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Appendix C

Education and Military Service of NASA
Apollo Era Engineers Interviewed

Institution and Highest Degree
Massachusetts Institute of
Technology (BSAE)

Stanford University (MSE)

University of California, Berkeley
(BSME)

University of Montana
(BSCE)

Ohio State University (BSEd)
Cornell University (MSE)

l'echniche Hochshule Berlin
(Ph.D.)

University of Virginia (MAE)

Virginia Polytechnic Institute
and State University (BS)

Year entered Military
NACA/NASA service
1938 No
1944 No
1945 Yes (USN)
1948 No
1948 No
1949 Yes (USAAF)
Yes
1952 (German Army)
1952 Yes (USA)
1953 ?
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Institution and Highest Degree

Purdue University (Ph.D.)

Case Western Reserve University

(Ph.D.)

University of Kansas (MSAE)
Stanford University (MSE)
Parks College (BS)

University of Alabama in Huntsville

(MBA)

Florida State University
(MBA)

University of Rochester
(MME)

California Institute of
Technology (Ph.D)

University of Alabama (BSE)
Cornell University (MSPhyCh)
University of Alabama (MSEd)

City College of New York
(BSME)

Auburn University
(Ph.D., Management)

Auburn University (BSCE)

University of Illinois
at Urbana-Champaign (BSCE)

Massachusetts Institute of
Technology (BSE)

Prairie View A&M University
(BSE)

208

Year entered Military

NACA/NASA service
1953 No
1957 No
1957 Yes (USA)
1958 Yes (USAF)
1958 Yes (USAF)
1958 Yes (USA)
1958 Yes (LISA)
1959 Yes (USN)
1959 (Peace Corps)
1960 No
1960 Yes (USA)
1960 Yes (USAF)
1961 Yes (USA)
1961 No
1962 Yes (USAF)
1962 Yes (USA)
1962 Yes (USN)
1962 No



Institution and Highest Degree

Appendix C

Year entered
NACA/NASA

College of William and Mary (MSPhys)

University of Texas at El Paso
(BSEE)

Emory University (BA, Mathematics)

University of Florida (BSE)
University of Naples (Ph.D)

North Carolina State University
(MA, Mathematics)

Stanford University (Ph.D)

The Johns Hopkins University
(BSE)

University of Michigan (MSAE)
Clemson University (BSME)

University of Virginia
(MSEPhys)

St. Joseph’s College (BS)

Catholic University of America
(BS)

Louisiana State University
(MSME)

George Washington University
(Ph.D)

Cleveland State University
(BSEE)

University of Houston (Ph.DD)
Notre Dame College (BSAE)

1962

1963
1963
1964
1964

1964
1964

1964
1965
1966

1966
1966

1966

1967

1967

1967
1968
1968

Military
service

No

Yes (USA)
No
Yes (USN)

Yes (Italian Army)

No
No

Yes (USA)
Yes (USN)
No

No
Yes (USAF)

No

Yes (USAF)

No

No
No
No
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Institution and Highest De.

Texas Women'’s University
(BS, Mathematics)

New York University (BSAE)

Stanford University
(Ph.D)

Brooklyn College, City University
of New York (MSE)

Case Western Reserve University
(MAE)

Rice University (BSE)
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Year entered Military
NACA /NASA service
1968 No
1968 Yes (USA)
1969 Yes (USA)
1970 Yes (USN)
1972 Yes (USN)
1972 No
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	Preface .
	Preface .
	The twentieth anniversary of the landing of an American on the surface of the Moon occasioned many bittersweet reflections. Sweet was the celebration of the historic event itself, and sweet to space enthusiasts was President George Bush's call for a new era of human space exploration -back to the Moon and on to Mars. Bitter, for those same enthusiasts, was the knowledge that during the twenty intervening years much of the national consensus that launched this country on its first lunar adventure had evapora
	Less apparent was the fact that the final act in another human drama was taking place: a generation of men and women who had defined their lives to a large extent in terms of this nation's epochal departure from Earth's surface was taking its leave of the program they had built. Would they, or their work, be remembered? Would anyone care? As the historian for the National Aeronautics and Space Administra­tion, I had the responsibility of attempting -attempting, because the task could never be fully done -to
	But history also gathers up in its sweep many ordinary people, not only those who give orders and do combat at the front lines, but those who slug it out and otherwise endure in the trenches. If our memory of the Apollo era neglected those ordinary people, that memory would be incomplete, and we would have done an 
	injustice to the true nature of life over time. Thus, the lives and careers laid out on the pages that follow have been drawn from hours ofconversation with a variety of people: they are my best approximation of the "average" NASA engineer of the Apollo age; some did remarkable things, while others just filled in the pieces. Itsoon became apparent, however, that even the most "average" of them were part of a story that was larger than the Apollo story itself, much less NASA's story. What happened to them ov
	This book would not have been possible without the willing and good-natured participationoffifty-one NASA engineerswhogave freely and openlyofthemselves during myextensive interviews. Itis to them thatthis bookowes its first and greatest debt. Not all have had their stories fully retold here, simply because several had similar stories to tell. Nathaniel B. Cohen, my supervisor at NASA when this project was conceived, supported it enthusiastically. A veteran of one of NASA's original aeronautical research la
	Gil Roth, Carl Praktish, David Williamson (all NASA veterans) and Richard P. Hallion read the manuscript and returned detailed and stimulating comments and criticisms, as did Howard E. McCurdy. Howard's own study of NASA's evolving organizational culture led him into some of the same thickets through which I was traveling; he has shared hours of conversations on the subject of NASA, federal bureaucracies, American politics, and American society in the postwar world. Many other colleagues responded cheerfull
	Sylvia D. Fries 

	Acknowledgments 
	Acknowledgments 
	My most heartfelt acknowledgement I have reserved for the last: this is to the fifty-one men and women of NASA's Apollo era engineers who gave generously of their time and something of themselves so that their experiences might be shared with others. It is to them that this book, with deep appreciation, is dedicated. 
	One is never satisfied with a portrait of 
	a person one knows. 
	Johann Wolfgang von Goethe 
	Elective Affinities, 
	Book II, Chapter 2 

	Introduction . 
	Introduction . 
	On July 20, 1969 millions of television screens captured a new image in the iconography of American history. To the familar icons that stirred patriotic senti­ment -the fiercely protective American eagle, the elegantly scripted parchment of the Declaration of Independence, the solemn countenance of George Washington, and a majestically waving Stars and Stripes lofted over outstretched hands on the island of Iwo Jima -a generation of Americans added a truly new world image: a speckled black and white televis
	As with all icons, what brought this image into being was somewhat less than the associated rhetoric claimed for it. The rhetoric with which John F. Kennedy introd uced his challenge to the na tion -"before this decade is out, of landing a man on the moon and returning him safely to the earth" -is unmistakable in the meaning intended for the event: the United States was "engaged in a world-wide struggle in which we bear a heavy burden to preserve and promote the ideals that we share with all mankind, or hav
	The text of Kenned y' s May 25,1961 "Special Message to the Congress on Urgent National Needs" is replete with allusions to the Cold War and the Communistbloc's putative campaign to prevail in "a contest of will and purpose as well as force and violence -a battle for minds and souls as well as lives and territory." The "great battleground for the defense and expansion of freedom today is the whole southern 
	The text of Kenned y' s May 25,1961 "Special Message to the Congress on Urgent National Needs" is replete with allusions to the Cold War and the Communistbloc's putative campaign to prevail in "a contest of will and purpose as well as force and violence -a battle for minds and souls as well as lives and territory." The "great battleground for the defense and expansion of freedom today is the whole southern 
	half of the globe -Asia, Latin America, Africa and the Middle East -the lands of the rising peoples." The notion -which appears toward the end of Kennedy's Special Message -of landing an American on the Moon before the end of the decade, was offered as the winning climax of an epochal struggle against "the adversaries of freedom [whol plan to consolidate their territory -to exploit, to control, and finally to destroy the hopes of the world's newest nations; and they have ambition to do it before the end of 
	States was) would be called to account.


	To be sure, the sight of Neil Armstrong taking his "giant leap for mankind" was a dramatic affirmation of the power ofmodern technology over nature, as well as the more timeless qualities of human questing and courage. In retrospect it was also an epiphenomenon, a shadow cast by a more fundamental transition in American life. This is the story less of heroes than of a generation of engineers who made Apollo possible. It is thus the story of the men and women who stood where the shadow was deepest. Their sto
	When the Soviet Union successfully launched the first man-made orbiting satellite, Sputnik 1, in October 1957, the Eisenhower administration and Congress promptly created the National Aeronautics and Space Administration (NASA) to orchestrate the United States' peaceful response to the Soviet challenge. NASA officially opened for business on October 1, 1958 with a complement of nearly eight thousand paid employees transferred from the National Advisory Committee for Aeronautics (the NACA). Established in 19
	The NACA's closest precursors were the research laboratories of the Depart­ment of Agriculture (established 1862), the National Bureau of Standards (estab­lished 1901), and the Marine Hospital and Public Health Service (established 1902). Not until the end of World War II would Congress create a comparable institution, 
	the Atomic Energy Commission (established 1946), which, however, relied not on civil servants but on contracts with private organizations created to carry out its research programs. 
	the Atomic Energy Commission (established 1946), which, however, relied not on civil servants but on contracts with private organizations created to carry out its research programs. 
	What distinguished the NACA was the ethos that came to permeate its labora­tories. With its emphasis on technical competence for engineering research, evaluation of work by technical peers, and an intimate, free-wheeling working environment thought conducive to engineering innovation, the NACA's research culture was poorly equipped to adjust to the bureaucratic controls of federal administration that began to coalesce in the 1940s. Centralized administrative procedures, hierarchical organizations, standardi
	panied expanded congressional oversight.

	The NACA was thus transformed in 1958 into the federal civilian space establishment with a renewed and much enlarged mission. It began with the 7966 paid employees transferred from the NACA's headquarters in Washington, D.C. and its four research centers; by the end of 1960 its personnel rolls had nearly doubled to over 16,000. The principal increases occurred largely at NASA Head­quarters (where personnel more than tripled), and with the addition to the agency of the Army Ballistic Missile Agency (renamed 
	Kennedy Space Center at Cape Canaveral, Fla. in 1962.) 

	Thus a little over 80 percent of NASA's technical core -its engineers and scientists -during its first quarter century was acquired during the flush first days of the space program. A significant portion of that cohort held within its corporate memory the experience of working with the NACA, the Army Ballistic Missile Agency (ABMA), and the organizations from which Goddard Space Flight Center had drawn much of its personnel [the Naval Research Laboratory (NRL) and the Naval Ordnance Laboratory (NOL)].6 Each
	In time the engineers from these communities would experience the gradual erosion of the institutional discretion and the ethos of in-house technical compe­
	In time the engineers from these communities would experience the gradual erosion of the institutional discretion and the ethos of in-house technical compe­
	tence that had characterized their previous careers, ultimately and inexorably defeated by the new organization and policies Congress imposed on them. First, in the future theywould work for a centrally and hierarchically managed organization, split into two tiers to accommodate functionally disparate research centers and program offices. Second, their executive leadership would be chosen for them on the strength of political connections and managerial, as well as technical, experience. As experienced publi

	The ideology of the Republican presidential administration under which NASA first took form militated against the creation of a large government establishment, requiring instead that as much work as possible be contracted out to the private sector. The notion of contracting out was, of course, not new with the Eisenhower administration. Since the early nineteenth century the military services had pro­cured goods and services from private suppliers. What the military had not wholly relied on commercial suppl
	Lacking a general research and development or production capacity of its own, the federal government has thus, throughout the nineteenth and early twentieth centuries, periodically commandeered facilities in place in the private sector, but it commandeered them in such a way that the corporate integrity of private enter­prises and chances for legitimate profit would not be compromised. So it was with NASA when itwas given Kennedy's challenge to landa man on the Moon and return him safely: NASA would buy the
	The effectiveness of the operating structure the government chose for NASA, as well as its elaborate research and development procurement machinery (borrowed from the Department of Defense) would depend on the ease with which NASA's technical staff adapted to them. But that staffhad beenaccustomed to working in the relatively autonomous, decentralized in-house research laboratories of the NACA, the NRL, or the ABMA "arsenal" that would produce the Saturn launch vehicle. The potential for cultural resistance

	enous cluster of research and development communities, sharing only a strong in­house culture, should have daunted the greatest administrative genius. 
	enous cluster of research and development communities, sharing only a strong in­house culture, should have daunted the greatest administrative genius. 
	The NASA Apollo era engineers interviewed for this profile were selected by two methods, peer selection and random selection.9 Both were used in order to verify whether the "typical" Apollo era engineer, as recognized by the agency's leadership, was in fact typical-as measured by a random sampling. To develop a candidate interviewee list by peer selection, NASA's second highest ranking execu­tivelO asked the agency's leadership in 1984 to nominate for our profile those individuals they believed were the mos
	A second, much larger population consisted of the 9875 engineers who entered the agency between 1958and 1970and were still with NASA in 1984 when this study was begun. Absent reliable or comprehensive data about engineers who left NASA during the period, we had to limit that demographic population to those who, because theywere still withthe agency in 1984, could be identified and10catedY Our demographicanalysis of NASA' s Apollo era engineers wasalso designed to identify three lesser cohorts: (1) those who
	This profile is thus necessarily restricted to those engineers who, for whatever reason, preferred to work for NASA. Fifty-one engineers from NASA Headquarters and its seven principal installationsl2 were selected for interviews at random from each of four groups: the "nominee" group and the three cohorts that comprised the "total population" of engineers who came to work for NASA between 1958 and 1970.n None declined what was most often received as an opportunity to tell one's own story and thus surface fr
	This profile is thus necessarily restricted to those engineers who, for whatever reason, preferred to work for NASA. Fifty-one engineers from NASA Headquarters and its seven principal installationsl2 were selected for interviews at random from each of four groups: the "nominee" group and the three cohorts that comprised the "total population" of engineers who came to work for NASA between 1958 and 1970.n None declined what was most often received as an opportunity to tell one's own story and thus surface fr
	population" other than what I have noted above, which is indicated by a fairly straightforward demographic analysis (see Appendix B). 

	NASA personnel classifications have not and do not distinguish between scientists and engineers; however, secondary breakdowns of our total population of 9875 by highest degree fields and occupational categories were possible. These re­vealed that, of the aggregate numbers of scientists and engineers, an average of 60 to 75 percent have been working in occupations classified as engineering (although increasingly their actual work would be engineering contract monitors). Manage­ment, and a miscellany of non-
	The historian orjournalistwho wants to convey the experiences of others in their own words acquires the task of composing a coherent narrative out of the often broken and disorganized utterances of persons not always accustomed to talking about themselves. Only after many hours of listening can one begin to glean with any confidence the "truth" of a personal experience, distinguishing the perspectives of the subject and the observer. This is especially true of many of these engineers who, often by their own
	My own solution has been to follow a few principles in attempting to convey the substance of these interviews. First, and above all else, I have attempted to let these engineers speak for themselves as much as possible. Second, I as writer have intervened only as necessary to sustain the narrative, establish an historical setting, or insert clarifications such as names, places, or dates. In some cases an engineer's own clarifications, drawn from the interview itself, have been interspersed among his or her 
	The chapters that follow do not necessarily incorporate the observations or reflections of every person interviewed on every single subject. Predictably, some engineers told good stories and others had few stories that they could or wanted to tell. Some simply had more interesting lives than others. Those whose comments were selected for inclusion were chosen because the experiences they related were relatively typical-that is, other engineers could have told of similar experiences. Occasionally an engineer
	atypical; in those instances the reader is alerted to the exceptional nature of what follows. All of the engineers we asked to interview not only agreed to talk with us, but were as open about their experiences as their apparent individual levels of personal reticence seemed to allow. Although none requested anonymity, pseud­onyms have been used throughout the text that follows (however, actual place names are used). 
	atypical; in those instances the reader is alerted to the exceptional nature of what follows. All of the engineers we asked to interview not only agreed to talk with us, but were as open about their experiences as their apparent individual levels of personal reticence seemed to allow. Although none requested anonymity, pseud­onyms have been used throughout the text that follows (however, actual place names are used). 
	While the sequence of the following personal accounts follows the paths of various technological problems that were overcome during the emergence of the space program in the 1960s, these chapters do not pretend to provide an historical survey of aerospace technology in NASA during the period. Moreover, the chapters rely on recollections, which can be imprecise or incorrect. For example, in the early years of NASA, competition was rife among the engineers of the old NACA centers for priority in the solution 
	A final caution about what follows: I have tried to translate much of the engineering work into terms that could be readily followed by readers whose prior knowledge lies elsewhere than engineering. Thus certain technological puzzles and developments have been simplified -perhaps too much for more technically inclined readers. 
	The explosion of the Space Shuttle Challenger overCape Canaveral on the crisp, blue morning of January 29, 1986 almost devastated NASA. Subject to seemingly relentless critical press comment, numerous studies, and the unflattering scrutiny of the Presidential Commission on the Space Shuttle Challenger Accident headed by former New York State prosecuting attorney and Secretary of State William P. Rogers, the agency struggled through the two plus years it took to return the Shuttle to flight. Did this event c
	keep in mind the time period during which interviews at particular NASA locations took place as they reflect on the observations that appear in the following chapters. 


