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er receiver with a noise temperature of

1100 K, approximately 2% times more

" “sensitive than our earlier. detector (6).

Dlurnal Varlatlon of Stratosphertc |

Chlorme Monox1de' A Crltlcal Test of "

Chlorme Chemlstry in the Ozone Layer

P M__._.Solomon, R. _de Zafra,_ A. Parrish", J . W.- ,B.arrett_.._‘“

: Ch’lorine mo'noxide' (ClIO) has for some

years been recognized as a key tracer of

. ‘the stratospheric ozone depletion cycle

arising from natural and anthropogenic
- injection of chlorine-containing com-
-+ pounds, principaily halocarbons,’ into the
‘ atmosphere (1 2). The reactlons

'and'
' c1o+o—>01+02‘

diatomic Q..

There is a strong diurnal variation ex-
pected in the concentration of CiO. After
"the recombination of atomic oxygen at
sunset, reaction 2 ceases. At night, ClO

is believed to combine in a three-body -

reaction with NOZ to form chlorlne m-

S trate

_ c1o + No2 % c10No2

‘ }whlch is thought to be.the dommant
reservoir of chlorine in the absence of
-During daylight hours,. free
- chlorine is again produced from this res-

ervoir by: the photolys:s of chlorine ni--

trate:
| CIOND, + kv —>Cl + NO; (&)
" The rate of mghttlme removat of CIO

via reaction 3 is dependent on the NO,
conteniration and the total density, both -

of which decrease with altitude above 30

- km: thus high-altitude C1Qis expected to -

last through the night, while C1O at lower

- levels- (altitude = 35- km). - disappears.

Earlier measurements by in situ reso-
nance ﬂ_uorescen_ce_ (), infrared ‘hetero-
- dyne spectroscopy (4), balloon-borne (5)

and ground-based (6) millimeter-wave .

:spectroscopy have established the pres-
ence, approximate quantity, and vertical
distribution of daytime stratospheric
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03 ¥ c1 = CIO + o2 n

@

K constatute ‘the catalytlc cycle by which
chlorine "atoms convert ozone, 03, to -

- (’3')‘_

CIO A more’ cnt1cal fest of the fuli
“complex of reactions of- stratospheric
chiorine may be obtained from measure-°

ments of the diurnal variation of CIO.
Such observations avoid the complica-

:tions and uncertainties - introduced by

vertical and lateral transport and long:

Use of this more sensitive detector, com- .
.bined with an increase by a factor of 2.4
- .-in the theoretical line intensity for the

- higher frequency 278-GHz line as com-

pared with the 204-GHz line, has led to a

.. sixfold increase in observational sensi-

tivity.  For a fixed signal-to-noise ratio,

" the required measurement . duration is
~reduced by about a factor of 6 or 36,
“allowing a relatively high time resolution

to be achieved. The ‘“‘back-end’ spec-

- trometer consists of ‘a filter bank with

256 channels, each with a bandwidth of 1

“MHz. The measurement technique, cali-

bration method, and instrumental config-
uration described earher (6) remam un-
changed.

Qur observattons were carried out at

the summit of Mauna Kea, Hawaii (ele-

_vatio:n, 4250 m; latitude, 19.5°N) during

Abstract This article réports measurements of the column a'enstty af stratosphenc

“chlorine monoxide and presents a complete diurnal record of its variation (with 2-
_hour resolution) -obtained from ground-based observations of a- millimeter-wave

spectral line .at 278 gigahertz. Observations were carried out during October and
December 1982 from Maurna Ked, Hawaii. The results reported here indicate that the

" mixing ratio and coluinn density of chlorine monoxide above 30 kilometers during the

- daytime are.~ 20 percent lower than modél predictions based on 2.1 parts per billion
of total stratospheric chlorine. ‘The observéd day-to-night variation of chiorine .
‘monoxide is, however, in good agreement with recent model predictions, confirms
the existence of a nighttime resérvoir for chlorine, and verifies the predicted general -

rate of its storage and retrieval. From this evidence, it appears that the chlorine
chemistry above 30 kilomertery is close to being understood in current stratospheric

- models. Models based on this chemistry and. measured reaction rates predict a
- reduction in the total stratospheric ozone¢ content in the range of 3 to 5 percent in the
*final steady state for an otherwise unperturbed armosphere, although the percentage
) decrease in the upper srratosphere a.s much hzgher .

term ‘seasonal trends.’

limited portion of the diurnal cycle have

-shown d decrease in ClO at sunset and an
“increase after sunrise (5). In this article
we present a compiete diurhal récord: of
“CIO variation, with a time resolution of 2
" hours, acquired by ground-baséd remote
- sensing of m:lhmeter-wave line emis-

sioft.

_ Observanons of Emlssmn Lines

The ClO molecule has mtlhmeter—'
wave rotational spectral liries spaced ap- .-
‘proximately every 37 GHz. We have
“reported measurement (6) of the line at

204.352 GHz from the J = 11/2— 92
levels. ‘Our current measurements are
based on the J = 15/2 —» 13/2 transition

at'278.630 GHz. We use a cryogenically
- ¢ooled millimeter-wave heterodyne mix-

‘Earlier “balloon-. -
- based millimeter ‘measuréments ‘over-a-

two periods, from 8 to 11 October and
from 2 to 16 December 1982. The atmo-

‘spheric water vapor content, which dom-
inates the tropospheric absorption of

stratospherlc emission lines at millime-
ter-wave frequencxes, was very low and

‘generally stable around the clock during
_these observation periods (7).

" In the following discussion, we pre-
sent emission inténsities as brightness

_temperatures in kelvins, ‘This custom,
'commonly used in radio: astronomy, is
" -derived from the Rayleigh-Jeans approx-

imation -for blackbody “radiation, in
which emitted power per unit frequency
is linearly proportional to temperature.
All intensities répresent the values that
would be observed if one were looking
through one: stratospheric air mass to-
ward the zenith after removing the effect

' of tropospheric atiénuation.

* In Fig. 1, we present a sample of

mldday (1230 to 1630) and mghttlme
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«for the dei'elopme'nt of new 'products.

That picture represents:a misunder-
standing.  Although- MITI does indeed

. sponsor R & D programs, such as the
" highly publicized ones on integrated cir-
‘cuits and the fifth-generation computer,

the R & D'tends to be ‘basic and engi-

neéring research. In the United States;

such R&D eﬁ'orts are centered in our
‘universities. .

" the underlying technologies, have been
“driven not by MITI but by Japanese

industry, even in integrated circuits. The
- participants$ ‘in' the MITI-sponsored co- -
* operative’ infegrated <circuits program -
- ‘went back to their own laboratories to
develop the actual commercial 64K ran--

dom' actess memory chips-that” have
been so successful in thé marketplace.
Oki Electric, the fastest growing Japa-
nese producer of 64K chips and the first
Japanese company to test a 256K chip,
'did not even parttcnpate in the MITI

L program

- The Japanese government which, has
“played animportant role in promoting its
* industries’ fortunes through such means

‘as’ protectionist-trade -policies, has not

been a- significant force in commercial
technology‘selection and development.
“The successes of Japan in businesses

~ based on advanced technology are main-

“ly the result of smart, persistent industri- -

al R & D management. Private corpora-
tions in Japan make long-term R & D

commitments to relatively NAITow areas.
They pick a target, such as video record- -

ers, assemble large teams to pursue that
target, and stick with it for as long as is

" necessary to bring a winning product to
market. They do not try to cover the -

R & D waterfront, and they do not back
out if the payoff is. not immediate, They
also practice a technique that I call “‘in-
novation by experiment,””
put a product out.on the market, even in
imperfect and

to improve it. And finally, they are ag-

gressive in acquiring, improving, and im-
plementing technology that they did not
§ develop ;

These strategies do not explain all. of

* " Japan’s success in comimercial technolo-

gy, but they do -indicate ihat the real

" ‘source of that success is Japanese indus-

“try.- Also, -they underscore the lesson
:that we should learn from Japan: that the

- selection of the product technology and

its developiment is best left to the people

intimately familiar with the technologies -
and the markets. Technology selection -

and development should not be managed
_from afar,
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whereby they -

‘sometimes - expensive -
“form, and learn from the customers how.

Creatmg Condltlons for_ Innovatmn

~What role should the U S government -

play with respect to R & D? That role is

“fot to manage teehnology-based com-

mercial innovation but to create the con-

- ditions for such innovation. The govern-.
‘ment should provide an encouraging and

sipportive- environment and infrastruc-

~ ture -within ‘which industries select and
The commercial R & D successes of :
" Japan; as opposed to efforts to develop -

develop commercial technology. -
There .are .many features of such an

environment -that deserve attention: a’

favorable tax climate -exemplified by
R & D tax credits, by extension of those
credits to software, and by fast deprecia-

tion of R & D equipment; modified anti-

trust laws that encourage cooperative o
R & D and limit damagesfor civil viola-

“tions; export control laws and régula-- -

tions that do not disrupt the interchange
of scientific and technical information
that is so vital to the progress-of technol-
ogy; and immigration laws that permit
outstanding foréign scientists to remain
in the ‘United States to do R & D.

