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This paper analyzes the relationship between the Cavendish Laboratory and the
Australian, New Zealand and Canadian researchers who worked there during the early
twentieth century. From its inception, the Cavendish Laboratory at the University of
Cambridge provided the former British dominions of Australia, New Zealand and
Canada with prominent scientists including Richard Threlfall, William Henry Bragg,
Hugh L. Callendar and Ernest Rutherford. The Cavendish also offered advanced
physics students from these countries, first a fertile training ground, and then a
springboard to prestigious positions in university teaching and research. As a result,
many historians have concluded that this Cavendish connection was crucial to the
development of the physics communities on two continents.

How did this connection begin? Which Australians and Canadians traveled to the
Cavendish, and why? What effects did the Cavendish have on their learning and
future career patterns? I will try to answer these simple but crucial questions from
the point of view of the Cavendish Laboratory, rather than from that of either

Australian or Canadian physics commurnities.

1. The Cavendish Laboratory at the Turn of the Twentieth Century

The Cavendish Laboratory opened its doors on June 16 1874, under the directorship
of James Clerk Maxwell.l! During Maxwells tenure from 1871 to 1879, he established
the three hallmarks of the Cavendish traditions —namely, research tradition, laissez
—faire policy, and the tradition of precise measurement. Maxwell however only set
up the organizational framework of the Laboratory. The completion of its

infrastructure fell to his successor, John Willlam Strutt, the third Lord Rayleigh.

1) For the early history of the Cavendish Labcratory, see J.J. Thomson et. al, A History of the Cavendish
Laboratory, 1871-1910 (London: Longmans, Green, 1910): A. Wood, The Cavendish Laboratory
(Cambridge: Cambridge University Press, 1946) : E. Larson, The Cavendish Laboratory: Nursery
of Genius (London: Ward, 1962): J. G. Crowther, The Cavendish Laboratory, 1874-1974 (New York:
Science History Publications, 1974) : Dong-Won Kim, Leadership and Creativity: A History of the
Cavendish Laboratory, 1871-1919 (Dordrecht: Kluwer Academic Publishers, 2002).
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During his brief tenure from 1880 to 1884, Rayleigh created several Demonstratorships,
umproved the teaching system, raised the new fund for the purchase of laboratory
equipment, expanded the store of available instrument, and added a workshop to the
Laboratory. Rayleigh also made time for his own research, performing well-organized
experiments on the determination of electrical standards.

On December 22, 1884, Joseph John Thomson was elected as the Cavendishs third
director and Professor of Experimental Physics. In the first decade of Thomson's
direc— torship, the Cavendish developed certain essential characteristics that would
make it famous: it attracted talented research students oriented toward experimen-—
tation, its teaching and research organization was growing in reputation, and it was
headed by a mature, widely respected scientist, J. J. Thomson, who had opened new
fertile research areas of physical chemistry and electrical discharge through gases.

Two events in 1895 furthered the Laboratory’s development. The first was a

regulation change at Oxford and Cambridge that permitted these institutions to accept

Photo 1.
The Cavendish Laboratory
and its third director J. J. Thomson
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graduates of other universities. According to the new regulations, so—called advanced
students could receive bachelors degrees plus research certificates after completing
two years of research.

As a result of this reform, 1851 Research Scholars flocked to these two venerable
uriversities. The 1851 Research Scholarship had been founded by the Royal
Commission for the Exhibition of 1851, and was intended to support two or three
years of scientific training for students under the age of thirty from the British
dominions.2 The terms of this scholarship permitted recipients to attend the
institutions they chose. Before the 1895 regulation change most recipients of the
scholarship preferred German universities to Oxbridge primarily because of the
German Ph. D. system. After the 1895 regulation change, however, 1851 Research

Scholars were able to choose from a broader selection of institutions.

Photo 2. 1897 Cavendish Annual Photograph. J.J. Thomson was sitting in the center
and E. Rutherford sitting on the far right

2) The Royval Commission for the Exhibition of 1851, Record of the Science Research Scholars of the
Royval Commission for the Exhibition of 1851 (London, 1930): Fecord of the Science Research
Scholars of the Roval Commission for the Exhibition of 1851 (London, 1961): Rov M. McLeod and
E. K. Andrew, “Scientific Careers of 1851 Exhibition Scholars,” Nature, 218 (1968), pp. 1011-1016.
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At Cambridge University, the main beneficiary of the 1895 regulation change was
the Cavendish Laboratory. The Cavendish now was an accredited graduate school
and therefore attractive to a greater number of talented students. Before 1895, only
a single 1851 Research Scholar went to the Cavendish. After 1895, however, the
Cavendish became the school of choice for a majority of the 1851 Research Scholars
studying physics. The increase in the number of advanced students at the Cavendish
was largely responsible for a rapid increase in the total number of Cavendish
students at the turn of the century. The first advanced student (but second 1851
Research Scholar) admitted to the Cavendish was none other than Ernest Rutherford
of New Zealand.

The second great event of 1895 was Rontgen’s discovery of X-rays. ¥ J. J. Thomson
was well prepared to exploit the potential of this discovery, and he became one of the
first scientists to employ X-rays to investigate cathode rays, a pursuit that led him
to his 1897 discovery of corpuscles or, as we know them today, electrons. This
discovery was the result of an orchestrated collaboration in which Rutherford
performed most of the routine experimental procedures. The success of this
collaboration made it a point of departure for subsequent research: for example, J. S.
Townsend of Ireland developed his ionization by collision theory, which was widely
adopted by Cavendish researchers, including Thomson himself; C. T. R. Wilson's early
model of the cloud chamber served as a very effective tool for ion counting to the
Cavendish researchers. Between the close of 1895 and the start of 1900, these and
several other important discoveries related to the electron made the Cavendish
Laboratory one of the world’'s most respected physics research centers. In this process,
the Cavendish advanced students, most of whom had spent their undergraduate years

at institutions that were less prestigious than Cambridge, played a decisive role.

3) For the effects of X-rays on Thomson’s discovery of electrons and the development of the Cavendish
Laboratory, see 1. Falconer, “Corpuscles, Electrons and Cathode Rays: JJ. Thomson and the
Discovery of the Electron,” British Journal for the History of Science, 20 (1987), pp. 241-276: L.
Falconer, “Transfer of Concept & Practice between JJ. Thomson and His Research Students,”
Papers for the Meeting on the Transter of Concepts and Practice in the Physical and Mathematical
Sciences (Maison Francaise, Oxford, 23 May 1996): Kim, Leadership and Creativity, chapter 4.
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2. Australians, New Zealanders and Canadians at the Cavendish Laboratory

Photo 3. Richard Threlfall, William Henry Bragg, and Emest Rutherford
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From 189% on, Australian (including New Zealand) and Canadian researchers
became an important component of the Cavendish manpower. In the total population
of Cavendish advanced students, Canadians and Australians constituted the second
and third largest groups respectively, only after advanced students from the British
Isles. Moreover, Australia and Canada produced a constant supply of advanced
students for the Cavendish over a long period of time, and, in this respect, Australia
was more reliable than Canada. From the point of view of the Cavendish Laboratory,
this steady supply of able researchers kept the institution afloat once the number of
Cambridge graduates entering the Cavendish Laboratory began to decline.

The Australian connection started in 1835, when J. J. Thomson recommended that
two truly outstanding physicists, Richard Threlfall and William Henry Bragg, to go to
Australia. ¥ Threlfall, appointed the first Professor of Physics at the University of
Sydney in 1886, had been described as “one of the most outstanding appointment that
that university has ever made.”® As an outstanding graduate of Cambridge’s Natural
Sciences Tripos, he was widely praised as a first-rate experimentalist of his
generation.t! Before leaving for Australia, he served as Assistant Demonstrator at the
Cavendish Laboratory, and was also a close collaborator of Thomson with whom he
published two papers on the electric discharge through gases and the production of
ozone. 7 At Sydney Threlfall established a well-equipped laboratory that would serve
not only for teaching but also for the first true physics research in Australia: he and

4) For the British influence on the Australian physics community, see R. W. Home and Masao Watanabe,
“Physics in Australia and Japan to 1914: A Comparison,” Annals of Science, 44 (1987), pp. 215-235:
R. W. Home and M. Watanabe, “Forming New Physics Communities: Australia and Japan,
1914-1950," Annals of Science, 47 (1990), pp. 317-345: R. W. Home (ed.), Australian Science in the
Malking (Cambridge: Cambridge University Press, 1988), Part II: John G. Jenkin, “British Influence
on Australian Physics, 1788-1988,” Berichte zur Wissenschaftsgeschichte, 13 (1990), pp. 93-100.

5) R. W. Home, “First Physicist of Australia: Richard Threlfall at the University of Sydney, 1886-1898,”
Historical Records of Australian Science, 6 (1986), pp. 333-357 on p. 333.

6) J.J. Thomson, Recollections and Reflections (New York: MacMillan & Co. 1937), p. 118. Thomson
remembered Threlfall as one of the best experimenters he had ever met.

7) J.J. Thomson and R. Threlfall, “On an Effect produced by the Passage of an Electric Discharge
through Pure Nitrogen,” Proceedings of the Roval Society, 40 (1886), pp. 329-340: J.J. Thomson
and R. Threlfall, “Some Experiments on the Production of Ozone,” Froceedings of the Koval Society,
40 (1836), pp. 340-342.
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his students had worked on explosives, measurements of various electrical standards
and the invention of several instruments. Threlfall had maintained a close contact with
J. J. Thomson and the Cavendish Laboratory, even sending the first Australian, Miss
F. Martin, there in 1894. 8 It is therefore no wonder that the University of Sydney
became the preeminent center for physics teaching and research in the country.

William Herwry Bragg was also an outstanding Cambridge graduate, the third
wrangler of the Mathematical Tripos in 1884. Appointed Professor of Mathematics
and Physics at the University of Adelaide in late 1885 at the age of only
twenty—three, Bragg quickly and comfortably settled in colonial South Australia,
“occupying his time with a heavy teaching round at the University, an active
sporting and social life within the upper stratum of local society, and long summer
holidays each year at the sea.” 9 He however suffered scientific isolation for two
decades and began to exhibit his remarkable talent only after 1904 when he started
researching radioactivity, the nature of X-rays and the conduction of electricity
through gases.’? Between 1904 and 1908, he not only published important research
papers on these subjects but also trained several Australian researchers who later
went to the Cavendish Laboratory.

Although both Threlfall and Bragg began teaching physics in Australia, Australian
researchers did not appear at the Cavendish before 1900, with the single exception

of F. Martin from Sydney. In the early decades of the twentieth century, however,

8) Thomson and Threlfall exchanged many letters during the period between 1886 and 1898 that
provide vivid descriptions of Threlfall's activities in Sydney. See Cambridge University Library,
MSS ADD 7654 T7-T36.

9) R. W. Home, “The Problem of Intellectual Isolation in Scientific Life: W. H. Bragg and the
Australian Scientific Community, 1886-1909,” Historical Records of Australian Science, 6 (1984),
pp. 19-30 on p. 19. For his appointment at Adelaide, see John G. Jenkin, “The Appointment of
W. H. Bragg, F. R. S., to the University of Adelaide,” Notes and Records of the Roval Society
of London, 40 (1985), pp. 75-99. For Henry Bragg’s life, see G. M. Carce, William Henry Bragg,
1862-1942: Man and Scientist (Cambridge: Cambridge University Press, 1978).

10) For Bragg's intellectual isolation, see R. W. Home, ibid., and R. W. Home, “Frederick Soddy’s 1904
Visit to Australia and the Subsequent Soddy-Bragg Correspondence: Isolation from Without and
Within,” Historical Records of Australian Science, 6 (1985), pp. 153-169. For Bragg’s research on
the nature of X-rays, see Bruce R. Wheaton, Tiger and Shark: Empirical Roots of Wave-Particle
Dualism (Cambridge: Cambridge University Press, 1983).
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the University of Sydney sent J. J. E. Durack (1900-04), T. H. Laby (1905-09), E.
M. Wellisch (1907-14), S. G. Lusby (1909-11), and ]J. D. McGee (1928-30) to the
Cavendish; the University of Adelaide sent Richard D. Kleeman (1905-13), J. L.
Glasson (1909-11), and Marcus L. Oliphant (1927-36); the University of Melbourne
sent R. Hosking (1902-04), J. K. Roberts (1920-22), L. H. Martin (1923-26), H. C.
Webster (1928-30), and E. S. Hills (1929-31). New Zealand, home of Ernest
Rutherford (1895-1898), also provided the Cavendish with Percy W. Burbidge (for
three years between 1913 and 1921), Eric O. Hercus (1914-15, 1919), Robert R.
Nimmo (1926-29), and Wallace A. Macky (1928-30).

The Canadian connection was also strong. Hugh L. Callendar was the first Cavendish
man who in 1893 sailed to Canada to become Professor of Physics at McGill University
in Montreal. Sixteenth wrangler in 1835, Callendar was also a fine experimenter who
greatly improved the platinum resistance thermometer while working at the Cavendish. 1
He also served as Assistant Demonstrator there in 1887-1888. At McGill he researched
the calorimetric properties of water and also measured the temperature of dry steam
expanding adiabatically.l?’ Before returning to England in 1898 to become Professor of
Physics at University College, London, Callendar contributed greatly to raising the
quality of both teaching and research at McGill. He however did not send any of his
students to the Cavendish during his five years of tenure at McGill.

Ermest Rutherford strengthened the Canadian connection with the Cavendish. As J. J.
Thomson's most promising research student during the fruitful years of 18951898,
Rutherford outshone many Cambridge graduates and Demonstrators at the Cavendish. 13

11) H. L. Callendar, “On the Practical Measurement of Temperature: Experiments Made at the Cavendish
Laboratory,” Philasophical Transactions, 178 (1837), pp. 161-230. For short biography of Callendar, see
“Callendar, Hugh Longbourne” (1863-1930), The Dictionary of National Biography, 4th Supplement
(1922-1930), edited by J. R. H. Weaber (London: Oxford University Press, 1937), pp. 152-154.

12) Callendar’s work on the calorimeter however was published much later. See H. L. Callendar,
“Continuous Electric Calorimeter,” Philosophical Transactions, 199 (1902), pp. 55-148.

13) Rutherford wrote to his fiancée in New Zealand, “I grimly rejoice for they [three Demonstrators]
did not take any notice of us [ Townsend, another research student from Ireland, and himself] the
first two months although they knew we were strangers and had no friends in Cambridge. My
paper before the Physical Society was a heavy blow to their assumed superiority, and now they
all offer to help us in any way they can and tell me confidentially about their own little researches—
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He supported Thomson'’s investigation into the nature of cathode rays in 1896-1897 and
finished his first work on uranium rays before leaving for Canada. 14 When he applied
for a vacant physics chair at McGill University in 1893, Thomson wrote the most
praising, almost prophetic, letter of recommendation for him, claiming that “I have
never had a student with more enthusiasm or ability for original research than Mr.
Rutherford and T am sure that if elected he would establish a distinguished school of
physics at Montreal.”® Rutherford fulfilled this prediction at McGill, conducting
mmpressive researches on the nature of radioactivity including the discoveries of
emanation and decay. 16 One of his most important and enduring contributions was his
training of many Canadian physicists during his tenure from 1898 to 1907, some of
whom he recommended to go to the Cavendish Laboratory for advanced studies.

So, Canadian researchers began to arrive at the Cavendish Laboratory from the
beginning of the new century. Rutherford sent the Cavendish his McGill students R. K.
McClung (1901-04), H. Brooks (1902-03), F. C. Gates (1902, 1905), and H. L. Cooke
(1903-06). After Rutherford returned to England to succeed Arthur Schuster at Victoria
University of Manchester in 1907, his successors, including . A. Wilson (another
Cavendish researcher), continued referring their finest students to the Cavendish: A. N.
Shaw (1911-13), E. S. Bieler (1920-23), F. R. Terroux (1927-29), and J. K. MacDonald
(1929-31) were four McGill graduates who made their way to the Cavendish. J. C.
McLennan of the University of Toronto, who had spent two years at the Cavendish
(1808-9, 1901), sent J. Patterson (1900-02), E. F. Burton (1904-06), IL F. Dawes (1906-09),
C. S. Wright (1908-10), A. R. McLeod (1914-15, 1915-20), and W. L. Webster (1923-26).

so wags the world.” [A. S. Eve, Rutherford, being the Life and Letters of the Rt. Hon Lord
Rutherford O. M. (Cambridge: Cambridge University Press, 1939), p. 28.]

14) J.J. Thomson & E. Rutherford, “On the Passage of Electricity through Gases exposed to R ttgen
Rays,” Philosophical Magazine, 42 (1986), pp. 392-407: E. Rutherford, “Uranium Radiation and the
Electrical Conduction produced by it,” Philosophical Magazine, 47 (1899), pp. 109-163.

15) E. N. da C. Andrade, Rutherford and the Nature of the Atom (Garden City, N, Y.: Doubleday, 1964), p. 50.

16) For Rutherfords research and activities at McGill, see John L. Heilbron, “Physics at McGill in
Rutherford’s Time,” in Mario Bunge and William R. Shea (ed.), Rutherford and Physics at the
Turn of the Century (New York: Dawson and Science History Publications, 1979), pp. 42-73: A.
S. Eve and J. Chadwick, “Lord Rutherford, 1871-1937," Obituary Notices of Fellows of the Koyal
Society, 2 (1936-1938), pp. 395-423 on pp. 398-403.
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Queen’s University of Kingston, Ontario, sent W. C. Baker (1900-02), D. C. Rose (1924-27),
H. M. Cave (1926-29), and B. W. Sargent (1923-30) to the Cavendish. Dalhousie University
of Halifax, Nova Scotia, sent G. I Henderson (1919-22), C. A. Mackay (1921-23) and G.
C. Laurence (1927-29). The University of Alberta sent J. F. Lehmaun (1923-26).

Some important trends arose from this connection between the Cavendish
Laboratory and the British dominions. First of all, a cycle emerged: former
Cavendish researchers went to Australia and Canada to teach and then sent their
own students to the Cavendish for advancing training. At the beginning of the
twentieth century, J. J. Thomson was busy replying to letters of inquiry from former
students, and Rutherford’s letters contained numerous references to students he
planned to send, or had already sent, to the Cavendish. Some of Rutherford’s
references were: “I hope to get the 1851 Scholarship for him [McClung] next year
to send him once to you in a little beyond the preparatory stage of research,” and
“T hope Miss Brooks and McClung are doing well.” 17 Typical of Thomson's replies
were: “T shall be very glad to give Miss Brooks permission to work in the
Laboratory & to attend lectures”; “McClung is doing very well”; and “Cooke is at
present working at the question of the emanation from uranium.” 8

Cavendish alumni took responsibility for the quality of the students they
recommended to the Cavendish, and most Australian and Canadian students were
provided with research experience before they headed to the Cavendish. For example,
before sending Kleeman to the Cavendish, Henry Bragg at Adelaide had Kleeman
assist him in researching and writing three papers on the range of a particles a
particles using radium bromide that appeared in Philosophical Magazine in 1904 and
1905.19) Joseph L. Glasson and Henry Bragg published two papers with him on the

17) Cambridge University Library MSS ADD 7654 R66 (9 January 1900) and R67 (26 December 1902) :
Rutherford to Thomson.