	... the sons of pullman porters, . And the sons of engineers, . Ride their fathers' magic carpets . Made of steel .... . 
	... the sons of pullman porters, . And the sons of engineers, . Ride their fathers' magic carpets . Made of steel .... . 
	"City of New Orleans" ©Steve Goodman , 1970 

	Chapter 1 Beginnings: 1918-1932 
	Chapter 1 Beginnings: 1918-1932 
	Almost ten thousand engineers began their careers with NASA during the Apollo decade. Slightly over 60 percent were born before 1935. It was mostly these older engineers whom NASA's leadership, as late as 1984, considered to be the "most 1 These older men (and they were almost all men) were the ones to leave the most lasting imprint on the space agency's culture. 
	representative" of the agency's Apollo decade engineers.

	1918 -the year that Robert Strong was born -was the year the guns fell silent, bringing to an end four years of human carnage in the forests and river valleys, plains and hillsides of Europe -and bringing to an end the world that had created western civilization as it was then known. What was left of a generation once 10 million perished from disease or wounds, and 20 million more later succumbed to a world-wide influenza scourge, suffered yet another kind of death -the death of "the old lie," wrote Wilfred
	On the other side of the Atlantic, life had gone on much as before. An American president proposed his formula for perpetual peace, and the Red Sox won the World Series. Not far from a jubilant Boston, in North Andover, Mass., an old New England mill town, a boy began a life that would reach far beyond the American Woolen Company mill where his father was an overseer. Unknown to the boy, Gustav Holst had already put to music the vision that would carry Strong into the last frontier.3 The boy from Massachuse
	Robert Strong's career really began when he was eleven, the year Charles Lindbergh flew alone across the Atlantic Ocean. That crossing "is still one of the greatest achievements of the century.... North Andover was a small town; it 
	Robert Strong's career really began when he was eleven, the year Charles Lindbergh flew alone across the Atlantic Ocean. That crossing "is still one of the greatest achievements of the century.... North Andover was a small town; it 
	couldn't have been more than forty-five hundred people in that town at that time [with a] small high school [of] about three hundred and fifty students. My oldest brotherwas playing baseball thatafternoon. [We] had a little, small, ball park, hardly anybody there; just a few of us. And the umpire stopped the game and announced ... he was pleased to report that Captain Charles Lindbergh had landed in Le Bourget Air Field." After Lindbergh's flight "several of my friends and myself got interested in building 

	In 1934 Strong entered the Massachusetts Institute of Technology, where he discovered the work of the National Advisory Committee for Aeronautics (NACA) "through those marvelous books they put out -the technical reports and technical notes and technical memorandum.... At MIT [the] NACA was a renowned place, even then." It was as a student at MIT that Strong discovered Jerome Hunsaker, the designerof the first aircraft to cross the Atlantic, who had introduced atMIT, in 1914, the first college course in aero
	On a late spring day in 1938 Strong and two others "rode the train to Washing­ton and transferred to a boat and got off at Old Point Comfort .... The train ride ... was ten dollars. I had a big steamer trunk with all my possessions, and got it on the boat, and that boat used to land at Old Point Comfort about 5:30 in the morning. You'd have to get off and spend the first night -as many did -in the Langley Hotel .... Hampton was a onestop-light town, at the corner ofKing and QueenStreet, and that was it in t
	A thousand miles from North Andover, below the southernmost foothills of the Appalachians, where the Gulf, Mobile and Ohio Railroad once crossed the Cahaba River, survives the small town in which Dan O'Neill was born. Centreville, Ala. was "a little place" when he was born there in 1920, and by last count it was a little place still, a town ofabout 2500. "There wasn't really much in a small town. You just didn't know much about what was going on in the world." The changes that would affect O'Neill' s life w
	Eddington's Space, Time and Gravitation -one of the first English language exposi­tions of the theory of relativity. 
	O'Neill was one of seven children who "grewup ona small farm, like everybody else was doing in those days." His father "was ... a two-mule farmer" as well as "the local blacksmith." O'Neill is a maker and a fixer, which he attributes to the days when he was "just a small boy working in [his father's] shop, helping. My dad sharpened the plows for the local farmers. He did welding, welded wagon tires .... He fixed wagons and shod the mules and all those things .... A lot of woodwork he did by hand, making wag
	"Back in those days, most of the books that we had to read were more like the westerns or Doc Savage. We used to subscribe to Doc Savage, and that had...some quite far out scientific things .... He was a supersleuth ... he had all kinds of scientific things that were way beyond -not like Buck Rogers .... He had chemists, engineers, and doctors, and they'd go out and solve all of these big problems." 
	O'Neill's mother "never finished college." She "taught school for a few years before she got married." She was "a good mother. She cooked and took care of the family. And she was, I guess, my inspiration ... she could help me with my school work until I got past what she knew, which I did, eventually .... My parents ... saw that we went to school. All seven of us graduated from college." When O'Neill finished high school, he "really had no desire to go to college. I don't know what I would have taken, had I
	O'Neill's oldest brother "took agricultural science [in college] and worked in that field for a year, but I'd had enough of farming .... And as I had the idea that I'd like to fly, I thought, well, aeronautical engineering is the thing to do. So that's why I started in aeronautical engineering .... I didn't know much about it until I actually started to school and began to learn some of these things." In 1939, when O'Neill started college at the University of Alabama, "we weren't really involved in the war 
	"I putmyselfthroughcollege. I borrowed ten dollars one time to start mysecond year of college. That was [for] a bicycle so I could deliver papers.... I lived in a fire station .... I worked in a shoe store. And I delivered papers." The college education in engineering that O'Neill could get at the University of Alabama in the early 1940s was "not broad by any means.... I never was as smart as some people. I had 
	"I putmyselfthroughcollege. I borrowed ten dollars one time to start mysecond year of college. That was [for] a bicycle so I could deliver papers.... I lived in a fire station .... I worked in a shoe store. And I delivered papers." The college education in engineering that O'Neill could get at the University of Alabama in the early 1940s was "not broad by any means.... I never was as smart as some people. I had 
	problems, especially with math.... I did pretty good until I got to calculus, but I had problems with calculus." O'Neill struggled on for four years, working part-time, studying part-time. He was also in the Reserve Officers' Training Corps. Then, in March 1943, when millions of young Americans saw conscription looming before them, O'Neillsurrendered and entered the Army's Officer CandidateSchool (OCS). "1 went through engineering OCS right after ROTC and then I decided, ifI was ever going to learn how to f

	O'Neill finally got his bachelor's degree in engineering in 1949. He stayed with the U.S. Air Force Reserve, eventually retiring as a Reserve Lt. Colonel. "After I got my degree ... I went to work for a pipeline company that built ... gas lines. They called us 'progress engineers' .... I worked in Tennessee and Texas .... I workedonthe line, on the powder crew, for four months ... loading poles and fuses and caps and shooting dynamite ... but ... like the power company job climbing trees, it was a job, but 
	O'Neill and his wife married in 1949. They lived "ina trailer on the pipeline. And in order to have something to do, I started teaching school at a Veterans' Continu­ation School .... Some of the third graders could barely read.... That exposure really got me interested in education.... There were so many people who were not educated.... I lived about twenty-five miles from the University [of Alabama] .... So I went to school in the morning and Igot a master's degree in school administration and majored in 
	"On the first ofJuly, 1960 ... exactly three years from the time I started ... some five thousand of us transferred to NASA." (Congress had just transferred the ABMA's space facilities and personnel to NASA's newly designated George C. Marshall Space Flight Center.) O'Neill went "to work on Wernher von Braun's staff in his Technical Program Coordination Office, which [oversaw the] budget, fund­ing, programming, and scheduling -making charts for meetings and presenta­tions" for the Jupiter missile program. O
	Located onwhat was once a vastmudflatwhoseY-shaped rivers reached almost from Lake Michigan to the drainage basin of the Mississippi River system, Chicago was destined by its location as the water, and later rail, gateway to the American west, to become a great city. With the completion of the Erie Canal in 1825 and the 
	Located onwhat was once a vastmudflatwhoseY-shaped rivers reached almost from Lake Michigan to the drainage basin of the Mississippi River system, Chicago was destined by its location as the water, and later rail, gateway to the American west, to become a great city. With the completion of the Erie Canal in 1825 and the 
	Illinois and Michigan Canal in 1848, Chicago became one of the United States' great geographic catch basins, gathering in its depths the raw material not only of much of this country's nineteenth century economic growth, but also its distinctive literary and social movements. Much of that raw material came from the second great European hegira, which brought to this continent the Italians, Poles, Serbs, Croats, Bohemians, and countless Jews from southern and eastern Europe who would constitute three-quarter

	Here, in 1920, Ernest Cohen was born, offspring of two families of Eastern European rabbis. "On my mother's side ... they came from somewhere up on the Russian-Polish border.... My grandmother might have come from Lithuania .... My grandparents rememberthe Cossaks getting drunkonSaturda y night and... running through the village .... My grandfather ... was a peddler and he peddled in a Polish neighborhood ... because he did know the language. And they had large families." Both of his grandfathers "were rabb
	"Mother ... was the oldest of thirteen children .... The way the family ran, the oldest child used to raise the younger ones, and my grandma raised the babies. So motheractually raised most ofmy aunts and uncles .... We first lived next door to my grandma. And it was always more exciting for me to be at my grandma's place .... Part of the family would be fighting, the other part would be singing and having a good time .... I suspect that my grandmother probably raised me more than my mother." 
	Cohen's father "did a lot of things .... When he was young he was part of a blackface act" in Chicago vaudeville .... "He liked that kind of stuff. But when he got married, my mother felt differently .... He got a job as a milkman and he also was ... interested in the mail order business ... he got a lot of mail and he did a lot of writing. He liked that." But having been "a singer and [done the] soft shoe, he always missed it." Many years later, when Cohen's parents moved "to Los Angeles, he actually bough
	"We lived in an apartment building most of the time .... When I was small, my dad bought a house. The Depression carne in '29 ... land values evaporated, and the place became a slum.... It was ... right ... on the west side of Chicago. But before it became a slum, it had a very large ... Italian population.... [They were] very, very nice people, except they were bootleggers .... We did eventually move to the northwest. ... I was the oldest grandchild. I had all these uncles and I used -when Iwas small-to se
	"We lived in an apartment building most of the time .... When I was small, my dad bought a house. The Depression carne in '29 ... land values evaporated, and the place became a slum.... It was ... right ... on the west side of Chicago. But before it became a slum, it had a very large ... Italian population.... [They were] very, very nice people, except they were bootleggers .... We did eventually move to the northwest. ... I was the oldest grandchild. I had all these uncles and I used -when Iwas small-to se
	the boxing matches, the wrestling matches.... I had anuncle who was, like, two years older than myself.... I guess the families were beginning to run together. ... Friday night was Sabbath for us, so Friday was a big baking day for [grandmother]. She baked the cholla in loaves, great big pies and stuff. One thing she used to bake was apple strudle.... She had one ofthese greatbig, round tables [and] used to stretch this dough. And she used to chatter all the time to me.... My grandmother used to ... dress m

	"When I was very, very small one of my uncles bought himself an erector set. ... When we'd go over to visit him, to keep me quiet, he let me use the erector set. But then, after a while, I kept losing the screws and he wouldn't give me the erector set any more. So my parents bought me an erector set, and Iplayed with that damn thing for hours and days.... They always knew where I was ... I was building with this thing." 
	Cohen attended grade school and high school in Chicago, not deciding on engineering "until the ... last year ofhigh schooL ... I got real interested in chemistry. And ... I felt that maybe I'd like to be a chemical engineer. ... No one in our family ever was an engineer before. We didn't know much about that.... Engineering was the last thing they ever expected me to go into. They probably thought -a lawyer, ormedicine, orsomething like that. Those were the two professions ... thateveryone knew something ab
	"Going to college ... was a real thing for my parents.... I'm oneofthe few people in my family that ever really did go to college." After he graduated from high school in 1938,Cohen went to theArmour Institute ofTechnology, which la ter merged with the Lewis Institute of Technology to become the Illinois Institute of Technology. "Moneywas... pretty tight ... in the Depression," and Cohen largely worked his way through school. "My folks sacrificed a great deal in order to get me through college. Iwenttoa pri
	"Most of my friends that went to college with me ... used to work, bring all the money home, and we'd get an allowance.... And even after I got a job, I was living at home. I still brought all my money home and got an allowance from my parents. They bought all my clothes and stuff.... The college ... was pretty close to about 60 percent Irish Catholic, and they had strong family ties that way too .... It was hard to get money ... but ... there was a lot of ways for us to have fun. Saturday nights mostly we 
	At the Armour Institute, "there were only five kinds of engineering when I was there. Itwas straight engineering ... electrical, chemical, mechanical, fire protection, and architectural. And that was it .... There was two years of English ... the English and math departments were the strongest departments in the school because everybody had to take English and math.... When Iwent in, as a [high school] senior, I got a book and the book gave the program, all four years. And you didn't get an elective until y
	When Cohen graduated from the Illinois Institute of Technology he "got a job as an engineer in a small company" called National Die Casting. "The employees ... were tool and die makers... their engineers were essentially draftsmen.... They were making at the time -the war had started -demand oxygen regulators, for pilots ... and otheraircraft instruments,and Isortofgot interested in fluid mechanics and that kind of design.... I worked for about two years designing aircraft instruments.... Before the war it 
	The U.S. Army infantry claimed Cohen in 1944. "I was transferred into the [U.S. Army Corps of] engineers, and sent to Los Alamos, New Mexico [where] I was assigned to the Manhattan Bomb project for roughly about two years." He was discharged from the Armyin 1946, got married and returned to Los Alamos to work for a short time, and then went to Cornell University. With the help of two stipends and the GI bill, he earned a master's degree in physical chemistry from Cornell. "From there I went to the Bureau of
	Cohen moved on to the University of Wichita, where "they had a research and development outfit that was associated with the school and did research and development work for Coleman lanterns and Coleman furnaces [and] other small companies around there .... Itwas a small group of people, abouteighteen or twenty engineers or chemists. We all got along very well." He had enjoyed teaching as a student assistant at Cornell, and he warmed to the collegial university setting with its lectures and concerts. However
	Cohen moved on to the University of Wichita, where "they had a research and development outfit that was associated with the school and did research and development work for Coleman lanterns and Coleman furnaces [and] other small companies around there .... Itwas a small group of people, abouteighteen or twenty engineers or chemists. We all got along very well." He had enjoyed teaching as a student assistant at Cornell, and he warmed to the collegial university setting with its lectures and concerts. However
	experience building aeronautical facilities. Nonetheless, thanks to the war-time contacts of its founders, it won a government contract to build the Arnold Engineer­ing Development Center, for which it built the transonic, supersonic, and hypersonic wind tunnels. "They did real well, because they hired a lot of good people who really knew how to do this work.... They were very honest [and] a good company to work for. 

	"But then," he remembers, "I got caught up in the space age." When the A VCO Corporation (an aerospace research and development contracting firm) came to St. Louis to recruit, Cohen interviewed for a job. "And the way they explained it, they'd got a project .... What they really should have said is that they were proposing one." Cohen went to work for AVCO, but "about a year [later] I decided, 'well, they won't do it.' There was ... about eighteen or twenty of us who were doing nothing because there was not
	New York City has been another great American catch basin, port of entry to the Land of Promise throughout the nineteenth and well into the twentieth century. It was here that Isaac Petrovsky, with his father, a once prosperous Lithuanian merchant, and his mother, an opera singer, caught his first glimpse of America in 1930. It was not an auspicious year for an Eastern European immigrant family in search of material security, if not prosperity. New York City's Bank of the United States, with its sixty branc
	C. Hoover signed the Smoot-Hawley Tariff, thereby assuring a precipitous decline in international trade. It is unlikely that the ten-year-old boy who stood before the immigration clerk at Ellis Island -or even the father who brought him there ­knew or cared much about tariffs and banks. 
	The boy and his father, who had sold everything the family owned, left Lithuania with only their baggage. "We went by train to Bremerhaven, but before that we were stopped before we crossed over the border, and ... they took us back. So my father had to bribe them to be able to get out. He left me in a restaurant by the train. I waited there for about three hours and didn't know what was happening. Then we finally got over [the border] and we stopped off in Germany for one night, and then we got to Bremerha
	"We came in on the Bremen. I was sick for five days. I and my father" shared a cabin with "two Hungarians. One of them smoked a terrible cigar." When they arrived at Ellis Island on April Fool's Day, "there was a crowd of people being pushed around ... we came over before the [immigration clerks] desk.... I wanted 
	"We came in on the Bremen. I was sick for five days. I and my father" shared a cabin with "two Hungarians. One of them smoked a terrible cigar." When they arrived at Ellis Island on April Fool's Day, "there was a crowd of people being pushed around ... we came over before the [immigration clerks] desk.... I wanted 
	to be an American, right then and there, and I ... wanted an American name.... They told me to write down something. So I wrote down Ike -I didn't know how to spell it. ... And the most amazing thing was, they gave me an orange! I knew what an orange was, because my Dad was wealthy enough to import citrus fruits from Israel -or Palestine, in those days.... He told me that one orange cost ... one Lithuanian dollar. But it had an exchange value of ten American cents." 