 Support for University Research = -

"~ The most important role for govern-

ment in creating the conditions for com-
mercial innovation is to support universi- -

ties in their efforts to generate research
and'provide manpower, The most cricial

issue ‘we face is a lack of skilled man-

power, a shortage of faculty in universi-

.. ties-for traintng that manpower, and’ a
deteriorating research capability in our

great universities because of the short-

“ages of both faculty and modern equip-

ment: for instruction and for research.
‘American industry today simply can-

not get enough of the people it needs in

such fields as microelectronics, -artificial

.intelligence, communications, and com-

puter sciemce. The universities are not
turning out enough R & D people in
these areas, or enough research faculty.
There is little that private companies can

-do about this. We contribute to the sup-

port .of ‘universities, but industry will

- riever be able ta meet more than a small
fraction of university R & D ‘funding
needs. Even after a decade of steadily
increasing industry support for universi-’
ties, industry provides only about 5 per-

cent of total university R & D funding.
Congress is considering additional incen-

tives for industry support of umversltles ’

but the fact remains that the primary
responsibility for. ensuring a- strong,
healthy academic research system and
thereby for providing an adequate supply
of research and skilled people must rest

with the federal government,

There is wide -egreement that the fed-

+ eral government should support the uni-
‘versities, ‘and, in fact, federal basic re-

search obligations to universities and
colleges, measured in constant dollars,

- have grown by more than 25 percent

over the past 3 years. But this is only a

- start in filling the needs. Department of

Defense funding of basic research, for
example, has only in the past 2 years

‘returned to the level, measured in con-

stant dollars, that it was in 1970. The
Defense - Départment has traditionally
played a vital role in supporting basic
university research. A time of rapid ex-
pansion of the defense budget is no t1me
to abandon that tradition. _
Universities have had to compete with
the national laboratories for the Depart-
ment of Energy s research dollars. When
research is funded af a umversuy, not
only does the research get done, but also’
students are trained, facilities’ are up-
graded, faculty and students get more

- support, and thereby better faculty and
“students .are atiracted. Moreover, the
. students that go into industiy help in the
- transition of advanced reséarch into con-

cepts for industrial innovation. When the
same research is funded at a national
laboratory, most of the educattonal lel-

~dends are lost.

Universities should not have to” ¢om-
pete head on with national laboratories
for mission . agency funds. Unless the
national laboratory will do a substantial-
ly better research job, the university

- should get the funds. The same holds for

government funding of research in indus-
try. Those funds that advocates of indus--
trial policy propose to invest in govern-
ment-directed: industrial R'& D would |
normally be much better spent in univer-
sities, unless there is-a special reason
why an industrial laboratory can do it

" much, much better.

I am not proposing that- we simply

-throw money at universities. We need to

be selective. To borrow a phrase from
the industrial policy advocates, the gov-
ernment should stress -the growth of
“sunrise science and technology.” Un-
like the targeting of sunrise industries,
the targeting of sunrise—that is, fast
moving—areas of research can be done.

‘We can identify these technologies, even

if we cannot specify in advance precisely
what products: or industries they will
generate. But we are not doing this as
well as we can and should. In microelec-
tronics, for example, a study by the

‘Thomas Group, a Silicon Valley consult-
- ing firm, concludes that government sup-

port of university microelectronics pro-
grams totaled only about $100 million

- between 1980 and 1982. To put that into
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= tive) from that of 17 with small-cell lung
carcinoma (15 positive) is striking (see
Table 1). Both cancers have common
ancestry, but the former is of compara-
“tively low mahgnancy and the latter 1s

extraordinarily malignant.
5) While patients with carcinoma gen=

erally showed cellular and humoral im-.

muiie responses to carcinoma-associated
“ T antigen, the humoral response was
stimulated preferentially by tubular and
“"early lobular breast carcinomas, which

had T activity comparable to other carci- .

nomas. Significantly, these carcinoma

. types have a favorable prognosis among
breast carcinomas (8, 54).

The Tn/anti-Tn system may comple-

ment the T/anti-T system in elucidating

. aspects of the pathogenesis of carcinoma

“and in early diagnosis. While the. link

between Tn and carcinoma has been

known for.a decade (/0), this system has
‘not been studied in the present context.
Research is complicated by the usually
low concentration of anti-Tn. Tn’s im-
"munodominant structire, GalNAc-a, is
also the doininant part of the blood group
A and Forssman haptens, which may
prevent some anti-Tn immune respons-

‘es: Furthermore, Tn antigen is not readi- :

ly obtainable from healthy tissues (7).
Thete are, however, some highly in-
structive experiments by nature herself
that show not only how unmasked Tn

arises in hematopoietic stem cells, usual-

ly persisting indefinitely without malig-
nant -change; but that Tn, the epigenetic
- sequela of a rare, benign, somatic muta-

_ tion, occasionally precedes and then ac--
- companies leukemia,

chemotherapy induced remission, and
reappears m relapse (66).

o Cohclusion and Prospects’

" The studles described here have re~
“vealed, in a large number of carcinoma
patients, a close link between malignant
transformation and’ early,
changes in common carcinomas:
masked precursor antigens T and Thn,
that allow the patient’s immune system

to qualitatively drﬁ'erentlate carcmoma

from noncarcinoma.
On rare occasmns, demonstrable T
“and Th antigens occur in premalignant

lesions, which may “either remain that :

way permanently or progress to frank
“malignancy. Some tissues with such
" changes are accessible to longitudinal
study and thus aid in determining the
~ decisive point of malignant transforma-
~ tion, This approach may be facilitated by
manipulation of immune responses, as
well as by locating incipient carcinomas

with labeled mono- and potyclonal anti-T

- ficities:

disappears upon -

persisterit .
un- -

and anti-Trreagents {25, 26, 67) [but see
tHe introduction-and (27)]. Our monoclo- |
.nal antibodies to T and Tn were generat-
‘ed by desialylized human O erythro-
cytes. We obtained three relevant speci-

: anti-T, ‘anti-Tn, as well as a
specificity  directed toward a moiety

shared by T and Tn haptené‘ (67).-The .

three types of antibodies reacted strong-
ly and specifically with carcinomas in
immunohistochemical analyses of surgi-

~cal specimens but less well in antlbody

absorption studies (27). -

~ Our recent observation (68) in carcino-
ma patients, but:not healthy persons, of
a significant increase in lymphoeid cell

_cytolytic activity against target cells with

surface-exposed T and Tn antigens sup-

- ports T and Tn’s importance in the ma-

llgnant process—especially since there
was often 'a‘ concomitant decrease in

“natural killer cell activity. The ﬁndmgs

discussed here, although they are in an

‘emerging phase, indicate that-uncovered
T and Tn antigens endow the carcinoma

cells with a multitude of novel functions.

" These functions may be fundamental to

the multistep processes of invasion and
spread of carcinoma, and clearly have a
profound, measurable effect on the tu-
mor bearer’s immune system. T antigeni
is likely to be a powerful probe in early
carcinoma detectxon '
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 computer scientists are more aware. of

the Vpo'tential of the present systems and
are willing to put more effort into using -

them, while pure scientists, for whom
the compiter is another tool, have a
lower level of pain. If this is the case, it

may be only a ‘matter of time before -

everybody operates in ‘the same mode.
However, one can’ make the following
 observation: scientists, eithef in the lab-
oratory of in computing, have shown

that they wﬂl push their systems’ or tools

to the limit in order to get to theresults.
In computmg they are willing to learn to
. program in machine - language if that
gives the performance they need for a

specific problem.” We - are now “seeing’

" physicists developing ‘and bmldmg their
own special-purpose calculating  ma:
* chines at a great cost in time and effort.
In the laboratory it is common for scien-

tists " to take commercial instruments -

apaft and rebuild them to improve per-

Protectton of Plant Varletles and

formance again at a great cost in.time

and effort.
In our laboratories, pure and applled

scientists have access to the same facili-

ties, but ‘their patterns of collaboration
are very different. It may well be that we

are dealing here with subtle but strong.
cultural factors. It is easy to develop’

theories of why this is so," but it is
difficult to decide one way or the other.

This is a fascinating and important sub- -

Jject but more work, and perhaps more:
experience, is required to understand the
reasons. Similar questions arise in con-

nection  with ~other fields that have -

proved intractable; For example, will

education, . that - cnide process in the”
classroom that has withstood every tech-.
nical assault for the past 2000 or 3000.

years, finally crumble before the impact
of electronic progress? Some people
think" so and have projected that the
interaction of computers with instruction

" others:.

will do it, but still we do not know. Will
the availability of terminals in the home,
the ‘ability to'program at home, and the
ability to interact with others over wires,
over glass, or possibly through satellites
fundamentally change the working pat-
terns of people? That is certainly possi-
ble; and again we do not know. Our
inability to understand and predict the
qualitative effects of computer technolo-
gy is great. But even the straight-line
projection, from what we have experi-
enced to what we can reasonably expect
to be the lmpact on SCIence is 1mpres-
sive. '
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Trademarks are used to dtstmgulsh
one s goods from those manufactured by
“They. indicate the source of

- goods. The mark can be a word, symbol,

Parts as Intellectual Property

The coming of age of the blologmal )

sciences has raised new questions about
the protection of technology under the
intellectual property laws. Intellectual

property, as opposed to tangible proper- "

ty such as real estate or personal proper-
ty, includes subject matter that is pro-
tected by patents, trademarks, copy-
rights, trade secrets, and more recently,
‘patent-like plant variety protection for
varieties reproduced by seed. The pro-
tection of intellectial property is not a

"new concept since its availab_ility canbe- -
traced back to Greece as early as 200

B.C. ({}. However, because the rewards
for intellectual property have been high,
the requirements for obtaining it have
“also been quite high. It is the question of
. what must be given in exchange for

_patent protection, together with the

question of what scope should be given

to such protection, that creates many

problems in patent law, Nowhere is this -

more evident than in the protection of
plant varieties and their parts. -

8

Sldney B Wllhams Jr

 The importance of protecting plant va-
rieties is evidenced by the number of

" countries that have passed plant breed-

ers’ rights legisiation and by the forma-
tion of the International Union for the
Protection of Plant Varieties (UPOV)
(2). UPOV administers the treaty that,
among other things, requires member
states to provide the same rights to plant

- breeders of other member states as it

provides its own nationals.

Protecting Intellectual Property

Intellectual property is protected in
two primary ways. The first is by statu-

tory grants such as patents, trademarks, -

and copyrights. The second is by main-
taining the subject matter a trade secret.
Unlike patents, trademarks, and copy-

‘rights, which are mandated by federal

statutory ‘law, trade secret rights arise
primarily from state court dec1s:ons or
laws

. name, device, or combination thereof.

Examples include the Xerox, Coca-Cola

“and Kodak brands.

Copyrights protect the manner of
expression but not the ideas embodted in
the “expression. Examples ‘are books,

_‘music, operas, maps. A copyright can
~ only prevent ‘others from copying the

mode of expressron Independent cre-.

ation is not an mfnngement of the copy- .

rlghl

Utility (general) patents exclude oth- -
ers from making, using, or.selling the
invention and actually protect the em-
bodied idea. They do not necessarily
mean that the patentee can use his inven-
tion because it could be dominated by
another patent. To be patentable the
invention must be useful, novel, and
unobvious (unobvicusness requires a

_step that is not merely a téechnique within
.the scope of a person w1th ordmary Sl(llls
in the art).

