for LRDA Support. ‘The NBS recom-
mendntions wre received by BERDA Oflice of Tulustry, Stute nnd
Loca! Relutions (IS1) which refers them to one of NRIVA’S pProgram
activities for o 30-dny review to determine whal nction the wgency
should take.

The progrem activity is asked to select one of three vptions, namely
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(1) 70 PICK UP THE NIA-RECOMMENDED PROPOHAL F0O AMEDIATE
nuproOne

This option requires normel programmalic and procurmmnent con-
sideration with full |'cunrnition of tho technical evaluation of the
National Bureau of Standards.

(2) 10 REJECT THE PHOPORAL, WITH THE RECOMMENDATION THAT ERDA
NOT BECOME INVOLYED IN ANY WAY WITH THE PROJECT

This option provides for the introduction of considerations such as
programmatic desirability, economics, environmental considerations,
and prior dealings with the inventor or with similar devices that muy
not have been considered in the Burean’s evaluation.

(3) TO REFER THE PROPOBAL BACK TO THE OFFICE OF INDUBTAY,
STATE, AND LOCAL NELATIONS FOR A MARKET TEST—AN EFFORT
TU DETEHMINE WIHETHER THE PROFOBAL I8 BUPPORTABLFE IN THE
PRIVATE BECTOR.

This option can invelve a small grant to the inventor to cover
exponses associstod with preparation for visits and travel to sources
of private capital to seek support for the development, or to seck
licensing arrangements whers appropriale.

In exchange {or this support, Ell JA reevives accass Lo the evalua-
tion of these outside parties. When the invention or idea is not picked
up by the private sector, this infornation is available for subsequent
review by L]RDA.

T"he intent of following this option is to establish inventions in the
private seclor wherever possible or lo accumulate additional evalua-
tion indicating why private support is not available.

Thus far, four favorable recommendations have been received by
ERDA from the Nationa! Dureau of Standards under these arrange-
monts. The first two were referred to the Assistant Administrator for
Couservation, who exercised option 3 and returned thewn to ISE, The
third was received just lnst weck ond hes been referred to the Assistant
Administrator for i“u:.:sil Energy.

1 am subimitting for the record a brief summary of theso cases.

The fourth recomnmendation s the proposal hy Mr. Juseph C. Yater,
of Lincoln, Mass., which has just been referred to the Office of the
Assistant Administrator for Sufnr, Geothermal, nnd Advanced Energy
Systemns,

Mr. Ryan. Without objection, the suinmary of the cases you men-
tion will be inciuded in the record at this point.

|The information follows:]

InvENTIONs Hecomuennen ror ERLDA Cansiperamion sy tae Orrice or
tneEnov-ILenatio InvenTiONs, NaTional Burkau or BTanpanou

1. Stephen Feldinan, Environmetrics, Ine.,, Worcester, Muss,, Demand Meter-
tng System for Flectric Knergy.

Summary. — Uhis invention provides & technique whereby o consuiner's electrie
meter can be wdjngted by the utitity compuny to run at any une of several rates,
depending on the luad on the utility at Lhat particulnr tine. The weter would pan
fuster ul high londa thereby increasing the cost of power used by the consmner ut
Limes when there fa a stress on the utility, The rale st which the neler opirates
would be sdjugted by menns of sigoals transmitted wver the power lines from the
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wlidisy sontrof senter. In adsdition, an indication would be given 1o tha sutsumer
of the rata at which the weter o runnlng at any given times, probahly by an in-
dioatar panel Inatalivd in the restidence.

Necommendation by NS - lecommended ay techinieally valid and worthy of
consideration by FALDA for rapport. November 26, 1075,

ENRDA response: Heviewed by Oftice of the Aseistiont Adininiatrator for Con-
secvition. Ieferreed back to ISL April 21, E074 Mr. Felldman is planning to sub-
miut an jnfuninsl letter proposal outlining the expanded program for developnent
of his meter. EHTYA will then review the proposal and if il dues not pick up the
findding, will assist the inventor in obtaintag private sector development funde.

2, Ritn Frank snd Lawrence Kleinbert, Finir Muanufacturing Corp., Haup-
pauge, New York, Fuel Miser.