	When they came to the United States, Isaac Petrovsky and his father knew not one word of English. At home the family had spoken Yiddish mixed with German and smatterings of Polish and Lithuanian. Their first refuge was Middletown, N.Y., where some relatives of the mother had made a home for themselves. "Eventually we moved to Brooklyn. My father felt very secure in that enclave of that type of people." 
	This American journey had begun in Kaunas, the capital city of Lithuania, where Isaac, as a boy, had "lived .. . in a very big apartment. ... We did not have electricity. Heating was done by fireplaces. The kitchen was tremendous.... The house was full of servants ... this was what distinguished you from people who could not afford it ... the number of servants you had.... Water was brought in two pails on a yoke -one of the servants would go down to the river and ... bring it up and put it in a barrel. We 
	Her son Isaac, an only child, stayed behind to be "raised by nannies. When Iwas old enough, I went to the ... Hebrew gymnasium.. .. Everything was in Hebrew, everything they taught me.. .. They would also teach us something about the Bible .... During the day I would go to that school ... then I went home. [In] addition to that, I had teachers. I had piano teachers. I had teachers that taught me how to write and read German. They came to the house. I was an only child. I was one of those lonely little ones.
	After the family emigrated and moved to Brooklyn, N.Y., Petrovsky's father "went into all kinds of business. He started out with a cousin of his, that he met, with the ladies' stocking business. And apparently the cousin took the money and disappeared. My father went into restaurants .... He did whatever he had to do. He was a peddler, if he had to do that. He became very successful.. .. When I was in junior high, we lived [in] -I would call it now, in retrospect, a ghetto. It was an area ten blocks by ten 
	After the family emigrated and moved to Brooklyn, N.Y., Petrovsky's father "went into all kinds of business. He started out with a cousin of his, that he met, with the ladies' stocking business. And apparently the cousin took the money and disappeared. My father went into restaurants .... He did whatever he had to do. He was a peddler, if he had to do that. He became very successful.. .. When I was in junior high, we lived [in] -I would call it now, in retrospect, a ghetto. It was an area ten blocks by ten 
	neighborhood.... We never really left that area." At long last the loneliness came to an end. "Friends ... were all around the neighborhood there. I played stick ball and baseball, [but] I discovered really that I didn't have the patience for all of these games. I read, I listened to records, and I played the piano. I stopped playing the piano, I think, when I was about fourteen. My mother decided to give me violin lessons. I got tired of holding the fiddle after a while .... I discovered -of course, I didn

	"I went to Hebrew School ... all the way through junior high. We had Hebrew lessons in the morning and then the regular curriculum, and then I went to New Utrecht High School to finish off. I was what you call a standard C student. There were certain things that I took to quicker than other things. Like geometry was something that I could relate to. Algebra I could too .... I loved English because I was crazy about Shakespeare ... to me thatwas the most beautiful language in the world. I also took four year
	In 1941, after the United States was drawn into World War II, Isaac "tookROTC because they gave me a uniform. I didn't have too many suits of clothing .... They called us up and they said ... 'you have to sign up now, because otherwise you'll be drafted. This way you can become a second lieutenant.' So I signed up. They processed us ... and they sentus to Fort Belvoir, Virginia for ten weeks ... and I went through all that basic training .... I felt good. I mean, I had muscles I never heard of before. When 
	Not long after Petrovsky finished Officers' Candidate School he learned that he was due to be sent overseas. "I said, 'My God, you can get killed wherever they're going .... They sent me down to Miami to pick up a flight andI was flying -they still 
	Not long after Petrovsky finished Officers' Candidate School he learned that he was due to be sent overseas. "I said, 'My God, you can get killed wherever they're going .... They sent me down to Miami to pick up a flight andI was flying -they still 
	wouldn't tell us [wherel. And I'm flying and flying and flying and I see the jungle underneath me, and I said, 'My God, we're alreadyover the Japanese!'" As it turned out Petrovsky had been sent to British Guiana, where he served as an aircraft maintenance officer until the warended. In 1945 he returned to N ewYork University to finish the course work for his degree in engineering, which he received in 1946. During the next year Petrovsky worked with Boeing Aircraft in Seattle until he was laid off. The sep

	Petrovsky settled down in Hollywood until 1966, working for various civil engineering firms as a structural engineer. "I was working and I had good jobs and I was doing very well .... I was recognized in my field, because I was never out of work. When a project would end with one company, I would get a call from another." Then, he remembers one day "walking up the stairs ... and I think about the third or fourth stair ... a voice said to me in my head, 'you're going to be hitting that step for the next thir
	Back to Florida he went. Bendix Corporation hired him as a structural engineer at Kennedy Space Center, but he soon found that his job "was a paper shuffling job .... It was the first time I was involved with the space program, and I was completely shattered, because everything was paper, paper. Everybody was going to meetings. They used their own buzz-words, and I didn't understand a word of it, because I know steel, concrete .... I realized ... 'hey, you're stuck. You can't go back to California. Your fur
	Years later the branch chief who hired Petrovsky told him why he had chosen him for the job: "You could do just so much page changes [his boss told him], and you wait for other offices to respond. So we would have discussions. We'd have about 10 or12 guys having discussions. Each one is different. Each one has his input. They wanted all kinds." They thought a Pole would add something to their 
	Years later the branch chief who hired Petrovsky told him why he had chosen him for the job: "You could do just so much page changes [his boss told him], and you wait for other offices to respond. So we would have discussions. We'd have about 10 or12 guys having discussions. Each one is different. Each one has his input. They wanted all kinds." They thought a Pole would add something to their 
	discussions, but they didn't have a Pole. Since there did not seem to be all that much difference between a Lithuanian and a Pole, Petrovsky would do. 

	Deep in south central Michigan, about halfway between Lake Erie and Lake Michigan, the New York Central Railroad's largest maintenance and operations center west of Buffalo lay spread out in the town of Jackson, Mich. American railroading was flush when Henry Strassen was born in Jackson in 1922; he was the son and grandson of railroad engineers, and Jackson's railyards must have been lavish with the screech and soot of locomotives. The net annual income of the nation's railroads had surpassed the three-qua
	To the affected families in languishing railroad towns like Jackson, the human cost was the cost that mattered. As a boy in his early teens, Strassen was "deeply impressed" as Jackson "was pretty much destroyed" by the Depression, its popula­tion diminished from 75,000 to 45,000. By the early 1980s Jackson's townspeople numbered fewer than 40,000. Thus, as a teenager, Strassen knew "damn well" that he was not going to let his livelihood depend on "some outside group like Goodyear or General Motors." He woul
	For Strassen, as for Robert Strong, "probably the most significant thing in my life was Lindbergh." Strassen had learned about Lindbergh's solitary crossing on the family's old radio, "one with three dials and a big antenna.... I was seven years old when he flew the Atlantic, and I was terribly impressed.... It's probably as vivid to me as the Apollo landing. I used to go out to the airport all summer long and spend time just sitting at the airport, and working. I'd earn 15 cents washing an airplane, orI'd 
	For Strassen, as for Robert Strong, "probably the most significant thing in my life was Lindbergh." Strassen had learned about Lindbergh's solitary crossing on the family's old radio, "one with three dials and a big antenna.... I was seven years old when he flew the Atlantic, and I was terribly impressed.... It's probably as vivid to me as the Apollo landing. I used to go out to the airport all summer long and spend time just sitting at the airport, and working. I'd earn 15 cents washing an airplane, orI'd 
	about halfway through.... I gotthe bug to go into the Navy.... I went over to Grosse Ile, near Detroit, where the Navy has an air base, and volunteered to become a naval aviation cadet. 

	"In those days they took you out and flew you around in a Navy aircraft. In this particular case it was a Navy dive-bomber. We went through the whole series of aerobatic and simulator dives. I can't imagine going through that today!" Strassen survived, but before he could sign up, the Navy recruiting officer urged him to return to school and get his degree. "It was the best thing that ever happened. I would have probably been a lieutenant at Pearl Harbor, flying out over the Pacific, and that would have bee
	Strassen's work with the Navy gave him more than a career; it provided ever greater exposure to the possibilities ofspace travel, and it was while he served as the Navy's representative on a special NACA advisory committee that Strassen met Wernher von Braun. By the end of 1962 the prospect of a manned landing on the Moon and safe return "had gotten too compelling." He retired from the Navy and went to work for NASA, believing "there was just no doubt that there was the place to be." True space exploration,
	From A. W. von Hoffman to Rudolf Diesel, from Werner von Siemans and Gottlieb Daimler to Hermann Oberth and Wernher von Braun, German culture in the 1920s continued a venerable tradition of engineering research. While the American intelligentsia has often been suspicious of technological change, leaning instead toward a world of pastoral images and populist values, science and engineering in Germany have occupied a well-established domain as respectable careers for those of aristocratic .as well as middle c
	Born in 1923 in the old Prussian capital of Berlin to the family of a nationally prominent German banker, Werner Posen "had always an inclination and a great attraction... to mathematics, physics, chemistry, to natural sciences." The elder Posen had regretted choosing a career in banking over architecture and, for that reason, mayhave encouraged his son's fascination with the workings of thephysical world. The boy's parents bought him "the right kind ofexperimental sets and gifts," 
	Born in 1923 in the old Prussian capital of Berlin to the family of a nationally prominent German banker, Werner Posen "had always an inclination and a great attraction... to mathematics, physics, chemistry, to natural sciences." The elder Posen had regretted choosing a career in banking over architecture and, for that reason, mayhave encouraged his son's fascination with the workings of thephysical world. The boy's parents bought him "the right kind ofexperimental sets and gifts," 
	and especially "erector sets. [I] loved erector sets." Soon he was entering annual competititions for the best erector set designs. "I got one of those awards.... My parents were proud of that." His school friends "didn't know what they wanted to be," but he did: "I wanted to be a scientist, in particular, a physicist. 

	"Ialso read a lot of science fiction ... and that got me into some close relationship to the rocket ship development, even though it was, at that time -the 1930s ­certainly not something that everyone was familiar with." He remembers "many [science fiction] books .... We had a famous science fiction writer in Germany­Hans Dominic. I started with one [of his books] andIhad to read them all .... Hewas, I would say, a predominant influence on my life." 
	Notwithstanding Posen's scientific leanings, his father insisted on a traditional liberal schooling for his son and sent him to a gymnasium in Berlin, where he had to learn Greek and Latin. "I didn't like it at all ... they didn't emphasize math and theydidn'temphasize physicsand all those things thatI felt stronger in. [But] we had working groups for students with common interests, and one was a working group for physics .... We did gyro experiments and so on. So, I got ... as a young boy, the science fict
	"And then ... came the war." 
	Posen was drafted into the Luftwaffe, assigned to a communications unit, and sent to the eastern front. Illness saved him from the worst horrors of the German invasion of Russia, and he was returned to Germany, where he recovered in time to be sent out again -this time, to the North. "I got assigned to a station on the Baltic Sea ... close to Peenemuende, which was, unknown to me, the development center for the V-2 and V-1 .... I really marvelled about that. ... There were so many millions of soldiers. And 
	When he returned to Berlin in 1945 Posen began a study program in experimen­tal physics at Berlin's Technische Hochschule. Working in the field of secondary electron emission of semiconductors, he soon became immersed in "fundamental research" in electronics, completing work for his master's and doctoral degrees by 1952. In the meantime, Posen began working as "a physics editor for what you call in this country 'Chemical Abstracts'.... It was very good preparation for me because ... I had already set my eye
	Posen had "set his eyes" on the United States for several reasons. "I was really unhappy about the political situation in Germany.... [There was the] devastation, and I wasn't really sure that the next generation of politicians in Germany would be 
	Posen had "set his eyes" on the United States for several reasons. "I was really unhappy about the political situation in Germany.... [There was the] devastation, and I wasn't really sure that the next generation of politicians in Germany would be 
	all that much better. ... At least equally strong, maybe even stronger, was the desire to participate in rocket development. 1 knew the next step was space, and 1wanted to participate in that, and it was very clear that 1couldn't, in Europe, for many, many years." Aware that von Braun had gone to the United States, he asked an American friend in Berlin to help him locate von Braun who, by that time, had become technical director for the U.s. Army's Ordnance Guided Missile Development Group at the Redstone A

	"I looked in all kinds of books and there was very little about Alabama, very little." Nonetheless, in 1955, at the age of 32, Posen left Germany with his wife and child, heading for Alabama. "When we finally got here, arriving in New York, they say [sic], 
	"'Where are you going?' 
	"Alabama. 
	"'Are you sure?' 
	"My big problem, when 1 came [to Huntsville], was to listen to the southern stuff ... and even know what they are saying and, then, in turn, talk so that they could understand me. That was quite a culture shock .... 1wished 1had done tha t ten years earlier; 1would have lost my accent." Nonetheless, Posen, like dozens of other German scientists and engineers, learned how to make himself understood. He remained in Huntsville -first with the Redstone Arsenal and then with NASA's Marshall Space Flight Center -
	The city of Baltimore, largest city in the border state of Maryland, has been washed by every current to flow across the American landscape. Its history em­braces the slave trade, industrialization, the growth of the railroads, the influx of successive waves of immigration, foreign shipping, urban growth and decay, and 
	H. L. Mencken. Before the completion of the interstate highway system in the 1960s, millions of souls on the East Coast knew Baltimore mostly as the place through which one lurched northward, stop light by stop light, on blistering afternoons in July and August, to escape from the hot southern summer. As they went, they passed miles of brick row houses with prim, plain fronts and white door stoops. These marked the boundaries of the neighborhoods where working class people lived, people like the parents of 
	"My dad was a blue collar worker. ... 1grew up in a typical lower middle class, if you can even call it middle class, [areal in Baltimore." Siebold attended various Catholic schools in Baltimore, his aspirations largely limited to vocational educa­tion, so he "could learn to be an office worker, a secretary, or a clerk, or something like that." But he was a good student, good enough so that "someone casually said to me ... 'Why don't you apply to Poly?'" Baltimore Polytechnic High School, "back in those day
	"My dad was a blue collar worker. ... 1grew up in a typical lower middle class, if you can even call it middle class, [areal in Baltimore." Siebold attended various Catholic schools in Baltimore, his aspirations largely limited to vocational educa­tion, so he "could learn to be an office worker, a secretary, or a clerk, or something like that." But he was a good student, good enough so that "someone casually said to me ... 'Why don't you apply to Poly?'" Baltimore Polytechnic High School, "back in those day
	programs, one being a program called the advanced college preparatory course, which was very heavily college oriented." Siebold took up the suggestion without much purpose: "I accidentally walked in and did it ... by God's choice -I don't know." 