18) Cambridge University Library MSS ADD 7653 T18 (2 May 1902), T19 (13 May 1902), T23 (18
February 1904): Thomson to Rutherford.

19) W. H. Bragg and R. Kleeman, “On the Ionization Curves of Radium,” Philosophical Magazine, 8
(1904), pp. 726-738: W. H. Bragg and R. Kleeman, “On the a Particles of Radium, and Their
Loss of Range in Passing through Various Atoms and Molecules,” Philosophical Magazine, 10
(1905), pp. 318-340: W. H. Brag and R. Kleeman, “On the Recombination of lons in Air and Other
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nature of vrays.2 Before sending P. W Burbidge, J. K. Roberts and E. O. Hercus
to the Cavendish, T. H. Laby published some papers with these junior researchers. 2
Rutherford at McGill University and J. C. McLennan at the University of Toronto
acted similarly, entrusting to the Cavendish only students whose competence they
trusted. One of Rutherford’s students from McGill even declined Thomson’s offer of
working on thorium but instead continued his own research that Rutherford
suggested to him before he had left for the Cavendish.?2? Thomson greatly admired
Canadian researchers, saying that “We have a great many men working here, among
them two Canadians, Patterson and Baker, who are both doing well.”2 It is
therefore no wonder that most Australian and Canadian Cavendish researchers had
been recipients of 1851 Research Scholarships.2¥

This superb quality of researchers from these two regions explains the sheer
quantity of work that was produced at the Cavendish. Because the Australian and
Canadian advanced students who came to the Cavendish were qualified for advanced
research, their productivity at the Laboratory was higher than that of the average
Cavendish researcher. Kleeman, for example, was a truly prolific writer of scientific
papers. In eight years at the Cavendish (1905-1913), he published more than thirty

substantial articles on the nature of various rays and on chemical attraction. 2

Gases,” Philosophical Magazine, 11 (1905), pp. 466-484.

20) W. H Bragg and J. L. Glasson, “On a Want of Symmetry Shown by Secondary X-rays,”
Philosophical Magazine, 17 (1909), pp. 855-864.

21) T. H. Laby and P. W. Burbidge, “Nature of v-Rays,” Nature, 87 (1911), p. 144: T. H. Laby and
P. W. Burbidge, “The Observation by Means of a String Electrometer of Fluctuations in the
Ionization Produced by v-Rays,” Proceedings of the Koval Society, 86 (1912), pp. 333-348: T.
H. Laby and J. K. Roberts, “New Method of Determining the Mechanical Equivalent of Heat,”
Proceedings of the Royal Sociely of Victoria, 32 (1920), pp. 34-45: T. H. Laby and E. O. Hercus,
“Thermal Conductivity of Air,” Proceeding of the Roval Society, 95 (1919), pp. 190-210.

22) Cambridge University Library MSS ADD 7653 M3 (10 October 1901) : R. K. McClung to Rutherford.

23) Cambridge University Library MSS ADD 7653 T14 (15 February 1901) : Thomson to Rutherford.

24)  Record of the Science Research Scholars of the Roval Commuission for the Exhibition of 1851 (ref. 2).
For Australian recipients of the 1851 Scholarship, see . W, Wark, “1851 Science Research Scholarship
Awards to Australians,” Records of the Australian Academy of Science, 3 (1977), pp. 47-52.

25) Some samples of Kleemans papers are: “On the Recombination of lons made by a, B, v, and
X-rays,” Philosophical Magazine, 12 (1906), pp. 273-297: “The Ionization in various Gases by
Secondary v-rays,” Proceedings of the Roval Society, 82 (1909), pp. 358-377: “An Investigation
of the Determination of the Law of Chemical Attraction between Atoms from Physical Data,”
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During Marc Oliphant’s stay at the Cavendish between 1927 and 1937, he published
more than twenty papers on transmutation, isotopes, and other subjects.?) ]J.
Patterson (1900-1902) from Toronto and E. M. Wellisch (1907-1914) from Sydney
were also very busy at the Laboratory, each of them publishing at least six papers
for prestigious journals like Philosophical Transactions or Philosophical Magazine 20
In an average stay of two or three years, Australian or Canadian Cavendish
advanced students published an average of two papers. Most worked on the popular
research topics of their day: radiation during the first and second decades of the

twentieth century and nuclear physics during the third and fourth decades.

3. Not just a Turning Point but a Crossroad

How did the Cavendish Laboratory affect the future career patterns of its Australian
and Canadian alummni? For these researchers the Cavendish was a true graduate school
where they were exposed to cutting—edge theories and could learn state—of-the—art
experimental techniques. Because their status as advanced students as well as the

requirements of the 1851 Research Scholarship both demanded visible results of their

Philosophical Magazine, 21 (1911), pp. 83-102: “Molecular Attraction and the Properties of Liguids,”
Philosophical Magazine, 22 (1911), pp. 566-586.

26) Some samples are: Marcus L. E. Oliphant, “The Action of Meta-stable Atoms of Helium on a Metal
Surface,” Proceedings of the Roval Society, 124 (1929), pp. 228-242: M. Oliphant and E. Rutherford,
“Experiments on the Transmutation of Elements by Protons,” Proceedings of the Roval Society, 141
(1933), pp. 259-281: M. Oliphant, E. S. Shire and B. M. Crowther, “Disintegration of the Separated
Isotopes of Lithium by Protons and by Heavy Hydrogen,” Nature 133 (1924), p. 377: M. Oliphant,
“The New High-Voltage Laboratory at Cambridge,” Nuove Cimento, 15 (1938), 160-166.

27) Some samples are as follows. J. Patterson, “On the Effect of Magnetic Field on the Resistance of
Thin Metallic Films,” Proceedings of the Cambridge Philosophical Society, 11 (1901), pp. 118-119:
J. Patterson, “On the Change of the Electric Resistance of Metals when Placed in a Magnetic Field,”
Philosophical Magazine, 3 (1902), pp. 643-656: J. Patterson, “On the Ionization in Air at different
Temperature and Pressures,” Philosophical Magazine, 6 (1903), pp. 231-238: E. M. Wellisch, “The
Passage of Electricity through Gaseous Mixtures,” Froceeding of the Royal Society, 82 (1909), pp.
517: E. M. Wellisch, “The Mobhility of Ions produced by Rintgen Rays in Gases and Vapours,”
Philosophical Transactions, 209 (1909), pp. 249-279: E. M. Wellisch, “An Electric Detector for
Electromagnetic Waves,” Proceedings of the Cambridge Philosophical Society, 15 (1909), pp. 500-517.
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time at the Cavendish, they published, often in the most respected journals, which was

easler to do mn Cambridge than in their home countries. By publishing in Philosophical
Transactions, Philosophical Magazine , Nature , or Proceedings of the Roval Society of
London 1instead of Transactions and Proceedings of the Koval Society of South

Australia or Journal of Roval Astronomical Society of Canada, Australian and Canadian
Cavendish advanced students achieved greater recognition among their peers. Thus,

their true professional trajectories began while they were at the Cavendish.

The label, “worked at the Cavendish Laboratory from such year to such year, under
J. J. Thomson or Ernest Rutherford,” placed a premium on the services of these
Australians and Canadians. They were now Cavendish men, trained at what remained the
mecca of experimental physics for the first four decades of the century. In the 1900s and
1910s, the Cavendish was the center for research on the electron, ionization, radiation,
positive rays, and the structure of atom? During the 1920s and 1930s, under the

leadership of Rutherford, the Cavendish was the center for research on nuclear physics. 29

Photo 4. 1932 Cavendish Annual Photograph

28) Kim, Leadership and Creativity , chapter 5.
29) M. Oliphant, Rutherford: Recollections of the Cambridge Days (Amsterdam: Elsevier, 1972): J.
Hendry (ed.). Cambridge Physics in the Thirties (Bristol: Adam Hilger, 1984).
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The Cavendish annual photograph of 1932 reveals the glory of the Cavendish
Laboratory in the early twentieth century. In the picture, J. J. Thomson and
Rutherford are surrounded by many of their distinguished “pupils” (as Thomson
called them) or “boys” (in the words of Rutherford). Eight of these eleven men in
the front line were current or future Nobel Prize winners! Another future Laureate,
E. T. S. Walton is in the second row. It is certain that the fame of the Cavendish
Laboratory and its directors not only attracted the most gifted researchers, but also
helped to determine to their future careers. Indeed, from the beginning of the
twentieth century, Cavendish alumrni dominated academic positions in physics in
Britain and its dominions. So, for the Australians and Canadians who were fortunate
enough to work at the Cavendish in the early twentieth century, their career horizons
were wider than they otherwise would have been without that opportunity.

Naturally, the majority of these researchers returned to their home countries to fill
academic positions and train new generations of physicists, some of whom would
then sharpen their research skills at the Cavendish. T. H. Laby, who served as
Professor of Physics at Victoria University College in the University of New Zealand
for six vears (1909-1915) and then as Professor of Natural Philosophy at the
University of Melbourne for three decades, nurtured several dozen Australian and
New Zealand physicists. Immediately after finishing thewr Cavendish studies, the
Australians J. E. Glasson, R. Hosking, J. S. Rogers, and L. H. Martin returned home
to contribute to the development of physical science, as did the New Zealanders P.
W. Burbidge, E. O. Hercus, and R. R. Nimos. The Canadians R. K. McClung, A. N.
Shaw, and E. S. Bieler, E. F. Burton, W. C. Baker, and G. H. Henderson also returned
to thelr respective alma maters.

Nevertheless, a considerable number of Australian and Canadian researchers who
were trained at the Cavendish between 1895 and 1930 did not return home after
finishing their training. They instead found positions in Britain and other countries
around the world. The number of these men reaches about 25% of the total number
of Australian and Canadian researchers and almost 40% of the Australian and
Canadian 1851 Research Scholars.
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Among these, the most famous case was Rutherford. After serving as Macdonald
Professor of Physics at McGill University from 1893 to 1907, he became Langworthy
Professor of Physics at Victoria University of Manchester, England. In 1919, he
succeeded J. J. Thomson to become the fourth Cavendish Professor of Experimental
Physics. Under Rutherford’s directorship, the Cavendish re-emerged as the mecca of
experimental physics and made several umportant discoveries, including the
discovery of the neutron in 1932.

Rutherford, however, was not the exception. There were many such cases.3
Among the Australians, J. J. E. Durack from Sydney became Demonstrator and
Lecturer of Physics at King's College, London, and then served as Professor of
Physics for a long period at Allahabad University in India. Richard Kleeman from
Adelaide became Professor of Physics at Union College in Schenectady, New York,
in 1914. John K. Roberts from Melbourne served as research assistant at the National
Physical Laboratory in London from 1922 to 1924. He returned to the Cavendish as
research physicist from 1928 to 1933, and then became assistant director of the
Colloid Science Laboratory at Cambridge until 1939. Marc Oliphant, co-discoverer of
trittum (hydrogen-3) and helium-3, spent ten years at the Cavendish as a close
collaborator of Rutherford. In 1937, Oliphant became Professor of Physics at the
University of Birmingham, where he stayed for thirteen years until returning to his
homeland to head the newly founded Australian National University.

Many Canadians also settled into berths outside of their home country. When H.
L. Cooke from McGill finished his training at the Cavendish in 1906, he accepted an
assistant professorship of physics at Princeton University, where he remained to
teach American students for more than three decades. John Patterson from Toronto
spent eight years in India, first at Muir Central College in Allahabad (1902-04), then
as Indias imperial meteorologist (1905-09), before returning to Canada in 1909. C. S.
Wright from Toronto served as physicist to the British Antarctic Expedition in 1910
and then was appointed Lecturer in Cartography and Surveying at Cambridge

30) Record of the Science Research Scholars of the Royal Commission for the Exhibition of 1851 (ref. 2):
Dictionary of National Biography (1901-1911), (1912-1921), (1922-1930), (1931-1940).
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University. After his 1851 Research Scholarship expired, W. L. Webster from
Toronto continued to work at the Cavendish. J. F. Lehmaun from Alberta, who had
been researching ionization at the Cavendish, became a research physicist at an

English chemical company.

— : Colonial Researchers from Their Home Countries to the Cavendish
--9 : Colonial Researchers Returning to Their Home Countries
-9 . Colonial Researchers Moving to Other Destinations
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Why and how did a large percentage of Australians and Canadians accept
employment outside their homelands? T argue that, when they left the Cavendish,
they no longer were viewed, and no longer viewed themselves, as physicists from
Australia, New Zealand, or Canada. They had assumed the aura of Cavendish men
with much wider vistas and opportunities. Like Rutherford, if they had the talent and
the will, they could choose from any number of career paths. In other words, their
final destinations no longer were determined by their origins or their pre-Cavendish
experiences. The above diagram indicates that the Cavendish did not mean just a
turning point (above) but a crossroad or a stepping stone for these Australians and

Canadians (below).

4, Further Remarks

I would like to raise two questions for future research. The first is: How well can
the traditional center—periphery relation or metropolis—periphery rvelation explain
this case? In my opinion, not very well. These traditional tools imply, consciously or
unconsciously, one-way power and control: the center or metropolis controls the
periphery and the periphery depends exclusively on the center. In other words, the
center is always the giver (or the exploiter) and the periphery always the recipient

(or the exploited).3!) In the relation between the Cavendish and the development of

31) For the recent studies about the metropolis-periphery relation, see R. W. Home (ed.), Australian
Science in the Making (ref4): Roy M. Macleod (ed.), The Commonwealth of Science: ANZAAS
and the Scientific Enterprise in Australia, 1888-1988 (Melbourne: Oxford University Press, 1988) :
Lewis Pyenson, Empire of Reason: Exact Science in Indonesia, 1840-1940 (Leiden: E. J. Brill,
1989): R. W. Home & S. G. Kohlstedt (eds.), International Science and National Scientific Identity:
Australia between Britain and America (Dordrecht: Kluwer Academic Publishers, 1991): Svante
Lindqvist (ed.), Center on the Periphery: Historical Aspects of Z0th-Century Swedish Physics
(Canton, MA: Science History Publications, 1993): Roy M. MacLeod (ed.), Nature and Empire:
Science and the Colonial Enterprise, Osiris, 15 (2000): Edward Shils, “Metropolis and Province in
the Intellectual Community,” in E. Shils, The Intellectuals and the Powers and Other Essays
(Chicago: University of Chicago Press, 1972), pp. 355-371: Roy M. MacLeod, “On Visiting the
Moving Metropolis: Reflections on the Architecture of Imperial Science,” Historical Records of
Australian Science, 5 (1982), pp. 1-16: Barry W. Butcher, “Science and the Imperial Vision: The
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physics in Australia and Canada, however, there was a reciprocal relationship. The
Australian and Canadian physics communities secured the best training camp for
their most talented students, and the Cavendish Laboratory enjoyed a steady flow of
young scientists—in-training.

The other question that I want to pose is: How much and in what way the
Cavendish stvle of physics influence the physics communities of Australia or
Canada? Tt is quite certain that in the early twentieth century the Cavendish style
of physics greatly influenced the formation of the physics communities in both
Australia and Canada. However, even in the 1910s and especially after the end of the
First World War, Canadian physicists became closer to the American physics
community, and Australian physicists also began to be influenced by the American
style of doing physics. One useful indication of this new trend, which I found while
doing this research, is the rising number of publications in American physics
journals by Australian and Canadian researchers. In short, we do not yet know how
deep and how long the Cavendish style physics influenced the Australian and
Canadian physicists’ scientific works at home. Only by looking into more case

studies can we answer these two questions.

Imperial Geophysical Experimental Survey, 1928-1930," Historical Records of Australian Science,
6 (1984), pp. 31-42: lan Inkster, “Scientific Enterprise and the Colonial Model: Observations on
Australian Experience in Historical Context,” Social Studies of Science, 15 (1985), pp. 677-704:
Gabor Pallo, “Some Conceptual Problems of the Center-Periphery Relationship in the History of
Science,” Philosophy and Social Action, 13 (1987), pp. 27-32: Sharon Traweek, “Big Science and
Colonialist Discourse: Building High-Energy Physics in Japan,” in Peter Galison and Bruce Hevly
(eds.), Big Science: The Growth of Large-Scale Research (Stanford: Stanford University Press,
1992), pp. 100-128.
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Evolution as Science and Ideology: Kansas Textbook Controversy

PARK Heejoo
School of General Education
Youngsan University

ABSTRACT

This article documents the recent evolution controversy in Kansas. In August 1999
the Kansas Board of Education passed the new Science Education Standards that
excluded some of the fundamental concepts of modern science, macro—evolution and
Big Bang. This exclusion stirred up heated controversy nationwide. This article
focuses on the ideological conflicts expressed in this controversy.

Besides the 1deological dimension of this controversy, two things are significant in
the history of creation—-evolution controversy in America. First, a new anti—evolution
strategy emerged. The new Science Education Standards excluded evolution in the
state test for Kansas highschool students. An immediate implication of this decision
1s that even if students do not study evolution they will not be disadvantaged in
entering universities in Kansas as evolution is not included in the test. If the

Standards was implemented, it would seriously weaken the evolution education in
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the public schools in Kansas. Second, the Intelligent Design emerged as a new force.
Though the old scientific creationism initiated the Kansas controversy, the Intelligent
Design quickly came in the forefront. This signified an important change in the

recent history of the creation—evolution controversy and needs further study.

Key Words: Evolution Controversy, Kansas Textbook Controversy, Intelligent Design,

Creationism, Science and Religion
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12) Kansas State Board of Education Meeting Minutes (May 12, 1999). A~ 749913 3222 A=
2 ZEE EdoRo] FhHol At} (hitp://wwwksde.org).

13} Kansas Science Education Standards, Working Draft Trial 4a, (April 24, 1999).