Plant patents provrde protectlon for
plant varieties that are réproduced asex-

“ually (by budding, grafting, tissue cul-

ture, and so on). Uncuitivated and tuber- -

propagated plants (such as Irish potatoes
and Jerusalem artlchokes) are excluded
from protection.

Plant variety protectton pr0v1des pat-
ent-like protection for plant var1et1es re- -

Sldney B. W1lhams, Jr., is associate patent coun-
sel and manager, domesuc patents, ’E‘he Upjohn

. Company, Kalamazoo, Michigan 49001.
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‘produced by seed. Fungi, bacteria, and -

first-generdtion hybrids _are excluded
from protection. _ : :

“Trade secret law protects’ agamst un-
authorlzed appropriation or disclosure of
the proprletary information.

- The ‘systems for granting mtellectual _

property tights vary.” The two broad
classes are registration and examination
. systems. Protection under a registration
* system is easier to obtain because usual-
ly the only requirement is that of either
novelty ‘or originality. Novelty requires
that the subject matter be different from

existing subject matter that is known. .

" The extent of the difference is irrelevant.
Originality means that the applicant cre-
ated the subject matter. In other words,
the subject matter was not copied. Ex-
amples of registration systems are the
U.S. copyright, trademark, and plant
variety protection schemes,

Protection under an examination sys-

‘tem is more difficult to obtain because |

there is generally a requirement for un-
obviousness-or an “‘invéntive step’'as it
is' referred to in somé foreign patent
laws. Unobviousness Tequires a 'step .or
result that is"beyond that expected of a

person with ordinary-skills and knowl- -
edge in the field of the invention for

which protection is being sought. Exam-
‘ples of examination systems are the pat-
ent systems of the United States, United
-Kingdom, Federal Republic of Germany,
the Netherlands, and Japan. Patents ob-
tained under examination systéms gener-
‘ally provide a broader range of protec-
-tion than those obtained under registra-
thIl systems, - ‘

" 'Thé claims of an invention deﬁne what
‘is protected.- The claims can be analo-
gized to a real estate deed. Instead of
using distances and landmarks the claims
contain works that outline the bound-

. aries of the invention claimed, For exam-

‘ple, Fig. 1 shows the boundaries of a
*"claim to a group of chemical compounds.
“The boundaries surround any use of the
" compounds and any method of making

- them. Therefore, if someone else either

discovers a riew use of the compounds or
a new method of making them, he will
lave to cross the boundary to compotind

A to practice the new use or method. .

Crossing the boundary without the own-

€r's permission is a trespass or, in intel-

lectual property terms, an inifringement.

Prote‘cting Plant
) Verieties and Their Parts.

" Plant varieties. It is establishedthat_'
plant varieties that are reproduced asex-
- ually can be protected under the Plant

6 JULY 1934

Patent Law ; he Townsend-Purnell Act

of 1930 3 It 1s ‘also clear that plant
varieties that are reproduced by seed are
protectable under the Plant Variety Pro-
tection Act of 1970 (4). It is not so clear,
however, whether asexually or sexually

‘reproducible plant varieties can be pro-
-técted under the general patent. statute,

Even though patents issued under the
general patent law (5} have covered ma-
terial containing living matter, the gener-
al patent law has most ofterr been applied

procedure used to interpret laws. One of
its objectives is to detérmine which law
among several laws dealing with the
same subject matier is applicable when

" the laws conflict. Although such an anai-

ysis is beyond the scope of this article
(7), it is clear that some thought will have
to be given to whether. or not there

* should be different treatment of food

crop varieties as opposed to nonfood
crop plant varieties. For example, the
Plant Variety. Protection Act contains

Summary In view of the Supreme Court dec:s;on in Chakrabany V. Dramand
Commissioner of Patents and Trademarks, it is possible that plant varieties can be
protected under three different U.S. statutes: the Plant Variety Protection Act, the
Plant Patent Law, and the General Patent Law. The Plant. Variety Protection Act
protects varieties that are reproduced by seed, whereas the Plant Patent Law protects
varieties reproduced asexually. Varieties, irrespective of how they are reproduced
could be patentable under the General Patent Statute. It is not clear whether parts of
plants can be protected by grants under the Plant Patent Law or Plant Variety
Protection Act and it is possible that they will be best protected under the General
Patent Statute and by maintaining them as trade secrets. Only time will show whether
the existing statutes are sufficient to provide both guidance and adequate protection
or whether changes inthe law WI|| be required.

to inanimate subject hnatter. Asa n’iat_ter
of fact, a great body of technology in
which living material was utilized to pro-

duce chemicals provided the fertilizer for

the production of steroids and antibiot-
ics. However, a great deal of controver-

" sy arose when aitempts -were made to
_claim living organisms per se. Part of this

controversy culminated in the case of
Chakrabarty v. Diamond, Commissioner
of Patents and Trademarks (6), in which

the U.S. Supreme Court held that the

fact that the claimed invention encom-

-passed 'livir_lg matter did not preclude

general patent protection, Specifically
the Court held that the important fact in
determining whether or not subject mat-
ter is patentable subject matter is-wheth-
er or not there has been human interven-

tion. ‘Chakrabarty involved claims to

certain human-modified microorganisms
that were capable of “eating’” oil. The
case did not change the criteria of patent-

ability (usefulriess, novelty, and unob-
viousness). The Court specifically ruled
. on what was patentable subject matter,
In other words, before the criteria of

usefulness, novelty, and unobviousness
can be applied to an invention it must

-first meet the criteria of being patentable
-subject matter.

Answering the question of whether the

-general patent statute can be used to
--protect plart varieties that are also pro-

tectable under the _Plant-Patent _Law_ or
the Plant Variety Protection Act reguires

‘a considerable amount of statutory con-

struction. Statutory construction. is a

express prowsnons for research (experl- i
mental use) and. crop exempuons,
whe_r_eas the general patent statute con-
tains no such provision. Since the Plant
Variety Protection Act was an attempt to
correct. the inequity of there being no
patent-like protection for seed-repro-
duced plant varieties and since many of
the varieties reproduced by seed are

~ food crops, did Congress, by proyldlng

expressly for a research and crop exemp-
tion, articulate a different policy for food
crop varieties than other plant varieties?

Plant parts. Plant patent and plant .
variety protection laws provide for the
protection of plant varieties, that is,
whole plants. But how do we protect
their parts? This question has to be ana-
lyzed from two perspectives. First, if -
protection of the whole plant is obtained,
are parts of the plant also protected?
Second, is it possible to protect parts of
plants - wnthout protecting the whole
plant" .

- The quesnon of whether protection of
plant parts is obtained when a plant

‘patent is granted has received some at-
.tention, especially in the area of cut

flowers. The problem with cut flowers is

-that a plant can be purchase_d in the
. United States and taken to a country
.where there is no plant vanety protec-
‘tion, the variety is then reproduced and

the flowers are cut and imported back
into the Umted States. The question here
is whether it is an infringement -of the
plant patent to so sell the lmport under
section 337a One v1ew is that a p]ant
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ute, it is probable that the. disclosure '

requirements can be met by depositing

seeds or other reproductlve matenal for

those varieties. "

The Plant Varzety Protection Act: Tt is

- already a requirement of the Plant Varie-

ty Protection Act that a sample consist-

ing of 2500 seeds of the variety ‘to 'be
protected be deposited at the National
Seed Laboratory at Fort Collins, Colo-

rado. However, many questions linger

with respect to' depositing microorga-
nisms or seeds. If the seed or microor-
ganism mutates, are the requirements of
reproducibility met? Is the mutant itsetf
protected? Does the claimed’ process in-
clude use of the mutant" '

To be protectable under the Plant Va-

- ‘riety Protection Act-a variety must be

“critérion of distinctness (15). The degree'

novel (13) and the right to_the variety
must not be precluded by the activities
set forth in the section that defines the

right to plant variety protection (/4). A

variety is novel under the Act if it is
distinct, uniform, and stable. If a variety
differs from all prior art varieties by one
or more motphological, physiological, or
othet characteristic then it meets the

to ‘which a characteristic must differ to
be distinct has not been ‘addressed by
either the Plant Varlety Protection Office
(PVPO) or the courts. This question has
been raised by the International Union

. for the Protection of New Varicties of

Plants (UPOV) under the categonzatlon
of minimum distance.

A varlety is uniform if its charactens—
tics can be described and predicted and if

" they are commercially acceptable «6).

In the case of {n re Waller (17), PVPO

had to consider an applicatior in which

the question ‘of uniformity was involved.

In reversing a denial of protection on the

grounds of lack of uniformity, the secre-

tary of agriculture held that PVPQ could
not deny protection for a dahlia solely on

‘the ground that it did not have a uniform

flower color *!if the variations in flower
color are .describable, predictable “and

_commercially acceptable™ (I7, p. 7).

:The requirements of stability (18) are

. met if the variety’s main and distinctive
" characteristics remain unchanged when

it'is reproduced by seed, While the defi-

‘nition of stability has not been specifical-

ly addressed by either PVPQ or the
courts, it has been addressed 1mphc1tly
by PVPO because the demal of the appli-
cation by PVPO in the Waller cases was

on the ground that it did not meet the -

requlrement of uniformity and stability
(16).

Difference between food and nonfood
crops Both the Plant Patent Law and the

6JULY 1984

Compositions
containing
compound A

Process for
making . .
.| compound A

Method of
" uging .
compound - A

New form Process for manufacturing
ot © “wherein compound A.
compound A is used .

- Glaim ta compound A

Generic claam cavering compounds ‘A to z

Flg 1. Boundanes ofaclaimtoa hypothetlcal

group of chemical compounds. Compositions.

containiig compound A include combination
products having more than one ingredient.

protection for food and nonfood crops.
However, except for fruits “and nuts,
most nonfood crops have been protected
under the Plant Patent Law, whereas
most food crops have been protected
under the Plant Variety Protection Act.