Summary.— This device is nn atiachinent that can be used Lo retrofit a room
thermostat with o eyuchronous motor-driven cloek timer and wn auxiliary heating
element o enablde it Lo have a temperature set back eyele. The device, which can
be installed with o screw driver, sety back tetupersture controls once every 24
hours by external application of hest to the therninostat. Both winter heating and
summer Air conditioning medes of aperution are provided for,

Recommendation by NBS.-—Recommended as technicslly valid and worthy of
considerntion by KRDA for support. November 28, 1075,

EXDA respenace. - Heviewed Y) Office of the Assistunt Administrater for
Canservation. Iteferred back to {)Hicc of Industry, Sinte and Loesl Helationy
(151 Aprd 2, 1976, A brochure is now being written with ERDA support to
preanote the eoncept of “automatic night aethuek.”

3. Donnld C. rickson, Energy Concepts Co,, Annapolia, Maryland, Hydrogen
Generation from Producer Gaa by Oxidation-Reduction of Tin,

Summary - -This system presents 0 new approach to the genetntion of tonnage
amounts of hydrogen from carbonaceous fm-L, using tin reduction. The process
conyiaty of two reactions” steanm with tin, wherehy hydrogen 13 produced, and
Lhe reduction of Lthe tin oxide produced in the firat renction by & reducing gus baek
to tin, which is reeyeled. The advantages of this process relative Lo existing hydro-
gen generastion processes are that:

Auy carbonaceous fuet can be used to produce the reducing gy, Including coal
and aynthoil;

Pure hydrogen can be produced using s reducing gus which e generated using
air ruther Lhun pure caygen,;

Gias purifying components auch aa onrbon dioxide scrubibers and ghift converters
are not required;

A reforming furnnce is not required.

Recommendation by NS — Itecommended as technically valid and worthy of
consideration by NHDA for support. May 21, 1976

ENDA reaponse- Heferred {o the Office of the Assistant Administrator for
Fossil Fnergy.

4. Joseph €. Yater, Lincoln, Mussachuselts, Fower Conversion af FEnergy
Flucluatons,

Summaory.—This device is claimed to be able Lo cunvert thermal energy into
usnhle electrical power with high efficiency. The basic concept is thnt the thenmal
shot noise genernted in an clectrieal cireult can be rectificd and nsed for power by
casenading Inrge numbers of such circuits,

Any resistive element exhibita a randomly varving voltage ncross it. As it
temnperature is incrensed, the magoitude of the voltege increases. If this current
could ba rectafied, the resuliant current would represent o useful available power.
Thermal encrgy could be provided from any 0’ a variely of nources, For such
rectification to take phaece, n rm:lif)‘iu!i divde must be maintained at a temperature
lower than that of the hot resistor, The grenter the temperature differentind the
greater the ethiciency of the conversion to electric energy. This congiderstion leads
Lo Lhe requiremoent for an clficient thermal barrier between the two clenients.
A major goal of the resenrel effort would he to evaluate the avindable teehnigues
for oltaining sich o thermal barrier. A second majer goal would bhe Lo evalunte
the capobility to produce circuits of the very amnll dimensions required using
state-ul-the-nrt terhnbiphes.

Recommendutron by NS -—"We recommend this deviee . . . ax an invention
which is worthy of consideration for approprinte Government support. Initinl
support .~ . . should be directed to fully establish technienl validity.” June 4,
76,

ftesponae by ERDA. - [leferred to the Office of the Assistant Adininistrator Torx
Solur, Geothermal, nnd Advanced Finergy Syntema.
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Dr. Hinaen. Now lob me tum o the organization and s, cogemaonts
within the tdlice of the Assistant Administrator for Soler, Geothornul,
nnd Advancod Fnergy Systemn (ASGA).

Any energy-related invention referred Lo my office with a favoruble
recommendalion by the Bureau is promply and fully consideral by
the Divigion of Selar Energy, the Phivision of Geothiermanl Energy, or
the Division of Magnetic Fusion Energy in the cnses where the -
vention relntes to Lhe enerpy systems these divisions are developing,

Othier invendions and associnled grants for research ave referred
to Dr. Jomes 5. Kane, Dopuly Assistanl Administrator for Physical
Hesearch,

Recontly wn informnally established a special unit under Dr. Kane
Lo support novel and revolulionary energy coneepts that do not have
an ohvions homo elsewhera in the agency. These tlens can cowme from
any sonrce inside or outside of tha Government.

Now that | have reviewed the KRDA procedures and background,
lot me turn to the preposal by Mr. Yater— power conversion of
energy fluctustions.