128 gk EpALERSl Al A24E A2 3(2002)

T 5L T2 AR WA FLME HujA g2 dAle A9
E=ATHI AL ofF S AetasEE AL Bt B 5 A%
744 xﬂ*lw} ATl ARAe ARl g dFe ARG st T g
(unifying concept) 2249 “WH"E “+AA Wste| 02 AW, da At Lo}
A AL Hel & F A oFHFAE AT da ALE X718 53 Al $HE sk
AN T 89 1149 27919 AgusdErie TR HEAL8e 53 Agtat
oIt g Folshe S4 F Al FEG 5ol tAAte] YRkl 1
993 AAHAT Ad@d 3 ol 6-49 F A= opH gz thFAde] 2= F
T 15

ﬂ%‘% A&
[o)
ge A

3. 8%t Folol TAIU7E 7

ohEgtzel AN AFHA IS B ot SohA o £Ho] 53 gk
A7l B =4 2ol B ALY SHAAT AL M AES Lo
7ot 57 Agte] J2AQ AL NSESAAE 2dE E=9en gedl dAste
FUSHE T M SNET AEe AwdoE AgRn Ux, GAEe] A5TRL
Fol Jslolat she HYAY] F2L VM) GHOE thro] BEm Ut 10 uSE
2l rqw_i o}t AL AL AEFADAALA oIE W g2

>

100;.50] z7F de 5 2] 5
H 7h Rt 7P =e] ® REL g3 ﬁﬁ}%oﬂ #HEg BRI WA
2} AlQEllA AA Tehg #EShe O A B )
ATkt ZAZE HAF 53 AlQtolAE Egte g ¢ A
ﬁ wste] e ol o7t AAFHATE ofHFE2] AQtAE B oW F=
uhZx) 23l old| thak e T3] okl AAs) BlF Aot} 1)

14) Edward Larson & Larry Witham, “Inherit an ill wind”, The Nation (1999, Oct. 4), p. 28
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Nature of the Ecology Seen
Through the Formation of Evolutionary Ecology

KIM Kiyoon
Science Culture Research Center
Seoul National University

ABSTRACT

Contemporary textbooks in ecology incorporate the terms and language which have
been developed through the competing and often seemingly incompatible conceptual
bases. Advocates of the prevailing trend in ecology which has been dubbed as the
evolutionary ecology, have been criticising the major premises and concepts of the
old-fashioned ecosystem ecology. Yet they can not but adopt concepts and premises
of the ecosystem ecology when they have to handle concrete problems in ecology. It
1s particularly noticeable in handling the practical issues at the textbook of
environmental sciences, but the same tendency could be seen from most of the general
textbooks in ecology. The obvious reason is the usefulness of those concepts and

methods developed from different disciplinary bases developed for different purposes.
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The incompatibility between premises and assumptions in evolutionary biology and
ecology has been noticed from the inception of the ecology as a discipline, yet
significant conflicts between the evolutionary viewpoints and functional viewpoints in
ecology started from the early 1970s. Nevertheless, in spite of the diverse opinions on
the nature of ecology, the practitioners of ecology in general seem to be rather liberally
using the conceptual and methodological tools borrowed from the evolutionary ecology,
ecosystem ecology, population ecology, and the community ecology.

Through a brief historical reflections on the rather puzzling diversities in ecological
perspectives on nature, I was led to a conclusion that the methodological pluralism
and conceptual diversity do not necessarily mean unfavorable fragmentation of the
discipline. Methodological and conceptual diversity in ecology could mean equipping
adequate instruments to grasp the many faces of ecological scopes, and to describe
the multi-faceted layers of nature. Indeed, the diversity could be a sign of health

rather than a sign of crisis in ecology.

Key Words: Ecology, Systems Ecology, Ecosystem Ecology, Evolutionary Ecology,

Environment, The Limits to Growth
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Institutional Borrowings from China & their Korean Recreations:
Calendrical Sciences

PARK Seong-Rae
Department of History
Hankuk University of Foreign Studies

ABSTRACT

In the 12th century China a remarkably improved calendar was developed with the
rise of the Shoushi Calendar(4#Z#5/&). This new astronomical device, whose main
architect had been known as Guo Shou-jing( #55F#0, was only gradually and with
much difficulties absorbed by the Koreans throughout the later Koryo and early
Choson periods, to be climaxed with the initiation of the first Korean calendar system,
the Chiljeongsan( & Calculations of the Seven Luminaries) in 1442(Sejong 24).
Because Koreans were not well prepared in the astronomical and mathematical
sciences during the pre-Shoushi period, they had to struggle very hard to attain the
level of calendrical sciences of the Chiljeongsan.

This paper is an effort to explain somewhat detailed desciriptions of the course of

the Korean digestion and absorption of the Chinese calendar system with due

* o] =i 20019% etz A Te] Ao oJste] A5 A4 (KREF-2001-045-B22001).
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modifications through the long period of time from the late Koryo to the early Choson.
And eventually its delivery to the Japanese after two centuries is briefly explained.

For the development of the calendrical sciences in China we have many relevant
documents and modern scholarly products. But its introduction into Korea had been
very much neglected, although some scholarly attentions were shed upon the Korean
calendar system itself. Also the eventual delivery of the Korean version to Japan in
the seventeenth century failed to receive due academic attention. This paper shall give
more systematic and detailed survey of the Koreans' learning process of the Chinese

astronomy, with digested survey of its introduction into Japan later.

Key Words: Shoushi Calendar, Chiljeongsan, Jeonghyang Calender, Astronomical and
Mathematical Sciences, Calendrical Sciences
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Sociology 3 (1962), 45-845 FZx E2F712 U3t 27] Aol tdlA= Hugh Hawkins, Fioneer: A
History of the Johns Hopkins University, 1874-15889 (New York: Cornell University Press, 1960):
Laurence R. Veysey, The Emergence of the American University (Chicago and London: The
University of Chicago Press, 1965), pp. 158-165 7} 1tk
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Jordan)= “$87F 78 © & ol 5 29 UE AEERY A, fEAED
of TAE EE 9 dFTx FElFo] HH, ueby -?—ﬂ% 13 AAsHA A8k, T N
BAQ rheg A3, AT S FEdeA @ 2 AEeEA digtelA Fete &
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< g BE F&A W8 University of the City of New York), Z#n]o} tj
2 2T A9, 22572 gt 49 ]—‘?‘— JdE o]& EHRE A Hdyd HE 4
FHTEE A7t H5E Aejstue AFskA] ZPTh 0417] AHE ATEe] 49 glo
S A= HgES I £9] Rockefeller Institute for Medical Research,
Carnegie Foundation for the Advancement of Teaching) AP {/AT o]d HgtE A
AFA oA ETh 19109014 19159 Alolels ml=o] oz tigto] 9] glo] AFIHg
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1) 22504 gk wigle) 4343 OF, ST et ¥ IE Larry Owens, “Laboratories, Playing
Fields, and Gymnasia in the Nineteenth-Century Search for Order,” Isis 76 (1985), pp. 182-14 & &
A AAY AYaHof gk L& FHSEF Owen Hannaway, “The German Model of Cherrical
Education in America: Ira Remsen at Johns Hopkins (1876-1913),” Ambfx 23 (1976), 145-164:
Veysey, Emergence of the American University, p. 147°] o 299 €2 Julie A, Reuben, The
Making of the Modemn University: Intellectual Transformation and the Marginalization of Morality
(Chicago and London: The University of Chicago Press, 1996), p. 138¢]%, A¥#2 David A.
Hollinger, “Inquiry and Uplift: Late Nineteenth-Century American Academics and the Moral Efficacy
of Scientific Practice,” in Thomas L. Haskell ed, The Authority of Experts: Studies in History and
Theory (Bloomington: Indiana University Press, 1984), pp. 142-156 (on p. 145) oA o1&

5) o] o] =9l= Robert E. Kohler, “The Ph.D. Machine: Building on the Collegiate Base,” Isis 81
(1990), 638-662° LA g Zolth 1870-1915d Atelol] w=¢] &3, 548}, A&8e] 3o et =9
9} EAI= Daniel Kevles, “The Physics, Mathematics, and Chemistry Communities: A Comparative
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7431(Edward C. Pickering) & 7199l ¥ wol 229 39 MRS A7she Adn
FATLZ ASEHAAT APz, o] 0}‘ﬂ s} FRiZIAE rl= el e @ s A
234 4@}0#? A% 713e wEoluel YA ol shiw 4FeA Btk 7t @
deo B Aol 7|RZL wolx o2 158 ARFAEA HFE Aol AEAT)
A 7 c§7}—_4 AN AR, EEHQ Fo

21 F4lo]
£3 F19kee] WAL B QueATe Q9T 22§02 dotel 34 2
A

=4 2w T
of BetATe Folvk Aol olsht a7eh R@siol Brks o4 AXNYT, ol ThE
At TRSAAE L MAT A So] E2F- dte 2tusde v
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Analysis,” in Alexander Oleson and John Voss eds., The Organization of Knowledge in Modern
America, 1860-1920 (Baltimore and London: Johns Hopkins University Press, 1979), pp. 139-172 7} itk

6) ZFAEL Ao WeldE Howard Plotkin, “Edward C. Pickering and the Endowment of Scientific
Research in America,” Idis 69 (1978), 44-57& #x 2L HT o] "¢438 olA2H Rowland, “A Plea
for Pure Science” (1883), in The Physical Papers of Henry Augustus Rowland (Baltimore: Johns
Hopkins University Press, 1902), pp. 593-613¢] 7F3 & Ttk olo] td JA1AQ EAHogE=
D.A. Hounshell, “Edison and the Pure Science Ideal in the 19th Century America,” Science 207 (1930),
612-6170] uth w5 TH0 2 A #ete] HAo| thel) A+ Hollinger, “Inquiry and Uplift,” pp.
147-148& 2=,
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© 4& g3 A o] ZAldE AZE Fst A doj7] g AFE A YSHA
= G} eltsol 1876l A2 Wz A(Menlo Park) 74 FHATHEHTE o
t&9] 7)le A2HE 99 e £Ee Ze dwgd A3t 7)ol A el o

TAE UE AL Fo|AHEF(Carl Duisherg)s YRR 1801d0] 2 A nlolo=
(BayenAtel @747t A WA AT vlold 2A7F AFAE e Hlds 2 7HH] 299
Al 28t ¢4 1810 E T3l lEE]5|(Paul Ehrlich) ¢ 22 #8tatEe] 93|
Az o] shshA 2ol FEEWA ol gk TrAQl Bz o] shesiFen |, 1877
el 5318 599 o] T2 At EFE H7lE AL BEEIHEA A Az E
T Bl dig 514U E3E 7FsA P, A5 Al 2 Ho] f77F 294 7Y
o 7Agzle] A&AQ ATl 7|ukat AlAF] Mako] Bty FFAHQ 7|19 ol AFH
o2 ZFQ3Ith= AL #AP7] WEoldt violdErt n4dd FAL sEtat FoliHE
I 183-1886'd Abolell 3709 T8 PR E WEAWUL Al AAFE 1E FH
AATY S oA HAA T ToA 459 ZFE BolM APl AEdd & 9A ok
J9 25 T 1280 ol 18893 3ate] AYRLe AAxHA o] A
g s A¥E FAA =HUA Aolrh o]FA g
old29 ATALe FEIE ATIEY FFATE FoAM 18674 24 39 sl
i o] F 3NE AEIAIIE dl AFAD
nloldl 29| AFAE tE ST} [7)akg A Bdo] HUt 1897del H)=
A AL EZ(General Electric, GE)9] AU o] ZERIM| Z(Charles Steinmetz) & =43}
n=9 A7) YA AFste 4%l GE9 #MAT E57F ©EH7] Mol At
AFol Aol vty FAHAT 3 Hole A5 A S 7|AETY] BFAo
Asid Aol Rt o] wf AR 7|zo] gt ThE 3o E5E AEoomt k=
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7) 18704 =0 thet a4 7H2 Anthony Travis, “Science as Receptor of Technology: Paul
Ehtlich and the Synthetic Dyestuffs Industry,” Scence in Context 3 (1989), 383-408 & nfo]o|Z A
Ao thet T2 EHO 72 Georg Meyer-Thurow, “The Industrialization of Invention: A Case Study
from the German Chemical Industry,” Isis 73 (1982), 363-382& &% njolo] 2 o)A ¢ 3}ekale] o) A
ZRA g A34 Agol fé =9+ John J. Beer, “Coal Tar Dye Manufacture and the Origins of
the Modern Industrial Research Laboratory,” Isis 49 (1958), 123-131°] itk
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GE= 1900dell “=34< A7 dAdslr] A3 “d@d7|sstdra'E Hdinh GE
AT4E MIT 2594 HEH(Wﬂhs Whitney) & 974 2402 2dJoH =4 &
o] ZA|E| thetel A HARSIAE WA MITAA 3Hehat molofl(AA. Noyes)o| ZiE 3
T Ad FFAWilliam Coolidge) ¢t =L ARBANA 352t YIBLENA £33 H
ZE 8L FHNSGAAM uE sd #e PF o (Irving Langmuir) F & 5
gAtE L&Yk olEe] AT
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SC)

=
AAHor F HHAE AFAAT 2 Ao AFHH

3}
gk Anke ohith A Hd 3 GES dF4e AFLE ooF £ 3l d7EHE
WA F3a, ASsiA 5 A2 %012 AbEolol P AYE A= 1906 el A
Tao] A4k 40% Atehe 2AE FerIE dok 2¥AW H2d o] =7 Fd 1912
doll ZjA7t g8 delES 7H‘:'E‘51 Zolo] ARjojrt = B Y2l ek
EE AR A A2 JidetdA A7 dTFe Al o]&E AT FUTH. 1920
do Zol® GEE ml= #Z Y] 96%= AAZ AEE o] EoklA 51 ANE
oA HATE JEUS BHUE GEO d74s Wrge ‘YR o249 75E
43 Y Aoty GE 749 4Fde A A7IAFALAA A5 WA gow

A GES| Mol ATdESe] wrdTdel & gate] 27 AloldlA HH3t B
e AARE JEYS FE4e] 28 F2PAT, TG FAY BF 2L A5
B0l A7l HAdA 7egiozr oojd F 3d A7EFAE WEdd Hol M T8
g glo|3tk®

GEZ AF= rl=z9 g714EL shd & AW A74E Agstr] Aot 1903 del
TEAE 7] Qe 3o, UERZAEZ 2 AF9 /M2 A8 IJ74 (General Experimental
Laboratory) & A@83th AT&TARE 2E(John Stone Stone), ZH (George Campbell), =3
(Edwin Colpitts), A1$X(Frank Jewett) 7} Z-& HASE TE3A 7& A7k Alole] &3}
=9 Aad BAE 2R APol UATE 1911 ATV E 714 & 25 o o

8) GE 9-+40) el George Wise, “A New Role for Professional Scientists in Industry: Industrial
Research at General Electric, 1900-1916," Technology and Culture 21 (1980), 408-429: idem., Willis
Whitney, General Electric and the Origin of US, Industrial Research (New York, 1985): Leonard S,
Reich, The Making of American Industrial Research: Science and Business at GE and Bell, 1876-1926
(Cambridge: Cambridge University Press, 1985), pp. 42-128 59 A7 Atk (FEV Y <182 on p.
37). ALY gy e 7] GE 720 A9 Aot "l oidh sty A s 2L
ATHES MHERSS FnEA BoFT ) Michael Aaron Dennis, “Account for Reseazch: New
Histories of Corporate Laboratories and the Social History of American Science,” Sccial Studies of
Science 17 (1987), 479-518,
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ol7bA TR A2EHPHEY S| “FE7)9] EAE FElE Tl 7|zsAH A7) 9
3 =Y ATEAME BHEUTE o] Y ATKTAV} A& 72 A Lo} Alo]o]
Azl st AL Z2AEE 7|E9] FHFI77t ofd A AEL T/HA FF7]9 sl
2 g9 2 A7) QR ol 8 A A ATt AP B}
L ZAAA Millikan)oll Al Aol FAEL FHE 2 Hodxn ZAL of=k=
(Harold Arnold) & HIZ3F 2 o] & WA AAAES AT&T ALY ATFFARE By
t} o7|M olste EXFAE(lee de Forest) 7F @AY ASHAFHE ALEs|A &7
Aol ZZ7)2 mteed AFPn, ol AT&TAPL 19154 196 AH|2E2 A &e F8-
Az TLo} Atolo] FAE Azt gl AFAA J&E vk A=A EALY AT
BAs e AT 25 192930 AL £Fo2 AT A (Bell Laboratories® =
el A L= Z2YALe] 24 o] ~EW (George Eastman= ZAI2E o] 19124 AT4
Z 991, JdFoN w8Re 35} uA(CEK Mees)E Aoz APt nis 7]
A7} Ao Ve TR EAlshs HEATE FAsok dthe Alde ARAATE o
2A 28 71de dF4s 1920390 ok 3000l ol2ya, 1933dlE 1500470, 1938
dolls 169702 solWth B olE HREL ofF I FEY dA74agwd 19849
FAZ o) A AFart AA A7AF e Auke ugstan ATk V1Y ATFAE AF
9ol golsta F71HA B bse dizigel Ak Aolr] wEoltk 2 AT
ol dAFAaEC] Tl R JFE FAG & gk 19209 dds B wApehe)A
17 = 20%7F 719974 #EL P, 192134 223 79 Ho] 3t} 7)1t
7FAFFes 7Y AFcd ngEH] den I FE 193330 o ®/ HY, 19404
oe oF 28 7HY oz Fojyth 9

28T 7] AFAAM HEAT, B& 7| 2AFF ASREH 2EA A FAdd
AL oAt W HES AN sEety, FFo wEdHE FstdA F71HQd o

9) 19158 7F4] AT& TS -9 3| AE Lillian Hoddeson, “The Emergence of Basic Research in the Bell
Telephone System, 1875-1915" Technology and Culture 22 (1981), 512-544: Reich, Maidng of
American Industrial Research, pp. 151-217. 3A] AT& TS A77F 43-8Y 4+ AW £938 8q10F
‘gt shube] A, shtbe] Al2El, B MRATY AaS BEYE AT&TS) 37 8l Y (Theodore Vail)
9 92 AL Az 9FEE Louis Galambos, “Theodore N, Vail and the Role of Innovation in
the Modern Bell System,” Business History Review 66 (1992), 95-126 ©] itk FEo] A-740)] ahA
+ David A. Hounshell and John K. Smith, Science and Corporate Strategy: Du Pont R&D, 1902-1980
(Cambridge: Cambridge University Press, 1988): John K. Smith, “The Ten-Year Invention: Neoprene
and Du Pont Research, 1930-1939," Technology and Culture 26 (1985), 34-55 & #z% Ett w9 E)
+ Hoddeson, “Emergence of Basic Research,” p. 512 n. 1614 <14,
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T ol A3 FEZV|Z AMgSte AE AT FEY dFAR 18l Y JFRuF ve=
(neoprene) & N7 A7 FHS sAtEo] Mdst AFAIE AFsshe dl F
gk d2Hor 100dde B8 19304t iR 7dE JddTLES 7E
71eg 7Iddge] 2A Edgsta, o] EHE vwer AF AF BEE olF 5 9
TE 34 719l 53F o] AT & UEE FW 2F Uk BA A=l g7y
Eol 71£4 AL BPHE AL AMHolARh o] V&H AL J|2dTHRUE 53F5
7 ol AFsEIA RS Ffidhke # ‘ﬁ(leapfroggmg yoll Z1zsiARek &3] 1920 drh