This is probably more historical than by '

design. The flower nursery industry,
whose primary concern is with ornamen-
tal varieties, was a strong proponent of

“the Plant Patent Law, whereas passage

of the Plant Variety Protection Act was
strongly supported by the seed industry.
As pointed out above, when the Plant

Patent Law was enacted it was félt that

the only way to reproduce varieties true
to form was by asexual reproduction.

Most ornamental plants (roses chirysan-

themums, and so forth) are reproduced

_ asexually. They form the bulk of those

plants covered by ‘plant patents. Since
most food crops are reproduced by seed,
they cannot be protected by plant pat-

ents unless they are subsequently repro--

duced asexually. Because the technoio-
gy has not yet developed to the point that
most seed-produced crops can be pro-

duced more efficiently by asexual répro-

duction, food crops will probably contin-
ue 10 be protected under the Plant Varie-
ty Protection Act except when it is ad-

‘vantageous to attempt to do so under the

general patent statute. :
Protection of plant vanetles under the
general patent’ statute ‘will ‘raise -some
questions. One of the first is the question
of experimental (research) use. Under
the general patent statute there is no

“express provision for experimental use;

However, a very narrow exception has
evolved from case law. This -exception:
-excuses what would normally be consid-

ered infringing acts on the grounds that
the acts were committed to satisfy scien-

tific or philosophical curiosity. Acts

have also been excused as being ¢xperi-
mental on the grounds that they are

considered to cause so little damage to

the owrier of the patent as to be meaning-
less. The Plant Variety ‘Protection Act
pravides an express provision for a “‘re

search use exception to infringemeént
{19). Therefore, conflict could arise if a

" general patentee would attempt to pre-

vent others from conducting research
experiments with a protected variety. A

" guestion giving rise to the conflict is *
- whether Congress expressed a public
" policy against suing researchers for in-

fringement under the Plant Variety Pro-
tection “Act that would override any

" . rights under the general patent statute.

.Another exemption that .could create

. R . .. problems for the ‘general patentee is the
Plant Variety Protection Act provide

Farmers’. Crop Exemption (20). This ex- '
emption gives a farmer who purchases a

" protected variety the right to use the

variety to reproduce seed for production
or use on his farm or to sell seed repro-
duced from the purchased seed. The
right of a farmer to do this would appear
to conflict with the provision under the
General Patent Law. under which the
purchaser of a patented item can repair it:
but cannot reconstruct it. Also, at least
one court has held that the Farmers’
Crop Exemption does not entitie a farm-
er to promote or advertise the protected \
variety for sale (21). -
Another difference ‘between the Gen-
eral Patent Law and the Plant Variety
Protection Act is that the formeér pro- -
vides for compillso_ry licenses and the
latter does not.- Under the compuisory
license provision the secretary of agri-

" culture can ‘permit others to produce a

protected variety if he finds that to do so
will be in the national interest. This
difference, however, may be one of form |

" rather than substance since the U.S. '
" government (or a court when there has

been an antitrust violation) can, underits
powers of eminent domain, authorize
others to use the patentee’s invention.
The patentee then has a remedy against
the government in the U.S. Court of
Claims (22).

‘Breadth of Protection '

Two of the most interesting questions

-concerning the protection of plant varie-

ties are (i) how different will the new
variety have to be from the closest old
variety in the prior art to obtain protec-
tion and (ii) how different will a variety
have to be from a protected vanety with-
out infringing that variety? .-

The Plant Variety Protection Act.
Many people in the seed industry con-
tend that once a’ difference has been

‘identified between a ‘new variety ‘and
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that the subject matter as a whole would have

been obvious at the time the invention was made

-to a person having ordinary skill in the art to

which said subject matter pertains. Patentability

~ shall .not-be negatived by the manner in which
the invention was made.” )
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Radio S_o_il'rce' Survey '

E. B. Fomalont, K. I. Kellermann

The shortest wavelength at which ex-
tensive radio source surveys have been
- made is 6 cm. At this wavelength sur-
veys by the National Radio Astronomy
‘Observatory (NRAQ) and Max-Planck-
Institut (MPI) have covered most of the

northern sky down to a limiting flux

 density of 600 millijanskys (mJy), while
the various Parkes surveys provide com-
plete samples of sources down'to 1 Jy

({). Over limited regions of the sky other
single-dish surveys made at NRAQ and"

MPI are complete to 35 mJy (2), 20 mly
(3), 15 mly (), and 14 mly (5), Synthesis
-surveys covering even smaller regions

have reached levels of 4.5 mly at Wes-
terbork (6) and 0.5 mJy at the Very

- Large’ Array (VLA) (7). We have used
the VLA .to extend the surveys to
sources that are as faint as 60 wJy at 6
cm, or about [0 times weaker than
levels reached with other instruments at

any .wavelength. Source catalogs con- -

structed from these surveys provide the

basis for further studies in the radio -

region and in other parts of the spec-

trum. Further mvestlgatlon is in progress -

on the nature of - these weak radio

sources, their spatial distribution and
luminosity function, and how thése prop- -

erties change with cosmological epoch.’

Counts of radlo sources made at centr-‘

3. V. Wall, D. Weistrop

‘meter wavelengths are ‘of pamcular in-
‘terest since, for the stronger SOurces

selected at this’ wavelength, flat-spec-
trum compact sources and steep-spec-
trum extended sources (which dominate

92, 38 U.5. Codé, séct. 1498,

21. Delta and Pine Land Co. v. Peoples Gin Co..
?ggjfed Rep. 2nd ser, (Frfth ircuit Court,

73. U.S. House: of Representatives, House Rep,
No. 129 (7ist Congress, Second Session, 10
. April 1930; U.8. Senate, Senate Rep. No. 315
(7[5t Congress. Second Sessmn 3 April 1930).
24. vaer Tank & Mfg. Co. v, Linde Air Products
) 0)339 U.s. .Rep 605 (U.S. Supreme Court,
- 195
25, Ex parte Jackson, 217 U.S. Pat. Q. 204 (Patenl
and Trademark Office Board of Appeals, 1982)
26. Regnum Veg. 22 30 (1961).

" sources (5, 8, 9). However, the extended
“'Euclidean plateau at 6 cm differs dramat- ~ -
“ically from the long-wavelength count,
.. 'which is characterized by a steep rise for
o strong sources (the brightest 1000 or so)
T followed by a rapid decrease in the den-
- ity of the weaker sources.

‘In this article we report on observa-

' tions of very weak radio sources at 6 cm,

and we discuss the angular size, spectra,
and optical identification of these weak _

SOI.I['CCS

" Observations and Reductions

'In order to investigate the number
density of very faint radio sources, we
have mapped a small area of sky, using

the VLA to detect all sources with a flux

Abstract, The Very Large Array has been used 10 survey a small region of sky at a
wavelength of 6 centimeters down to a completeness level of 60 microjanskys—~about
100 times weaker than the faintest radio soutces that have been detected with other
instruments. The observed source count at flux densities below 100 millijanskys

_converges in a manner similar to the lower frequency counts, although there is some
_evidence for an excess of sources weaker than 100 microjanskys. The sources in the
- survey are preferentially identified with faint galaxies.

“the long-wavelength counts) are present

in roughly equal numbers (5, 8-10). Pre-
vious surveys made at 6 cm for relatively

bright sources show that for § > 100

‘mJy (approximately the 20,000 brightest
‘sources in the sky) the counts are closely

represented by the “Buclidean’ law

110(5) =90 §723 ()

: where no(S) is the number of. sources'

with flux density § per unit flux dénsity
interval.

Between 10 and 10() rnJy the 6-cm=

counts’ begm to decrease in a manner

‘qualitatively similar to the long-wave-
'length-'-c'ounts of the steep-spectrum

- EB. Fomalont isa system smennst atthe Nattonal Radio Astrofiomy Observatory, Socorro, New Mexico
87801. K. I. Kellermann -is a senior scientist at the National Radio Astronomy Observatory, Green Bank,
West Virginia 24944, J. V. Wall is head of Astrophysics and Astrometry Division at the Royal Greenwich
Observatory, Herstmonceiux Castle, Hailsham, East Sussex BN27 1RP, United Kingdom. D. Weistrop is a
scientist at the Laboratory for Astronomy and Solar Physics, NASA-Goddard Space Flight Center,
Greenbelt Maryland 20771, and‘is a vrsltmg astronomer at Kitt Peak National Observatory.
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density greater than 60 uJy. These new

observations include the weakest radio -
sources yet cataloged and reach a source
density of 6 X 10° sources per steradian.

-Supplemental information concerning
“this sample of sources was obtained

through (i) VLA observations at 20 cm to

"determine the spectral index of the

sources and (ii) optical observations with
the 4-m telescope at Kitt Peak National
Observatory (KPNO) 10 aid in the 1dent1-

- fication of the sources.

The 6-cm observations were made in

_the D configuration of the VLA to syn-

thesize a 700-m-diameter antenna on
a field centered at right ascension
(e} = 00"15™24% and declination (3) =
15°33'00" (epoch 1950.0). The resolution
is about 18 arc sec and no emission wiil
be missing for sources less than 120 arc
sec in size. The general area of the field
C 23
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was not selected at random but was
chosen for the foilowing reasons. In or- '

available scheduled time in-the D config- % CITEUT T
uration, the right ascension of the field no I “00h14m25§84"_ 15°19'007
“had to lie near 1. Several deep optical |3 T 00 15 24.00 151900
plates were available for the chosenfield 13 - . 0013 27.63 15 33 00
(selected area 68.1). A high-resolution x- - 14 00 14 25.84" 153300
ray map. from the Einstéin satellite cov- gg ‘ gg }g %;ég : }'55 33 88
ered most of the area near .the field. " §7 00 14 25.84 1547 00
Finally, observations at Westerbork at I8 ~. 00 15 24.00 1547 00

. 20 ¢cm showed that there 'were no bright ﬁ‘o . "gg :§ gi-gg ig g} gg
sources near the field whlch would inter- 00 15 24.00 1513 00

fere with the VLA hlgh-sensmwty radio

survey (11). The pecific Tocation.of the _
Deep Field was random within _t_he area ;. ] : _
vide better statistics for the source count’

constrained by these criteria. These se-
lection biases should not aﬁeet the statis-
tics of the present survey. '
The observing program was also de-
signed to measure the fluctuations of the .
cosmic background radiation as. well as
~ thénumber density of weak sources. The
results on the background fluctuations
are given by Fomalont er al. (I2). The
observations consisted of four 12-hour
periods on 27, 28, and 29 September and-
"2 October 1981 to give a total integration
time of about 40 hours on one field. All
observations were made at elevations
greater thaiz 14° above the horizon. The.
diameter of the field was limited by the
primary beam: size of the 25-m antennas:
8.9 arc min full width at half-maximum
and 17.1 arc min full width to the first
nulls. Both the phase tracking, (fringe-
stopping} and antenna pointing were lo-
cated at the field center position. In
addition, we observed ten other fields
surrounding the Deep Field for about 40
minutes integration each in order to pro-

Deep field

Table 1. Field centers.
Posmon (epoch 1950, 0)

level above 350 pJy. We refer to these as

* - the Intermediate Fields; the locations of

Jhe fields are given in Table 1.