On June 4, 1976, we received o letter from the Burean of Standards
stating that My, Yater's concept is theoretically sound. ‘Uhe reviewer
commented, however, that soveral potentinl difliculties must ba
ovaluated, nuinely; ,

(1) The achievement sand mnintenance of o thermnl burrior of vory
smull dbmensions;

(2) The fabricution of extremely small wnd densely packed eirenit
elotnents; and

1) The identification of materials that will peirform satisfactorily
at the high temperatures required for mtc'cptull)i:- efliciencies.

The second stage of the Burenn’s evaluntion, performed by the
Massachusetts Tnstitute of Technology, recommends that wdditional
research bo conducted and hat o werking model be constructed.
This would furnish the additional information necessary Lo evalunto
more fully the potentinl of this invention and determine its utilily ns
n product,

I have requested Do Kano to review these recommendations and
to report to me within 30 days as to what actions shonld ho taken.
We will be pleased o inform this subcommitice of the outcomo
of this raview,

Lt me now give you u few direct commenits.

I am by buckground an engineer and o physicist. Fdeas like this
come along periodienlly, They canse the Adrenalin to flow.

Ilere is a novel and clever nnd new iden. It is exciting to have soch
things come to us. s exciting to begin 1o do the resenrch and de-
velopment necessney o deteemine what something liks this can do.

Oftentimes whaet we find s that something doesn’t work very wll
at al.

Other times, we lind that the directions we start in with a new jden
of this Lype get modified, soad of tentimes other things come out of L.

But these ure the kinds of things which are exciting wind are fun.
So, I mn very enthused about whnt we have here,

I ocan puarnntee  you peesonndly that KRRDA will follow ap
vigarously onc this. 1 have a persoaat interest in thi<, as does D, Knne;
and you crn rest mssured that this will not fall betsween the eencks.
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There s significant potential here, but we don’t know what that
potentinl really is.

Mr. Yater gave you a rundown of sama of the things thut could
happen if this thing is developed to the limit that the theory iudi-
cales might be possible.

The thing that wo don't know today is what aro the practical Hinils
of u device like this. ‘I'here are significant tochnical prub{ums. Thero nre
also sigmiticant technical opportunities hero.

In evergy, the hottom ﬁnc—almost always, and ! know of no case
where it iy not—is cost. The thing we can’t say today is what would
be the cost of an energy conversion system like this.

It looks as though 1t could be attractive, but we will not know
until we get further into the problem.

We have to do the research and development s demonstration.

To give you somun idea of one of the inherent characteristics of this
particutar doviee, let e suy this. It comes in very smull sizes, und that
can be attractive. There is the potential for microcircuit techniques,
which have coms very [lar.

On the other hand, the output of u single unit cell of this type
would be of the order of vne-millionth of & watl—one one-millionth
of a walt.

So, to power one 100-watt lightbulh wounld requira 100 million
of these devices. So you see that we have a long way Lo go Lo be ublo
to produce these units in a quantity and at u cost whereby they could
be economical. _

This doesn’t deter ns because wa have a fundamentally intercating
idea here. So we will be getting st it. But T think that ono has Lo keep
it in perspeclive.

[, like miany other people, ain looking for solutivns to the energy
problemi—not a solution, {mt solutions.

In ERDA—and 1 am not giving tho party line but my own personal
views here---wo huve a good approach. It is & multipronged approach
to solve the problem. \%ﬁ hope that we will come up with solutions
that have low cust and thut are environmentally more attractive
thun the thingy we have today.

I think it 13 quite ohvious Lthat we hiave an interesting idea here,
but let's wait a little while Lo get a better understunding before we
Begin Lo alter the course of the netivities that are already underway.

I'hank you very much,

Mr. Jlyan. Cun you give me some estimate regarding the time
involved that will give us seme conclusive comment on the upplica-
bility, both in a technienl sense and in an industrial or prmfuctinn
sense, regarding this particular item?

Dre. Mhnscre. The situation is this:

What one inust do first is to demonstrate technical foasibility. T am
somewhat faniiline with what is involved in this particular invention.
1 was sn experinrentalist mysell in the past.

1 thank there s a very high probability that n demonstration can be
built that wilt work. I don’t lBIillk that wilt be tho mujor problem.