	Between his mother's and his father's family "of nine or ten [each], of all of us, there are only about three people who have gone through college, one being a Catholic priest .... I sawall these people suffering through the Depression and the poor guys working in the shops and coming home dirty and filthy and dead tired, and struggling, and I decided that I wanted a white collar job. And I was going to be an engineer .... Father and mother ... really didn't understand [his interest in engineering], but "th
	When he graduated in 1942 he found a job with the Martin Company, which "recognized the people coming out of this [Baltimore Polytechnic High School] program as being capable of going into their engineering department. Particularly in those dayseverybody started on the drawing board.... They even offered a course in their drawing system, their engineering system, to us in high school on Saturdays. So I went on Saturdays.... We even studied an airplane called the '167', which is a predecessor of one of the l
	Siebold worked for Martin for over twenty years, interrupted only by a stretch in the Army after he was drafted. He proudly remembers virtually every aircraft or missile program he worked on: the Dyna Soar, the Martin B-26, "a number of Navy airplanes, all of the seaplanes, the P5Ms ... the B-57." In the 1950s he began working on missile programs. "A lot of them were military and a lot of them were research vehicles that came and went." As interesting as the work was, he "recognized that I needed to go to c
	During the 1950s Siebold worked on various advanced space vehicle designs as part of Martin's effort to get into the space business. "It was the little group of ten or twelve in so-called advanced design that put the basic concepts together. When an RFP [request for proposals] came in, we would look at those requirements and make the first cut at what the vehicle should look like, and then get more refined data from 
	During the 1950s Siebold worked on various advanced space vehicle designs as part of Martin's effort to get into the space business. "It was the little group of ten or twelve in so-called advanced design that put the basic concepts together. When an RFP [request for proposals] came in, we would look at those requirements and make the first cut at what the vehicle should look like, and then get more refined data from 
	people that then supported us." By the time Siebold finished his degree, he "had left the design world and was now working more on the management side and [on] things called configuration management, control and configuration .. .. When the Titan III program started, I went to Denver as engineering rep .... Baltimore was doing subcontract .. . engineering work under Denver's direction for that program. I became the engineering liaison man stationed in the Denver division for. .. about three years." When it 

	The immigrant neighborhoods of New York, the Bronx and Brooklyn, were home in the 1920s and 1930s to countless boys who would grow up to leave their mark on the postwar expansion of American science and engineering. Whether these boys' families instilled inthem a love of learning inherited from their European or rabbinical origins, or whether those families were convinced that a cosmopolitan profession such as medicine or science was the best vehicle of ascent from uprooted or marginal places in the America
	Take Michael Goldbloom, born in Brooklyn in 1926. What led him to become an engineer? "I guess it's my father that led me in that direction. My father had no formal education. But he was probably one of the best educated men I've ever met. He was a voracious reader. He was interested in science .... He used to take me to the planetarium and the museum of science and industry when I was just 6, 7, 8 years old. I became very much interested [in science] at that early age." Goldbloom went to the Bronx High Sch
	After earning a masters degree from Brooklyn College, Goldbloom took his first job, with the Sperry Gyroscope Company in Nassau County, N.Y. His training in the Navy and ingraduateschool had been largely in the field ofautomatic controls. "The reason that Sperry wanted me was to work on automatic pilots." In 1954 Goldbloom left New York, "never to return," and moved to Los Angeles to work for the Lockheed Missile Systems division. He stayed in California throughout the 1960s, working for various aerospace c
	Born in 1928, Charles Stern spent the first ten years of his life in Willimantic, Conn.and then moved with his parents into a middle class Brooklyn neighborhood of semi-detached homes. His father had graduated from Tufts University with a degree in chemistry, but had opted to go into business, working first in the haberdashery trade in Connecticut and then moving into a wholesale glass business in New York. Neither his father nor his mother-who had thought he would make a great accountant -had given him any
	Charles Stern is another NASA engineer who received his schooling at Brooklyn Technical High School. He remembers it as "probably the finest technical high school in the country.... There were better scientific schools, but not technical. I took the aeronautical engineering course, which was ... a pre-engineering course, voca­tional ... not particularly suited as a college prep course because it didn't offer some of the math and language required to get into a lot of the universities at that time." When he 
	Charles Stern is another NASA engineer who received his schooling at Brooklyn Technical High School. He remembers it as "probably the finest technical high school in the country.... There were better scientific schools, but not technical. I took the aeronautical engineering course, which was ... a pre-engineering course, voca­tional ... not particularly suited as a college prep course because it didn't offer some of the math and language required to get into a lot of the universities at that time." When he 
	aeronautical business .... Itwas, again, the war motivation, not any great desire to be a part of the national aeronautical research establishment." He applied for admis­sion to Brooklyn Polytechnic School "because it was one of the few schools that would accept high school graduates with the kind of semi-vocational training I had: no language [or] math.... I didn't get in because there was this massive influx of veterans coming home from each of the theaters [of World War 11]. So the next step was to ... e

	Stern graduated in June 1950 and war broke out in Korea shortly thereafter. Although he had applied for jobs with various naval research organizations as well as the NACA, he had hoped he would be able to work at the NACA's Langley Aeronautical Laboratory. But then, "all of a sudden, there was my greeting .... In Novemberof 1950 I went to Fort Devens, was processed into Fort Dix, was processed down to Fort Eustis, Virginia, and spent my twoyearsofArmy [duty] atFort Eustis." Fortuitously, Fort Eustis was "ju
	Aeronautical engineering did not become just interesting for Stern, it became downright exciting: He happened to enter the Langley laboratory at one of the aeronautical field's most creative periods. "You remember, we had a missile crisis gradually growing. In the early '50s we were trying to figure out how in the world to make a ballistic missile go intercontinental ranges -5000 miles or more-reenter the Earth's atmosphere at almost orbi tal speed ... and survive till it reaches either the ground or air bu
	At both the Langley Laboratory and the NACA's Ames Research Center, established in 1939 at Moffet Field, Calif., aerodynamicists were struggling with the problem of designing a missile nose cone that would not burn up in the heat of reentry into the atmosphere. One way of simulating the extroardinary heat energy levels that affect nose cones on reentry was with shock tubes. When Stern went to Langley, he worked with the "aerodynamics of shock tube flows, shock tube boundary layers, shock tube heat transfer,
	"And you do that with a blunt body, not a sharp body, where all the heat goes into the skin."6 
	Stern's career with NASA was interrupted briefly when, succumbing to the lure of better pay, he moved to Massachusetts to work with the A VCO Corporation on reentry heating for ballistic missile nosecones. A year later, missing "the freedom to work in engineering science and not [tol have to worry about building [al device," he left Massachusetts and returned to Langley. 
	Henry Beacham is a sociological rarity among the older engineers who became part of NASA during the Apollo years. Born in 1928, he was raised in an upper middle class neighborhood in northwest Washington, D.C., the son of well-edu­cated parents. His mother was an editor for Vogue magazine and wrote for the Baltimore Sun . She had also done publicity work for the women's suffrage move­ment and worked for the National Council for the Prevention of War. In the 1920s she and Beacham's father, a veteran newspape
	To anyone of the country boys who made their way out of rural America in the decade between the wars, Washington was the city; but those with cosmopolitan upbringings would look back on Washington in the 1930s and 1940s as "a very small town." To be active in local politics, as Beacham's parents were, was to be active in national politics. The elder Beachams "were friends of Justice [Louis D.l Brandeis, people like that." Beacham was sent to an exclusive privateboys' school in suburban Bethesda, Md., where 
	To anyone of the country boys who made their way out of rural America in the decade between the wars, Washington was the city; but those with cosmopolitan upbringings would look back on Washington in the 1930s and 1940s as "a very small town." To be active in local politics, as Beacham's parents were, was to be active in national politics. The elder Beachams "were friends of Justice [Louis D.l Brandeis, people like that." Beacham was sent to an exclusive privateboys' school in suburban Bethesda, Md., where 
	as an Ensign in the Naval Reserve. Since he was not called to active duty, he went to work for Eastman Kodak in Rochester, N.Y. "In Rochester they had two different labs: one, the film making; and the other, the camera operation. I was with the camera group for about a year and a half." Then his urbane upbringing caught up with him as he discovered (he thought) that he had in fact been "poorly educated." He went back to school at the University of Rochester, planning to take a graduate degree in physics -bu

	From the University of Rochester, where he obtained a master of science degree in mechanical engineering, Henry Beacham moved on to Syracuse University to do some teaching. Then, on the eve ofthe Korean War, he moved to the NavalOrdnance Laboratory at White Oak, Md. While working for the Navy could not guarantee that he would not be called to active duty, it might have helped; Beacham was able to stay at the laboratory for nine years doing "environmental testing and ultimately what used to be called operati
	Beacham could, he recalls, have gone to NRL in the early days and joined the Vanguard program, but "it never intrigued me." At the same time, NASA looked attractive compared to a career at the Naval Ordnance Laboratory. "You get bothered, after a while, computing ... the optimum way to kill ... the maximum number of people. I don't think I was especially excited about the space program. [I was] excited about the challenge, the difficulty of it, but I was never personally interested in flying and -I had no s
	Bob Jones was one of those "kids from the sticks" who had regularly dirtied his fingers with auto parts. Born in 1932 in the shadows ofPittsburgh's steel mills, Jones left the industrial city as a small boy after his father (an electrical engineer) died, leaving his mother to fend for herself and her small son and infant daughter. There was a good bit of moving around as his mother fended. "Mother moved in with relatives in various small mill towns around the area. [Then] an adventuresome aunt," his mother'
	Bob Jones was one of those "kids from the sticks" who had regularly dirtied his fingers with auto parts. Born in 1932 in the shadows ofPittsburgh's steel mills, Jones left the industrial city as a small boy after his father (an electrical engineer) died, leaving his mother to fend for herself and her small son and infant daughter. There was a good bit of moving around as his mother fended. "Mother moved in with relatives in various small mill towns around the area. [Then] an adventuresome aunt," his mother'
	registered nurse, and "remained there except for some visits up north. By then I was a southerner and I didn't really care for the north." 

	Many years later, as a grown man, Jones grew nostalgic at seeing an exhibit at the Library of Congress of a "number 4 1 / 2 model erector set ... identical" to the one he played with as a youngster. "That was the toy I would never forget. I could hook it up early in the morning.... I remember all of those little parts, bolts, and brackets." Then there were the chemistry sets: "We made gun powder ... you know, kids get into things. We, in high school, got into building cannons ... take a four inch pipe, thre
	Before he got his first car, Jones bought himself a "Cushman motor scooter. One of my good friends and I built the first -we thought -bicycle with a telescopic or sprung front fork, rather than a rigid frame, so that the wheel would follow, like springs on a car." Then came the 1941 model Ford coupe. "The'40 Ford was the 'in' car in the '50s because it had a little better ride than the '41, [but] I could not find a '40 that I could afford. So that was my first car. It was black. [In high school] my friends 
	Growing up, Jones was not sure what he wanted to be. "Mother ... just let me kind of find my way.... She insisted I get good grades, scolded me when I didn't... . I made honor society. But she didn't really tend to drive me toward any career .... I knew I didn't want to be any of the human skill-oriented people, because I didn't think I did well with interactions with other people, and I tended toward things rather than people .... Psychology classes [in college], where you had to sit and talk about yoursel
	After he graduated from high school in 1950, Jones went to 5t. Petersburg Junior College, which was "dirt cheap, like, practically free. We didn't have any money and [the University of Florida at] Gainesville was the big state school.. .. I didn't know how I was going to make it up there, and wasn't motivated. Besides, it didn't have any engineering at all. [It was] primarily a business and liberal arts schooll. Then I got an F in calculus, and that sort of just turned me off. So I continued to live at home
	"All of my friends -the three guys that I ran with -one of them had dropped out in his freshman year and joined the Navy. My other good friend dropped out the semester before me, and let himself get drafted. And the third hung in there, but it was sort of like the neighborhood was coming apart. I didn't know where I was going, and I didn't know what I wanted to do, and everybody was going into the service, so I dropped out and went to work at the wheel alignment shop, knowing full well what would happen....
	The U.S. Army sent Jones to Alaska, where he was stationed with a small company that ran a logistics depot. There he learned how to be a supply sergeant. Best of all, he could oversee the "weaponry, unit armor -which meant I got to maintain machine guns." While he hated the Alaskan winter, he loved its summer, and found a friend who introduced him to the natural wonders of the remote wilderness. "He was a registered big game guide, and I saw a lot of Alaska and had access to his car .... We went to GhostTow
	While Jones was in the Army he realized tha t he knew what he wanted to do after all. "My interest had always been in the relationship between physical objects, and especially motion and linkages and those kinds of things." He would be an engineer. Two years later Jones returned to Florida; he managed, with the help of the GI Bill, to graduate from the University of Florida in 1958 with a degree in engineering. He realized that he had a personal need for "security," and as a result he "wanted to stay around
	While Jones was in the Army he realized tha t he knew what he wanted to do after all. "My interest had always been in the relationship between physical objects, and especially motion and linkages and those kinds of things." He would be an engineer. Two years later Jones returned to Florida; he managed, with the help of the GI Bill, to graduate from the University of Florida in 1958 with a degree in engineering. He realized that he had a personal need for "security," and as a result he "wanted to stay around
	snow on the ground and they do the typical recruiting trip. You had lunch and they met you at the hotel and took you around. And 1remember this -what they call bullpen .... They all had white shirts, and they all had ties on, and one guy was working on, like, a little bracket. And 1thought about that, and the cold, the snow in my feet." Jones also got an offer from Florida Power. But "that's making steam, making electricity. Man, you make electricity day and night, day and night .... 1 had liked my power pl

	His true career would begin with the Army; he was due to be interviewed by the 
	U.S. Army ordnance department from Aberdeen Proving Ground. "Itwas automo­tive and mechanical and things that go 'clank' .... 1 thought, that was the place for me." But an Army officer he was to meet with "didn't show, and here 1 was in my new Sears, Roebuck suit, and 1wandered down the hall and there was this outfit called the Army Ballistic Missile Agency. It was interviewing for engineers to work atCapeCanaveral.. .. They painted a pretty rosy picture ... interviewing specifically for an engineer to work
	"I got [to Cape Canaveral] just as they were finishing up the Redstone pro­gram.... 1 was there for the first lunar probe, and ... there was a Juno that went up and turned ninety degrees. It was sitting there, and it came back on the pad and a shock wave came up the flame trench and blew the covers off, and a cigarette machine outside was pierced and the candy bars and cigarettes went everywhere and big chunks of concrete -1 thought, 'this is sporty business! This beats the hell out of drawing brackets!' Th
	"That's watching the hardware." 
	Robert Strong, Dan O'Neill, Isaac Kuritzky, Ernest Cohen, Isaac Petrovsky, Henry Strassen, Werner Posen, Philip Siebold, Michael Goldbloom, Charles Stern, Henry Beacham, and Bob Jones: born between World War I and the eve of the Great Depression, they were the progeny ofan America that would bebarely recognizable to the younger men and women who would be working with them at NASA at the height of the Apollo era. They were the sons of an older industrial America, predominantly from the upper Midwest and the 
	With the exception of the three who attended Duke University and MIT, all attended public institutions and supported themselves partially or wholly while going through school. They were in the first cohort of young Americans to benefit from a nearly fourfold increase in the number who were able to go to college (from 8 percent in 1920 to 30 percent in 1959). They included the six from "blue collar" backgrounds who would be among the first in their families to go to college, as well as those who were of age 
	All except the oldest, who was already at work at the NACA's Langley Aeronautical Laboratory when World War II broke out in 1939, joined the military as enlistees ordraftees during World WarII -one of themon theGerman side. Most ofthe eleven began their careers in the 1940s working for engineering firms; only one ventured to make a career with the military. Seven of these eleven engineers had no less than nine, and in two cases had had as much as twenty-one, years' experience working in private industry bef
	Sharing, with few exceptions, generally similar social origins and career aspira­tions, these eleven men were bound together by the fact that the route toward the fulfillment of their aspirations was eased by the nation's need to mobilize not only military troops, but military technology, in the service of war. All were initially employed by either federal engineering agencies or private firms stimulated by wartime demands. That they were equipped for the jobs they found, or for which they were in some inst
	The draft is the largest educational institution in the world. 
	Robert S. McNamara Secretary of Defense (1961-1968) Remark to Reporters, 1966 
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	The last time Hank Smith -now a facilities design engineer at Kennedy Space Center -piloted an airplane was in 1959. He was a senior at the University of Florida, butby then he had already putina successful stint training as a Navy fighter pilot. A Korean War veteran finishing college on the GI Bill, he was in an all-veteran fraternity, and "there was this guy ... he was probably 22 or 23, who had a little airplane." Smith's fraternity buddies, no doubt impressed by heart-stopping tales of combat flying, pe
	So "one day in the spring, I said, 'OK, well, tomorrow morning we'll go fly, if it's nice."' It was nice, and the two men took off in the little plane. "I sat beside him. He took it up to a couple of thousand [feet]. He said, 'OK, do you want to fly it?' I said, 'OK. Now, I'm going to tell you something that we learned in the Navy. When I say, 'I've got it,' I've got it. I'm in charge. Get your hands off. Put 'em over your head. I don't care what you do.' Then I said, 'when I say, you've got it, you've got 
	"He says, 'I don't thinkso! I don't think I'veeverdone over45 degree angle bank turns!' 
	"I said, 'look back that way: because I knew where we were going. By the time he stuck his head back there I cranked that thing up, put on every bit of power I had, and did a 60 degree angle bank tum, rolled it back, did another one, rolled again, did another.... I didn't know if! could do it, but Ihad justenough power to hang in there. 
	"Then I said, 'you've got it!' 
	"This kid's eyes were huge! Big!" 
	That a fraternity brother might own his own airplane was almost unthinkable in 1934 when Smith was born in Oneonta, then a small city of 12,000 in upstate New York. "We lived out in the country ... a mile outside of town ... that's all dairy country." Smith and the other youngsters worked on the farms, putting hay up in barns and hauling and spreading manure. "We went through all that. Then, in the fall, the next big thing was to put com in the silos .... We'd work from 8 or 90'clock until dark. 
	"We did ... a lot of odd jobs. I worked in the filling stations. One time a boy and I -for several years we tookabouta half anacre and grew vegetables, and sold them over in the city. We always had a garden. My mother canned and froze and did everything like that. ... We grew carnations .... Easter Sunday morning there'd be four or five people making corsages .... We'd be up all night and I'd start delivering about 4 or 5 o'clock in the morning to the Catholics .... I'd deliver until noon-time. I never made
	Oneonta was a railroad town, one of those places through which the Delaware and Hudson passed on its way from Pennsylvania through New York State to Canada, mostly carrying coal to Montreal. Smith's father, like "just abouteverybody's father, worked on the railroad. He worked in the shops area. They did a lot of fabricating of box cars, repaired cars. They had built passenger cars in the old days. There was a big roundhouse there where they fixed locomotives .... We used to go down and play on the trains ..
	"At one time [Smith' s father] worked with his hands. Then ... in later years, he ran the storeroom, handling parts and materials. He ran it, kept it stocked, and serviced it." While his mother was mostly a homemaker, she had gone "to a little business school" and worked occasionally as "a legal secretary for the various attorneys around my home town ... back then, to make ends meet." 
	Going to college had become, by the time Smith was growing up, the normal expectation of Oneonta's "solid" families. "We'd all go to college; we'd all gradu­ate .... If you were a good student, you went on to college." The expectation of a college education had already begun to work its divisions on the town's high school students. "There were three curriculums: there were the guys who were jocks-did the PE [physical education] stuff, and shop. They also had business courses." And then, "for the good studen
	Going to college had become, by the time Smith was growing up, the normal expectation of Oneonta's "solid" families. "We'd all go to college; we'd all gradu­ate .... If you were a good student, you went on to college." The expectation of a college education had already begun to work its divisions on the town's high school students. "There were three curriculums: there were the guys who were jocks-did the PE [physical education] stuff, and shop. They also had business courses." And then, "for the good studen
	student, and he "loved math." His father and mother "were eager for me to go to RPI [Rensselaer Polytechnic Institute]," and Smith, too, "always wanted to go to RPI, [to] get an engineering degree there." 