“The observations- were made at night.

to avoid interference from the sun in the
sidelobes of the antennas. The system

_noise temperature was 60 K: in both left-
and right-circular polarization channels,

each with a bandwidth of 50 MHz. The
antenna pointing was accurate to 0.3 arc
min and the delay was tracked to better
than 1.5 nsec. All data in which one

antenna shadowed another were exclud-

ed from the analysis. The instrumental
and atmospheric gain and phase fluctua-
tions Wwere monitored by observing the
nearby calibrator source 0007 + 171 for
2 minutes at 30-minute intervals. The
assumed position for the calibrator is

a'= 00"07™59:383, 5 = 17°07"37"50 (ep-

och 1950.0). An observatron of 3C48,

_ with an assumed flux density of 5.36 Jy

at 4.9 GHz, was used to determine the
flux density scale of the observations. It

— Fig. 1. Contour map
: " of the Deep Field at 6

15940

- ¢m. - Contour levels.
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- are labeled with their
catalog numbers. The
cross shows the po-
the

ter - and
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beam response has
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* sition of the field cen- -
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/ beam. Sources 1, 13,
£ 15, and 16 lie outside.,
 tion -for- the primary, .

_been applied to the

should not be m error by more than 3
percent

Radio maps were rnade by followmg
standard Fourier inversion techniques .~

and the clean algorithm was used to
‘remove the effects of the sidelobes in the

8y nthesrzed beam pattern, The data were
. mapped so that each 20-second. sample
of the visibility data at each bas_elm_e was

given equal weight (so-called ‘natural

weighting) to produce the optimum sig-
“nal-to-noise ratio for a point source. The

area of the cleaned synthesized region
was 25.6 arc min square (256 by 256 map

with a pixel separation of & arc sec), "

which extends beyond the null of the.
primary beam pattern of the 25-m anten-

. nas. The resolution of the map was 18

arc sec. For each of the 4 days of obser-
vations radio maps of the field were
made separately in the right- and lefi-

' circular polarizations. These maps were

compared- 1o judge the reliability and
sensitivity of the observations. The total
intensity map was made by averaging the
eight maps {4 days times two polanza—
tions).

The sensitivity parameters of the ob-
servations are given in Table 2. The

detection level was 60 wly for a point -

source. Over most of the field of view

the root-mean square (rms) nois¢ was 11..

wJy; however, the noise level increased

up to 18 wJy within the inner 5 percent of

the field. The increased noise near the’

field center was caused by low-level cor- ~
_related signals between the antennas;

details are given by Fomalont ez al. (12).
Seven percent of the data were edited in

"order to decrease the -effect of these

signals. For the Intermediate Fields thé © -

detection level of 350 wly was about 4 5
"times the rms noise. level,- ‘

- The 20-cm VLA observauons were'
obtained in February 1983 in the C con-

‘figuration, which nearly matched the res-
olution of the 6-cm observations. Seven. -

hours were integrated on the Deep Field,
and four other surrounding fields were
each observed for 25 minutes in order to

overlap all of the intermediate 6cm =
fields. Table 2 also contains the sensitiv-

ity parameters for these observations.
The data were used to obtain’ estimates

of the flux density at 20 cm for the |

sourcés found in the 6-cm observations;
hence no detection limit is applicable.

‘These data were reduced and processedi .

in a manner similar to the 6-cm data.
~ Optical observatlons with the pnme

“focus RCA/CCD camera on the 4-m .
Mayall telescope, at KPNO were made
‘on two nights.in November 1982 Eight = -

CCD frames; each 3 by 5.arc min in area,

- were needed to cover all the sources in-
'the Deep Field, No observatrons were
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prior art varieties, the question of how
much difference or the type of difference.

cannot be looked into by PVPO. In other
words, if there is any difference, plant
variety protection must be granted. Al-

though there is support in the seed indus-
_in the patent, 35 [/.S. Code, section 112,
was not met since. the genus encom-

try for such a position, the time will

come when PVPO and the courts will
have to determine what constltutes a -

difference.

The Plant Patenr Law: There are sug-

gestions in the legislative history of the
Plant Patent Law (23} that the impor-
tance of the distinction between the new
variety and prior art varieties cannot be
considered by the U.S. Patent and
Trademark Office in its determination of:

whether a new plant is distinct. In other - - .

words, -if there is any difference it is

sufficient - to meet the. requ1rement of :

distinctiveness,

The General Patent Law The general ‘

patent statute provides a situation differ-
ent from that of the Plant-Variety Protec-
tion -Act since a variety, to be protect-
able .under the general patent statute,
will have to meet the additional require-

ment of unobviousness. The requirement .

of unobviousness inherently involves the
question of how large a difference must
exist for a variety to be unobvious in
view of prior art varieties. It also differs
from the Plant Patent Law in that it
provides for- muttiple claims.

The requiremesit of difference between
varieties for which protection is being
applied and prior art varieties is being
considered by UPOV under the concept
of minimum distance. between. varieties.
At a meeting sponsored by UPOV in
Geneva, Switzerland, . in. November
1983, the quesnon of minimum distance
was discussed.

The breadth of protection prowded by
the patent or certificate is very important
in an infringement suit, For example, the
patent or certificate holder must show
that the accused variety infringes- the
patent or certificate. One -approach
would be to have the breadth of protec-
tion tied to the ease .of securing the
protection. For example, if there is no
requirement for minimum distance to

obtain protection (which is the case.un-

der most registration systems) then there
should be no doctrine of equivalents,
The doctrine of equivalents is a pringiple
of patent law that holds that a patent may
be infringed even though the alieged in-
fringing matter is not an.eXxact duplicate

of that claimed in the patent if it does the-

. same thing in substantially the:same way’
(24). This is a well-known principle in

patent law, but it remains to be seen.
_ whether it will be applied in plant variety

22

protection lawsuits or lawsuits-under the

“general patent statute in which protec-

tion of plant varieties is sought.

In the case of Ex parte Jackson (25) it

was held that even though three microor-
ganism specres of a genus were disclosed

passed species other than those specifi-
cally exemplified. This raises the ques-

-tion of whether or not it would be possi- .
ble to obtain generic-coverage for similar -

plant varieties of a species under the
general patent statute. Specifically, how
many species will have to be disclosed to

. support the genus?

Plant V'ar_ieti Denominations _

No- discus_éio_n of patent-like protec-
tion would be complete without mention

of plant variety denominations (names). .

One requirement of protection under the

plant breeders’ rights laws of most coun-
tries and UPOQV is that the variety for’
which protection is sought must be given.
a varietal name. The varietal name.of a

variety is simiiar to the generic name of a
chemical compound. It is not a brand
name or a frademark, The varietal name

" is important because it identifies the new

variety by name and ‘it establishes a

name for the variety that is separate and
distinct from any trademark that may be -

associated with the variety. In most

countries it is not possible to register .
varietal names as trademarks because a _
. varjety could first be protected under

plant variety protection laws and then

protected perpetually under trademark

laws.

Under" the UPOV Convention the:

same varietal name cannot be given to
varieties of the same species or a *’close-
ly related species.”’ The latter phrase has
elicited  considerable debate between
UPOV member states and has resulted in

the drafting of guidelines on varietal de- -
nominations. It is probable that there

will be continued discussion of the draft

guldelmes before a ﬁnal version.is adopt- _

ed.

The Plant Varrety Protectnon Act re-
quires the assignment of a varietal name
to the variety for which protection is
being . sought. However, there was no

réquirement in the Plant Patent Law.

until the United- States .joined UPOV,
The Patent and Trademark Office estab-
lished guidelines for varietal names for

varieties claimed in plant patent applica-

tions. The guidelines.are based. on the

Internanonal Code. of. Nomenclature'

(26)

: Conclus_ion.

Because more and more pnvate re-‘
search funds are being poured into the =
development of plant varieties, stable'
and definitive protectlon for these varie-

ties.and parts thereof is very tmportant

It remains to be seen whether adequate
. protection is available within the frame- -
- work of the existing patent statutes.or

whether new legislation Will__b__e required.

Rei‘erences and Notes

Fl‘umkm, J. Pat. Off. Soc. 27, 143 (1945).
. International Convention for the Protection of
"New Varieties of Plants (2 December 1961; last

amended 23 October 1978). There are 17 signa- -
‘tories to the treaty, including the United States,

which became a member in 1980,

'3, 35 U.§. Gode, sect. 161 (patents for plants) (last.

amended 1952), states

- “Whoever invénts or discovers and asexually
reproduces: any. distingt and new variety of
plant, including cultivated sports, mutants, hy-
brids, and newly. found seedlings, other than a
tuber propagated plant or a plant found in an
uncultivated state, may obtain a patent therefor,
subject to the conditions and requirements of
tﬁ];o )(Amended September 3, 1554, 68 Stat

- The provisions of this tltle relatmg to paten:s_

for inventions shall apply to patents for plants,
except as otherwise provided.”

