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ANSWERS TO SPUTNIK ? 

by 

A. von Hippel 

Laboratory for Insulation Research 

Massachusetts Institute of Technology 

Cambridge, Massachusetts 

The little satellite circles like an embarrassing fly over the heads of 

the free world. "Spray it with DDT." says the man in the street. "It violate 

our air space." says the diplomat. "This require, an agonizing reappraisal, 

•ay. the administrator. Cc.nmittees are called to shift the blame; and re¬ 

assured by tie clanging crash programs, declassified reports and more 

meetings the country will settle back to sleep unless we aU feel responsible 

that liberty shall not be lost. 

But how can one expect heroic deeds, especially in times of high 

prosperity if the true issues are not clarified. And who can speak with real 

competence » We all see only fractions of the picture. Still, if each one of 

us inserts his part, we wiU create a picture of the whole. 

-- O —- 

Oat laboratory i, concerned with modern material, reaearcb. In thi. 

area, of vital importance to national defenae. a revolution haa taken place in 

thinkin, and reaearcb approach... The admini.tration pattern, of American 

univeraiti.. and Government aervicea dealing with thi a field have become a. 

antiquated a. Model T Forde. The Ru.aiana. not .titled by tradition of the 

paat. are bound to build tbe In.titutea our modern timea demand. 

This criai, i, not solved by spending more money and .imply expedi¬ 

ting. Our. i. a really ob.olete machine: and billion, are mi.ap.nt and year, 

are lo.t in trie, to keep it running. But lei ua explain step by step the situ- 
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•«to. no- .«I th. »lotto.. Um. m.glu .rovM« „ „,Mr 
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Modern Matgri*U Rememreh 

The technicnl competence of » country i. rer.ected in the way it uses 

“d COnV"‘’ “*Ur*’* '•”**"*■ »««il recently «he ,ppro.ch h.. been n„ 

empirical one: mn.erUl. -.re found, their m.cro.copic propertie. evnlu- 

•ted. their ch.mic.1 con.tituent. «ttüyxed. »d applications mad. after 

proper shaping snd procesaing. Test procedures based on practical expert- 

ence were the exclusive guide of the engineer. 

Suddenly all this i. changing. Fundamental science - in decades of 

quiet studies on electrons, atoms, molecule, and their concerted action in 

liquid, and .olid. - ha. reached the stage -her. a more p„-.rful 

approach become, pos.ibl.t -Molecular Engineering. •• toe building of 

materials to order. 

Thi. mean, that -« need not tab. to. meal, and plastics, the rubber, 

and electronic component, toa, ind«.try m...-produce, tor building, and 

household appliances, car. and radio., to construct -ito them our space 

•hip. and missile., nuclear po-.r plant., computer, and toe other device, 

on -hich our national .Mety critically depend.. W. can d.,ign material, -ith 

pccrihed properties for the purpo.. in hand. W. can understond. by ob- 

terving to. molecular phenomena, -hy material, toil; *e can build into the 

matoriM. the remedies again.« such toilur. and get true yardstick, for 

ultima«, performance in to. variou, .ituation. encountered. W. can dream 

up completely ne« device., not .hackled anymore by pre.enUy avatlabl. 

materials and empirical performance characterisecs. 

This development spell, to. end of to. specialisation of to. pa.,. wh.r. 

scientist, and engineer, of toe variou, profession, -ere walled up again., each 



oibcr ia air-tight au bd i Vision» oí »chool» and department». The time oí 

synthesis has arrived, in which we begin to think about materials and their 

applications in unified, vision. The fundamental concepts which help develop 

high-temperature materials for missiles, better semiconductors for tran¬ 

sistors or new antibiotics for medicine are the same: the designing of mole¬ 

cular structures with prescribed properties. A true "One World" draws 

into close alliance all sciences and all engineering, and the promise of this 

Science 
Molecular and approach is tremendous. 

Engineering 

In quiet times we could sit back and let this new insight seep through 

the minds in the span of a generation Unfortunately, today's new technoh 

logical concepts are weapons. When used only by the opponent, they spell 

disaster as surely as the phalanx of Alexander the Great doomed the Persians 

or the advent of cannons broke the power of the kmghts of the Middle Ages. 

--- O --- 
Materials and Defense 

Our industry is geared to mass production; it earns its money with 

the goods our daily life demands. Its products today are not basically dif¬ 

ferent from those used before World War II; and our armament at that period 

required about the same materials as the civilian economy. 

That this was actually a misconception became rudely clear in World 

War II. Suddenly we had to fight in all climates of the globe, and the failure 

of materials brought our campaign to a standstill in the South Pacific. The 

gear was eaten by mites and fungi and rotted in the moist heat of the jungie. 