	But he never made it to RPI. Instead, he went to one of New York State's two­year technical institutes, where he began a course in electrical technology. Before he could finish, he "got inspired to go into the U.S. Navy." Naval recruiters came to the campus "and started recruiting .... The uniforms were really sharp -the blues, the golds, the white hats -really sharp! Big time stuff! ... They told everybody back then that you were the top 10 percent of American youth. You know, like the 'Marines need a few 
	He was accepted into the Naval Aviation Cadet program when he was twenty years old. He stayed with the Navy for four years, undergoing rigorous flight training and officer's ground school at Pensacola, Fla. and the Naval Air Station at Cecil Field, near Jacksonville. By then he had become a Florida resident, which meant that he would have had to pay out-of-state tuition had he wanted to go to RPI. Because he had gone into the Navy during the Korean War (although he was never sent to Korea), he was eligible 
	Two years later he transferred to the University of Florida, where he earned a degree in civil engineering in 1962. He and his wife had "bought a little home," and when it came time to look for a job he applied to the U.s. Army Corps of Engineers in Jacksonville. The Corps "had started all the design for NASA for the Kennedy SpaceCenter.... In the process, they decided -since it was getting so big -that they needed a Canaveral District office .... So they formed that spring the Canaveral District office, an
	Paul Dussault was always something of a misfit, someone who "oscillated around" a lot when he was young, before he decided what to do with his life. His life began on the south side of Chicago, now in the inner city; he lived in a flat with his mother after his father left home when Dussault was too small to remember. Born in 1932, he led an adventuresome boyhood, watched over by a parent who was both tolerant and "hard-driving." His mother had been an Army nurse during World 
	Paul Dussault was always something of a misfit, someone who "oscillated around" a lot when he was young, before he decided what to do with his life. His life began on the south side of Chicago, now in the inner city; he lived in a flat with his mother after his father left home when Dussault was too small to remember. Born in 1932, he led an adventuresome boyhood, watched over by a parent who was both tolerant and "hard-driving." His mother had been an Army nurse during World 
	War II, which meant that he also lived, off and on, with his grandmother. "When I was in elementary school, I was at the top of my class. I got good grades .... We went out and did lots of things when I was a kid. We'd go over the whole city exploring. I think every weekend there were a bunch of us who would always go downtown to the museums and things like this, and ride on the streetcars all over the place. It was cheap transportation. Our parents let us go around ... when I was about eleven years old, tw

	"I got red Fs all through high schooL ... I would go about four days every week. I knew if I was absent more than that, you automatically flunk. But ... I always had it calculated right down to the last day. So you could miss 20 percent of the time and still pass.... I would take off every Friday. [Mother] knewI was messing around and she knew I was a lot smarter than that. I don't think she was too worried. She figured I'd straighten out. I was ... interested in something different than everybody else ....
	Dussault did his calculations right and managed to graduate from high school and enter a "junior college anybody could get in in those days. I was there for a couple of weeks and decided I didn't want to do that either. ... I was playing on a basketball team, and ... I was also working in this hospital [as an orderly] where my mother was the head nurse.... I just went there because there were a lot of student nurses there .... So I quit the school, I played basketball eight hours a day at the Y." And when "
	When the Korean Warwas over Dussault knew for certain anI y one thing: he did not want to stay in the Army. He tried junior college for a few months, taking liberal arts courses, working "a little harder this time, and [I] got pretty good grades." But he still had no idea what he wanted to do with himself, and he needed money, so he went to work for a meatpacking company in the Chicago stockyards. A brief 
	inspiration to become a pilot for theU.S. Air Force came to nothing, and he supposed 
	that he could stay close to airplanes bybecoming an aeronautical engineer. Since the 
	University of Illinois "would, then, admit anyone regardless of grades," he went 
	there and after two years majored in aeronautical engineering. 
	At the University of Illinois one of his professors introduced him to orbit theory, which he was studying when the Soviet Union launched Sputnik I in 1957. "The people at the University of Illinois did some crude tracking of the spacecraft to pin down its orbit. And we were making some calculations on it ... it was kind of exciting." Then he began taking courses in rocketry and design, and decided that astronautics might be even more exciting than airplanes. Two years into the "space age" he realized that h
	In the summer of 1960, half-way into a master's degree program, Dussault ran 
	out of money and began looking for a job. He found one at NASA's Marshall Space 
	Flight Center. Dussault's career at Marshall was brief. "I hadn't finished my 
	master's" thesisand "peoplewerea little irritated withmeat Marshall, because I was 
	working on my thesis while I was there .... I did mainly my stuff, which was on 
	libration point satellites." A libration point, he explains, is "an equilibrium point in 
	an isolated, two-body gravitational system, such as the Earth and the Moon, [which] 
	are somewhat isolated in the solar system. Or it could be the Sun and the Earth, or 
	the Sun and Jupiter. Itwould not be the Sun and the Moon, for instance, because the 
	Moon is really going around the Earth .... There are five equilibrium points in this 
	two-body system. This is a general sort of thing that holds throughouttheuniverse .... 
	N ow, if you place a spacecraft atone of these points, with just the right velocity, then 
	it will stay in the same configuration relative to the other two bodies. So it's kind of 
	in equilibrium with them." The notion of a gravitational equilibrium between the 
	Earth and the Moon has been an inspiration for space colony enthusiasts, who have 
	2 
	proposed locating colonies at libration points.

	Dussault mailed his thesis to UCLA and then decided to become a mathema­tician. He returned to the University of Illinois and "did almost all the course work for a degree in mathematics, but I didn't like the pure mathematics courses. I despised them.... And I didn't take linear algebra and real variables. Those awful things. I couldn't take that stuff at all." Again he ran out of money. He found work for a summer at the U.s.Naval Ordnance Laboratory. "And you know, you get out . there in the real world and
	go back to school again." 
	During his last yearat the University of Illinois, Dussault had become "obsessed 
	with one subject -general relativity theory and cosmology. I really got into the 
	thing, and all of the mathematics that they had in it. I took courses in tensor 
	thing, and all of the mathematics that they had in it. I took courses in tensor 
	calculus ... it had so many physical applications, 1 really liked it. So 1 thought 'I'll try to get into mathematics up at Berkeley.'" On his way back to California he made a detour through Queen Elizabeth College at the University of London, England, where he planned to work with a physicist who shared his enthusiasms -and, he confesses, enjoy the company of the college's many comely young women. "I was over there all of three days after going over there on the Queen Mary. It was a nice trip. But ... 1 dec

	"I had no job, no money, nothing. And 1 said, 'Gee, I'd better go back out to California and see if I can get a job.' So I just drove my car out to California, and started looking for a job .... It turned out, 1 got there at just the right time." He found a job at Lockheed Missiles and Spacecraft's research laboratory at Palo Alto, where he worked with John Breakwell and Stanley Ross, specialists in orbit theory. "Ross, at that time, was working on a contract for Marshall Space Flight Center to do the inter
	John Breakwell, meanwhile, had become "a professor at Stanford University ... . We were within a stone's throw of the university .... Breakwell, being over there .. . encouraged me to come back .... I got into the school all right, because my grades were good.... In the meantime, I got married ... my wife had lots of money and all I had was lots of debts." His mother had remarried and built up a profitable nursing home business. Between the two women, there was enough money to put him through school. 
	He completed all of his course work at Stanford but "kept putting off the oral examinations." Money began to run out; he was being paid "a paltry sum," and it was time to look for a job again. This time he found one with a space mission planning group for NASA's Electronic Research Center, located in Boston. 'Td have to go back and forth to ERC all the time. And I had a terrible fear of flying, but I overcame it .... I used to jump out of planes." But as a passenger, "I didn't have any control over the situ
	"I had a lot of ideas I had developed in my thesis. One of the main ones that had some applications as far as NASA was concerned was a data-relay satellite for communications off the far side of the Moon. And it involves being in a libration point orbit ... and controlling this spacecraft, because the libration point orbits are not stable .... So I did all of the first work on this stuff. And then I thought, 'I'm going to see some of this stuff used, because I'm not interested in just writing papers'.... I 
	"I had a lot of ideas I had developed in my thesis. One of the main ones that had some applications as far as NASA was concerned was a data-relay satellite for communications off the far side of the Moon. And it involves being in a libration point orbit ... and controlling this spacecraft, because the libration point orbits are not stable .... So I did all of the first work on this stuff. And then I thought, 'I'm going to see some of this stuff used, because I'm not interested in just writing papers'.... I 
	Sun and the Earth where it could monitor the solar wind as it came in towards the Earth .... I took that [idea] to some of the space science guys atAmes ... and they said, 'Nah, we're not interested in that' .... I said, 'Hey, you can putitin the tail of the Earth and just leave it there all the time.' 'Nah, we aren't interested in that.' Most of the people that you find working at NASA are specialists in one thing. And they don't seem to want to know what anybody else is doing.The one thing I did get with 

	Once at the Electronic Research Center, Dussault discovered that "they weren't interested in space science, but they were interested in the communications on the far side of the moon. And the lunar landings were taking place around that time [and] the orbiting of the Moon. And it became pretty obvious that they were having problems communicating with these guys on the far side. So I thought, 'Gee, I'm in NASA now, I'm going to start writing letters.' So I wrote a letter to George Low, saying, 'Hey, you ough
	NASA's Electronic Research Center was closed down in 1969, and its facilities transferred to the Department of Transportation. Dussault, who (along with his wife) had not liked living in Boston anyway, had to look elsewhere for work. Finally he found a place for himself at Goddard Space Flight Center, where there was some interest in a lunar communications satellite. That interest was short lived, but Dussaultstayed on at Goddard, continuing to work out his ideas in the development of trajectories for unman
	George Sieger, like Paul Dussault, was left fatherless as a small boy and also marvels over the freedom for adventure thatmeantwhen he wasgrowing up. World War II not only provided his mother an occupation and an income (as it had Dussault's mother), but exposed him to an early and lasting enthusiasm: airplanes. Sieger was born in Toledo, Ohio, where his mother operated a boarding house to support herself, George, and his two sisters. There she sheltered enlisted men (and, after the war, veterans) as they p
	George Sieger, like Paul Dussault, was left fatherless as a small boy and also marvels over the freedom for adventure thatmeantwhen he wasgrowing up. World War II not only provided his mother an occupation and an income (as it had Dussault's mother), but exposed him to an early and lasting enthusiasm: airplanes. Sieger was born in Toledo, Ohio, where his mother operated a boarding house to support herself, George, and his two sisters. There she sheltered enlisted men (and, after the war, veterans) as they p
	in modeling various airplanes .... They'd send me aircraft recognition manuals, and I became very interested in the military services, and in particular, flying." 

	The self-confidence he would later need hovering over the controls at mission operations atJohnson Space Center during an Apollo mission came to him as a boy. "Itcame from the fact that to a great extent I was on my own to pick and choose and make my decisions from a very early age. I used to drive my mother nuts. One day, I'd be there coming homefrom high school." Then "I'd have a couple of daysoff from work, and I'd hitch-hike to see the air races -say, 'Hi, Mom, I'm going!' Christ, if my kids did that to
	When Sieger "was in late grade school and early high school, I was ... building my own airplanes. Originally, I started off from kits, and found out that the kits left alottobe desired. Ihad [acquired] a hard and practicable knowledge of aerodynamics, just in the process of building various airplanes. And I finally came to the point where I started designing my own airplanes." His first flight happened when hewas a teenager; a brother-in-law took him to Franklin Field, where he had the first of many flights
	By his senior year in high school at Toledo Central Catholic, Sieger was ready for an imaginary venture into space, writing for his first term paper "a thesis ... on going to the Moon, where Ihad taken some of the moreadvanced thinking of the von Braunsand the Willy Leys and, to a great extent, sketched out the basic type machine that would go to the Moon. I was naive enough to believe it could be as simple as a 3 I designed all of the interior portions of the rocket .... The unfortunate thing is, I never t
	three-stage rocket.

	High school had been especially important to Sieger. "They had an extremely good engineering school associated with [it] ... a coop program, where, as you finished your second year of drafting, you then picked a direction, whether you would go into the mechanical side ... the surveying side ... the electrical side. They had several good instructors, who turned me on to ... looking forward to going to college. I also had some fine chemistry and physics teachers." He would not be the first, nor would he be th
	Things were tight in the Sieger household as George, his mother, and two sisters all worked to make ends meet and have enough left over for the sisters to attend nursing school. For Sieger, the fruits of hard work turned into a mixed blessing. On one hand, he earned two scholarships -one to the U.S. Naval Academy, and the other to a Naval ROTC programat Notre Dame. But "I had been carrying several jobs 
	Things were tight in the Sieger household as George, his mother, and two sisters all worked to make ends meet and have enough left over for the sisters to attend nursing school. For Sieger, the fruits of hard work turned into a mixed blessing. On one hand, he earned two scholarships -one to the U.S. Naval Academy, and the other to a Naval ROTC programat Notre Dame. But "I had been carrying several jobs 
	throughout" high school, including a job "at the A & P warehouses, and the standard fare down there was ... a quart of chocolate milk and some brownies for supper every night when you got home from school; I had been doing that for a couple of years in a row." The result was diet-induced diabetic symptoms, and he "flunked both of [the] physicals" required by the Navy. 

	Undaunted by this reverse in the fortunes of one of her charges, Sieger's history teacher at Central Catholic, "Sister Mary Mark ... gave me the encouragement to go off and believe that I could get through college on my own. She ... kept me going on.... My father was a World War I veteran, and she had done enough research to find out that ... the State of Ohio Elks Association provided funding for schooling for [children of] deceased veterans of World WarI."Sieger wona modestscholarship from the Elks -"it w
	He finished work for his B.s. degree in three years and in 1954 applied for and received his appointmentfor Air Force flight training. During the nine-month hiatus between graduation and his reporting date, he worked for McDonnell-Douglas Aircraft at Lambert Field in St. Louis. There he learned "an awful lot about aircraft flight test data reduction [working on] one of the first of the true supersonic airplanes, the F-101A, [and] the XV-1 Convertaplane, which was a pulsejet-driven helicopter." In the spring
	Sieger was attached to the 13th Air Force and sent to Korea to fly F-86s. "We got an opportunity to fly all over the Far East .... We ranged down into Okinawa, Formosa; wegot down into the Philippines .... We were all overin Thailand, and we got an opportunity to see the Far East. ... It was the best flying in the world." Flying tankers (what the Air Force evidently had in mind for him next) would have been too much of a let-down; Sieger left active duty and returned to McDonnell-Douglas 
	Sieger was attached to the 13th Air Force and sent to Korea to fly F-86s. "We got an opportunity to fly all over the Far East .... We ranged down into Okinawa, Formosa; wegot down into the Philippines .... We were all overin Thailand, and we got an opportunity to see the Far East. ... It was the best flying in the world." Flying tankers (what the Air Force evidently had in mind for him next) would have been too much of a let-down; Sieger left active duty and returned to McDonnell-Douglas 
	in St. Louis. He had hoped to get a slot as a test pilot, but "at that time they were knee deep in pilot slots, so I picked up a flight test engineering slot." He began work for McDonnell, about 1958, at Holloman Air Force Base working on F-101 Band F-102B aircraft and on McDonnell's new missile program. For two years he worked for McDonnell, learning what he could from the experience of "hands-on operational engineering." 