TEE BAER 3o ARz 1R0dd Zubde 7|He] AFAE
A=A GESF AT&TS 7% 40-50% AFA=E o] 30} Zo A+4
7199724 712977 BeuEA © 2L 19304 2FE A 927Lﬂoﬂ 71z
A7 Adste 22 ATFEAME BE FF2 I AYAE dEo] tistellA] BhabERe
E 3 3149 A=A (Wallace Carothers)E S350t DA sHHEoA 7o E sld 18
719 d74AE EY & 5 9" AL A oFHst AT A9 ¢+ A siET

ol
P
i ofv rff

z7e 29 Hﬂ%olait}. Azdz 718 a7ge Evid g 9L
S8 ZAW HAHAE BANT, 19590] B el A7 Bol Azl YK UL
2 stk FEE 1984l T8 AANE dEe 9ne ATy 2 sl

UAE 542 A9 39d5E 2 *@’%ﬂ Eolzten, 1948do] HH 1

10) 719 A+42 7194 7FA ¢ tdlA= David A. Hounshell, “The Evolution of Industrial Research in
the United States,” in Richard S. Rosenbloom and William J. Spencer eds., Engines of Innovation
(Cambridge: Harvard Business School Press, 1996), pp. 13-85, on p. 26 3= 1920-303d) 719974
9] leapfrogging®] ™3t =2)£% John K. Smith, “The Scientific Tradition in American Industrial
Research,” Technology and Culture 31 (1990), 121-131, £3] pp. 125-12738%, E3] A9 HId =
Leonard S, Reich, “Research, Patents, and the Struggle to Control Radio: A Study of Big Business
ard the Uses of Industrial Research,” Business History Review 51 (1977), 208-235¢] 2 vehqic,
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A o]ZFe] ¢ FEsA =y, IBMQ 3% $k<(Thomas J. Watson)< 1951
719 ol &ase Agshs FME HEoM HESA AAZEW. Eckert) & -85
A2 s 2L, 1%61E EEAE AAYAR ATa o 7|2a7E dAshke 7}
TAE w2 e AUERE AR 347 e odE d7a 2edE Al
A 197l Tl 7|29 ATE FH8H7] % HIZAME(GM Tech Center) & A2
™, IBM# Bell Lab® 19503l gt 28 2akgh A28 AF4E TEUTE ¢
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11) Y2929 288 Hounshell and Smith, Science and Corporate Strategy, pp. 249-2745 B A FE A
28 ‘A" GaT7e kol tha) A= Hounshell, “Evolution of Industrial Research,” pp. 40-43:
Smith, “Scientific Tradition,” pp. 127-128 #= Willard F. Mueller, “The Origins of the Basic
Inventions Underlying Du Pont’s Major Product and Process Innovations, 1920 to 1950,” in The Rate
and Direction of Inventive Activity: Economic and Social Factors (Princeton: Princeton University
Press, 1982), pp. 323-346% 73X &) A2 & /ety Yt @ A7) B st 7238 34 &
g d7de A3 B2 sftd] tisi A= Lillian H. Hoddeson, “The Entry of the Quantum
Theory of Solids into the Bell Telephone Laboratories, 1925-40: A Case-Study of the Industrial
Application of Fundamental Science,” Minerva 18 (1980), pp. 422-447: idem., “The Discovery of the
Point-Contact Transistor,” Historical Studies in the Physical Sciences 12:1 (1981), 41-76 & & 7 1950
ddjel A% GM Tech Center, IBM Thomas Watson Research Center, AT& TS Holmdel Bell 937
Ao ek TR =& Scott K. Knowles and Stuart W. Leslie, “Industrial Versailles': Eero
Saarinen’s Corporate Campuses for GM, IBM, AT&T,” s 92 (2001), 1-33¢] Atk
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12) NRC9 A} Lol gt thaj A& Daniel J. Kevles, “George Ellery Hale, the First World War,
and the Advancement of Science in America,” Isis 59 (1968), pp. 427-437: idem, The Physicists: The
History of a Scienlific Communily in Modern America (Cambridge: Harvard University Press, 1971),
pp. 102-1545 2=
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& 71g& 71FeH, “oejHoR sod Al (exceptional man) o ATFE At &
EE Bt 479 g JJ@-TW*-J ATE AJF 191130 FR7]= FR7|H
(Carnegie Corporation)& TS0 TS 3ot 19036 w5993 (General Education
Board, GEB)E =W A" HE 19130 2AHH A Rockefeller Foundation)& T
ET ot A 22 NRCO| HAEL 13} tid 5 o] ATe] oArET}
Zg 3, 19199 2AA AddlA 505 B 7]Fg 7)ol 2 AFAEY] HAE
4 (postdocs) FHaS HEJT. ] 7|5 w4 TFHE e L2 AIAEL W
ol 20-50%4 ml=9] thE digtolu} fel 3 B F e d53
® 2AdY Ad WA FotEe vlw ks Atoldl 249 o}iﬂ‘?r% %Z‘li‘i
. 2AEY AdE E 19199 57 BE JESA Ad el FAluS9ds)
(International Education Board, IEB) & THEI=H|, 19230l [EBQ] 47¢ol HYTd ==
(Wickliffe Rose)+= “E7]E2 © =A"(making the peaks higher)Zhs F AL FHISIHEA
19209 E EaliA Zdol 3Mgk B Z2®o| 28nk B& Addle 5 A9 &l et
AA A7H9] 238 JF AL AAW w= EYIAE ol EAUD euEtelm(Robert
Oppenheimer)$} Z=(Edward Condon)o] ©] IEB a4 Z4lo|th 20dtiet 30dthE
o AT UPE g g Addtte Ao Rds ey A7ASe] AF
< BAAANHoH, e wgEdA HEeHA AFHET Jhs A AS (big science)
o] AAR gl FHE 5 Uthe #F& Aol FUTH B

A Erej A S =R wobd 20dthel WEA e disto] ZEolrt. Y
NRCSH AF Agke] =2 &8 AjXU ol fA=79 HELE &4 A4do] A3
3t o 2§ FHUEE v=e FHstdFe] FAHom ARAATh AL £33
(spectroscopy) = FIZHZE A HES, £ 35t JFATE ol W A5t WE

13) AFg wlojAicro] #ato) vz Jeko) hdl 7P & EA o 2= Robert Kohle, Partners in Science:
Foundations and Natural Scientists, 1900-1945 (Chicago: The University of Chicago Press, 1991) ] %l
o Stanley Coben, “American Foundations as Patrons of Science: The Commitment to Individual
Research,” in Nathan Reingold ed., The Sciences in the American Context: New Perspectives
(Washington, D.C.: Smithsonian Institution press, 1979), pp. 229-247% ZVAS A9 H-43510) 229
I[EBo] tial A& Robert E. Kohler, “Science and Philanthropy: Wickliffe Rose and the International
Education Board,” Minerva 23 (1985), pp. 75-95 & =35l EA4de] A galEabg sk of
A= Alexi Assmus, “The Creation of Postdoctoral Fellowships and the Sitting of American
Scientific Research,” Minerva 11 (1993), 151-183% & A. Barry D. Karl and Stanley N. Katz, “The
American Private Philanthropic Foundation and the Public Sphere,” Minerva 19 (1981), pp. 236-270 <
whef A ko) BE-g 204 7) X 19 progressive movementet ARA A =513 9T},
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¥ 2l ol
FEWE dstez RAAZAT. ZELE old A Ao]EATA (Gates Laboratory &
AoFon, ol o] AFAe AHY ATHIE YHEY FH7| AT A Ao d

] AL 19201364 30d7HA] moloxe ATz AEZ 20 7t A4
1, moldlae old U g o s ZH | 5E AAd AAE Ve R g v
= EZ3ete] FAAZ AFAAT 2tolu2 Z3)(Linus Pauling) 2 =olofl 9] A3 Aol
=g ZEo] Al AFFAT Bejze] 19216 ATkl A o] Ag welx thshe
A AZE AEFUE BT ATFAE & F U HHE%HT%*\W% Aol GG &
A AANAFASG ZEjHe ZEs o= Yt FHoR
BEThs oMle 7T 5T #Le BFES ASIPE ¥t opdzl t=H(PM. Dirac),
ofRlFrERI(Albert Einstein) ¥ 22 #H3A5E 24| ZHo] A XEole] Aoz
1E Y e HHE FEYY ZEe 1928 s )7 E2=7(Thomas Hunt
Morgan)<& AE% 242 FYAct 14
1f<} oA 2 2 tidel] o]z 717F Betdle A AYEe] AetdTe /Mg Fag
AAGA, 13 A AFede 719= gl gk & - HHQA ALE ob7]A] gkt
71‘§TH TAE & FASEA 7QJo2RE §9HE Lol AFE FIYstd FE A
giste] MITHTE MITE d4o] 1902130 AT&T S 233 dzhe #lon 7|Fsta
o] A<&(Douglas Jackson)-& 19076l GESF 34 48t w5z 0388 ARt 3}
grote] 947 (William H. Walkerfe 190830l -8-§-315td 4 (Research Laboratory of
Applied Chemistry) & ] 2tdAlste] AokE Faf slg3dte] w&r ATE A&3e
o 7]d3te] BAE F23E 71¢A F(Technology Plan) ¢ 2Y-g 2Tt o83t 54L&

14) L) 83 Ao FEAF HAE) haiAE Robert H Kargon, “Temple to Science: Cooperative
Research and the Birth of the California Institute of Technology,” Historical Studies in the Physical
Sciences 8 (1977), 3-31°¢] £ =9 & At ojol| 29 47} D7t ZH e gdel] thajA
= 27t John W. Servos, “The Knowledge Corporation: A.A. Noyes and Chemistry at Cal-tech,
1915-1930," Ambix 23 (1976), 175-1863% Judith Goodstein, Millikan’s School: A History of the
California Institute of Technology (W.W. Norton & Company, 1991) & 3%
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MITE FA71E d F8ol H7= fAT FAd 72A7E Bk 73 .
woldl27h ZeElow wy dole 7S] EIVF 2 o2 FHEFor, 1920:th
MIT®] E2j8tahe A7]1gaate] dAYolgo] 63 I A4
T Az GEso] Atk 1930\ de] MITY| 4oz dyd ZYP2Ee
Z®(Karl Compton)> MITE 7]19dIM Bo2sl= 7Ie 4ol ttelA 71z2dTE 7
Zohe d7dges WAl tid Hge gt ol de) HAZHEL =gt
o] £ gdlolE (John Slaten)E S oz J83ln 479l F&aFATLE
Heh= 5 &8 T4 7129 ds 712 FHLE ot e E U o
59 A7 A Feel o8] HAeAHA e A=A FAE ctEARG @?oﬂ Z
L 7190l obd A AgeziE fUSAT. 19304 EADHAEL MIT]
dutdTAE 17ESe AdPon, 19358 of 71go] Eoixat HZEE ] FAs,
279, sto]d2(Hyams) AT 2 HE A YL wol MITS F77)5¢ Aul sd=d
E AT 5
a2gA 25 tete 47t ZeEloly MITAHE £22¢ 2L 2= ofygint. 19304
gl HolgwA FAgdTe Adee Mze BEAESC] vehbr] AdgEd, 2 5 sh
= 71dol tiste] FedTe ALHA FAATE 2 5 glvke AHdo] E9site Aol
Atk 12 A o] Fell AYINRC = 719 23 tgte] F42 f=gerl 3A Al
A Txol 24 Rae tete AdTE /HE 7Ido] Addtke A2 A5E ol
7T sldol 7IYERRH ZIEE AHEEA 714 AstdTE AdskEn 719

P FYHATL7)| 2 (National Research Endowmentfe A1, o] 343t Zu] (Herbert
Hoover) 9] =HA+7]5(National Research Fund) & 3HE9 E% Eox] E3t ) A=
B9tk o7]e 1920 ZEEE AlRE T 7199 FAE FEA =Tk 1930

Ao zube] ti7]dE2 digte] #AtdTFe AW AA d7lE= AEY FEA 3%
2 A Alde AYEE AEse FdaE 9ot iﬂ%ﬂ AGE BTy f{3Hd A
kg EAE A gt digk g2 dFAdE dF A A: 998 (Warren
Weaver)7} 24" AT AARsHL Adz= u%‘% 19321d o] Fell& Aeko] THA o

15) MITellAl olo)~e] Eajslatat 979 38hz8 Alo]e] 2= John W. Servos, “The Industrial
Relations of Science: Chemical Engineering af MIT, 1900-1939,” Isis 71 (1980), 531-549¢] 2+ X
o] Atk 193038t AZE ] Ao gt 7t £ 42 Christophe Lecuyer, “The Making of a
Science Based Technological University: Karl Compton, James Killian, and the Reform of MIT,
1930-1957," Historical Studies in the Physical and Biological Sciences 23 (1992), 153-180 ]t}



047 FAAT) ABE 205

gto] AFE ALPAR, 2 Roke EAYES T Ao HFHUTE ol A3FelA A
ZH 7} B9 (1 Bowman) £ #& Ao #A3tAEL 712 AT Ado] oAl o
By Rl oA o]Folxjof gt W] AT 16

o5& AR sold HIFATE AU3d7] SAsiA AE} AR BAE EAFY
TS Eplstr] S8 =7 741117—}(National Recovery Administration)% Y5t AR

2

l

H Fz4UE HEE= A, /\H] A, = TEE A2 E 44 52 A=, NRC
o A} oFeoz HEd HeHe 19334 7<H741H7—} ol JJr?F_}x}—.—-A 3\ Science Advisory
Board, SAB)E =X T *%ﬁh a2 ooz MIT 2391 gz 1o dmdTt T
THdsle EoHT AEEgd AsAEL EE WdTAE & A, o] EqAY ol

ARl B ©(Guno Dunn), GM 974 2% A (Charles Kettering), 7|71 37
<l dl2]¥(John Merriam)& EFHIch BA HZ®ol}; BeHe Fdolu} 2z A
HolZzoHthE GEY 3% 293(G. Swope)d  AREol 711]3}‘3 Z:i}x}o

(corporate liberalism) 2] Azto] AEHULL £ 4+ ded 2T FFHE9
AR MREA 7ol FAEA =7k mlefE A=A Agsof 3“3}“ ALE &
A2 8l JATh SABE AR HEA 4 G

< &M 7)1, sk 2 EY,
B OEsZy 2 AR HH9 8L 1Yt YFE DAY E4Hy A=Y I
Al EAL o]E T3 uiste] ATE AgstEe Aotk SABE 19331ddl] FH =R
16005+ B9] o4k HstATE 98] AdT AE Adgon, 1934 F2HE tiF

FolA AT TS THE] 1989 kS JAdT AL aHs|= P} HZHol
o=z Jd MITHES 1932-354d0] JAwdHe] Eu|AEE] Al E(Tennessee Valley
Authority)oll E 3t nAGHE AT Aok PP, 1938oll= = Hyd €2

Y (National Institutes of Health)dl AFZZAEZE A sl7|= Fh. 2=8A T 19304 0)
Al o] F oW AR AFHolA| Rt} FH3A} ALE] Y FdAMT s ot B
7 22 FANY A5 st A TetAFet e A G gk AR HY
& BR FAE =t A Uz WA SABE A A8t Eo] F50] Ho 7t
< I7H LA & 993 (National Resources Planning Board, NRPB)$} &34, NRPB

16) =g A7) 79 Sg <A77= Aol dsiA= Lance E. Davis and Daniel J. Kevles, “The National
Research Fund: A Case Study in the Industrial Support of Academic Science,” Minerva 12 (1974),
213-20% = 19300 H $wol) oJdk A" A I 7AYe HElE Robert Kohler, “The
Management of Science: The Experience of Warren Weaver and the Rockefeller Foundation
Programme in Molecula: Biology,” Minerva 14 (1976), pp. 279-306 3=,
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o A FHEAEL dor F7t BA FH3AEo] HUskE Aol FHe] FE kA
T Utk SABel ¥tk #AtAES AHo FAE T AHe HAAEY
AE FeEAE 4ol SABE obFd 42AQA Adae 2AEA Fska 35 del siAlH
Ak 2R 30dg e o]H3 AEES HEHe| TR v « FRS Tt HEAE
Atolell AAgt #A " 24 F& Ao|qitt.17
19458 o]F  ml=e] tiEhe Hoel Alzg BAFHES FoHA  ATA
A" (research economy) ol @A ¥3HE o|FUEH HFE7L tigte] AFE AHstr] 93
ARESE AR st AFFA S S FElshA BoEth 190 rl=9 dgRe
A 3e ES tiste] Aol Aded I gREe e o wddHE d79 A
o]tk vk 10do] At 19501 de] =W 10717F d' AF 71delA 19 57 &
etATE Hs 23 AAThe 03t WMItE 7 AL “Holdd 3 s
A o) FAFE AAT HFET A 22 AARHIUY. ABE AFEY SE
2 o] Holtjst dAEe FE2 FgAtet £tk gekaE 22 AtAEe] dFd
Tl os AgEUAT. olEg FAMEZI] AwE AHFHoE  o]F NDRC(National
Defense Research Committee, 1940)8t OSRD(Office of Scientific Research and
Development, 1941)¢] 4 ®HEE MITe] H=H, stH=9] 3stat FZHE (James B.
Conant)t} ZrE19] EW(R.C. Tolman) @} 22 HALE0|UAY T3t L AAE A
81, BAl(Vannevar Bush) 9} 22 dAYoATE MIT®| I35 & Aoty 193835
H YA"olA Fh71A w2l o] NACA(National Advisory Committee for Aeronautics)
o EE A FAE 194099 NDRCE ®He1 AMd5E o|& g 7jHs OSRDY| ©f

rl

=

17) 19309th AZE, B$Ho) ATo) thil =2 $49 2= Robert Kargon and Elizabeth Hodes, “Karl
Compton, Isaiah Bowman, and the Politics of Science in the Great Depression,” Isis 76 (1985),
301-318: Kevles, Physicists, pp. 252-266°], SABS} NRPBe] ZHEo] 3l 244 gt E42 Joel Genuth,
“Groping towards Science Policy in the United States in the 1930s,” Minerva 25 (1987), 238-263 ©] i
o}, 19308t MITHHere] Alzo)] tha)l A= Larry Owens, “MIT and the Federal ‘Angels’: Academic
R&D and Federal-Private Cooperation before World War IL” Isis 81 (1990), 189-213 & 3% o+ o
nlo)] JE AZEY Q82 Kargon and Hodes, “Karl Compton,” on p. 318.