7 U,8. Code, sect. 2321,

A

states

-~ “Whoever mvents or dlscovers any new and

useful process, machine, manufacture, or com-

position of matter, or any new useful improve- -

ment theréof, may obtain a patent therefor,
SL'lb_]ECt to the conditions and requlrements Df
this title."*- -

Section 102 (Cﬂndltlons for patentab:hty. novel-

.ty and loss of right to patent) states

“A person shall be entltled to a pétent un-'

less— -
@) the mvennon was known or used by oth-

ers in this country, or patented or described ina’
Ermted publication in this or a foreign country,.

efore the invention thereof by the apphcant for
patent, or’ :
.(b) the invention was patented or, descnbed in
a pnnted publication in this or a foreign country
orin public-use or on sale in this country, more
* than one year prior to the date of the application
. for patent in the United States, or
-*{c} he'has abandoned the invention, or
(d) the invention was first patented or caused
“to be patented, or was the subject ‘of an inven-
tor’s certificate,® by -the ‘applicant’;or his legal
representallves or ass;gnees ina forelgn Country
prior to the date of the application for patent in

. this country .on: an application for- patent or

inventor's certificate filed more than twelve
months before the filing of the application in the
United States, or

(e) the invention was described in'a patent.

granted on an application for patent: by another

_filed in the United States before the invention.

theréof by thé. applicant for patent, or on an

international application: by. another who has

fulfilled the requirements of paragraphs (1), (2},
“and (4) of section 371{¢c) of this title before the

invention thereof by the applicant for-pafent, or -

L35 U8, Code sect 101 (mventlons patentable)

(f) he did not himself invent the subject mat- -

- ter sought to be patented, or

(g)-before- the applicant’s invention . thereof )
the invention was made in ‘this country by

another who had not abandoned, suppressed, or
concealed: it. In determining priority of inven-
tion there shall be considered not ooly the

respective dates of conception and reduction to :

. practice of the invention, but also the reasonable
diligence of one who was first to conceive and
last to reduce to pract:ce, from a time prior 1o
conception by the other.”

Section 103 (conditions for patemablhty, nonob—=
- vious subject matter) states

_ “A patent may not be obtained though the

invention is not identically disclosed or de-

scribed as set forth in section 102 of this title, if

_the. differences  between .the - subject - matter '
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patent does provide such protection.
This view is not held universally, howev-

er, and some feel that legislation should
be introduced to make it clear that plant
parts are protected by plant patents and
that their importation into'the country
would- constltute 1nfnngement of the
.-plant patent {8).- B

Other commentators suggest that pro-

tection against the importation of cut

flowers obtained from a protected varie-

ty is available in the International Trade
Commission (ITC) under section 1337(a)
of -the Tariff Act (9). This act affords a
remedy against an importer who com-
mits -an unfair trade practice that injures

an industry in the United States. The .

Tartf_f Act specifically provides that in-
fringement of a patent can constitute an
unfair trade practice. Section 1337(b) of

the Act is applicable because under the -

General Tariff Act the infringing acts
must fall within the infringement provi-
sions of the U.8. patent laws (/7). How-

ever, section 1337(b) makes it an in--

fringement to utilize a patented U.S.

process in a foreign country for the pur-

pose of producing an article or a good
_ that is introduced-into the United States.
-Since a plant patent covers asexual re-
production of a plant, it'is in the nature
of a process patent. Therefore, it can be
.argued that proceedings under the Tariff
Act should be based on section 1337(b).
While the situation of cut flowers has
been cited as an examiple, there is no
reason that the same argument cannot be
equally applied to other'plant parts.
Unlike the patent laws, which define
infringement generally in terms of sale,
manufacture, and use, the Plant Varlety
Protection Act spells out what consti-
tutes an infringement of a plant variety
certificate (1/). It is clear from 7 U.S.
Code, section 2541(6), that the sale of
plant parts that can be used for reproduc-
_ tion of the variety constitutes mfrmge-
ment. i
Protection of plant parts per se (pro-
tection that is sought for the parts them-
selves without any protection for -the
whole plant) is' questionable under the
Plant Patent Law and the Plant Variety
Protection Act since both statutes pro-
vide protection for plants. How, then,
may plant parts be protected? There are
parts of plants that are readily identifi-
able—for example, the visible parts such
. as fruits, leaves, stems, and roots. Then
“‘there are the more esoteric parts such
as cells, segments of DNA; plasmids,
. genes, and ¢combinations thereof. -
. Since neither of the specific plant vari-
ety protection faws clearly provides pro-
tection for all parts of plants, it would

S

. seem that protection could appropriately

be sought under the general patent stat-
ute,
If the plant part ltself can be used to

reproduce a hybrid plant'or as part of a .

process to produce another useful item,
an alternative means of protecting the
part would be by trade secret. Trade

secret law, while not governed by federal

legislation, is well defined and i§ gov-
erned by state law in the United States.
The practice of protecting hybrid plants

by controlling the release of their paren-

tal lines was the primary reason that
hybrids were excluded from plant varie-
ty protectlon :

Living' Versus Inanimate Matter

. The ‘basic policy behind any‘type of .
-‘protection system for intellectual proper-
ty law -is. the granting of an exclusive

right to the inventor for a clear descrip-

tion of the subject matter so that it can be

useful to the public when it is disclosed.

In other words, the individual is reward-
‘ed for disclosing new information that

can be- put into :the' general pool of
knowledge and used to advance technol-
ogy and benefit mankind. It is on the
question” of adequate = disclosure - that
much controversy has arisen regardmg
patent- -like protection for technical prod-
ucts in general and plant variety and
their parts specifically.. To help ensure
that this general public policy of disclo-
sure is.carried out,-the general patent
statute has very stringent requirements
for the content of the patent application.
These requirements are set forth in 35
U.§. Code, section 112, whlch reads in
part as follows::

- The specification shall coritain a written de-

scription of the invention, and of the manner
and process of making and using it, in such
full, clear, concise, and exact terms as to
enable any person skilled in the art to which it
pertains, or "with which ‘it is most nearly
connected, to make and use the same, and
shall set forth the best mode contemplated by
the inventor of carrying out his invention.

This section states in.essence that the

~ specification shall contain a writfen de-

scription that clearly defines the inven-
tion in terms that can be followed by one
having ordinary skill in the art. It re-
quires that the ‘invention be reproduc-
ible, that is, when one skilled in the art

. follows the description contained. in the
~application, the results obtained by the

patentee- can be duplicated, A person
having ordinary skill in the artis a person
who understands“and is knowledgeable
about prior inventions in’ the ﬁeld to
Wthh the 1nvcntlon relates.

. Because plant materials’ can, change
form without intervention by man, ques-

tions have been raised as to the ability of -
_ the inventor to describe an invention.in

such a manner that it can be duplicated
by those skilled in the art. Specifically,
the concern is that even though tech-
niques are followed as set forth, changes

or slight’ varlatlons may cause changes in - '

results.

Discussed below are ways in which
these concerns-for adequacy of descrip-
tion and reproduc1b1hty have been ad-
dressed. ‘

The Plant Patent Law. Ia the legtsla—

" tive hearings preceding passage of the N

Plant Patent Law the questions of de-
scription and reproducibility were ap-

proached in:two ways, Plant patent ap-

plications would not have to meet the
stringent requirements of 35 U . Code,
section L12. Specifically, 35 U. 8. Code,
section 162, expressly states that plant
patent applications are exempt from the
requitements of 35 U.S. Code, section
112, and that all the breeder has to do is
describe the plants to the best of his
ability. Another aspect that has more to
do with reproducibility than descnpnon
is the requirement for asexual reproduc-
tion. When the Townsend-Purnell Act
was being considered, it was felt that
plants could not be reproduced true to
form by seed and that the only way to do
this was by some form of asexual repro-
duction. Thus, the limitation. . ’
The General Patent Law. Questions
about reproducibility increased during
the growth of the fermentation industry.

“The fermentation industry has been im-

portant in the development of antibiotic

and steroid technology. The intensity of

the questions heightened when attempts

were made to claim specific- organisms.

These organisms were important in pro-
ducing various antibiotics. ‘One of the
important requirements of 35 U.S. Code,
section 112, is that the patent application
contain a descnpt:on that is complete at
the time of filing. That is, one skilled in

“the art should be able. to pick up the
_application as it is filed and reproduce
the invention. In the case In re Argonde-

fis (12) it was established that this disclo-

sure requirement could be satisfied by .

indicating that . the = microorganism
claimed orused in a claimed process has
been deposited at a depository and that it
would be made available upon the issu-
ance of the patent. This method of meet-
ing the disclosure requirements has been
accepted by most of the patent systems

throughout the world.

With respect to the protection of plant

-varieties  under .the -general patent stat-
SCIENCE, VOL. 225 .



from our experience is in the area of the
design of chips. Chips are'made by creat-
ing masks for the lithographic process,
which are essentially pictures of various

layers in the silicon. They_are tremen--
dously complex, as there can be more

than 100,000 transistors on a single chip.
The data that go into each mask are -
stored in a computer, and this common
database is accessed by the large niim-
ber of engineers, who contribute individ-
ually to forming the mask This kind of
shanng isa commonplac of engineering
today and is true of other pects of chip
design. ‘

In software, collaboration o{thls sort
is also routine, A compiler development
involved the sharing of work between a
California laboratory, the Yorktow lab-
oratory, and an outside software com a-
ay, with versions of the program tra -
mitted back and forth continually b né
tween the three locations through the
network. Various versions of a program
under development are centrally stored,
and the computer scientists working on it
have access to it to update the individual
versions and ‘make changes. Software
development today is. often dependent
on this kmd of shanng

Management

In the mdustnal research commumty
_there is'a third class. ot‘ people assoc1ated
with scientifi¢ act1v1ty, and that is man- -
agcment These are the people mostly
+ scientists and engineers themselves,
who are responsrble for the executlon
and coordination of the large varlety of
- projects. For management in general,
not only scientific management “the
emphasis is not on MIPS or dlsplays
but on sharmg

In order to keep. up with ‘what
is gomg onin a large research labo-
. -ratory, ‘mail systems, both’ ‘text and all-
dio, are extremely useful. One advan-
_tage is that they _d_esynchromze commu-
nication. When you have an idea or want

.to know something, you can send your
© message off and it does ‘not _matter

_ whether the people you send it to are
there, When they ¢ome ini.or are avall-
able they can find your message and

reflect on it and reply. Another advan-

tage-is that of addressmg a large number
of recipients srmultaneously After regrs—
tering your message only once, you can
send it to any of those on'a given list of
people. These tools are very important
to us already, and we expect that they

- will become wrdely ‘used. and will be

major commumcatlon tools for manage-
_ment, :

CsIULY oga

-Discussion .