Science and technology soon provided resistant materials, but many agonizing 

months were lost befo.e the supply services responded to the needs of the 

fighting men. The inertia in continuing the use of materials, even if they 

prove to be poiaon for the purpose at hand, is an exasperating Newton's law 

of economics. 
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I« proved Motor lo provido oeeded materUie /or oe. «eepooe Uke 

reder. for -M«h oo ..ubU.tod euppip ««re.. e«.trd. bu. her. . di«.,.« 

I....« hod be leeroed. Tb. «re, ...iUb!. dieiectric. cpebl. of .n.ul.trog 

end guiding reder -eve. ... p„ly.,yrene. it w.. ,lr..dy in ma„ produ£tiOB 

for the menufneture of .pn.he,,. rubber. Who cere, for purity of meMriei in 

rubber tire.; but extremely .mall amount, of impuritie. may di.qualify , 

radar dielectric by cau.ing ab.orption of the microwave.. The commercially 

produced polystyrene proved completely unsuitable for radar purposes. Only 

the close co-operation between science and industry under the pressure of 

war provided fa.t enough the method, for measuring and improving the ma- 

terial and bringing it into production in special plants. 

This instance illustrate, by implication the crucial difficulty of combining 

in peace time a .trong national def.n.e with the profit motive of free enter¬ 

prise. Items of the civilian market are the money maker, and were good 

enough for the defense of the pa.,. Today's defense technology has moved 

out of the sphere of normal lire into the realm of unheard-of .peed., temper- 

»ture, and pressures. Our decUiv. weapon, now are not m... production 

item, on which indu.try can make a profit. They are ultimate weapon, of 

•mall number, which should be built from the right material, ,od component, 

with extreme precision. Many of the right material, «d reliable component, 

are not available today, industry ha. neither the experience nor the inherent 

urge to produce them; end there, at present, w. are stranded. 

To be more specific. Prevention of war today is unfortunately not 

yet based on human in.ight and mutual under,Unding but on the exi.Unce of 

an unbeatable deterrent. A few hydrogen bomb, cm devastate a country; 

a few dozen of such bomb., placed a. war head, into mis.U.s which cm be 

delivered with certainty, will hold the world in check. Our ultimate defense 

* 



»trenflh thu, „U.. „ c»remily numb„.. Wby ^ 

fire .o often * Why do .. —n. o.Jr mi..*,., me..-produced? I. „ oec.u.e 

*. t,Uy CO”V*nUo“1 "“‘•rt.l .nd componen«, from indu.try like . hou.e- 

holder buys gl... .nd .crew, from . h.rdw.re store? 1. it bec.u.e we thm* 

»n term, of artillery bombardment, of World War II? To prevent the next 

w.r. we have not to buy quantity but quality and extreme reliability, and that 

we can have only through modern materials research. 

-- O-- 

Federal Research Laboratories at Universities 

The country needs more seien««, and engineers of excellent training; 

only univeraitíes can train them but their financial me«, are in.ufficient lor 

the task. The country need, modern materials research for defense; only 

universities can provide the atmosphere of pioneering research where know¬ 

ledge i, sought for knowledge', sake without bias and industrial ties. The 

universities should create broad interdepartmental laboratorie. where 

scientist, and engineer, work a. true allies; they have not yet found the frame¬ 

work to do this. The Armed Service, need center, of information in whtcb the 

latest knowledge for a whole research are. is available «d fact, can be checked 

unbiased. The Atmed Services have pioneering division, in their research 

laboratories, which are supposed to work free from immediate tasks for long- 

range planning; such laboratories can. in general, not flourish, because the 

research atmosphere cannot be created; they have been depleted of men by 

industry and are frequently not more than storage rooms for beautiful equtp- 

ment. The research ,cien«,ts and engineer, of the Armed Services grow 

•tale, just like medical doctor, would, if no refresher periods in university 

laboratories are provided. All these need, can be met if we have enough 

imagination for a true new venture of co-operation between our Government 

and the universities. 
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We need Federei reee.rch leboretorie. et the umver.iUee which 

combine the highest et.nd.rds of graduete end po.tdoctor.te rese.rch on en 

interde pe rtmentel level with the principel need, of n.tion.1 defense. These 

leboretorie. should be devoted to free fundemenUl end long-range epplied 

research without any hardware aspects. They would train graduate students 

of the universities, for instance in the broad field of modern materials re¬ 

se.rch. and simultaneously have postgraduate fellows from the Services 

rotating through on « annual basis. The work would be unclassified in 

keeping with university tradition and directed by a staff of out.t.ndi-g scien¬ 

tist. «d engineer, which belong, to the faculty of the university, but is ap¬ 

pointed by the laboratory for it. need, with feculty approval. There will be 

no scarcity of excellent senior staff.« w. make use of outstanding emeritus 

Professors. 

For « excellent junior staff, our country ha. . gre.t untapped supply. 

p esent our draft system makes no sense from the standpoint oí te rhnolo- 

gicMl warfare. Some are drafted, some are not; most of our good student. 

finish their studies to their highest potential degree, but the R. O. T. C. 

students can not. The sensible solution would be to let every student finish 

his studies with the highest degree for which he can qualify. Then everybody 

should be drafted for two years for the service of his country. These 

students should have a chance to apply for service in the Federal research 

laboratories. Her. they would really be worth their salt in working on urgent 

research problem, and come out after two year, with an excellent po.tdoctor- 

ate training. 

This program make, everybody the winner including industry which 

would get much better men end competent edvic. when needed. Cur inherent 
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defense strength which rests on outstanding quality of men and weapons 

would be vastly improved; we would at last have also the information centers 

we need and not be caught napping again. It will develop that this program is 

even self-financing by saving defense billions misspent now. Let's try it. 
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