18) 19409 the] walo] thal £ /A2 A Hunter Dupree, “The Great Instauration of 1940: The
Organization of Scientific Research for War,” in Gerald Holton ed., The Twentieth-Century Sciences
(New York: Norton, 1970), pp. 443-467°]th, 7919 &7F= Daniel L. Kleinman, Politics on the
Endless Fronlier: Postwar Research Policy in the Unifed States (Durham and London: Duke
University Press, 1995), on p. 2932 “A7 A = Roger Geiger 7} A48k £-0jo|t}: Roger L. Geiger,
Kesearch and Relevant Knowledge: American Research Universities since World War I (Oxford:
Oxford University Press, 1993), on Vil
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& ANEA U 719 BerleER dNAER Aoldl $EE A Keontracts)
< AZA HUAYY st delA A 2E AT Hproximity fuse) o JHE Lt
glo} oF A 5 A FAHoz FASF HYT ATHHE wEoWnh e
OSRD7} obd &7 Abate] whstetA| g ofs) /L= AT RAg ZHEE e 7
o] FepAES FomA ol AT OSRDE thetdt 7199 Fetr|eAEs A4t
& Yo %?H]E A=, 23 Bkl OSRDe] Aok T84 MITE & 19 1

Ak 29, ZEe 84 6tk 2, spH st of 33T e (HESH A7HE
T 5 U 2}15} A 7F <r H A7 A Weontracts) & THete] A-&3-E HUE B
A AR (S #Ator EE & A YA 7|AATE

a7, 19404 BiZ2]e] 3 DelofA] BlLEf A B3 B FHela FHE HAle] EH
2 Hup(aves] oem

) 22k thA <t NDRC, OSRDE &8 eri 9] AAATL WA E Kevles, Physicists, pp. 286-323&
Fz FA9 “agA Uﬂﬂblﬁ—% 234 OSRD Y] A3 A7l ek A ek 42 Larry
Owens, “The Counterproductive Management of Science in the Second World War: Vannevar Bush
and the Office of Scientific Research and Development,” Business History Review 68 (1994), pp. 515-576
< B A Owenss OSRD7} uh4] 19208 9] ‘associationalism’™ S A4 7= 243 9A1Z834 4
A% AL AT Q9] el A7A0% OSRD7H HA)9) EAE Helke s A4sa slrk
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HAE AAol g f'éoﬂ OSRD7} #H3pAlel A& 4 gitke AHde d49n. 2%
Ak A ol Foi Y a7l g Ado] A& ojof dria Yz FA
E, o1& AsjM HE7t Aﬁrx}—oﬂ s BEHE ATAGE TEo] A}ATE A3
ofgiths #4¢ 22 e, 2 Z¢le ZEEY (19685 HEFdA AP, FA
Agtels eSS AAZ2AES Hrigdtle JEF ool & vsht 3

=), ol& AkE ZHAle] dEE A7AE HE FAAIte A4S 292 1FF 449
Y ZAyoj(Harley M. Kilgore)2] ot3p e#:Fet tidslthyl 2= 1950 @ =@ skl
(National Science Foundation, NSF) 9] F42 2 ZAE ek 20 2ZA% 1953l A]
19506 Abole] 5d Bt ofn] AR RIL A= 943 (Atomic Energy Commission,
AEC: 1963 A7), slZAT4(Office of Naval Research, ONR: 196'd 2 %), =B A
A (National Institutes of Health, NIH) &< %314 TATFE AYsk= Hlgo| A4 A
of Hg) Hlud 4 gle WF ARG, ArdTLe 1IU6ATEH 1960374 2000 kel
1,200 7ol Z2AEE A YA ujd 27 BS tghe] 7|2 AT Lolida, oA
ALE T3 25009 o] A E wE & AT dAE D e 1940
W) Fakak 500 S FaA MIT94 AA-ZGATA, ARHAYUSE dF4, JAATL,
AH71719TA, dAR|ledTA, 285702 WY SEEYATHAPL), HAIA

gt deed A7, iﬂE tetel mlo]lzEv A4, A }%—‘r"ﬂ?bﬁ Lol AA AT
a8t AE7EE7IAIE, Zd 9 AEFIATA (JPL), ME e 2dX PAMATA 59 23

20) FA9) Tasl, 11 B9l Z2E9NSE ¢ Ao e s Be A7 AT b9 g7Ee &
3] 4-23lt}h. Daniel J. Kevles, “The National Science Foundation and the Debate over Postwar
Research Policy, 1942-1945: A Political Interpretation of Science--The Endless Frontier,” Isis 68
(1977), pp. 5-262 RA)e] T#8h,3 NSFE 23 A E<¢to)] 7185 9W Technology Mobilization Act,
Science Mobilization Act®] W& £oA AEST 0O0W, Jessica Wang, “Liberals, the Progressive
Left, and the Political Economy of Postwar American Science: The National Science Foundation
Debate Revisited,” Historical Studies in the Physical and Biological Sciences 26 (1995), 139-66 < A
9] 7eRE AL AYEAQ] ¢ A9 FoRly -47‘—1% +S ¥ st ek Kleinman, Politics
on the Endless Frontier, pp. 74-144% AR5 EA4S $A18 o2l NSFY 43 245HE o
A7 FA1 Y k3 Thekst A5 7‘“343 l"%_ g g2l NSF-J GHFA oA F7 AA A=A
Ao h3k 2A4H AdE Aske Ao) hE SR XA =L BA51Y 921, Nathan Reingold,
“Vannevar Bush's New Deal for Research or The Triumph of the Old Order,” Historical Studies in
the Physical Sciences 17:2 (1987), 299-344 % "l o) &) BA7) A|¢Hek Ao] @b 8 02 NSFE o]o]
Aohe A4S vFshE A, B9 o] s} 1945-50 3t Alele] A s48g A Atold] & FE|7t UARS
S FAGT BA T8 0) “sEks 98 FRIF T slorsErt g AN BIAHEE, John
R. Steelman, Science and Public Policy (Washington, DC., 1947) & <712] AR & 93 ete] 985
ZZPA N (580 7lE A Aol ofFd gaEx mx|x £t Wiliam A. Blanpied, “Inventing
US Science Policy,” Physics Today 51 (Feb, 1998), 34-40.
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e AFAES Ak or] A AF MITY AAsetdT4A dhto] o iko] MIT of
o AR 9 daE s AR, 1908 Fgel MITS A7 44t 5 85% 7}
TG AECERE AdRm AT ZA Adiide F2 2Ad7s #dd 229,
A3, AFH 3 Folen Efs Zopelxe nA & A 57 8IS
AFoll £ dAED P2kt 7] dHo] AFHoz Adgn 2

22t ol & bRk AECe] &gk FatdATolo] AAL 1949 del 4#e] A AAg
2 | =74 o] ”a”ﬂa%}ﬁ/ﬂ TEEEATE d=AA AA vl SR
= TEF Yol riAd d7FE v HrleteEd 71‘}04/‘] 7171 AP, F=14
o wasA FFARE TAEAT 4o HHATAUAE A5 AR o
= 3 2ee wolv WMME IWES U, 192dde FHEY] FUldTA
(Livermore Weapons Laboratory) & 2@t =dgoz nxd 94794 Asle 4l
AFas} Zo] FRG FFA %S AZY W 79A AFAAT FARIINE AT
Ats BEE ETh HE =314 Foll 2RIV Y2 T HER Ae o}
UAA T, S48 e fsiA #dto] “ AHFd Hojof gtk A4S AT AL
oItk F=dA oldelle AFAT7E FHEIL obd WZIEA NSF= o]#s ofof gt}
& QR FEAEel T4 ASHe e, BRAY olFdE U HeaTE

21) 19453 o) & &)= A-F4o) thel A= Harvey M. Sapolsky, Science and the Navy: The History of lhe
Office of Naval Research (Princeton: Princeton University Press, 1990) & ™ 8te] A} HAFo) thaj A
£ Stuart W, Leslie, “Playing the Education Game to Win: the Military and Interdisciplinary
Research at Stanford,” Historical Studies in the Physical and Biological Sciences 18 (1987), 55-88:
idem., “Profit and Loss: The Military and MIT in the Postwar Era.” Historical Studies in the
Physical and Biological Sciences 21 (1990), 59-85: idem., The Cold War and American Science: The
Military-Industrial-Academic Complex at MIT and Stanford (NY: Columbia University Press, 1993):
Robert W, Seidel, “Accelerating Science: The Postwar Transformation of the Lawrence Radiation
Laboratory,” Hislorical Studies in the Physical Sciences 13:2 (1983), 375-400: idem., “From Glow to
Flow: A History of Military Laser Research and Development,” ibid, 18:1 (1987), 111-145: Michael
A. Dennis, “Our First Line of Defense’: Two University Laboratories in the Postwar American
State,” Isis 85 (1994), 427-4555 = YAHE =8l gt} 7H&57] Ado) thek Aol i A& Robert
W. Seidel, “Accelerators and National Security: The Evolution of Science Policy for High-Energy
Physics, 1947-1967,” History and Technology 11 (1994), 361-391: Peter Galison and Bruce Hevly, eds.
Big Science: The Growth of Large-Scale Research (Stanford: Stanford University Press, 1992) & 2+
#., Adrienne Kolb and Lillian Hoddeson, “The Mirage of the "World Accelerator for World Peace’ and
the Origins of the SSC, 1953-1983,” Historical Studies in the Physical Sciences 24:1 (1993), 101-124+
n)=e] SSC(Superconducting Super-Collider) 7} YAbEe]gtol A mj=te] @S §-X 3= WA A
=89 %408 ZFH AT 1989-90d ¢ AFo]-g-4b0)e] ALt FUAEA HALHUES
BoFy glo},
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243 A tig kg
ZHE 9L AECel 9gt et AP FAM $-§7bsAdel £ AFFA A ¢

HAT olF g Aol w3b Az A ?
(Sputnik)& 2rob &8 UYAATE RlFo2ZAE AW
AT FR28E oA, o AAPY TAE AFEYIA 4#9 El/\}o‘fﬂ oS
A 4% AR B3PS AR Aoleh P52 A EY AL ASAE
24 3)(President’s Science Adv1sory Committee, PSAC) & 7HE9] JJr—} |&3t =l A
48 Fsr] f3 FHE tatr] AREeH, & Fojd & AFFAE ofet 71z

dutol FH7t A 4E ol71A %‘S’}E} 19604 PSAGE THste] Fx ojsh AR 2
B (A9 Seaborg Report) & tEHAA AEd<d o Ruse FstdTe AY
| =7H4 el §Atolw AF7E 712979 et uss FAC Adsiof e F3F
ot AREEE 2FEUA AR 5719 ol A2 $FATAL7IHANASA £ 4
A, Pt FYA A3 NASA ©f A94-2 1966 @714tk gt disy
A9 10%E AAPH FURE AEId #EE 1F Vs d7E Adse
ARPA(Advanced Research Project Agency: 197239l D(defense) ARPAZ ©o|Zo] vlH)E
AL 7|2ATE ALse 7]HolAE NSFY o4t d8x F7 Sojyth NSFo
Ak 195810 4H T EEolA 1959 ddlE 19 3 dunt 2 1968ddlE 59 EEE
10 Atolell 108} o] F7Hith NSF& /W81 Aare] ofel Apist g AT
A2 AQ37) AL, gepid z2od e SHAZT. NIRA 19533404 19684
Atolo] YR A7 AR YA detA]Y FAor A 7|2E Mt 7| zHSAT
o et AP nFuSol g AL A JPHUY DTS ALk 27E F3
AHPE o3e 2FEUIA o olE Hrigin 2 Az 1938ddl F7PeuSHY
(National Defense Education Act, NDEA) o] A= %Itk NDEA & S tistd Aol of
3 AEAd e 2ol AxsER e (FE 1ol $15004 3197t A, o] W HHe 1
S-S dake o]Hd Hls| F vl2 ZFrlglen 1966-67d0] NSF, NDEA, NASA Sl
o3t st QAy e FEE= 3 s 657 el 23tk 1958136l A 1963 B 712 AT
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2) BZAAe] ko] thil H4 2= Daniel Kevles, “Cold War and Hot Physics: Science, Security, and
the American State, 1945-56," Historical Studies in the Physical Sciences 20:2 (1990), pp. 239-264:

idem., “KiS:: Korea, Science, and the State,” in Galison and Hevly eds., Big Science, pp. 312-333 ©]
itk
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Ak AR Z A dge 14778W T dejolA 12ob 7] Wek g2 oF 7
7tk 2 &]Qi 1950 At} 2ol tiske] AT T 712ATe SE8ATIE ti
101917‘1”&, 1963 d0] Hw igte] 7]2ATol FoFHe dTHE $E&ATe 7-8¥E d
A= ATt 2

195713 o] Fol AR 7|2AT A A o] FeeiAHUAM thte] A7 4 A
3 24 WsE AFH MITS Zo] AR d7H| & ol AF it 3%
o Bols TAHY S87ksAel §le FAE A7 i 2HF A= FAHT A7
AHEERE dTh 19609 T THe MITE 3+ TAS 7P 2 A%AS
£ Bk of} distdTe] 7P & S 7]Hel Uk
fgtez mAd dgke & F Atk A dige 1920ddel A" et
(Department of Engineering Research) & E4 7] 5
T & bE d7d BxeE e, old AL 23 il olF dAw
AFHZE soluEA BSE AE gl fidith 1963-641d At
199 d7HlE 28k Bollgel Hla) FREZRE T2 AFHlE 3H3Me Eol| 2307
Foldty. 2¥AT mAA tigte] AR2EEH W AFH T FHEG AAE A9
23] Aol 1960AHE T3 HAZ 0%, 7FE =& We % 7HA Oliﬁt} ole g

A2 ggtE AFARAR, ZFAY -tste] Age LA B3 d4
HA e ATrE AhETL AT Ado] %ﬂﬁiﬂr TR PAFHE 78‘%% T
T AL ol dF AstA AR BAAE ddf o]Foll mj=3ste] Aty
steh ZASHE At HlHEr|=E k)
23) ~FEVAS SH I R ZxdT A4 Sl hE 4L Roger L. Geiger, “What Happened
after Sputnik? Shaping University Research in the United States,” Minerva 35 (1997), 349-367:
idem., “Science, Universities, and National Defense, 1945-1970,” Osiris 7 (1992), 26-48, esp. pp. 44-48;

idem,, Research and Relevant Knowledge, pp. 157-197: John Aubrey Douglass, “The Cold War,
Technology, and the American University,” CSHE working paper (ishilib.berkeley.edu/cshe) oA o}
£

24) "AH e thels+  John W. Servos, “Engineers, Businessmen, and the Academy: The
Beginnings of Sponsored Research at the University of Michigan,” Technology and Culture 37 (199),
pp. 721-7625 %, 238X (0ak Ridge) 9449 423S AUWE 918 7 (Alvin Weinberg)= 1960
W) 2ol s 7rF A AelE v QS MY, 195990 A" JHIZIATY dlE HE
(Merle Tuve) & #8lo] x| &]o] ol g} 7|&4 380 & ﬁtlﬂl AN v F T Leshe, “Profit and
Loss,” on p. 84. WAIZAN = 1950t ol] =<7} U=t FE 7YY GESAATATL
PWAS A Ao g Bty =8 8ae 1920-30d ¢l ]OH E: HERE S E’S% Bt =
WAL o] it B8 dAaetd Qs A Fop Ao E d el Qv
A28 Richard Barber, Politics of Research (Washington D.C., 1966}, p. 60 2% GA}e A £me) &
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Bighs igtelnt gtole Aol ofrt. & Hoellx AFPRo] A 7Y dFas
T 712497 (fundamental research)& 7FZ317] APt 7| 2AdTEFH Y2 FF
3 2R FET dARS ‘wF AgdTd FAL Ae Vel AsHe

z 0101735}’% “A4¥ 2d”(linear model)® F3/3E Y3t

22t A o]l od 7Y% o] BAE FAs] FEAT 712 dFaE A 3

d 7192 ¥ B2 AdE 71297 FAFA, AUEEE 2 o] 3 Rl dTva
£ T2 " 712 AdERIF EojR 2ol ARE 728 ANT RCAR ARH A7
o 718HEE 71T BFAL, o= AFs|Abst g}ﬁrw—g PRZHAGH 710l
Ao 7129TE A wet 4713 e It A7)71e ok 191330 2=
A2 A~E]FE(Mellon Institute)= 7199 AFE FdsF ﬁ:r”ﬂ]% ol titdTE

FAE B FL2 stugedl, 7IJezREY AFHIE £ o E digEo] AHF9 o}
AYe AFHE ol BFsE B LollA FAHoR Hopgde Ao dufstn dF
7Rl 7] thetat FHaiA 7 7B E(Carneige-Mellon) theto] HAtk S EAT 94X
2 QIZE]FE(Case Institute) s} =B AE itz 1960 Aol o

THE o Bol Fa5t7] sl FHE AX Aol2d2d tigtor AFyth whd
Tl 2o gighe AWA R ATHY o]Fg HAuA FH V19T NEE BAE @

= 1930 2ol 282 (Sperry) Akt FEATE AddT IR HF
%= A xE 140} 7YEREEH ATHIE wol figte] AT AFE FTE AYE AHA
gk tigtz 7] Atele] E3HA zpolg} 7|dEe] HIFPRE AsAM AFE T2FA W3}
2l ZATE 2R 19538 AR A7H|E ol 2WEE fjste] HxFE
plolazgo]lH  Fsto] FHA wHstHA AWETIE AE AJTA] (Stanford
Industrial Park)= 719& F8t7] AlZgiTh w2 AAL
3|7} o] AdeA] o) JFFom olE 1970 o]F wreAlsh AFE Aol Fatel 3
Ao delEi)e] Alste Fxete d gUdd dge St 2
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T 1950 el] =] AYS HEHoE Wty okx YA EYE Hopl ZEYETE 45
Z1710] AeEE weko g AP SE AAskY vh Pau Forman, “Behind Quantum Electronics:
National Security As a Basis for Physical Research in the United States, 1940-1960," Historical
Studies in the Physical and Biological Sciences 18:1 (1987), 150-229.