	By 1960 NASA's Space Task Group, newly formed at Langley Research Center to orchestrate the Mercury -the first American 'man in space' -program, was advertising in Aviation Week for capable young men with operational engineering experience. Sieger applied and was accepted. He soon found himselfworking in the control center at Cape Canaveral during the Mercury launches. In time, millions around the world would see the back of his head as he peered at display screens or bent over controls at NASA's mission co
	The Southern Railway passes along the eastern slopes of Virginia's Blue Ridge mountains and crosses the James River at Lynchburg, the city where Ed Beckwith wasborn in the worst year of the Depression. Surrounded by the rolling hills of some ofthe loveliest country in the East, home ofVirginia's fabled gentry, Lynchburg has struggled off and on to sustain its mixed community of small factories, merchants, bankers, rail entre pot, and local and neighboring colleges. The city itself ushers the southward bound
	"1 wanted to be a pilot .. .. Across the street from me lived Woody Edmondson, who was the national aerobatics champion for several years during the war.. .. 1was just a little kid. 1knew him -not well .... 1could see him drive in and drive out." And so Beckwith became enamored of airplanes. "1 was the first kid on the block to build stick models and that kind of thing.... Back in those days, you were fortunate to find a balsa wood kit. They were pine, because balsa was being used by the military in World W
	Beckwith had finished high school and begun college at Lynchburg College when disaster struck his family. "My parents both were in an automobile accident and neither worked for a while. I stopped school and went to work at Craddock Terry .... I nailed on shoe heels." However, a friend of the family who knew of Beckwith's enthusiasm for airplane model building suggested the NACA's ap­prenticeship program at Langley Research Center near Hampton, across the James River from Newport News. Beckwith applied, and 
	The NACA also helped Beckwith finish college. Under its cooperative educa­tion program, he returned to school at the Norfolk Division of William and Mary, and at Virginia Polytechnic Institute, while he was working at Langley and accu­mulating credit toward an advance in grade and salary. His college studies under the coop program were a "straightforward [curriculum] in aeronautical engineering .... The only thing that the coops did not have to do ... during those days, was -for one English course we were a
	"During the coop plan, each time you came back to work after spending a quarter at school, you went to a different organization .... During those early days, coops were cheap labor, so we spent a time in the sheet metal shop.... I had already spent a year there, [and] in the machine shop, the wood shop -which is the model maintenance shop; in the instrument research division, in which we used to calibrate instruments ... and then, after those had been covered, you went into some research organization -hyper
	Finally, in 1958, Beckwith earned a bachelor's degree in aeronautical engineer­ing. "In my travels around [Langley] field ... working at various places, I learned to know people .... I was fortunate enough to be able to get to enough places in engineering -besides research scientist -to know where I wanted to go, and they were willing to have me back, so I went to what was called the free-flight tunnel ... flew models in a wind-tunnel." It had been a long way there, but he made it. 
	One of the few black men to reach the upper tiers of NASA's management hierarchy,4 William McIver was another child of Brooklyn, where he was born in 1936. He was one of five children; his mother was a homemaker, and his father was a freight inspector for the Lehigh Valley Railroad. He remembers his boyhood as having been "fairly sheltered. I was largely interested in athletics and science ever since I was a kid. I used to listen to these radio programs like Captain Midnight and ... the Green Hornet. I .. .
	While he does not say so, his parents must have urged schooling on their children, for of their four offspring who survived childhood, one became an electrical engineer, one a political scientist, one went into business administration, and one, William, obtained a doctorate in aerospace science. The strongest influence on his career was one of his father's godsons, a chemical engineer who gave William a summer job working in his company. "I used to work part time [for him]. He'd let me do drafting.... In hi
	McIver went to Brooklyn Technical High School, "one of the three competitive [science and technical] high schools in New York City. There's Bronx High School of Science. There's PeterStuyvesantand there's Brooklyn Tech. Those are the science and engineering high schools. Then there's the school ofneedle trades, the school of fashion and design, the school of music and art. ... I went to the engineering school largely because it was in Brooklyn, and because of the athletic teams.... There was also some snob 
	McIver now chuckles over his great expectations when he graduated from CCNY in 1957 with a mechanical engineering degree: "I -as [were] many City College guys -was fairly self-confident. I decided I wanted to come to Lewis [Research Center] and I had heard about people like Si Ostrach, Frank Moore, and Harold Mirels.5•.. I wanted to join their research group -with my bachelor's degree!" When he was interviewed for his first job at Lewis, McIver was politely told that he might not be quite ready to work with
	McIver finally got to work with Simon Ostrach who, in addition to being his branch chief at Lewis, was his professor at Case Western Reserve. "Those were the glory days ... of aerodynamics and high-speed research." Like so many aerody­namicists in the 1950s, McIver was drawn to the problem of protecting the nose cones of intercontinental ballistic missiles from burning up on reentry. Where his own work converged with the problem was in the possibilities of sheathing the blunt-shaped nose with an ablative ma
	McIver finally got to work with Simon Ostrach who, in addition to being his branch chief at Lewis, was his professor at Case Western Reserve. "Those were the glory days ... of aerodynamics and high-speed research." Like so many aerody­namicists in the 1950s, McIver was drawn to the problem of protecting the nose cones of intercontinental ballistic missiles from burning up on reentry. Where his own work converged with the problem was in the possibilities of sheathing the blunt-shaped nose with an ablative ma
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	tions between younger and older engineers. Careerism may, in fact, be a reasonable response to a decline in the opportunities and rewards for independent, creative work. When William McIver first went to work at Lewis Research Center in 1957, the year the Soviet Union opened the "Space Age" with its launch of Sputnik 1, "you could come to NASA ... with a bachelor's degree and get involved in a research program right away." At Lewis, "we had very small groups of guys working on really big projects [and] each
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	tions between younger and older engineers. Careerism may, in fact, be a reasonable response to a decline in the opportunities and rewards for independent, creative work. When William McIver first went to work at Lewis Research Center in 1957, the year the Soviet Union opened the "Space Age" with its launch of Sputnik 1, "you could come to NASA ... with a bachelor's degree and get involved in a research program right away." At Lewis, "we had very small groups of guys working on really big projects [and] each
	McIver doubts that similar excitement awaits the new engineer today, one like the "youngster" he met on her way to NASA's Jet Propulsion Laboratory after graduating from a sou them universi ty. "She's invol ved in doing the software for the probability matrices associated with look-up tables and analyzing some data.... The project she's working on is extremely important," but this young engineer has little way of personally appreciating "the magnitude or the importance" of her work. Even if she and other ne
	Implicit in William McIver's doubts that modern engineers are adequately prepared for creative work is the notion that the most rewarding kind ofengineering is research engineering. The premium he places on research derives at least partly from the research culture he entered when he went to work at Lewis, one of the original laboratories of the pre-NASA National Advisory Committeefor Aeronautics. As the complex technological challenges of the Space Age shouldered aside the relatively more familiar problems
	Not only research, but all aspects of aerospace engineering, have been consumed by complexity. The change that has most impressed Bob Jones, who has spent his career since 1958 working in propulsion systems for launch vehicles at Kennedy Space Center, is how "relatively simple" the original propulsion systems -like that of Centaur -were "compared to the complexity, redundancy and sophistication of today's systems." Initially "you used to be able to look at an engine schematic and start the engine. Prevalve 
	The extent to which the technical requirements of the nation's space program can be blamed for the fact that the romance of engineering has been displaced by the complexity, fragmentation, and specialization that accompany the sheer magnitude of modern engineering enterprises is an interesting historical question. When Michael Goldbloom began working for the Sperry Gyroscope Company in 1949 in the automatic controls field, "the way the company was organized, the same group of engineers that did the actual m
	Thomas Swain, a colleague of Jack Olsson's and Jim Davidson's at Ames Research Center, also recognizes that complexity and specialization are partly endemic to modern engineering. When Swain's generation "went to high school, there was just a word called engineering ... that was a respected field to go into." But now, he asserts, "there's such a huge variety of technologies that people learn about at quite an early age ... there's this tremendous choice out there," and "when kids go into college they are aw
	In retrospect, Swain detects three such plateaus: the first was reached after NACA, with the military as its principal client, mastered the problems of transonic and supersonic flight. By the mid-1950s "the power controls and aerody­namic shapes and so forth" to master "supersonic flight had been conquered." Then came what Swain calls "the doldrums. There was some good routine work going on ... in the wind tunnels. But in the flight research end of it, there was just sort of a plateau, sort of like waiting 
	Abraham Bauer's ruminations also lead to a sense of passages and plateaus. His perspective is undoubtedly broadened by his early years as a chemical engineer and physicist for the Tennessee Valley Authority and Oak Ridge National Laboratory before moving to Ames in 1948. "There are always eras of golden opportunity," he reflects; "we had one, I lived through one ... working on the atom bomb ... ballistic [missiles] ... manned spacecraft ... planetary exploration. How often does a set of opportunities like t
	Abraham Bauer's ruminations also lead to a sense of passages and plateaus. His perspective is undoubtedly broadened by his early years as a chemical engineer and physicist for the Tennessee Valley Authority and Oak Ridge National Laboratory before moving to Ames in 1948. "There are always eras of golden opportunity," he reflects; "we had one, I lived through one ... working on the atom bomb ... ballistic [missiles] ... manned spacecraft ... planetary exploration. How often does a set of opportunities like t
	them, they won't be "quite as bold and challenging and new as sending a man to the Moon." 

	Indeed, the event that most unites the memories of NASA's engineers is the mission of Apollo 11, the successful effort to land men on the Moon and return them safely. The event signaled the United States' initial preeminence in space. It was a technicaland managerial achievement of high drama and the first such achievement of the new age of television, one that enjoyed extraordinary visibility. Granting the drama, the unarguable technical accomplishment, the global visibility of that achievement-one must me
	The full historical measure ofthe Apollo program must be taken not only by the extent to which it realized the aims of both politicians and visionaries, but by the extent to which it improved this country's ability to acquire and use knowledge for broad public purposes in general. Measured by this standard, the processes put in place or solidified in order to achieve the Apollo triumph are as important, for the long run, as the event itself and the undeniable technological "spin offs" frequently used to jus
	The incentives and constraints that determined the processes by which NASA could and did operate were both inherited and externally imposed. One was the culture of the decentralized in-house research organization inherited from NACA, with laboratories scattered from Hampton Roads, Va., to Moffett Field, Calif. The transfer to NASA during the early 1960s of former Army missile facilities at Redstone Arsenal and Air Force facilities at Cape Canaveral, Fla., and the creation of new NASA installations at Housto
	centralized laboratories (or "centers") for administrative control of the new space agency. However, an in-house research culture and a decentralized institution were not the only inherited constraints that decided how NASA would go about its work -and thus determine the shape of its engineers' careers. 
	Another of those constraints stemmed from the widespread public distrust, clearly translated into presidential and congressional politics during the 1950s, of "big government." Coupled with general misgivings about a large government establishment was the deeply rooted American faith in private enterprise which, through the mechanism of a free market, was thought the best guarantor of economic security anda free society. On this usually bipartisan ideological foundation, and partly in reaction to the allege
	Thus was added a third constraint (or, in the eyes of Congress and OMB, incentive), on the way NASA would conduct the Apollo program and its other activities. NASA would do its work not by amassing a large complex of federally owned engineeringand fabrication facilities orcivil servants (over w hich NASA had little managerial latitude in any event), but by contracting for the bulk of its hardware and R&D work, as well as support services, to the private sector. (One NASA installation, the Jet Propulsion Lab
	The military services had had the most experience with contracting, since they had acquired equipmentand logistics supportfrom the private sector since the early 19th century. More recently, it was the U.s. Army and the U.S. Air Force, which was created out of the U.s. Army Air Forces under the Defense Reorganization Act of 1947 that created the Department of Defense, that had the most experience with contracting to the private sector. As a resultof the Army's Manhattan Projectand the ballistic missile prog
	The practice of contracting out and associated acquisitions procedures were not the onlybodyofadministrative processes NASA acquired from military experience; equally important was the role ofthe program as the managerial device for executing the agency's broadly framed mission to explore space and advance aeronautical and space technology. Conceptually and administratively the NASA program was the umbrella under which projects were identified and planned, Congressional au­thorization and appropriations obt
	Decentralized NASA centers, most with strong in-house traditions, NASA programs, and contracting out together constituted a tightly interwoven triangle of interest that could frustrate the ability of the agency's central managers at NASA Headquarters to forge a single coherent strategy for the civil space program. Most ofNASA's Apollo era engineers did not, of course, experience directly the executive frustrations faced by NASA's senior managers during the 1960sand the 1970s. What they did experience was th
	NASA's older engineers -those who transferred to the new space agency between 1958and 1960 from N ACA laboratories, the Army Ballistic Missile Agency, and the U.S. Navy Research Labora tory and OrdnanceLa bora tory -share memories of working in in-house (civil service) facilities whose essential mission was research. The NACA veterans predominate among this older group, and they measure the character of today's NASA against the remembered qualities of "the old NACA./I 
	Robert Ostrand remembers Lewis Research Center, the N ACA' s aircraft engine research center in Cleveland, Ohio, during the 1940s and well into the 1960s, as a place whose primary work was technological innovation through research and testing. Ostrand went to work at Lewis in 1947, fresh from the University of Michigan. While at Lewis, during the 1950s, he did graduate work at Case Institute of Technology to earn a master's degree in engineering. The research emphasis of neighboringCaseWestern's graduate en
	to "promote the aeronautical capability [of the country] .... We did the esoteric research and we transferred the technology to the commercial community." 
	Long-term support for basic research, whether in government or industry, is an act of faith, for it has to compete with more tangible and immediate claims on an institution's budget. Itis not surprising, then, that basic research organizations tend to exist on relatively lean diets. "Before 1958," recalls Robert McConnell, a con­temporary of McIver's at Lewis, "you never bought anything. If you had to experiment on something, you would cut something out of a blade and experiment that way. [If] you went to b
	NASA's olderengineers, who shared the experience of working wi th the N ACA at the Ames and Langley laboratories have similar memories. The older they are, the more likely they are to believe that the end of N ACA's innocence was brought about not by the creation of NASA in 1958, but occurred during and shortly after World WarII. Jim Davidson went to work for Ames in 1944, when, as he recalls it, Ames was full of "people who were very dedicated ... working for very low pay, and there weren't many amenities 
	Davidson thinks NACA changed with the war; "a lot of people came in who maybedidn't havehighacademic backgrounds, and therewerea lot of ... bureaucrats running it .... We were on a pretty tight budget. Congress would spend money for expensive wind tunnels, but for other things -even instrumentation-they didn't budget" at adequate levels. There were "days [when] we had to sign in when we arrived in the morning and sign out when we left. Nobody could have coffee machines in the buildings. The building Iwas in
	As the aviation industry matured in the 1950s, it began to compete, along with universities, for the NACA's more creative talent. Swain attributes the gradual softening of the NACA's research edge to the widening pay differential between private sector and government. At the same time, universities like Stanford were able to offer successful NACA research engineers academic careers, with "oppor­
	As the aviation industry matured in the 1950s, it began to compete, along with universities, for the NACA's more creative talent. Swain attributes the gradual softening of the NACA's research edge to the widening pay differential between private sector and government. At the same time, universities like Stanford were able to offer successful NACA research engineers academic careers, with "oppor­
	tunities ... that are above money." Davidson believes that the NACA itself was partly to blame; he had become dissatisfied by the mid-1950s as he came to realize that "a lot of new developments and research were being done in the industry and in the academic community." The change, he thinks, was due partly to "the personnel involved ... what their directions, motivations were," and partly "the money Congress would spend on developing ... flight research vehicles" that NACA would test and develop for the u.