To summarize, among the three popu-

lations that we have had experience.

with, for scientists- MIPS come first; for

engineers MIPS, displays, and sharing

all play a role; and for management,.
communications is clearly more impor-.

tant. Are.these patterns indicative. of

fundamental cultural differences, or sim-,

ply: transient reactions to a rapidly
changing environment?

‘All aspects of computer technology.

will continue to evolve at a rapid pace.
Figure. 15 shows: schematically our view

of the computing system of the future, [t

is: a complex of powerful engines: con-
nectedin a network by good communica-
tions facilities. There-is a central data-
processing (DP) complex in which the
100-MIPS machines described earlier are
located; hooked up to them are special-
ized processors, designed espetially. for
angincering and scientific use. Scattered
argund are smaller processors, to which
intelligent processors based on single
microprocessor chips with a power of
perhap, 10 MIPS are attached. Local
area netorks are hooked through a
gateway and through communications to

15, including the large one.
Intelligent wor stations (IWS) are con-
“nected to the nety
‘branch exchange |
number of intermedi

-

ork through a private
BX) and also to a
te' machines - that

play a role as departmental processors or’’

: communicate directly . with . each other
through a peer-coupled system. In addi-

tion,. the network will transmit not only
printed messages but also imdges and
voices. Everything we know how to do
today will still be done, but with a factor
of 10 unprovement in power. In addition,
there are some thmgs_that are possrble

though harder to predict, such as sym-
bolic rather than numeric calculation and
novel logic- based types of software such
as expert systems. These requirements -

‘may lead to, machmes specrahzed for

these needs. . : .

More MIPS will mean as in the solid-
state example, that more problems be-
come (ractabie. More dtsplays, hlgher
resoluttons and greater mteractwrty will
mean that novel ways of using the dis-
plays, such as . three- dlmensmnal and
other more complex technigues, will be-
come more stgmﬁcant Increased sharing
should lead to better management and
the use of pro_]ect-sharmg techniques
worldwide, .

These are the simple strarght-hne pro-
jections for the evolution of the technol-
ogy. Its impact on various research ac-
tivities is in the much meore - difficult
realm of qualitative projections.

Will another factor of 10 cause seien-
tists - to- cooperate and: communicate
through computer networks as engineers
already do? It may be that engineers and
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'53. Lung. disease patients wtth negative DTHR-T

had: caseating granuloma (1), silicosis (3), tuber-
culosis with pleural effusion {I), intravascular
angiogenic tumor (1}, chronic bronchiectasis {3),
chronic organizing interstitial pneumonitis (4),
tecurrent cyst (1), coccidioidomycosis (1), sar-
coidosis (2), chronic obstructive pulmonary dis-

ease (8), chronic asthma emphysema and pneu--

. monitis (3}, pnéumonia (3). -
54. E. R. Fisher et al., Cancer 36, 1 (1975).

55.D. L. Page et al., 7. Na. Cancer Inst. 61,1055
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56. Patients with the followmg cancers reacted neg-
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tients with acuie or chronic myelocytic leukemia
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patients with benign disease of the same organ
~are in most instances extremely significant sta-
tistically, with P-values of the order.of several
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ries of squamous-cel] carcinoma. In the case of
_pooled pancreas and pancreas benign, P is
0.0043; there are only five benign -pancreas
. patients,. However, if all pancreas carcinoma is
compared with all pooled nioncarcinoma, P is

-0.0000. The same pertains if breast carcinoma .

Stage [ infiltrating 15 compared with all noncar-
cinoma, while for breast carcinoma Stages II'

and I P is 0.000t" when compared with all.

npncarcinoma. A two-sample Student test of the
hypothesis that the combined carcinoma and the
combined. noncarcinoma populations are the
same has a P of 0.0000 and yields the very large,
extremely. significant -statistic of = 9.5. Addi-
tional statistical information will be furnished on
request to the author, as will be the mdrvtdual
O ranges

62. P, M, Brlckell et al., Narure rLondon) 306, 756
(1984).

63, G. F. Sprmger et af., unpubhshed data.

64. J, C, Mottram, J. Pathol. Bacreriol. 40, 407
(1935, P. C: Nowell Sclence 193, 23 (1976); D:
Douer et al., Br. J. Haematol. 49, 615 (1981); B.
G. Neel, W. S. Hayward, H. L. Robinson, 1.

Fang, 8. M. Astrin, Cell 23, 323 (1981).

Natlonal R & D Pohcy

An Industrial Perspectlve .

Industrral pollcy has become one of
 the hot issués on ‘our. national agenda,

with various advocates tellmg us how to-
beat the Japanese and solve the prob--

lems of unemployment, lr_lﬂatlon, and

industrial stagnation. The 1984 presiden- -

tial candidates are plckmg up these ideas
and.testing them;

Industrial pelicy has many compo-_
nents—fiscal, monetary, and regulatory, -

for example, It touches on many areas,
from international trade to retraining the

work force. I can bring my expertise to .

only one corner of this. many-sided sub-
ject: research and development policy.
To. me, industrial policy means what the
government must do to shape our nation-
_ al industrial posture, and & clear under-
standing of what government should hot
do.

There has been no lack of proposals :

Bills put ‘before Congress in récent years
have called for such changes as the es-

The author is senior vice president, Corporate
Research and Development, General Electric Com-
pany, Schenectady, New York 12301. This article is

_ adapted from his keynote speech at the National
Conference on the Advancement of Research, San
Antonio, Texas, 10 October. 1983 .
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tablishment of a National Technology

. Foundation, or.a Cabinet-level Depart-
.ment of Trade and Industry; the selec-

tion of a National Commission on Tech-
nological Innovation and Industrial Mod-
ernization to tell us ‘‘what the economic,
educationial, and industrial priorities of

the United States ought to be”": a Presi--

dential Program for the Advancement of

Seienc_e and Technology; and a Commis- . .
sion on High Technology and Employ-

ment Potential. Another proposal would
establish a government program to con-

duct research and development on im-.

proved manufactunng techniques; oth-

ers would exempt joint research and

development eﬁ'orts from the antitrust
laws '

All these proposals to aid U SSR&D
- show a healthy and encouraging concem

about the state of Amencan industrial

technology, but they may at ‘the same.

time distract politicians and policy-mak-

ers from the most. important need and the
'most important step that government can

take to strengthen U.S. innovation. That

task- is to ensure and strengthen the.
health of our university _sy_stem—-irt both. .
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{1976); P. M. Ness, G. Garratty, P. A. Morel, H.
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Assoc. Cancer Res., in press;
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. _the performance of basi¢ research and’

the training of research manpower. The
distraction is especrally great if Washing-

ton pays too much attention to the grow-

ing number of calls for the government to

_ take over the job of selectmg and sup-
_porfing R' & D programs almed at ¢om-
L mercral results

The Federal Role

In the commercral R & D area there -
are some thmgs that government must
and can. do, and other things it cannot
and should not do. ..Gover_nm_ent has a
crucial role to play in creating favorable
conditions for commercial innovation,
but not in actually producing those inno-
vations. There are several reasons t‘or
this.

First, successful mnovatlon requires a
close and intimate coupling between the

_developers of a technology and the busi-

nesses.that will bring products based on

_ that technology to market and are them-

selves in touch with that market. This is

_essential in a diversified company, and
“even more essential in a complex and

diversified economy. The R & D people

. muist comprehend the strategies of the

Business as.well as know what the mar-

) ket constraints are and what the compe- -

tition is up to. The business people, in
turn, must understand the capabilities.
and Limitations of the technology. They.
must possess the technical strength to
co_mplete the development and believe
strongly enough in the technology’s po-
tential to make the big investment need~
ed to bnng it to market.
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Second, innovation works best if this
close coupling is in place during the

entire innovation process. It should exist -

" when the R & D project is identified and

" should continue through planning and

development. It must survive the inev-
itable adjustments during development
caused by shifting market constraints
and technical surprises. It must with-

" stand the decision points—when to go

ahead or when to quit.

“Finally, in a free-enterprise system '
‘ governments not only do not create the - -
" markets for products but are notoriously..- -
'slow in reacting to shifts in the market-.

place. They lack the crucial entrepre-
neurial spirit to perceive or acknowledge

opportunities early in their development. -

During the years of heavy government
involvement in-energy R & D, we used
to hear over and over again the eXpres-
sions  technology transfer,”’ and ‘“com-
mercialization.”

Those terms embodied

tion areas as programmable automation,
robotics, advanced sensors, and comput-
er-aided design and manufacturing. Part
of this funding is to-support R & D work
to be done by industry. ©

These are key . technologies for the.
future but, because they. are so'impor-
tant, a large and growing number of
companies are already addressing them.

General Electric is investing millions of-
dollars in each of:them. And, in each:

one, we are faced with a large number of

t [

better understanding of crack formation

and propagation in: alloys, new tech-

niques in computer-aided engineering,

and.the design of new materials based on
theoretical principles. The  supercom-
puter is a prime example of a technology
in which the government should take the
lead.

In very large scale mtegrated circuits
(VLSD) the government will also be a
major customer and thus has a major role
in sponsoring development. work. One

: Summary.- An analysis 'of'how, the governme_nt .ca'n and cannot use research and
“development policy to improve the nation’s industrial posture suggests four guidelines

for federal R & D policy: (i) concentrate direct support on academically based
research, not on government-targeted industrial R & D; (ii) concentrate. on sunrise
science and technology, not on sunrise industries and products; {iif) concentrate on
strengthening the climate for privately. based innovation, not on government-selected
innovation; (iv) concentrate on development for the government s own needs, noton

development for rnarket needs.

the motion that once a technology was
developed by a government coniractor
or a nafional laboratory, the technology

could then somehow. be transferred to .