25) 7192 Wsl= Hounshell, “Evolution of Industrial Research,” pp. 43-49; Smith, “Scientific Tradition,”
on p. 128; Knowles and Leslie, “Industrial Versailles” & 2z 7hi|7-4E thete) gL John W,
Servos, “Changing Partners: The Mellon Institute, Private Industry, and the Federal Patron,”
Technology and Culture 35 (1994), 221-257-2, Ao)Aad~8 thsle] thelx+ Darwin H. Stapleton,
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Wste thste] ot ol AT oflQUtt. ml=e] FEuUSE AF
AAFAE, 19459 o]Fdl= B2 tighe FtaKor EFo It ot o
E44 ZAE thFe dFE Axe7] AFH Feasda A7t A2
et A B 28 ofut AT THXE Y]] AR W= It
T 7ol BX S
o] T A5 L /A HAUYE o= A A
SAET A FAAE A st A" AR AR
1950 o] %] AgRe sofd A

= T3t Al 7|2g A7E Aok st

Y
b
g
dr 3
Al

=0 s LHOHH 7L YT, 196037 =R mkA] ASAEAY TP o2
d A AFE Ao LRdh= wgEol T kel HATHW
] Zleglo] Huax, Tleygilor e AA 4%, ARlel 1%
I o] Bt o] Folitks REIoMHQ] Al Ay Edl7e] Fd2 1960 2
o 13 dFE AXNYH Byrk 23% 196509 THe & oE wiste] AlFtollnk

3. 1970\dth o]%- A A o] wztet ezt 7]13dell M o] Fheel 4179
gt

19501 NSF<] “% o] Alzls} sk Alolole g <Algle A7|HQ EHE GF
FI 712 E ALEE o= 7|zaste] A diido] 2 A %7}% AkE) 7} o} 2}st
L2 2] %_%*]*}(peer review) 7} 248 4l BEAse 29 giAre] AAT AT

“The Faustian Dilemma of Funded Research at Case Institute and Western Reserve, 1945-1965,”
Science, Technology, and Human Values 18 (1993), 303-314 & 2 Z AL ~dxE gt 34
Rebecca S. Lowen, “Exploiting a Wonderful Opportunity’: The Patronage of Scientific Research at
Stanford University, 1937-1965," Minerva 30 (1992)E, A8tgEeol AZo] tisiA= Annalee
Saxenian, Regional Advantage: Culture and Competition in Silicon Valley and Route 128 (Cambridge,
Mass.: Harvard University Press, 1994) & 3%

26) 19459 o]% m=k 8 W52 Wale Bruce Seely, “Research, Engineering, and Science in American
Engineering College, 1900-1960," Technology and Culture 34 (1993), 344-386. #=3}A #slald 3-8t
Ao thek WP C 2= Eugene S, Ferguson, Engineering and the Minds Eye (Cambridge, Mass:
MIT Press, 1992) 7} 9tk
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FaellA] FAsIL el FHsNoF drh>E ‘Al o] AHEHAUT AWAF] YL 7]
2T 2Rl gHAF T, ol2fg BAY rxole 7|Z2AE AHetd 1 AHe B
< o] A HZE 4 Id& A4 F FFA(public good)Z ALFel| AT 2
S 7oz 7)ol MRS AFeolv 339 Y4lg /HAE 4 ke =l AT

A EATFU 7l g AR ALL T2ATE 4259 d= FHE ¥=U= £

4
A o9z, 8 719& s E}% ATE Polr AFE wFsth= HFHo| 227}
AT 1903l t7IHE A
AshA 7)1z skl FApTh 20
1960 ZHRE 7zastATl tigk A ZF oMggle Adoleks AP w3l
7F Ueh7] Al 4 ol A2 AR Aol wistart 1960 A E EaA] Tt
7l LA g sl Fo|n HIAQl EAaeTt ARSle] 7 ol EEE U ofolAl
39l PSACE 91 ASGAEZREH B2 AES 7Id dE5Ho|d=d, 2 A4lo]
1961 AHAMA “FF AAo] Aer|e deEY XR7F E 4 jlon ‘FAEFAE
AA S oF ke $EE TYAT 19629 71€E W] 9P AT B HEeo B
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3} 34 gelgel ARL 9 2o Bty 1z 2usel 2

Heprlgel vhg Bl viZol WEUH AYsT WALES] FuHRN A 2

Z97h Foldth #214 As A4S0l tigtel A RrBd G7E As B

BT, MITS] Fu)7 171972080 2 B A48 %aw vzl WEY Aol oy
]

=kl
) 28 =27} AAE F&om 196593 39 4L MIT ¢ thstaAEd} dF w4se
AR ATFE W stdA s “ATFEFE S L%}oq Heatse AEE 4 =
A& Az Jdob 2 olyg v AWs|A MIT FH|7]7]dT4AE oS Ed ol
AFAE Y AT FAE ANAT Fog Hdijgon nx FRE 19709

27) 195089} 60T 2=949) 717k Ftel 7|z AFe] gk ©Wgo] A e kg AR HES &
HAFEY &= EXOZ Daniel S. Greenberg, The Politics of Pure Sczence (1967) (Chicago:
University of Chicago Press, 1999) 7} it} =¥ s}glol7ldn]of] dRUoAES Ao grojEo]x] olx
AAYAEC] 196599 FHAAYAH o7& wE T oLk /\O}U}Hl WAE W A,
Salk) & =34d el %32% SeAAE eyl FgAstolFt v B g MAshd ARAY de 7
Al ol EAl o] ‘et o] [As & BoFrh, 38k Abg Ale]o] Ake] e thElAE
David H. Guston and Kenneth Keniston, “Introduction: The Social Contract for Science,” in David H.
Guston and Kenneth Keniston eds, The Fragile Contract: University Science and the Federal
Government (Cambridge, Mass.: MIT Press, 1994), pp. 1-425 & 7,

28) Everett Mendelsohn, “The Politics of Pessimism: Science and Technology circa 1968,” in Y. Ezrahi et
al. eds., Technology, Pessimism, and Postmodernism (Kluwer, 1994), pp. 151-173,
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E 73z Mansfield Amendment) & SHAIHIL ol FHE7L FAPEHS HHstA B

Ho| gle el AFE 7‘]"3}% Zi% AN HE WAdE A2 1971 Lﬂoﬂ =}

IEJAAT o2 FYse FHE] A5 TEL A IEHA Rk gHE
Ao}, 197590 E 8%= T %E}.
o] 14

Ar2E 19690l 2977980k Dejold FHE xYFo] 5 FHel 18745 gz
ZF2gth AR ART AdRA ghokth 1973delE e daart fu, 70dy FHHRE
A713A 7 Fupstty. A5 NSF ol AR Al 33840 G840 EYd ATE Adste=
NZ$ =233 (Research Applied to National Needs, RANN)-& THEom NIHe A¢

A QL 1969 el ARl A xl Z 17%2 2}
219
of

T AAF(War on Cancer)dl =32 ZAATE NASA & 1969 Wol| AFES dof] By
© YFE &8l I o]FAY YR dAakg 7] JAEQT AR AgH] Zdel Ht

Egjstn A AFE 3ol HEFHAG 2L goly oty Ay aehd o dET
H ﬂ%é}% ko 2 Atk Aokt FR5] et gk (YT 22 A7) F43
7+ A3t} 29)
W3hs 7199l 71x3te dpdr golgth 1950dUE 3 7|dATAES 719 Wl
Aol 2 A9t obRa, vkx tietEt Hsg F2E MY AES AeH, 7Y 3
< old B2 dibE ZolRth T8 T olde =¥ r Esta 30dd FEY U
29 Azte A"HA gdrh GEs A749 dde ARES FEFsshke vl A,

712A7el B2 HEE FANY Z9E ARE ARIZIES LA Bk 1970d el
RCA 9] d74e Hted2aE AEPAT ole L& HYeHo|Zee] FAlA )
Atk FE Awe e  gle 22 AXVEL JPEPAT o] AFS AVEET
A BERA LB #HE FA EIth IBMO AYIELS A7 e
P AAES] BFo] ut2 Folglertdl dis) e BASH] AFAT 71HS
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29) Geiger, “What Happened after Sputnik?” pp. 365-367: Guston and Keniston, “Introduction: The
Social Contract for Science,” on p. 14. NSF¢] RANNS 19713¢] =¥ 3th 197239 RANNS A=A
NSFAY & 86%= AP 1974300 13%7HA 57F0 T RANNS 780 = i)

30) 19608t FwRE ekt 219 979 W3l= Hounshell, “Evolution of Industrial Research,” pp.
50-51: Smith, “Scientific Tradition,” p. 129-131: Margaret B. Graham, “Industrial Research in the
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1960 dehel Eojskre 71zdTole] FA7E TledAE ¥ olzlo] w7PAle] BA
£ Mt ‘oA B S (assembly-line) 2]¢] FA]Q] “AHF 2 o gk 1735‘]"] 3—}
A AEZ AZEHY Jdd 2 Sdle o] 2o Bl 4ee B Thehs
TAN ST 19639l OECD ol o3t & d7+= A= =7hee d77iey Tx}
Sk GNPAtolol A7} &8 FARAY, o= A w2 Ao £t ﬁxﬂ 3
ol (A =7H Al Fap FEAMZD A9 obFd gao] g BT
= &5 AT @ BASARE dsldA 7|zagtd AL ddd kgt %ﬂ?ﬂ
AL F7E AQsiol dvtn A4 A"HFelyd EFEL EAVE BH BRugiew,
1960 FREHE Tlertstaee] FA19] AYRA ] ELS AVAT. Tled &F
gsto] obe}t I AA7E 55 WHELS 7K UEdRY ‘Fetolal A4 o]n 35t}

Zlee BAE FH3he] wHe] Ted ¥e Aol ozt T F AAAA Atele] Fz
Aoz Holop Frhe o] o]59] FHoIUT TlEAAEL Vel dAE T F
23 Zlegle] w5 ATERETL ofyzt =R 7]Ed TlteA o] FojAE= A
o] dvrAQl FFUE FxFP=d, TR §9E ol 20 A7) ZAFII7E wEE
43 JIEAOIE Z2 A E'(Project Hindsight)s #4#Q ZAZ]& tiREo| £43}

Mg E7t3)

gto] old 7|E 71=(92%)olt -&75HR%) o 7]HE oA wEgths B1
A =4E Byd ozt

A Re] 737 AT AAA B o 197099} 1909 E 53 AL =99
ol HAW AL #Hrle Ad7|#T FYo FIHFIAT w= dgte dAFE
NSF, NIH, =45, oA (Department of Energy: AEC7F 1970\dth Zute] shof 7j®
" 27), NASASH Zo| A9 E-A BREA 7|@E 93] A=Ak oA ‘T

AF9 (pluralism) & AT7A7E A9 717 A5 ¢ B A7 Agd ¢ ke olF
7 oAy 7|l APE FHAM I EFHE At 5 Avke olFol AAAT, HF

=

Age of Big Science,” Research on Technological Innovation, Management and Folicy 2 (1985), 47-79
£ #}x.

31} 1960 tH-70dthE &3 R&DSH A% Atele] @A) gt BAAES =4 are
Bruce Williams, “The Economic Impact of Science and Technology in Historical Perspective,”
Minerva 20 (1982), pp. 301-312 & &A% A&7 7e9 BA e 7|eAEAEY N2 F42
George Wise, “Scierce and Technology,” Osiris 1 (1985), 229-246, E3] pp. 233-237 o] & Q.¢k5)o] 9]
o 3%, Aot )ee) AeAE A0 M Jed AR o s ) ke ) FalEAlg
#H8 7)es £8F AGAF 1999, 193-220 5 83Tk shIEAlelE 224 Ed] thaf 4] Chalmers
W Sherwin and Raymond S. Isenson, “Project Hindsight,” Science 156 (1967), 1571-1577& 3=, &£

& =7k 982 Wise, “Science and Technology” on p. 233.
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2 #3Me Te-re-4de AT ERdoln YA BAS Agstr] ' BF
o] 3tk BEAHOoR o|H3 ©Ye HH3] A olo]AEtY FHEE=PSAC E
EX A dEEe 196240 tiEE HEoE #AsU]e4 (Office of Science and
Technology, OST)& THEUAT PSAC+= A+ HMW HIFEE] L JI¥S
Bolx OSTe 28 Zrpgolx] B3tk Y& AARE OST & AAIAT ol 7He 9
5ol A o al=r Aksle] T}t 7|e A A A (Office of Science and Technology Policy, OSTP)
2 NEA A=A A2 ANE OSTPE AT A7 dike HE . 23se o
< Fouiorsdl, OSTP7F AAl ofike] TAl Agto] fle AejddA 2 4L 7 A47]
o] gEE o]FolF7 HHProﬂ A 275S LI + gk v= Hred
o] Babd 4z v Feols 230 A o]F 1945-501d Apololl Fabetar gashA 2o
A ZEAOE uHEY| 6120121 A = T}.32)

AAo] o= 19454 o]F NSFo| tha] FA)9 ot} Auojol oke =3 HeAST}

E’_]_-

BAQE0] =AL T wolx FosA dRAd EAQT Zuole] ke HEel AAy
e £5dT S8ATR 44T AT F84L AAEE AP 24719 BEE
TR A1 7 A2 YEE FANIE AL FANT el BA9 e 7)2AT7
& AQugor F3, Advhgel dAe ARl ofa) olFolAE AL gHow
A3 AT = Amolel o] ‘HEE AL TwAE FFAEH /1FE FE Aold

of ’hajrf, FAje] k2 tiste] AetdTE Adstd 719l 7legilo] Ao F
2 3 Zoltk 2¥8A%W 1970t FEH 7199 HA Aol g
T Zlegie el g e tAle] B gAe F5AQ A A4} A
a7 B3 gy £E2 AnExE dZHANE HFolA I B BAG AAE
o EeeRl Ao dYrEdie Azt ivke AL =gWoed, 1980dHd HolEHA
] o] Fugth 7|2dT FAE €ike dE V1Yol ol AT eyl
d7b 27HEEA w50l tigte] eadTe e AGED TS #MTIe HEes
FE3] ARSEA] Bola ke Aol Hi#e tie] HW Aotk seAld EudE 7=
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32) Sylvia D, Fries, “The Ideology of Science during the Nixon Years: 1970-76,” Social Studies of Science
14 (1984), 323-41: 1987'3¢) st A998 74 24 Eehi-(George Brown) W=¢] -1 A€
713 AR e 23l AWAEeRE BEE NS AAYAT HA sl des A3
t}, Kleinman, Politics on the Endless onntzez pp. 176-182. gt & 23t v g5 H87]&4
Ao Qe Ae Az, TolEhe] AEAE YA AL AR AF: & 0] - 4 EE TR, FE

g3 ekl BAlselEE 2000k wgol Bk,
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et A7 ARyt dEH 22 AT Y3 AREA AFEE v 719E st
Arke HRE A7Eden, 190dd FHRE nl=e] ZgrtES AR ke FA
Bl m= Aol A4 ATk YL Roq nZFL “AYA3 "(reindustrialization)
slobsttin Fch 7hE] AAFE A diFE AIAEALES AW ZH 2 (Frank
Press) & FH??E)J ﬂﬁid?ﬂr el Al Atoldl EAlEte AAl(lag) & Eole AS A3

%Hﬂﬁsﬂ 01%“:'1 29L& 197040 TRE A SHEUT. 19789 o] F Al e
B 1097 wid B 12%4 F7kglen 1987 dole msr @ FotRoko] A1)
5 120989 23tk NSFE B3 tish d7H] 2= 1980dd] =wh
o thAl SAdstE AT 53] 80d Xtﬂoﬂ U7 Qs 7)12dTE7 o 30% 1t
SAHATE 2B AAR] F AFNEy] oo FUtd= BFsty distes
fFrdsEe A5 dHle AdEd J FAE Bk 1977-87 9] 71ZF Ftel AHkd
B A77)EY A 7ML 4%H1, WY e 1% At 7199 g £
AN Bkl 39%014 19933l 50%E UM o £43%
Aol 1 PAFA FAZ FA7ZE FobA T 7| Aol
o Ao 358 A& FoEH 7Yl AL 8= %°i d4Ho=r w3l
24T SE&AT LATE ALE Afde AR 548 719E #

e, & B59 Zo] “71YEA (corporate welfare) i—ﬂom% Hlgte] ZHe 4= gl
Aok kA 2o F3td AREE AT YL V19 deiAe usdRe dsbsta
gl disiAe A& AarAe skt Zoldrk 1980del FotE #o]EBayh-Dole)
t2 digtol} FavIgo]l ARERY dAFHE ol FAg AFAAS AA el

=]