	Nonetheless, there were compensations. Some of the intimacy and unspoiled atmosphere of Ames survived through the 1950s. WhenJoe Lipshutz began working there in 1957 on a cooperative U.S. Army/NACA program, "we were on the frontier at Ames. There was nothing north of us, and very little east of us.... The wholeSanta Clara Valley was desolate compared to what it is today." One could "go to the top of the San Mateo mountains and see all the blossoms in the valley .... You could have a nodding acquaintance wit
	Langley Aeronautical Laboratory was the grand doyen of the NACA. What some of Langley's veterans came to call the "Langley tradition" (and their junior colleagues came to understand as the Langley tradition) was virtually synonymous with the NACA. The Langley laboratory that Bill Cassirer went to work for in 1949 to do supersonic aerodynamic research was a place known for "a kind of bare bones living, but ... almost everybody working to try to solve good research problems, and doing a good job -and the publ
	Because it was a research institution, remembers Robert Strong, Langley's "product" was not a particular aircraft, but research reports and technical confer­ences. The quality of the NACA's reports and conferences was what the NACA's work was measured by, and the organization fostered a keen competition among individuals and groups of researchers, as well as NACA's centers to produce the "best." That meant a certain amount of duplication, as more than one research team or laboratory tackled a problem; the d
	The NACA's emphasis on original research could be sustained because good researchers were reinforced by their environment and rewarded with increasing statusand authority. While aeronautical engineers workingon design, development, and manufacturing in the aviation industry during the 1950s might find themselves working in "bullpens," or rows of drafting tables, Langley aeronautical engineers, remembers Stern, could be spared such an indignity. Private or shared offices lent to one's work the atmosphere of 
	enterprise. What's more, "everybody in the whole chain of command from me up to the director," recalls Cassirer, "had been a rather outstanding scientist .... It used to be that .. . most promotions were made from within, which meant you went from a branch head to a division chief, then from division chief to associate director, and then finally, director." 
	The NACA's culture was more than a research culture, however. Its ethos was broad enough to embrace the technicians who could notclaim to be involved, except in a supporting role, in the fundamental work ofthe professional research engineer. Ed Beckwith, a technician who came to Langley in 1953 as an apprentice in the sheet metal shop, laments the passing of NACA with as much energy as his co-workers who were professional engineers. "We had people that you respected. You might not agree with them and they m
	The perception that what distinguished the NACA was a unique in-house research culture, one that fostered individual creativity and independence of mind, persisted into the post-NASA years, when it continued to be idealized by NASA's younger engineers. Although the nature of Lewis Research Center's work had already begun to shift to more applied, project work by the time John Songyin moved there from General Electric in 1961 (Songyin started out at Lewis working on the development of nuclear electric power 
	Marylyn Goode, Richard Ashton, and Ed Collins all joined NASA's ranks after 1960, going to work at Langley Research Center. For Collins, the NACA culture persisted well into the 1960s, at least during the period that Floyd Thompson served as director of Langley Research Center (1960-1968). Under Thompson "we had a very research-oriented center." Thompson "was interested in research and wanted researchers to get their due share and notice .... As the other directors came in they were more hardware oriented, 
	Marylyn Goode, Richard Ashton, and Ed Collins all joined NASA's ranks after 1960, going to work at Langley Research Center. For Collins, the NACA culture persisted well into the 1960s, at least during the period that Floyd Thompson served as director of Langley Research Center (1960-1968). Under Thompson "we had a very research-oriented center." Thompson "was interested in research and wanted researchers to get their due share and notice .... As the other directors came in they were more hardware oriented, 
	best in the world and no one is better than us ... the feeling that we're superior to everyone else." . 

	Ritual celebrations of the NACA culture -however warranted -might have receded into the backwash of NASA's own institutional life had it not been for the fact that others who completed NASA's initial complement of scientists and engi­neers came largely from the Navy's research laboratories, from which they brought institutional values similar to those extolled by the NACA group. Transferring directly in 1959 to the new Goddard Space Flight Center, they remember, like their new colleagues from NACA, an intim
	Entering Goddard fresh out of college in 1966, Hank Martin has similar memories of problems solved informally by heads bent over a table, or satellites that could be carried in one's hands. "There was a time at Goddard," muses Ernest Cohen, who came to Goddard in 1960, when "if you got an idea, you could run with it. You could build an instrument, or you could do a lot of bootlegging ... getting experiments pushed through that you'd like to see done." 
	One of the things that makes it easy to get things done in any organization is familiarity and common purpose. Thatwas brought to Goddard by the Navy people was apparent to those who, like Cohen and Frank Toscelli, were not among the original NRL or NOL group. Toscelli remembers Goddard being run by the former Navy people, who quickly moved into the new center's management positions; they "had the previous experience" and "knew each other." At first Toscelli did not mind being something of an outsider becau
	Whether an organization is a private corporation or a public agency, it must market a wanted product or service in order to flourish. Investing in knowledge for its own sake is a long-term proposition, and the conviction that increases in 
	knowledge are desirable is not widely or demonstrably shared in a democratic Historically the federal government has given modest funding to the pursuit of "pure" knowledge through the Office of Naval Research, the National Science Foundation, and the National Endowment for the Humanities; however, not withstanding the claim of disinter­estedness with which pure knowledge is distinguished from useful knowledge, even government support of science and the arts and humanities is utilitarian: at the very least 
	society suspicious of the "high culture" claims of intellectuals.ll 

	Advanced technology for national defense has, perforce, dominated the federal government's supportof research and technology, and it was the military's approach to managing weapons research and development that led to the managerial device of the R&D "project" and "program." The project (the development of a single entity or system) and the program (a cluster of interrelated projects) became, in effect, products and product lines marketed by the military to Congress and the White House. As the NACA was tran
	The effect of this reorientation of the NACA's and NASA's mission on the careers of its engineers was momentous. The design and execution of a successful project became the measure of success, and all of NASA's people were caught up in the annual need to market the agency's projects and programs to Congress in order to obtain the appropriations necessary to maintain themselves. For the last 20 years, insists Bill Cassirer, one of Langley Research Center's most accomplished research engineers, NASA has been 
	Many engineers who have spent over a decade working for NASA have come to take for granted the project and program as a way of organizing the agency's work. At Ames Research Center, Thomas Swain supposes NASA has only followed a pattern found in private industry, where the emphasis is on projects, and 
	Many engineers who have spent over a decade working for NASA have come to take for granted the project and program as a way of organizing the agency's work. At Ames Research Center, Thomas Swain supposes NASA has only followed a pattern found in private industry, where the emphasis is on projects, and 
	manpower needs can be justified only in relation to them. Fred Hauser arrived at NASA's Marshall Space Flight Center in 1968, at the height of the "boom" times of Apollo. The son of a mechanical engineer for RCA, Hauser's great aspiration is to become a project manager because "if you had to pick one kind of job as being key to NASA ... it is the job of project manager." Langley Research Center, reminisces Richard Ashton, "used to be a big basic research center, but it's not anymore; it's projects, projects

	Some NASA engineers, however, believe that the added costs of the federal government's project and program system for national R&D are, ifnot measurable, nonetheless real and substantial. Lacking the promise of ongoing support for a government agency that produces widely appreciated items like national defense, public health, or social security, NASA has had repeatedly to market itself, and never more so than when the "boom" of the Apollo program was followed by the inevitable decline in popular interest th
	The Apollo project gave NASA a "job [that] was obviously much bigger than we had people to do. There was almost no limit .... Every center had plenty to do," recalls Werner Posen at Marshall Space Flight Center, "and ... when Apollo was done, we had to really fight for every dollar. It was not clear what NASA's role would be in the long run ... we were really recognizing tha t our territory [was] going to be restrained, and constrained." That, in Posen's view, was the origin of "the turf battles that are no
	division. But "that is very difficult to do in a political sense for a government agency. What happened was that each of the centers tried to get a wider and wider charter so that they could retain the bulk of their people .... It wasn't a healthy kind of competition, because centers were fighting for their survival." 
	The consequences were probably natural. The newer space centers -Johnson, Marshall, and Kennedy -were born of space technology projects, especially for the manned space program (the only program, NASA management insisted, that could command sizable public enthusiasm and appropriations). But the older NACA centers struggled to adjust, their fate temporarily obscured by the largesse of Congress in the initial years of the Apollo project. Chances for good work at Lewis Research Center, where Robert Ostrand had
	It took a while for the lesson to sink in. The centers would have to capture portions of NASA's big projects, like Lewis's capture of the Space Station power system in 1984. And they would have to harness "the politicians ... so our politicians know who we are and know why they're our representatives." "What was going to save us in the short term," insists Ostrand, "was politics -nothing else would save us. But in the long term we might get ourselves postured [through projects] so that wouldn't happen again
	As public support for the civilian space program remained soft (at least, as measured by NASA appropriations, which have not recovered their 1965 level in constant dollars),13 the number of government employees NASA was able to sup­port continued its steady decline to about two-thirds (in 1988) of the almost 36,000 people on the NASA payroll in 1966. (NASA contractors' employees outnumbered civil servants 3 to 1 in the early 1960s, ballooned to 10 to 1 in 1966, and subsided to about ) Faced with deteriorati
	As public support for the civilian space program remained soft (at least, as measured by NASA appropriations, which have not recovered their 1965 level in constant dollars),13 the number of government employees NASA was able to sup­port continued its steady decline to about two-thirds (in 1988) of the almost 36,000 people on the NASA payroll in 1966. (NASA contractors' employees outnumbered civil servants 3 to 1 in the early 1960s, ballooned to 10 to 1 in 1966, and subsided to about ) Faced with deteriorati
	2 to 1 in the 1980s.14

	etc. Lewis, you will do the propulsion system for it.' They said, 'Marshall, you will do the rockets. Goddard, you will take care of the atmosphere around the Earth and interrogating and doing what have you with the satellites once they are launched. Houston, you are responsible for manned spaceflight, and Kennedy, you are responsible for [launching] the big rockets. Ames, you are doing environmental quality and deep space planetary stuff.' I used to work in aeronomy, the study of upper atmospheres of this 

	Another device was the "matrix" organization of technical work, so that scientistsand engineers would be kept fully occupied in their specialties through the phases and transitions between individual projects. However efficient the "matrix" idea may have been from a management perspective, many engineers experienced it as a means of further splintering work that had already become fragmented by the growing complexity of engineering. Through NASA's matrix system (borrowed from industry), engineers are assign
	Few engineers seem to have welcomed the opportunity for variation in their work offered by the matrix system. Rather, what they experienced was further disintegration. Next to the need to leave engineering for management to "get ahead," the matrix system is Ernest Cohen's biggest complaint. "The matrix system is the system whereby ... instead of assigning you to a project for 40 hours, they say 'you're going to help this project 20 hours a week and this one 10 hours a week and this one 10 hours a week.' The
	Hank Martin at Goddard explains the matrix system this way: "You've gota ... discipline like heattransfer: that's kind oflike one column [of engineers] that you've got: heat transfer and power systems, electrical system structures .... And those people are supposed to be smart in those specific systems. Now, where do they apply their smartness? Along the different rows you've gotthe Space Station project, you've got the Space Telescope project, you've got these other [projects]. So that forms yourmatrix ...
	guyis in trouble ... there was some magic ... you've been involved since day one and when all is said and done, this thing is in orbit. ... [There's] that sense of momentum, that sense of teaming with the other people .... I don't think it happens to all the troops involved because the pieces get broken down into such small parts." Martin thinks there is more behind the matrix system than efficiency. "A lot of the .. . way we tend to fragment things," he speculates, "is based on lack of willingness to take 
	How the matrix system relates to the conservatism that inheres in a compulsive avoidance of risk is something of an imponderable. That kind of conservatism, if George Sieger atJohnson Space Center is right, comes not only from the diminished intimacywith a total project that any individual has; it also comes from a diminished intimacy with engineering that NASA's managers have. Engineers "are [making] constant trade-offs between gaining our objectives and risking the flight system. Management has to be will
	David Strickland, who had a decade of experience building missiles for private industry before joining NASA, thinks the size, complexity, and costs of space projects are to blame for the agency's conservatism. "Iblew up Atlases on my watch when I was 35. I use that somewhat figuratively. Atlases blew up, arid the next day we went to work and we sat down and figured out why we blew that one up and three months later we tried again.... Nobody was looking down his throat because nobody expected perfection then
	Space Station Freedom program.15 

	Other engineers, like Toussault, who works in NASA's space science program, do challenge the need for size and complexity. Echoing one of NASA's most articulate outside critics,16 Toussault speculates that "NASA usually doesn't like those things [inexpensive spacecraft]; they like big projects, really costly." Each project represents jobs to be protected and turf to be expanded: "projects -that's life and death to these centers." So long as the project and program system fosters large, multipurpose and expe
	going to have nothing. You're going to start squabbling and then, the next thing you know, nobody does anything. Everybody takes up their marbles and goes home." 
	The accumulation of knowledge through basic research is at a disadvantage in a world of R&D projects and programs because basic research cannot guarantee a marketable product in the forseeable future. Nor does the matrix organization of engineeringwork promotebasic research, for the intellectual command of a research problem requires continuity of involvement with that problem. Further militating against basic research in the US. government's approach to the acquisition of knowledge is its procurement syste
	The notion of contracting out was, of course, not novel with the Eisenhower administration. Since the early 19th century the military services had procured goods and services from private suppliers. What the military had not wholly relied on commercial suppliers for was ordnance -hence the U.s. Army's scattered armories, or "arsenal system." The experience of World War II suggested that effective innovation in weapons technology can make the difference between victory and defeat. And in the 20th century inn
	Ames Research Center's Thomas Swain, who has provided as thoughtful a retrospective on a NACA and NASA career as any of the engineers we interviewed, was able to have something of a global view of the shift to contracting that coincided with the transformation ofNACA into NASA. After 1958 "it was obvious" to Swain "that the new organization ... was a different animal. It was now part of a much bigger organization and it was suddenly a source of funds. NASA assumed the role of contractor [to the centers]' of
	"it was not so much outside people coming in for answers, but coming in looking for contracts. Big aircraft companies, Lockheed or Rockwell, would be just as often approaching NASA with proposals for research work that they do, rather than proposing work that NASA do in-house." 
	Most NASA engineers' experience of the project and program system has been indirect; they have seen the broader institutional dynamics of the agency shaped by the politics of capturing projects and programs to survive, if not flourish. Reliance on con tracting was a necessary accompanimentofthe government's unprecedented need to harness talented and industrial capacity to carry out its weapons systems programs, for that capacity was located primarily in the private sector. Contracting, observes Bob Jones, w
	Jones and others who have worked mostly at Johnson, Marshall, and Kennedy space centers, take contracting for granted as the only way the agency can go about its business and thus a necessary dimension of a NASA career. But virtually all of NASA's older engineers have seen the substance of their careers directly and immediately distorted by the contracting process, and none more so than those who came to NASA in the expectation of doing research. Robert McConnell, a chemist, came to Lewis Research Center in
	For John Songyin, who did research for the National Bureau of Standards before coming to Lewis in 1961, the 1970s was a period when contracting replaced basic research as the center's approach to engine development. The significance of the shift for him, and many others like him, was that instead of doing engineering work himself, he became a "contract monitor," overseeing the project-dedicated work of contractor industrial engineers. The shift to contracting, which at Lewis "really accelerated in the '80s,
	For John Songyin, who did research for the National Bureau of Standards before coming to Lewis in 1961, the 1970s was a period when contracting replaced basic research as the center's approach to engine development. The significance of the shift for him, and many others like him, was that instead of doing engineering work himself, he became a "contract monitor," overseeing the project-dedicated work of contractor industrial engineers. The shift to contracting, which at Lewis "really accelerated in the '80s,
	we'd be responsible for in-house. We ourselves would not be doing the hands-on kind of work, but overseeing and monitoring the workof contractors." Songy in' s job likewise shifted from engineering to project management, which he's "not as thrilled about ... as I was in the early days where I had more hands-on experience." Thomas Alvarin, also at Lewis, once "had a couple of technicians under me.... But at this point, this is just a project office, so mainly the work is contract monitoring." His experience 

	The Lewis engineers' difficulty in adapting to contracting mirrors the response of engineers at Langley Research Center, another former NACA laboratory. One after another they complain of the deprivation of inherent interest and excitement of research that occurred as contracting usurped in-house work. "I think contracting is hellified ... it's terrible," exclaims Richard Ashton. "There are a lot of new engineers and scientists coming out of school ... joining the government, expecting to do great things, g
	Bill Cassirer also sees NASA following the Air Force pattern, and thinks the practice of contracting is ruining the agency's ability to do any good research. "At Wright Patterson Air Force Base," he alleges, "they used to do some real good research work early before World War II. And then they suddenly became nothing more than a bunch of contract monitors; they put out nothing of significance for We have had some contract monitors here, and the poor guys, they just lose. First of all, you never really assig
	years.18 

	innovation, development." His own section "in the last couple of years .. . has become proposal and contract writers and monitors ... more or less an extension of procurement." Contracting out may "save the government money. But how about morale? Nowindustryis just outstrippingus." Even if contracting outfor engineering could be justified because "good people ... are smart enough to have gone outside to another company and are getting more money than we are," argues Ed Beckwith, the technical people left be
	Marshall Space Flight Center, although not a former NACA center, was an in­house operation in its earlier incarnation as an Army installation. Like their fellow engineers at Langley, Ames, and Lewis, Marshall's engineers are restive with a system that relies on contractors for engineering as well as support services. Sam Browning began working for the Army Ballistic Missile Agency in 1956 after earning his degree in chemical engineering. By the mid-1960s Marshall had made the transition: "We didn't do a gre
	Although NASA engineers who began their careers working for the NACA or who workin former NACA laboratoriesappear mostsensitive to the lossofin-house research opportunities as a result ofNASA's reliance on contracted work, engineers at post-1958 NASA centers (Johnson, Kennedy, and Goddard) are even more aware of the hidden costs of contracting. Paul Toussault and Frank Toscelli at Goddard bothlament the loss of "in-house expertise," and do soespecially because ofNASA's increased reliance on contractors. "If
	Richard Williams at Kennedy likewise complains about NASA's reliance on contractors; for those who would argue that the nation does not suffer a loss of engineering know-how as a result -it only shifts it to the private sector -he has an answer: "Industry, on its own, is not going to be doing the type of things that we need to be doing." For example, in developing the Space Station, "we ought to be 
	Richard Williams at Kennedy likewise complains about NASA's reliance on contractors; for those who would argue that the nation does not suffer a loss of engineering know-how as a result -it only shifts it to the private sector -he has an answer: "Industry, on its own, is not going to be doing the type of things that we need to be doing." For example, in developing the Space Station, "we ought to be 
	looking at new and innovative ways of manufacturing, putting this whole thing together. If we don't do it, it's not going to be done." Or there is the notion, a cornerstone of President Ronald Reagan's space policy issued in 1988, that the private sector should take over launch services, for which the government would be a buyer: "Every one of the contractors has come back and said 'it's not commercially, economically feasible .... Without government support [we won't do itl." In terms of "overall, long-ran