_ university cooperative programs, In just

_the.marketplace and commercialized.
That did not happen for a simple rea-

on. Technology transfer is not a sepa- -

rate process occurring downstream from
R & D. The user and the performer of
targeted R & D-need to have established

a close relation before there is anythmg '

to transfer.

In energy R & D, there were some_-'

who fell into the trap of thinking that if

they got a concept defined, the technolo-
gy to work, and someone to produce a -

favorable economic analysis, then com-

mercialization would follow. They forgot
- to find out whether the customers would -

‘buy the product. The result was a misdi-
.rection of effort and money into technol-

_ vgies that never had-'a chance of com-__'

mercial success.
Even in agricuiture, where the United
States has a great history of innovation,

underlying: research on . corn genetics.

~ was performed at-university research

stations and largely supported by gov- .

~ernment. But private seed companies

converied that research into hybnd corn.’’

products.

A close relation between the user and

the performer of R & D cannot, in gener-

al, form when government selects com-. -
~mercial R- & D targets. Instead, the gov- .

ernment ends up being a third party—
one thaf knows a great deal less about
the technology than the developer and a
great deal less about the market than the
user.

that the government fund R & D in man-

ufacturing technology, in-such applica- .

15 JUNE 1984

As an example there are proposals 3

: touéh competitors—foreign-.ﬁrrns_ and
U.S. firms, established firms and new .

ventures, joint ventures and industry-

one corner of computer-aided design, for
example, the field of solid modeling, we
are competing against at least a dozen

capable firms—established giants, small-
‘er rivals, and newer ventures. ‘

Itis srmply not plausible for an admm—
istrator in Washinigton—even with the

help of a blue-ribbon advisory panel—to
. pick the winning solid-modeling product
- better than the dozen firms slugging it .

out in the marketplace. And even if

~ governmeni.could pick the winner, that

is only the first step. The suppliers of the
funds, the performers of the R & D, and

- the businessmen who deal with the cus-

tomers have to tie themselves together in

along-term relation. A government fund- -

ing agency “cannot create that kind of
relationship.
There is, however, one important ex-

. ception. It occurs when the government

is the customer for innovation—as in
defense 'R & D. Government .- should

- concentrate its:development efforts on
‘these needs of its.own, If history is any
.-guide, it will thereby also generate prod-
ucts and technology that can- be tapped .
) for commercial uses.: .

. The government has clear needs in the-
area of supercomputers for weapons re- -

search, cryptanalysrs weather forecast-

-ing, economic: modelmg, the design of

improved airfoils and pro_]_ectlles, and
many other uses. By meeting its needs in

supercomputers, the government will:
-also be sponsoring the development of a
. product that has many valiable civilian

uses, such as improved oil exploration,

" emerging opportunity is in the area of

inference. chips—VLSI implementations
of intelligent electronic systems that

- work in real time, based on-custom chips

rather than computers. These inference

~ chips could be used in. military systems,

for example, to help. the pilot of an F-18
with an engine hit by shrapnél make the
best uee of the:3.6 seconds he has in
which to decide whether he can limp
home or should bail out. '

Inference chips. will -also have great
value in. many commercial uses, such as
in creating three-dimensional computer-
aided design images in real time and in
helping smart robots: plan their paths.” -

_Again, by meeting its.own development
needs,

the government may  advance
technology that can be.used in commer-
cial innovations, When the government .
is not: the ‘customer, government selec- -

tion of developments is unlikely to pro-
mote ‘such: innovation. and economic

growth

.Competition from Japan

At this point, I would expect some
people to be thinking about”thé" Japa-
nese. Did their government bureaucracy
not pick the commercial technical win-’
ners-and put money behind them? No, it
did not. At the heart of that questionisa

. misunderstanding about the Japanese
government’s -Minisiry of International

Trade and Industry (MITI). The popular
picture depicts MITI as selecting target
industries, picking out the technological
developments they need, establishing a
consertium of Japanese:firms, and sup-

porting the commercial R & D needed
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. . perspective, the Depar_tmént of Energy’s -

program expense for just:one unproved,
highly speculative energy - technique,
magnetically contained fusion, was $295
million in 1982 alone. 'We face the same

: problem in several other crucial areas of

university research. This is particularly
true of engineering research—fundamen-
tal research in such areas as software
engineering, automation, machining sys-
tems, materials engineering, and com-

- puter-aided engineering techniques.

The crucial distinction again is be-
{Iween support of the underlying research
\the job that the government should be
doing) and support of efforts aimed di-

_rectly at generating products (the job the

government  should stay away from).
Some of the bills before Congress do not
clearly make this distinction. Consider,.

for example, the calls for government ..

support of R & D in manufacturing tech-
nology. If a program for conducting the
underlying research at universities is to
be established, I will support it. whole-
heartedly. But when programs to pro-
duce more-efficient manufacturing tech-
nologies are proposed, I worry that

someone has ignored. the difference be-
. need only mention such greats ag Stein-
metz, Alexanderson, and - Giagver at

tween. broadly relevant research and the

job of selecting specific technology. tar- -
gets for new products and processes..

And when anyone proposes conducting
research utilization activities to encour-
age widespread adoption of these tech-
nolog1es, then I have serious reserva-
tions.

In the technology of controls for ex-

ample, fundamental theoretical advances -
are needed to catch up with the speed

and power- of microelectronics. Such
work should be strongly supported at

universities. But the job of putting re- -

search to work in, say, robots or ma-
chine tool controls for commercial mar-
kets should be - addressed by pnvate

. compames

. Some may be concerned that with so
much emphasis on support of academic
research in fast-moving areas, such as

microelectronics and .computer science;
.- the needs of core industries, such as
_automobiles and steel, will be neglected.
"That is not so. The increases in efficien- .
_cy needed by these. industries will be
provided much more by some.of these -
- fast-moving areas than by advances in
_ the core technologies. These industries,
too, are dependent on strong university’
. research in the fast-moving areas. More-
‘over, these industries suffer from a lack

of investment in already available tech-
nology. Giving -them. new technology
without the corresponding investment to
use that technology is hardly likely to
lmprove their pllght

Emmigration-Policy

. Another policy issue that strikes at the
heart of our universities, yet is rarely

discussed in the context of R & D poli-
¢y, is 1mmtgrat10n policy. In 1982 as °
many foreign students received engi-

neering Ph.D.’s in our universities as did

.American students. Some regard these.

foreign students as a problem, and there

" even have been proposals to reduce their
numbers. But the real problem is that not

enough Americans are entéring doctoral
programs. The solution is to encourage

- more of our students, through adequate-

ly supported graduate fellowships, to go
on to graduate. studies. What is clearly

" not a solution is to force foreign students .
to leave. They are an important resource *

for our country. They account for a
disproportionately large portion of our

skilled manpower in the fast-moving ar-
eas of science and technology. They are -

not taking jobs away from Americans.
They are filling a void and- advancing
U.8. science and technology. Historical-

ly the United States has benefited im-
~measurably from opening: our doors. to -

immigrant’ scientists and . engineers. [

General Electric; Tesla, Zworykin, and

- Ipatieff at other companies; and Fermi,
" Debye, Mark, and many others at Amer-

ican universities. Yet current laws create
obstacles for foreign scientists who seek
employment here. If we are truly con-
cerned about enhancing U.S. industry’s

capability to do R & D, we should ecase

the regulatory barriers to hiring foreign-
born students, especially those trained in
this country. Proposed amendments to
the Simpson-Mazzoli  immigration bill

-now before Congress would do exactly
_that. Unfortunately, for reasons that

have nothing at all to do with science and

. technology, that bill is now stalled in the
House. The critical role that foreign sci-
entists play in the United States must be

addressed directly, rather than as an
afterthought to a bill intended to deal

.with the problem of illegal, and largely

unskilled, aliens.

Technology Leak_s _

A related national issue also directly

affects the health of our universities: the -

problem of leakage of technology to the

Soviet Union. In an attempt to stop that -

leakage, the. Department of Defense and

the Department of Commerce proposed.

regulations that would prevent foreign
nationals from taking part in advanced

_microelectronics research in universities

) tnal pohcy wxll do to help

and industry. This is intended as just a -

first step. In the long run, the two depart-

‘ments are proposing to impose the same

restrictions on virtually all fast-moving
areas of advanced technology consid-
ered to be militarily critical.

. There is no question.that we must do a

“better job of preventing the Soviets from
.acquiring our technology, but such regu-

lations are overkill. The Defense and
Commerce Departments propose to
change the’ export control regulatlons in
ways that would serlpusly_dlsrupt the
nature of scientific discourse in U.S,

universities and industrial R & D labora-

tories. No doubt s_orné technology does
leak to the Soviets in the course of our
open scientific discourse. But by the

- Administration’s own.account, this is a_
very small part of the problem. It is

counterproductive to impose such major -

restrictions on U.8. science and technol-
ogy for such a small part of the problem.

Again, foreign scientists play a critical

role in most of our important areas of
science and technology. Deny them ac-
cess to these areas of research and we
will do far more o damage our techno-

logical capabilities than any of the pro-

posals being made in the name of mdus-

Conclusion

National .R & D policy today poses

both risks and opportunities. The excite- =

ment and attention that proposals for
industrial R & D policy have generated
threaten to distract us from the federal
government’s most :mportant tasks. We
need to go back to the basics. We need to
remind ourselves of what it is that the
government can.and cannot do, and what
it is that indusiry c¢an and cannot do.
‘In summary, I want to suggest four

' specific guidelines for federal R & D pol-

icy: (i). concentrate direct support on

academically based research, not on
government-targeted industrial R & D;

(i) concentrate on sunrise science and

- technology, not on sunrise industries and
-products; (iii) concentrate on strengthen-
ing.the climate for prlvateiy based inno-

vation, not on. government- Selected in-

.novation; (iv) concentrate on develop-

-ment for the government’s own needs,
not on development for market needs. I
believe that these simple guidelines—
many of which we have followed with
success in the past, some of which we

have violated with pain—wiil go a long

way toward greatly strengthening and

' rejuvenatmg the dynamic  innovative
powers of our American system of re-
search and development,
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