. o®

) 708 o) & 7&YAE NEA 2HE ATFEE James M. Utterback, “Innovation in Industry and the
Diffusion of Technology,” Science 183 (15 Feb, 1974), 620-626: John Walsh, “Scientific Opportunities
Syndrome: Invoking the British Experience,” Science 190 (24 Oct. 1975), 364-66: R.R. Nelson and
S.G. Winter, “In Search of Useful Theory of Innovation,” Research Policy 6 (1977), 36-76: Stephen
J. Kline and Nathan Rosenberg, “An Overview of Innovation,” in Ralph Landau and Nathan
Rosenberg eds, The Positive Sum Strategy: Harnessing Technology for Economic Growth
{Washington D.C.: National Academy Press, 1986) 2, D& th3t 40 2% Edward Feigenbaum
and Pamela McCorduck, The Fifth Generation: Artificial Intelligence and Japan's Computer Challenge
fo the World (Brighton, 1983) &% 7l¢] A F @ge] #A871eA 2 Hald] thafA]= David Dickson
and David Noble, “By Force of Reason: The Politics of Science and Technology Policy,” in Thomas
Ferguson ed., The Hidden Election: Politics and Economics in the 1950 Presidential Campaign (NY:
Pantheon Books, 1981), pp. 260-312 &Z
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gtaiA AESE - Ae 2E GAUth o]F digte] E5= 198031990 10 Atold]
240% F7Hth 22 3 FaE 2E]EE-9lo] 53 (Stevenson-Wydler) HOHS dxpaT
27 71gelvt distat  “YE AN EA 2 (Cooperative  Research and  Development
Agreements, CRADAs)E W& ZL 7tk 19824 EJJrE] Fa 7] gt (Small
Business Innovation Development Act) NSF&} 728 AR 7|o] 7|ge AFE AUdE
AE 2L dUt) 19836l F#HE 3 A% HE(Orphan Drug Act)2 37 Bl oigh
Aol AlgE ALY, ols e AFHNA FdE WA ALIAEANA 53] 77
1212 AT} 194390 E78 Z7FES AT (National Cooperative Research Act)
g5t A7l dsire ZJAEMA 57H A998 74 geve $3iE 39
, o] He| A o]Fol HFAIYe] HHNA mhE AL ZIEMAHE 943714 575
Mol &3ith 19861 S3tE Aulr]eo| AR (Federal Technology Transfer Act) ¥ 891
o] Z717AAE 7)% ol A (National Competitiveness Technology Transfer Acte ZH AT
Ayt A5 Aokt AFMET} 7|es A AESAL e 2E AT
1978\ %€ AW-}@E@? £ A7) AF NSFE 0ol Sojgiie F8e A
Qjatel XA 7 “HE7]E ATAE "(Centers for Research into Generic Technology,
COGENT)E #415}7] Alﬁﬂt}. I Az 1980dHE B AAA, A2FFE, Y3
5& dA7ske 500707 B ¢ st A E (Engineering Research Center) 7F B]=F 4 9]
o] e AFFFATLE THIA I = 1994340 L1I007HE Eolnttt 8
< Bekn 2y 27—}—‘111 FhsE AT £ S&HEolehs Ao] 7]E9 Aol Untd
NSFO A2 YL F AT 3¢ o] AT fAst tdez HFE + A
The Q4)o] Wals whgdsh Aotk 197/ SHHE thstyl BALEAL Alolof 2 3 3 vt
EAE dA7Ake] A" AL AR 195030l MITS} d<o] gulnt Bxlg] ApA ke
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34) 19803t E35 Heka} o)A o] tEt Ao w3z 93k Shelia Slaughter and Gary Rhoades, “The
Emergence of a Competitiveness Research and Development Policy Coalition and the Commercialization
of Academic Science and Technology,” Science, Technology and Human Values 21 (1996), 303-339 &
2. Slaughter®t Rhoadess= ©] W37} “Cold War/Cancer War coalition” oA “Competitiveness
coalition” . &9 Walelw F422. k. David C. Mowery, “Collaborative R&D: How Effective Is
t7" Issues in Science and Technology 15 (Fall 1998), 37-44, on p, 38 )% 80 w3lr) & 2.¢kx)o]
AT}, 1980 WA Sk o] & AAYE A2 X249 AE8E FslEgw A Mske nwo 9 FaE
Aol olt} | Sheila Slaughter and Larry L. Leslie, Academic Capitalism: Politics, Polices, and the
Entreprereural Uriversity (Baltimore and London: Johns Hopking University Press, 1997) 2 o]2{8t ¥
), ME 47ke] A Aol YA o=, vlH, EF, Fhthe] o FEACE QIR WS B
AL AT
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AAstz 1981-2d Atolo] ml= HleA 7)gAT T 35AISo] FulEl Bo] Y A
719& v gt AFE Adsky] ARG EA 7| -tiEte] AR HEUY Al
S Gtk WEkT 71 Atoldls A4, 7l "] wf{ Foby olE WgskRoel
sttt 719ATAe] FEEEL 0AUE FAHA A =R 220¢M H%E F7H
Pk 1930 FHEEE 5 7led W BFo] P Ado]l 2ALHA A=HA
o} 1 ARE 7199 EAS AT A% 244018 AYse AYE ARy v
A 71980l p= HheA A4S FEANATE SXR 198730 HE Z4AY Avkg
A(SEMATECH)= 177 wh=Al 719, gAts R4 29-& Wi DARPA € T8 &
HAEZRE | 98-S AYwsith 19849, UFE A99Y & Zd(John Glenn)
719E Atolddl =A] Ao AsiAe mtdel AAH AsE f8iA AREES AT
DARPA?Ql ACTA(Advanced Civilian Technology Agency)2 #HEojof dttiar Aot A7t
A= o] ‘HIZF DARPA' 7} 7195 Fo +x¢ A2 7124
AHA. Al FYHEF=(National Bureau of Standards)e =HIEFE7|edAT
(National Institute of Standards and Technology, NIST)E 7§H3}lx, NIST Akstdl 7]
o 7lefde At 1F7)EZ 223 (Advanced Technology Program, ATP) o] A4
HAok 3

HetATo dAe] Wl Y HItE F2 Fa% 9dont. 19739 22 =gl
2AAYES A 298] 23 (Stanley Cohen)? UC MZFA|23 tfste] SHE Holof

lm

(Herbert Boyer)= A A Z 3% (recombinant DNA) ol th3l =88 233t} o5 A}
A9 FAAAZEH] 532 Haws & Qv I3 Aozt AGPAT,
A

22X E fgigte] 7)ol golH 2 (NJ. Reimers)e ZAloA o] tigt E5&
29 A& F8YTh 2= olFA 249 53+ 1990 ArZepulEl(A. Chakrabarty) €]
715 %< e golol tist 53519t A Lol SAHAL, Tl 1981d 2=

& 3UN3ALe HiERE gholAA S AAs|A 19 445 2o 2FE FYL &1
TP FAANZTHT QAzro] THE HHEElolel 8 7F BoF 7] 2-31d AREE o
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35) "US Technology Strategy Emerges,” Science 252 (5 Apr. 1991), 20-24: Kleinman, Politics on the
Endless Frontier , pp. 179-180. 19843 3#438}, 3-8 7|&s& e ohddt 4749 Zpol= 19849 Science
Ao A MHe editorial(27 Jan.: 10 Feb.: 6 Apr)olas 2 =zjdt} & o2 HalE 19809 E £6)
Al NSF9] Aol AHATAS] Aol 4] | - ABE A Yshs Wake g 25 335, NIH Oﬂ*ﬂE A
ole] A YoA Ex)Ye] Zrhsle AedE B¥te Aotk Slaughter and Rhoades, “Emergence of a
Competitiveness,” pp. 326-27.



20471 Aol A= 21

2 EE 76”'?—1::_ AgFete] AEE AAgrh '?T’HZ}ZHZ:@HJ% TE
W 27147} 2R <L=(Robert Swanson)#F g3FsA] 197610l A A3
]El_(Genentech Genetic Engineering Technology) AFS A ®3ict o] 3
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Mjaor Patent in Biotechnology and the Commercialization of Molecular Biology, 1974-1980," Isis 92
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Powell and Jason Owen-Smith, “Universities and the Market for Intellectual Property in the Life
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) AAELE ) HuAd g FHo2= Philip H Abelson, “Technology for America’s Future,”
Science 252 (10 May 1991), 7572 A=, A2 7= AAd hajd= John A. Alic et al., Beyond
Spinoff: Military and Commercial Technologies in a Changing World (Cambridge, Mass.: Harvard
Business School Press, 1992)' Lewis M. Branscomb, “America’s Emerging Technology Policy,”
Minerva 30 (1992), 317-336 5& & 7 3hd9] #371+993) o34L AN I idgH-9 71246‘
T AYE 303 9A e 24 HaEhE(George Brown)E 199290l &7 ALATE T3
A ZgA 7Y we o Aehe] B T, FE A} des AL oAl S Ak, 1‘_ =
193] 3)9)dl A “dodelut # [FA]9]] Bde] Ag& ;‘4%‘0}%1 BTF 3L AT A HekR) AL 54
S AAFNE FYh, George E. Brown, “Rational Science, Irrational Reality: A Congressional
Perspective on Basic Research and Society,” Science 258 (9 Oct, 1992), 200-201: Philip H. Aberson,
“A Changing Climate for Scientific Research,” Scrence 258 (30 Oct. 1992), 723. H-Ale] Zdlof| th3al A
2% F. Albert Cotton, “Concerning the Future of the NSF,” Science 258 (16 Oct. 1992), 379.
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38) 99 AR Hebr)|e9 AL Eliot Marshall, “R&D Policy that Emphasizes the ‘D" Science 259
(26 March 1993), 1816-1819: George E. Brown Jr, “New Ways of Looking at US Science and
Technology,” Physics Today 47 (Sep. 1994), 31-35: Lewis M. Branscomb, “Who Should Fund Basic
Technology?” Nature 392 (12 March 1998), 123-124-% 2 A, &9 A8 <142 Slaughter and
Leslie, Academic Capitalism, pp. 47-48°]13, “Ae)A "2} o} E-g)2kel 2] ¥ W+ Gerhard Sonnert, [vory
Bridges: Connecling Science and Society (Cambridge, Mass.: MIT Press, 2002), on p. 21.

39) Slaughter and Leslie, Acadermic Capitalism, pp. 36-40: B.A. Giamatti, “The University, Industry and
Cooperative Research,” Science 218 (24 Dec. 1982), 1278-9, th&}e] 2ol thet thg} 2459 9149
#M3sl= Shelia Slaughter, “Beyond Basic Science: Research University President’'s Narratives of
Science Policy,” Science, Technology, and Human Values 18 (1993), 278-3025 = 809 o1&
MIT, PN A, 22T, EEE O8] Mo tiades $4%, o5, A%Y, o] #, 7= o)
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0) 80With o] thst-719 2 #Ao] helxE Roger L. Geiger, “Milking the Sacred Cow: Research and
the Quest for Useful Knowledge in the American University since 1920, Science, Technology, and
Human Values 13 (1988), 332-348: idem., “The Ambiguous Link: Private Industry and University
Research,” in Willlam E. Becker and Darrell R, Lewis eds, The Economics of American Higher
Education (Boston: Kluwer, 1992), pp. 265-297 3 90 @] ©]29) 7140749 Ml o9 £8
o] #-43}t} Philip H. Abelson, “Evolution of Industrial Research,” Science 265 (15 July 1994), 299:
Richard S. Rosenbloom and William J. Spencer, “The Transformation of Industrial Research,” Issues
in Science and Technology 12 (Spring 1996), 68-74: Colin Macliwain, “Industrial Research Booms in
US, despite Job Cuts at Large Labs,” Nafure 391 (19 Feb, 1988), 723, Varma®} Worthington< 71¢3
AT 40 A7 28U e MEE autonomous modeldl Al linkage model£9) W3lE mHotalm | o] 34
A AT74E AEAES] By A i BAHE, A7) ok 2955 EolA Utk Roli Varma
and Richard Worthington, “Immiseration of Industrial Scientists in Corporate Laboratories in the
United States,” Minerva 33 (1995), 325-338. th &3} 71948 slE4o] &g AL A3 ot} 714
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G. Noll, “Privatizing Public Research,” Scientific American 271 (Sep. 1994), 72-77.
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He A Z2& o5gdusty), A9 0igh, €EAAHY SAE, 7N F stae] 2789 ez}t
ES ARE &3 YUt Powell and Owen-Smith, “Universities and the Market,” on p. 266.



236 "eb=rARPALEESEAL A247 AR 3(2002)

A1, 719 520 AT4E TEo] 7|2ATE AExJeH, FRe AT FTIA=
E e SX44A dF71aE 8 A7 FAR V)Tdh A= o] Al 7|Fe]
SATE 85 Avka EO}E AL ofth 2¥8AR o LH |2 204718 &34 A
FAEL AZole AFE A 719lA ko] 4
2343’— PA = Ay, 23 fﬂﬂ 01‘501] Apg o] opg
Qe FAL dowA 7dute AL WA £ Atk TxFstdTe gFE
|Felle 71zetdTo] g RS 3] Tdo] AAA ﬁloﬂ%
A4 de] He A7t drht Al 83 d#E yerte Frksia AdE ZAs)
= oAtk tiste] Ao} "‘7%1]/\194 Ak Atolel EAfet= 74‘3}% =
S F8 & JE UYS AgAAE BEE Aoz AR Aol wWsigd Aolth % 7
zopstdTel gk Azle] okstel FHetA| A9 dAC] Wste 7 ‘§ o] AHA FFolV T4
< o"@A e,
I A% 7192 AAW e d?ki‘i}— /‘Hi—ﬁ’: R 31%%]85\01 TEolAE st FA}
£ 3t gtz ookt FEE J5dT 23L HEolu] AT ek v)ee] o
W53 JElolA, oly oAR® 7]&o] $E A JEjelA, 2 Alolo] HAYE sHFL
et 71 Atold] A, SHATLYG A AFa A BATIY Ateld] A 91/\]
FU4=7] Al

A2 AP (research university)e] 849 HA7 fBo| #etr|edTe] JHT}

B W3te HA7jeAtETte] oile} AstT|EsAlE, AAo|BILE BATAE W
PA7ES] Aol zFol Hi it} ol “’]i}h “4%97H4 W (entrepreneural
umvers1ty )7 73974 348} (entrepreneural science),” e 7| AE2  NEUHA (triple
helix), “A| 24k Al 1920l A A 2920z o] W3l"sl Zo] thofst /dat o]Z2F
2 MMM EAET itk 2 BE o|d3 Wslds EgAEta A Holx] ek a4
50| Btk 4714 712ATFE ot FaEta b xdsioksterl ek ATt 7
el o5 BR o FEe AFdd el 5847 o] Afe o9A AAL =

B
I
i
(R F
ol
o
au
h=h
Hl
1o
ng OE
é
_\;_1‘

H
o
[
(i
R
gats
B oo
M
o

=
iz
2
el
ko
rot
re
-u
il
=
_n
re
-
[
=
2
>
u
—n
=
]
2
ofj
ofl
Olv
r[r
A

ﬂl

f

42) Henry Etzkowitz, “Entrepreneural Scientists and Entrepreneural Universities in American Academic
Science,” Minerva 21 (1983), 198-223: Henry Etzkowitz and Loet Leydesderff, “The Endless
Transition: A ‘Triple Helix’' of University-Industry-Government Relations,” Minerva 36 (1998),
203-208: Michael Gibbons, Camille Limoges, Helga Nowotny, Mimon Schwartzman, Peter Scott and
Martin Trow, The New Production of Knowledge: The Dynamics of Science and Research in
Contemporary Societies (London: Sage, 1994},
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43) Irwin Feller, “Universities as Engines of R&D-based Economic Growth: They Think They Can,”
Research Policy 19 (1990), 335-348,

44) o] =AM thE W& )=t Ao F3k=o] 9lt}, academic capitalism, entrepreneural scientists €]
S7d0] 1980dT) o]F ThE MAFAAE =5 vehvs @4 eE S-SR, 19459 o] Fd f
&) 7|28t it AEZAolal AL FAFAQ] ALE Y AP m=4:] @Aelint, eke) 7zt
go] o]E YL W Ho| Y ZerroA] #Ehy ALE] €] *HET A%ES Baks Ao TAEE
Blanka Vavakova, “The New Social Contract between Governments, Universities and Society: Has
the Old One Failed?” Minerva 36 (1998), 209-228 2=,
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3) Charles P. Snow, The Two Cultures and the Scientific Revolution (Cambridge: Cambridge
University Press, 1959).

4) Charles C. Gillispie, “The Encyclopedie and the Jacobin Philosophy of Science: A Study in Ideas and
consequences,” M. clagett, ed., Critical Problems in the History of Science (Madison: University of
Wisconsin Press, 1959), pp. 255-288.
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6) W2 #Hskrtel 94 FHAepate]l A 7bE =97} Thomas S. Kuhn, “The History of Science,”
Internatioral Enclopedia of the Social Sciences, vol. 14 (New York: Crowell collier and macmillan,
1968), pp. 74-83 A& o
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A Aol FES vt A F& Ikt A BF A7 (reconstruction)’
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10) Lakatos and Musgrave 1970, pp. 231-278,
11) Kuhn 1977, p. 7.
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16) Kuhn 1977, pp. 127-161.



oAld Hepdsla Aetd Bl 5

M @) meto]l FAE Hold FFE LS BARH] ofdte He AT Sho]de

Aol tig Aol 1 BAl AN MAEARGT A ADHEL AU o
G =g 2oL A

AUZol @Ash TSR 19 FAo] 1 A A Unte] 4T =
31, Rolsh obal#Erl Atole] rfeistel SHE B EHo] 3]
W} A AA BE s 2EA 249 IR

£ lold BTt He A4AdE HUE 9% FA Foivhe Aol o

AAolAg, HekA7t o BFEY AREL TetALe HEST 9
Ahel ek olsME Aolm, Il olslzt 2 Altkel THetel Az kel 713 9%
2 e Folr) mRolth AR FHokel TAY WeL AA AnnA e A
A A7 B, R ARFoPE I Fof 9% AEA o2 olsisiAE R 2
4e FFsHe ARt dTnddl 4R s olsd B 9d & Uk

Je 2o B o) ArmAs daste] Rolg AT BB UE 42
d Q4o 2ARY. 2o 2L 47 Solud

-

[= el
-

un
o

o
[l

.

T

o A

fjn

©

_|\l

S

1o

0zt

A

1A

re

-l

HI

(@)

i)

Z |'>|

I

i

0x

2

x

19

>

1A

ie)

_\",-'_

JE

i
©
in
()
=2

In
AT A

i
o 4

3
WE 1My

>l
mn <
re om
=
d

[ ﬂJ"-'
[

s Io_l OI:7|.§ Ho
T Qe HRs=

| B 1
FolsiF= WA SES0Ict o[ BRe| MHFE JHsT St
o Al

o

:IOI:
19
>
Lo
>
in
o
19
.
o
kl
HL
|

x
o M

L 1 =~ o ]
(@]

(@]

HC o mn rir
N2
2
=
Ikl b}
NTe

ol
-
]

o N

= =

o
£

Fo0] dxoz orestel e od Asi7ha s Ao A
glol) dAlsEel olald AgHeR AEHR YA FLL AHHT 7,
Foake gFol} TRrda Hold AE F A AHFA JPe =
AeaiAe geth eald, JFolt Zakre] AEAY GxH 5204
3 A sleor Am
stk 22T o) Az H Fiol o AWARE o] GRE RE FAS A

de My

off dr o2 &
o 4
o> e
mH:‘rﬂ
%mg

fo
ol
O,
kl
ol
AN
i,

Ir
=
L
N
N
tilo
i
AP
ol
e
b
aly
fo
rO
il
o

17) Kuhn 1977, p. 152.