I think that, Jdepending upon Mr. Yater and on the availability of
money on our side—which [ think in the kind of time senlo we are
talking nbout is net guing to be a limiting fuctor- -we have to come up
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with an instltntion o work with Me. Yater on this sort oi thing Wa
have Lo write o conlruel.

[ think that we can get started relatively quickly. T think that the
estimales given you bohnre are probably pretiy good.

In other wordy, to have a working maodel within 6 to 12 months is
probably a good estimats.

Bayond that, the hard part then comes. 1t is part of deing the kind
of rosceech and developnient necessary to come up with optimuin
compononts—optimuom thin films as Mr. Yater indicnted snd optimum
senling Lechniques and optimum Lechniques o produce the diodes and
things of that sort. ‘

Then, of course, this has to be done in an integrated whole.

Then, we linve Lo begin to look at how one could produce these
devices. If one needs 1000 million to power ono 100-wall lightbulb,
then one can’t just do that in the laboratory by one person muking
inclividual noits.

S0, just (o test n significent wattage lovel will require setting up a
significant asseinbly line for this sort of thing.

That is going to luke, 1 think, a nuinber of years.

Mr. Ryan. 1t seemns to mo, from what has been said so far this
morning, there aro two kinds of energy inventions or research and
development kinds of elements Lo denl with.

Oune is the kind where vou make the present systemns more produc-
tive, mora usefu!, inore eflective, aud wore ellicient. The thermostat
works better at home, and so does the kil of windowpane which
keops the heat inside the house and the kind of insulation material
fur the roof.

This essentially econtinues the present system, only it does so in &
more eflicient way.

Then, there is the other kind where there is a possibility-—if it is
fensible-—you ero off in a whole different direction.

When you talk about these kinds of develupnients, you talk about
some prolty massive potential changes.

For instance, every public and private utility in this conntry would
be greatly affocted by Mr. Yater's invention il it turns out o be
successful.

I am talking abont billions of dollass of enpital investments, directly
and indirectly in a secondary sense.

When you talk about any development like that, 1 am of a suspicious
enough nature (o believe that there are elements which would rather
not see Mr. Yater's invenlion become too successful,

T'his leads Lo my next question,

IDu you believe or feel there are outside pressures placed upon you
and your ageney in regard to this kind of discovery which you would
chargeterize as unhenlthy or uncomfortable?

Dr. [linscen. Al:sulutclry nee.

I gunrantes, siv, that, if 1 wore put into a position where my judg-
ment indicated that we needed o go in one direction nndl there wero
pressures to push in anather direction for wbitenry reasons potitical
reasons- -you would see iy resignation mul s statenyenl as to why |
resin.

Mr. Rvan. I hope you would send a copy of that letter to this
subcommitton.

Dr. Thwsci. Fowill tell you——-
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Mr. Rxan . can tell you thers would be more than a single resipna-
tion invelved.

Dr. Higscn The thing T can say with a great denl of plensitro-—
because 1 love this country as all of us do, T think, and the Governinent
gets criticized n great deal, and there are all kinds of conspiracies
running around is that, when dealing with the peaplo 1 have been
dealing with in the Energy Research and Development Administra-
tion, L ean sny that if things get done, not necessarily in the best wny,
it i3 bacause of the mental capacities and the mental limitations of
woll-meaning people who are well motivated. [t is not becausn of
pressures from the outside that they aro forced into one dircction or
another. .

Mr. Ryan. Can vou inake one comment?

My whole line of questions, T think, has to do with what is heing
done from yvour own information and knowledge npart from Federal
Governmnent research st davelopment.

What Lins been done by some of the larger power interosts in this
country along the swme line? ls thern any significant wiwount of ju-
vestment in this kind of thing?

Dr. Iinscn. Years ngo the utilities were very couservative and
were used to doing business in a very linited manner.

Then, things began w chunge. The utilities were slow to change.
However, us n mintter of fact today 1 think that there is n significant
change that has tuken place and is continuing to take place in the
utility industry.

‘Theru is an Electric Power Resenrch lustitute, which is significant
in size and scope. Tt 15 the utilities' research arm. We are working very
closely with a numlicr of very competent people there,

In addition to the money the utillil.ies put inte that work, they are
also individually supporting research und development aclivities.
They are really in the process of coming ont of their shells. Some are
well out of their shells at this point. Others are coming out moro
slowly,

However, the movement is very clearly there. ‘They are moving in
much broader direction. They sre looking beyond their parochial
interests. They reully wre poking into n lot of corners nnd markets,
which, as & matter of fnet, could mean less of a responsibility for them
in thoe future.