260 "ek=rARPALEESEAL A 247 AR 3(2002)

A Aoz ABE W U Hs), SAAV o GACH, A Al B AL
£ o a0l GRE FAE 3 oF dRuel ‘GAFolga BrHesk Fol Bl
£ oold £ F& AAE ABHT o}RY AT EAA @ od L dAAE
o QST vho} Foalel e Garstel Blmel TRAQ Wak & 5 93 GAE
ARG ArdM FUHOE o F Y& Aotk Fo| L WA, wef Al
Ago] Seol2 GAE BYHE Fzlol A olojRel AFo] ZABTE HL 2

=& AAke dukat Fgpap Atolol] ofd uig ALY A X Adgo] RS ® el

AR AL W BT olRolAE AHEA wete W8 A 2T 0o
ool e Ewe AT Seshs OE] FAFEAAE Aol YTt 2= F
ah5ol, Heto] HAFASAAL o4 ol olsiaty] olele A= AEHA 4ol

A Fske] HEH WETe Aeshe 3 5#*}7} 02 dAEEe] 58 E g st
JER F2 F3gdEd ol U AEESH WA dEase E4ske F3t
| A=z ArjzolA] gt Tl 2 old Fzago] FFdhe vte AUAA dris)y
3H &3 A olsfsiof & BEHE Wolh W

Z2 I BAT0A) #e AR AtoldllA ERAE o F Aetate] tha 4%
of thal HEHo|TE F2 old AFEol JAEALEC] T d FHgfolA ojF FE
gro] ATt tiek AxE Az iR 83 A, A FES] T IA
Uerg BT =ggna geopgink £ a2 FAE Ad gl JolME ol
T7F 48] AEHoIES dAst itk Iy o]d BEL V1€ HAEre] HAES
setA] EPohe A Hate, ko] iF Jgdde] 588 94 L Ay 2 5
)9 54 dder olgjstEe AA At dEE dEoE s 2 e
st itk

Z2 A AEe] Aetolge 8-S E4E o, UF dA 3 HA &7l A3t

l
oo A

o

18) =& ol 249 Hgho] A3 AL 42 ofyth o] L ThE EE WA & u) vis- SFI F
') Aty #Hatz)ee) AAHge] HAH HAte] v 7
WA drhg Fo) vidshs dEH AV Avd E¥sizith. Hobsbawm 1994 32,

19) Kuhn 1977, p. 153.

20) Kuhn 1977, pp. 115-120. o] o] FL-oj A l‘%_‘ﬂ—fr ‘E—’F—X—To]
skt Aol A& vrebdth, ool e



R LR LR I

o Yol 71AE 9% —*r%fat} HM%E} 7??2’ Age B BN AEGET
A7t A FFEe WS

7 g9 ek FAH e -—-;rar uu XdPr A ZAZO| WEL olslsA &x

O

o @l 28 AUtk 3 o= A= WAW Hete] By FFL YA 55 o3
A A7 AT WA 72 o) A2E sl B }mnm}t At o]d
Pl 2 W, Fo] Ao BE HSARIASIA ABL WY sk AHel T2ulol
Aelsh $71B5 FAAE RAIRGE A o ek

2o Asple Qi dAETle] BAE T =Tl miselA B oln)dgd o
2 @ 7 B 2 dAetEe] Ropdl il A Qs WAE FEHA gt
917 Tsph Feke] Aol A AASASe] FAALE WA e KA Pl B
o =49 o] ojsle] AIAIATL old ZRe ANE HYo|
AgIT) 21 T, T AL A7 BE Sojusih

r

l

2 e

3

+

I
fr

o
Lﬁ
fr
N
)

4, A3 H31A 3} Ak mpskal

o AolH HE Zo| vlmo] FIAoRE AYIE BT, A HAE Fo|
AP BPlA BolAT Q= Aol WAk ol Aol HAt AT} ol olfE

AFSt Qubel BT TP ARE RlFT U3, ol AR 43402 P2
A 22 2o B ANERY FOIT BRE Ao FRHo

A gtk SAT TlAE Hete] wHol AREHH ase dBL Pals Aol Fo

= AoRed WARRozRY Hd He 4%

2o o)l AelE BalA Aol Hepael Wy WL

2el 2o Hetal AT Edl SlolA of

H::r?ﬂ_

Lo
=

oy
o) [ll[O
fr
1154
&

-1

s
EE

th
ﬁ’r
o)
rl
o
i)
o
>
e
-
é
2l

2
HE,
tilo
32
kl
30
i

21) Kuhn 2000.



262 "Rk ARPALERSAL A 247 AR 3(2002)

3ty Fspate] drateldA Bl 7K AEHer ol U Al 8 Foltt
A BT ZelAl oM Aol FAFol AAE ZAAM FepAtelM Aetd
gtoz AR Zlo] AMdolAEl ofd Apel® I F ATl gk T BAE 4
gotth 28y ae Al Fsiab A7) ARile] deske @by el oste]
Al sk goktk @38 F2 2719 AFAHA A ATE AFE] Hel= A3 2o
2 hEES FEA7IL A, olF HEEE Y AFA FIA I dTE A
I AL A7E FAA 2 NEES Ve AASAAA THEERe 7x,4 2L
AL ol 4 At 0dd) olF9] Fof FYe FEIFsA (incommensurability) 7
22 NdSe] #5dke e B PFHes gyshs Ao, o] AN FL oA
73 FAgte] Bl e SFHA ATE 222 FYshe I T AR 5
A FAsAL A7 FFshe vkE Al NEER dWetee =Y 3 A
Futh 2=, 2ol FTAY AL FHgo] FAYAE olgiske H ==L = 5 U= Md
oI, I A HdEol FHtrte] dFE FAHA S&HL HE FHAANE &
AT},

Z 27) AApstaE F Aol E4shs ok 22 SAsol e AH wjAel
%5-}0]91%% Ak Yok 2hM 2] A AT AFHY FASA i B4
of A8 ¥ TPt F2 ZokHd L AL TheAY o7t dAkst At
9l %':ﬂﬂ FHes @3 g5 AHFT Avta BAYE 2o Hs) dthel g
gApete drjel gr| Ha EEHer P9 £EE TS ol JAEER F
LS Al9stae F 2ot $FoR AFE Fu ie F Jle Bopt EEve HE
2 o7k A, A A== gy B4 A5
H, grl qakgke AUE AxE g 848 A A GHolM WA ol
7= Sttt

ol ofmellx Fhetatet FHSe R S Aol Ak ¢4 Ak 3
SHEEe ofete] Alstat Fetel| Hs) M2 ¢ HxE WA et A A2d
ARBAE 7L QT ol HapEste] Y HAlete] AT AFAETE AL W EO]

@GNS o2 § 2 BAS JHIE A dzHelth IHEE FoA%e T 3
HE s BHE0] Aol AE olsise AAAM AHEE 5 dE FsHe R
Eol7] Bk o714 Fa% BAE ATl B Yk FASIE HgAL et

245 091 $5Y0] ZAHD ool ol FEF] EAT 4AT, ue) B



oAld Hedsls Aetd HoAl o

Q1 sjnlol el AHE GAstel 5 Aolr] WRoltt,

u}s@*rﬂm g Bopold od $FH ATFAS Ushtn gtk @
42 ARHOE ATHE B ANANAZ |, Fo| WAL WA Ao Fofol
AHE 7T A, AR Bl BAse dwd e 42 R0 AT
NA7) Bl GAoN T Rofe] FFAGAE] At DA Aok A F A
S¢ Fastn Utk olgel BHd WE BHL dnste] NFdNE 2 HAA gt
4.2 38y olg A7 Amw}a G RS B A2} o] PRI 2
e Rold, Totel WA ol2Y 5EL

I 529 A3 =37 B dn
Aol Qzste] BAshs waor Jehdth w3k 1¥ 3Eo] 38Este] AEH FA)
o s e T2 TS nE AASA e A) BAstm k. ojm ojnjz=
Fol 1ES Z2AY e At 25 27 o HAA Pz 29 AgAsiAs
of 9J3le] o]FojAm YTtuE B S Ut}
olel Aoz stolgo] WA WERAYe FHS ulAME I3 AU of&
o4 84F, 53 2R MEd gwel AdFolun) wsw olEdTae] AuuAEL
OFE AJA2E2 B8 ARS8 Brp HSHoz ofolAn it o]EL
Tt So H)g AxlHoz Bt Awe WHES ALsln Ju, HeAsRIS| 7
FAHA A AAR =g FJEFste v HEiA, 2ok We HEgeA FstdT) &%é}

£ 4o YAME BAL 71geln ok 2FAE %Lom 01—01 eEel A
2= g elte @7_}
Fathe g4 2
g Ave 2ol W] 4L olsish] AalM 1E
2 229W Bt AFe TR BreE AR B 4 glow a9 onjdly Fo

_1_1.,

il

[N
[N\
d
i
1o
=)
o 2
_>L
18
>
>
Y
ne
s
i
ruéL
g&
Zi

5l A A O) (MF s Bl AeE sk A A3

A A%s & l"?_‘ﬂ-zr% /:ﬁ_ﬂx}i~ -’42311 oigte] & L BS £ Utk 71 29 oRlgrerel

AHbd ) £ gk =2] (Norton 19954 & o 9ka) A & W ~8l9) otwlo] o) gk =& (Earman and
Norton 1998, 1999) & o] Alk9] £& BH7)o|t},

23) Cf. Wise and Brock 1996.

24) Cf Warwick 1998, Kaiser 1995.

25) HREe] AEAT JAE oldshy] e, 23 I A7 NA FeEe FEdS ABge 2
AL 7st] A F2 HERbEo] o]EA G0N AMSE THAEY] FET AL Fhdnh
°]°ﬂ gk =2]= Kuhn 1977, pp. 320-339 &=



264 TR ARPALEESEIAL A 247 AR 3(2002)

F3te] AEAY W&-E HhAl 4
THR 2ol wste] Wl&H ATl o ?ﬂﬁ% o= HJ & % k= FEfo] HatH st
= oln] FAlekate} FHetEsAE BT ofsiA AEd] H
d e dolxA 2L HTHH erq/\}_q B 5 TE
geth 28y A2 22 ARE 9t Az WIo] BAET e AL ZJQK‘] 7}t
AR Ao mHE sl i 2FEAQ dolnh. AjEWnt Al 2] AT FL #Hste] o
Abe] 71% A (descriptive) AT-sF 1o H}%ff} el Ao g A (normative) AT
Atole] M FEE Ho] dold 5 Qe 7}'—”— 042"’ ATk w3 FetAe] HZ
deo] HYBEL AAATE FEHoRE (ZL YA AYlde BAHLR) FASkE
goldatd 7HHE W& Foldshy aFxdse] ¥ QZ}ZE«] =AM 2RAA W
Ao AgHe tgd AHES BAToEA, AstAbe Aehdsto] Yo g Feat

o] A Fale= It Aol FHE ol F e F Eoke AHsta 47
op7t Aoz dA7d £ lon AAE FA7A olFolAn e ATHHE
A gEstA =olHa e AT ‘:'OIEEg AHE 9 ofd 7S FHR o]FoA
‘T Y. Akl d7Adtel] Bot jigsta, ofdl tste] FA wsto] dTst
=l i3k 22 ol s ‘aﬂ_ﬂ 7te}o] @?El“ TAAQ WAl fastEs A7t
7H‘§J+§—’r°ﬂ ek Fate old HHe & F& 7T VAR st FEH
TAES AdAeo] drsHe ARAAM Uehte FElEdE aEs 1 =39 |
e A mAe ATEokl Slolxe, gEF EEHF rEY =5 Zold
Eate] It By Al HelE #dte ASESH Ajzbo], FHsap A7
L8] A8H T old EopA] Tt 7] Fof AZlM yehks JARY 3st
3ol FAE dolMA metel Aty AfdAbE o AubHd SR A8t gt

1o
Mz

<
oo 32 ol

é

R A

26) Galison 1997,
27) Shapin 1994,
28) Chang 1999 and forthcoming.



oAld Hepdsls Aotd B9l 2

A7t that ©& RAee A7 g FIH JAste] AFRolE AE5E F e

Ziolt}.
& 7kA AEE L, %Z}ﬂ o]d F Bopo HHE Hxdtn 12 AFEY F Eok

Foll gt F&A4E xRt A F Bopt AR ERstEo Ao AL &
A 5101, 7t #shsk(science studies) ATE &3l =t 7 A v otk 7
gFste] FAE Tl FEY MEe =gty ddstd BHgtErL dd 729
Foldatd A& =dhke T A HHE 2] offE Ropk TAGt o]d B
of e 23] 7HE HeHH %RHQ 1 W 2 =40 Zx aE  gle
Hofolth, mRRAA R ALSE A e FAISL AhHoR Fsto]2o] A & o
g ddgk BAd d XFehe H2 TJ@-VLJ AR drgade 70| A} dALE
o] 3L WelEte oA w¢ nFHolxw, HetdsiriEe] dAFe A48 L e
47 Fth29 Akt 7 Bopel AitAQl g fsiME 44 55 AFUHES A
£Hog wAAAUIIL sk Aol dasity A= do ArFldA #stolete dAbE
siak7] fsiAe AskAre AskEst T et #eet ERsHE AFAHRE 8
o2 Hollof AT 28 AFAHAES AR FETF ALE A WHAA vt
WA Zh Rofthe] HAES Aoz WA AUR 2T dojF 4 3lg Fojt},

C
-

ml

4% AAge gae 9B Ggel Bl 2 BARE Tepas TerEs 25

ATHEL ALHT TG B ohla AFANAE T Hop] T

B oA AR Tl 9 g A 2s2 s

4g B d9ld Fomt oy T3 BAlo] 4UT Aol

z x}%iHTJ AL AL, T gop B U £48 44U AFT 4HL nolF
= Roleh AZkw)

del gad JoAe, Ee 2

18

N N L N E N P

29) 2EA, ojE A-77F AE 7HeEA 2 7/4\% ohuth ek A9 Ak A *37—1301] Eﬂa 734_6“‘4 I3E
A= 8}= Shapin 1994 % Longino 1990 ©
A B2 Keller 1995, Keller 20027} 2 ]0 o},



266 "gb=rASPALEEEIAL A 247 AR 3(2002)

AL, F 2obll FF Z dAHE BHY Aleltk & 7HA Angle HE Erkk 29
AA AR 48 A AA Aol ZFAA £l MR mEAY AFo] EAE
T ARdelth & 60dd 2ubzkA on] FHebEste] FA AYE C+8E s
(received view)'oll thg 2782 wESL A7|g For fH3th oMAARE ‘€ A
gl gt AdE ez A= FIE. Suppe)e] Tetol2e] T2 4(The Structure
of Scientific Theories) & 19693 39 26-9 Yol v|= dg]o] FYHuie ofujy Ay 2
A Hstelge] FRE FAR GHE AZRAZAA HERHJID 2ES B F L
o] 25 W MES FH2 F8HE AH'E B $& Aotk EE, of AXAF
oA o 1%8, HE7} FJrOMOHHE Asjst 3, 8= Asf o sl AdFeA =
Ashs 9% AL 2BE Wt $48 d8de 29 Haeye 7z gt
#eALst Jﬂr?‘i}@@w Ek] *101 71 7 AR A HAHes 5o F
H £ oA AgE] v)dsta Atk 2d AAEAXME FAE) o] AE
Azl Mk o A 718 FR3 EriieHdE e 44 A 5+ Atk

rlu

jal

ofi

¢

§ AP Z1 A 2ERIE HES T2 SxEc] W AHEd EZAHS AAHHA
wA g oake Wwodd A Bk AAEAE FUF o AP UREE YA
t} 31)

A

ol-}

8- 199, “Ernkx T TaetEe) gz 7 T olgA 92 QIR WAL

15 2002, “Erks & dsbEste] B 71A] A5, gk dshEeks] 20021 ahA St Al vt
A4,

el (|9)) 1997, "F FAE: vkt g4 olshefA st E3H:

S5 1999, "R E3hRA 9] H3h)% w3k AAJAL

Buchwald, Jed Z. and George E. Smith 1997, “Thomas Kuhn, 1922-1996", Philosophy of

Science 64: 361-376.
Chang, Hasok 1999, “History and Philosophy of Science as a Continuation of Science by
Other Means”, Science and Education &: 413-425.

O

EN

30) Suppe 1977,
31 $74E 1994,



oAld Hepdsls Aetd Bl o

Chang, Hasok, forthcoming, The Philosophical Thermometer.

Farman, John and Norton, John D. 1998, “Exorcist XIV: the wrath of Maxwell’s demon (Part
I From Maxwell to Szlard), Studies in History and Philosophy o Modern Physics 29
435-471.

Farman, John and Norton, John D. 1999, “Exorcist XIV: the wrath of Maxwell’s demon (Part
II: From Szlard to Landauer and Beyond), Studies in History and Philosophy o
Modern Physics 30: 1-40.

Galison, Peter 1997, Image and Logic: a material culture of microphysics, Chicago: University
of Chicago Press.

Heilbron, J.L. 1998, “Thomas Samuel Kuhn, 18 July 1922-17 June 19967, Isis 89: 505-515.

Hobsbawm, Eric 1994, Age o Extremes: the short Twentieth century 1914-1991, London:
Abacus.

Horwich, Paul (ed.) 1993, World Changes: Thomas Kuhn and the Nature o Science , Cambridge,
MA: The MIT Press.

Kaiser, David 1998, “A w is just a v?: pedagogy, practice, and the reconstruction of general
relativity, 1943-1973", Studies in History and Philosophy of Modern Physics 29: 321-338.

Keller, Evelyn Fox 1995, Refiguring Life: Metaphors of Twentieth Century Biology , New York:
Columbia University Press.

Keller, Evelyn Fox 2002, Making Sense of Life: Explaining Biological Development with Models,
Metaphors, and Machines, Cambridge, MA: Harvard University Press.

Kuhn, Thomas S. 1970, The Structure of Scientific Revolutions, second, enlarged edition, Chicago,
IL: The University of Chicago Press.

Kuhn, Thomas S. 1977, The Essential Tensions selected studies in scientific tradition and change,
Chicago, IL: The University of Chicago Press.

Kuhn, Thomas S. 1993, “Afterwords”, in Horwich 1993.

Kuhn, Thomas S. 2000, The Road since Structure: philosophical essays, 1970-1993, with an
autoblographical interview (edited by James Conant and John Haugeland), Chicago, IL:
The University of Chicago Press.

Lakatos, Imre and Musgrave, Alan E. (eds.) 1970, Criticism and the Growth of Knowledge,
Cambridge: Cambridge University Press.

Longino, Helen E. 1990, Science as Social Knowledge, Princeton, NJ: Princeton University Press.



268 "Rk ASPALEESEIAL A 247 AR 3(2002)

Norton, John D. 1995, “Did Finstein Stumble?: the debate over general covariance”, Erkeninnis
420 223245,

Shapin, Steven 1994, A Social History of Truth, Chicago, IL: The University of Chicago Press.

Suppe, Frederick (ed.) 1977, The Structure o Scientific Theories , Urbana, IL: University of
[linois Press.

Van Fraassen, Bas C. 1980, The Scientific Image , Oxford: Clarendon Press.

Warwick, Andrew 1998, “A Mathematical World on Paper: written examination in early 19th
century Cambridge”, Studies in History and Philosophy of Modern Physics 29: 295-320.

Wise, Norton M. and Brock, David C. 1998, “The Culture of Quantum Chaos”, Studies in
History and Philosophy o Modern Physics 29: 369-390.