Mr. Ryan. Huve you received any inquiries from privato industry
regurding any of the work you are cfoing 80 far, such as Me. Yater's
supgestion?

dr. Himsen. Mr. Yuter's snggestion, of course, is very fresh. As |
said, we just lewrned ubout it formally this week. We know that this
wus coming, however,

Tnlustry is henvily involved in our rescarch and development
program in my area—solar, geuthermal, and [ision progruons.

Industry is very interested in becoming involved in the devebop-
ment of new encegy sources. I am wlking nbout not only the smull
new R & D. companies, I um talking about the elder mannfucturers
uinl [ am talking ulso about the wtility industry.

Mr. Ryan. One of the strong objections ! have, Dr. Hirseh, to
the present policy of the Congress and of KILDA itsell is the propuor-
tion of funds which are available in ERDA to the various kinds of
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power development: there ia an enormously diatorted am . .nt going
to— ug I seo il ntul it is & very subjeclive connent of my own-—nuclesr
power in compuarison W solar energy in particular,

Could you comment on thet and on the validity of my own
conclusion?

What do you think we might do here, congressionally, to change the
balunce?

Dr. Hirscn. | think wo are in part victimns of history in the sense
that unelear power wea very popular in the postwar period. The
Atomic Energy Comimnission was sob up to pursue Lhis very interesting
tachnology. ’H:e country did not feel that it had an energy problem
for a tong time. The result is that we have a very un'lmluncct] snergy
research and development program—unbalanced from our perspectivo
todny.

Al the time, of course, there was no concern thut wo were unbrlancod.

Wo now have a better handle, although not a good handle, on the
serivusness of the energy problem—the energy crisis. The result is
that we arc going forward with a comprehonsive program.

That inwﬁ\'es moving with a program like solar energy, which
around 1070 was fundcﬁ by the Irederal Government et & lovel ol
about $200,000. We scaled it up so that this vear it 15 funded at about
$115 million. 'The dollar Icvv‘s fur next year vary unywhere from
$160 million to a wild number of $343 million, which [ think is too
much.

The point here is that, with respect to solar energy, we ure cor-
recting the errors of the past. We are beginoniug to bring these things
into a botler perspective.

I personally was in charge of the fusion programn, prior to assuming
my job earlier this year sy Assistunt Administrator for Solar, Geo-
thermal, and Advanced Energy Systems. A problem T hud to faceo
whas that fusion way looked on as a backroom research program. The
nuclear progrum was the big program.

So, 1 lms n tough time personnlly to convince people that they
ought to scale up the fusion program. We have been snecessful in
that. The result 14 that we have a fusion program ulay Lhat s in
belter balance overall.

I think that grothermael is another progrum that hus been neglected
before. 1 have responsibility for it now. Tt is being sealed up and it s
appronching, 1 think, the kind of balanee wo ave siniing for— the
land of balance we want 1o have.

Bo, we have u startup problem nad wo wre in the midst of it right
naw. Howover, 1 think we are muking good progress. Wo are niming
toward the kind of batance where intelligent men will differ. So, thero
ywi nre probably in the right range. .

Mowever, we nre notl there yet.

Mr. Hyan. We conld go on further. However, T think the purpose
of this hearing this morning hns heen serveil,

I beheve this subcouniittee ought to he pursuing solar encrgy and
other related mntters with much more—if you will foregivo mie the
pun —energy than in the past,

P hope to be ubte 1o do that from pow on. T want anyvons, who s
here nnd who is mterested, to know that this subeommitiee will
watch with great interest the progress of Meo Yater's idea, with the



he.

-

hope—not with an impractica! or bayond reason type of hope, but s
rationa! hope— that tLis could become one of the most important
developments in the latter half of the 20th century. :

I think your agency, Dr. Hirsch, and its worfz is engaged in the
kind of effort which {Iaopa will produce that kind of result, either
here or in soine otlier area.

This committec’s work will go on, as 1 say, and we will hold hearings
from time to timo on the subject. Your participution is invited aud
encouraged.

With that, 1 think we will adjourn the hearing.

[Whereupon, st 12:156 p.n., the subcommittes adjournod, to recon-
vone subject to the call of the Cheir.)
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