	Itcould also be argued that a policy that builds aerospace engineering talent and know-how in the private sector is inherently sound public policy, since the federal government has always had to rely on the private sector to produce essential items during a national emergency. The Apollo program, which relied almost entirely on contracts to private industry, was certainly as much an industry as a government agency's triumph. But failures, such as the 1967 fire on the Apollo 204 spacecraft in which three ast
	the side of industry.19 

	The issue has persisted, especially at the manned spacecraft centers. The costs of missed opportunities in research are long term and difficult to assess in any event. But atJohnson Space Centerand Kennedy Space Center, the two NASA installations with primary responsibility for NASA's largest program, human space flight, complex operations with low error tolerance are a fact of daily life; thus, the costs of failure can be immediate and severe. The tragedy of the Challenger accident in January 1986 was felt
	Managers at NASA Headquarters, observed George Sieger in the autumn of 1985, fail to recognize "the synergism that has always existed between operations and engineering; they tend to consider the operating element as a luxury [and thusl feel they can contract out the operating element." But, warned Sieger, "as they move further in that direction, we will find ourselves in the same position of impotence that I think the Nuclear Regulatory Commission ... as well as the Department of Transportation, as well as
	concern, which is (as he sees it) the hemorrhage of NASA's hard-won engineering skills to industry. During "the first 25 years of the space program," he argues, "NASA managed to grow a good percentage of the engineers that were necessary to manage the program, and they were good managers. Where they were deficient, they would go out to industry to bring [in] the strong corporate management philosophy." But since the end of the 1970s "we have moved ... away from that philosophy.... We are weakening ouroveral
	In 1985 this trend did not particularly trouble Siebold. While he recognized that there was "not less criticality," he was confident that "we have learned to do things better. Our learning curve has gone up, and we have much more redundancy built into the system today." Another Johnson Space Center engineer, Ronald Siemans, was also comfortable with the shift of the critical mass of aerospace engineering expertise to industry through contracting: "We've got many more contractors now involved. They're all ge
	That George Sieger had cause to worry was borneoutby the Challenger accident that occurred a few months later. At Kennedy Space Center, whose engineers we interviewed after the Challenger accident, that event has heightened their concern about the use NASA makes of contractors -now not only for support service, engineering, and operations, but to essentially manage themselves. "The new contracts that we have," notes Hank Smith at Kennedy Space Center, "they [the contractors] havebeen given a mission. For ex
	That George Sieger had cause to worry was borneoutby the Challenger accident that occurred a few months later. At Kennedy Space Center, whose engineers we interviewed after the Challenger accident, that event has heightened their concern about the use NASA makes of contractors -now not only for support service, engineering, and operations, but to essentially manage themselves. "The new contracts that we have," notes Hank Smith at Kennedy Space Center, "they [the contractors] havebeen given a mission. For ex
	mission contract presents no problem for Smith "because there's not a whole lot of criticality to it. Mission contracts for space operations, however, are something else. "The business of Shuttle processing and launching -I think that's just too critical to turn over to a contractor. Management needs to be involved in that processing work. I don't think anyone contractor can do the whole thing; it's too big a job." 

	Not only is the job too big, but accountability is spread too thin. "See," says Smith, the contractor is "responsible to check himself also. Now NASA's ultimately responsible, but I don't think [its responsibility goes] deep enough." He is keenly sensitive to the fact that NASA was held responsible by the media and post-accident inquiries for the Challenger accident. That being so, he thinks NASA must exercise more intensive oversight than what accompanies the mission contract. "In base operations, that's f
	Discontent with contracting is by no means uniform among NASA's Apollo era engineers, nor is it apparently a consequence simply of the Challenger accident. There were engineers with whom we spoke, after as well as before the accident, and who had worked at NASA centers with earlier "in-house" traditions, who were content with the system. Both Fred Hauserand Dan O'Neill at Marshall Space Flight Center, for example, say their experience working with contractors has been positive. Hauser has "a lot of confiden
	In fact, Totten implies that the availability of contractors may be something of a Godsend, since NASA, a federal agency, would have difficulty putting any significant number of technical people on its civil service rolls. "The labor rates," he explains, "are quite a bit different, for one thing. Those people [contractorsl can hire lower level journeymen than we can hire .... Our people here are almost of an age that all of them can retire, so that means they're probably at the top of whatever pay level the
	Whatever the meri ts of NASA engineers' views of the steady movement toward almost total agency reliance on contractors, that movement is likely to be sustained by the same rationales that led to government contracting in the first place. So also the other dimension of organizational life at NASA -the expansion of bureaucracy -which is no less likely to persist, inasmuch as it is endemic to any large organization carrying out a complicated enterprise. NASA's engineers com­plain bitterly of bureaucracy, its 
	One of those forces is procurement -contracting -which contributes its own special mound of paperwork and procedures to comply with the latest federal acquisitions regulations. At Langley Ed Beckwith ventilates vexation: ''I'm right now in the throes of trying to get a purchase request through so I can get two contracts without going through a full and open competition." In Langley's pro­curement organization "they start talking to you about a JOFOC [Justification for Other Than Full and Open Competitionl. 
	One of those forces is procurement -contracting -which contributes its own special mound of paperwork and procedures to comply with the latest federal acquisitions regulations. At Langley Ed Beckwith ventilates vexation: ''I'm right now in the throes of trying to get a purchase request through so I can get two contracts without going through a full and open competition." In Langley's pro­curement organization "they start talking to you about a JOFOC [Justification for Other Than Full and Open Competitionl. 
	'We'll never let that happen again.'" And the way to prevent protests on a contract award is to cross every 't' and dot every 'i' in a complex procedure designed to ensure that every eligible individual or firm has been given a fair shake in the scramble for government funds. 

	On those rare and wonderful occasions when a courageous individual has used "thesystem" to get something done or, when thatwas impossible, hascircumvented the system, it is because an individual has exercised independent judgment and exceptional powers of persuasion. The ability of an organization to nurture such individuals is an important element in its battle against bureaucratic ossification. But there are some NASA engineers who think their organization has failed to cultivate such individuals, even if
	And then there's the passion for anonymity, the fabled virtue of the civil servant that appears too often as a refuge from accountability. If Hank Martin at Goddard could change anything, he "would change the cover your assattitude.... It's making no one responsible: 'Well, this committee decided: or 'it was the consensus of everybody: so nobody's responsible." Always liable to intense public scrutiny, and with a mission that its critics claim is marginal and thus perpetually in danger of dissolution, NASA 
	If the worst excesses of bureaucracy are to be mitigated at all, they will be mitigated by those with the power to establish (or eliminate) administrative pro­cedures, or at least mediate between externally imposed administrative procedures and the organization's own preferred ways ofgoing about its business. This is a role that only NASA's senior management can play. However, NASA's engineers doubt 
	that their own management are likely allies in the struggle against bureaucracy; perversely, they may be the flywheel in the engine of bureaucracy. Roebling suspects that the agency is increasingly held sway by managers who have distanced themselves from the actual business of working with hardware. NASA has changed "from the small NACA [of the] 1950s, X-series aircraft kind of operation, to this huge conglomeration where you have people who never go within three miles of flight hardware," leaving the organ
	The association of status with managerial positions may encourage a clubb ish self-isolation. Werner Posen compares the hierarchical distances in Marshall Space Flight Center's current organization to the 1950s, when, as branch head, he had regular conversations with Wernher von Braun. He observes: "I don't think that our center directors today talk to people of my level." Posen may also have benefited from a certain clubbishness among emigre Germans at Marshall. Be that as it may, Posen's co-worker at Mars
	The irony, of course, is that the managers of whom Totten and others complain were, once upon a time, NASA engineers. What happens when engineers become managers? Do they attempt to exercise the same vigilance over detail-a vigilance in which external forces conspire -over the human processes of organizational life as they once did when they were designing aircraft and engines? Ed Beckwith at Langley Research Center is convinced that NASA's management is incapable of resisting external pressures that produc
	The changes NASA's engineers perceive in the agency, its environment, and their careers reflect not only actual changes, but also the experiences and values they have shared during the most formative years of their careers. When talking with those scientists and engineers about "change," one learns, albeit indirectly, about a 
	The changes NASA's engineers perceive in the agency, its environment, and their careers reflect not only actual changes, but also the experiences and values they have shared during the most formative years of their careers. When talking with those scientists and engineers about "change," one learns, albeit indirectly, about a 
	common culture that has been disturbed by events and the passage of time. As these men and women talk about change, they talk about computers, specialization, and fragmentation. And when they talk about NASA as a changing place, their talk often turns to loss: the loss of youthful creativity and energy in a maturing organization struggling with the stultifying forces of bureaucracy, the loss of an innovative research culture transformed by federal policy into a large procurement and contract management orga

	1 For one view of the decade, see Allen J. Matusow, The Unraveling of America: A History of Liberalism in the 1960s (New York: Harper & Row, 1984). 
	2 Robert A. Divine, Lyndon B. Johnson and the Politics of Space, in Robert A. Divine, ed., The Johnson Years: Vietnam, the Environment, and Science, Vol. II (University Press of Kansas, 1987), pp. 217-253. 
	3 Computer-assisted design/computer-assisted manufacturing. 
	4 A device which first appeared in 1960 and amplifies light through the stimulated emission of radiation. Whereas conventional light sources emit light that is diffuse or incoherent, the lazer produces a high-energy, coherent wave phase light used increasingly for micro machining and microsurgery as well "reading" minute measurements and other electromagnetically recorded information. 
	S See, for example, SandraJansen's account in chapter3 of the transition from manual calculators to microcomputers used to gauge engine pressures at Lewis Research Center. 
	n Equations of motion for viscuous fluids whose molecular viscosity is large enough to make the viscuous forces a significant part of the total force field in the fluid. Derived from Stokes's Law of Bodies moving through viscuous fluids, first formu­lated by Sir George Gabriel Stokes, British mathematician and physicist (1819-1903). 
	7 There were three series of Pioneer spacecraft: the unsuccessful Pioneer lunar probes (1958-1960) NASA inherited from the Defense Department Advance Research Projects Agency; the four successful Pioneer interplanetary probes flown from 1960 through 1968; and the successful Pioneer-Jupiter, Pioneer-Saturn, and Pioneer­Venus solar system escape missions launched between 1972 and 1978. 
	8 For an excellent and brief discussion of the NASA acquisition process, see Arnold S. Levine, Managing NASA in the Apollo Era, NASA SP-4102 (Washington, D.c.:U.S. Government Printing Office, 1982), chapter 4. For background, see Danhof, Govern­ment Contracting, and Peck and Scherer, The Weapons Acquisitions Process, loc. cit. 
	9 See Richard P. Hallion, On the Frontier: Flight Research at Dryden, 1946-1981, NASA SP-4303 (Washington, D.C.: U.s. Government Printing Office, 1984) and Laurence K. 
	Loftin, Jr., Quest for Performance: The Evolution of Modern Aircraft, NASA SP-468 (Washington, D.C: US. Government Printing Office, 1985), chapter 11. 
	10 One of NACA's leading aeronautical researchers for transonic flight, Stack joined Langley Aeronautical Laboratory in 1928 and remained with the NACA to be transferred in 1958 with many of his colleagues to the new NASA. 
	11 For classic discussions of popular American attitudes toward intellectual life, see AlexisdeTocqueville, Democracy in America, Francis Bowen, trans. (NewYork: Alfred A. Knopf, 1945) and Richard Hofstadter, Anti-Intellectualism in American Life (New York: Alfred A. Knopf, 1962). 
	12 Location of NASA's Mississippi Test Facility, acquired in 1961 and renamed the National Space Technology Laboratories (NSTL) in 1974. Site of testing for the Saturn rocket stages and sea-level testing of the Space Shuttle's main engine, as well as environmental and resource work for other government agencies, the NSTL was renamed the John C Stennis Space Center in 1988 after Stennis, a member of the U.S. Senate for over 40 years and Chairman of the Senate Appropriations Subcommittee. Stennis was responsi
	13 "Towards A New Era in Space: Realigning Policies to New Realities," Committee onSpace Policy, Na tional Academy of Sciences and National Academy ofEngineering (National Academy Press: Washington, D.C, 1988), Figure 1, p. 6. 
	14 Jane Van N immen and Leonard C Bruno with Robert L. Rosholt, NASA Historical Data Book: NASA Resources, 1958-1968, Vol. I, SP-4012 (Washington, DC: U.s. Gov­ernment Printing Office, 1988), p. 118 and NASA Pocket Statistics (Washington, D.C: US. Government Printing Office, 1986), p. C-27). Numbers of contractor employees can only be estimated. 
	15See Sylvia D. Fries, 20001 to 1994: Political Environmentand the Design of NASA's Space Station System," Technology and Culture, Vol. 29, No.3 (July 1988). 
	16 Freeman Dyson, Science and Space, in Infinite in All Directions (New York: Harper & Row, 1988). 
	17 For an entertaining and pithy account of the costing of government research and development programs, see Norman R. Augustine, Augustine's Laws and Major System Development Programs (New York: American Institute of Aeronautics and Astronautics, 1983). 
	18 Needless to say, US. Air Force system program managers at Wright Patterson might have sound reasons to disagree with Cassirer. 
	19 See Ivan D. Ertel and Roland W. Newkirk, with Courtney G. Brooks, The Apollo Spacecraft: A Chronology, Vol. IV, NASA SP-4009 (Washington, DC: U.s. Government Printing Office, 1978). 
	20 NASA contracted with Lockheed Space Operations in 1983 to perform Space Shuttle launch and landing activities at the Kennedy Space Center and on behalf of 
	the U.s. Air Force at Vandenberg Air Force Base, including operation of related ground systems at both launch sites. Lockheed's Shuttle processing contract was the second comprehensive missions contractawarded by NASA; E G & G was awarded a comprehensive base operations contract at Kennedy in 1982. 
	Epilog .
	And so, they stayed. These engineers' tolerance for the changes that have enveloped them comes partly from the realization that the grass isn't always greener on the otherside. HenryBeacham, whocomplainsdespairinglyofbureaucratic impediments at Goddard Space Flight Center, recalls having worked for the Eastman Kodak Company after World War II. "1 wasn't married," he remembers; "1 didn't know the city, 1 was learning. So 1 used to like to stay at my desk. We had time cards. 1 had to punch out. All of a sudde
	With a doctorate in physics, now working on developing new programs for computational fluid dynamics at Ames Research Center, Richard Lockwood dis­tinguishes between the rela tive la ti tudeofworking in "fundamental" and"applied" or project research; it is the engineers working in fundamental research who enjoy the greater freedom to do what interests them. "We're expected to just go out and try to push the frontiers back wherever we can," he explains, "and management tells us which parts ofthe frontier the
	Another "research person" at Ames, Thomas Swain, adds: "We have an oppor­tunity which may not be appreciated by some of the young engineers as much as it should be, and that is [that] there are so many different things going on in the center, so many different disciplines -that [you have] the opportunity to look around, if ... the workthat you're doing just isn't quite as exciting toyou as whatyou see over in that other building [and] ... to follow your bent within the organization. I've seen a numberofpeop
	Traces of the older culture of the in-house laboratory have also survived at Marshall Space Flight Center, where Fred Hauser appreciates a "flexibility" and "freedom" that he and others have experienced. "We have extremely talented, ambitious, diligentpeoplethatareallowed toexercise theirdiligence and ambition." IfSarahMcDonald had her career to do over again, she would still workat Marshall, where she has relished "the sense of independence, ability to do the work, authority ... decision-making responsibil
	There are even engineers who question the notion ofbureaucratization's baleful consequences. Willie Miller and Hank Smith at Kennedy Space Center deny that they have been plagued by an excess ofbureaucratic procedure, while Smith points out, what has become increasingly true of much of the agency, that "NASA is really a technical management organization." Part of Miller's and Smith's tolerance of bureaucratic procedures may be due to the fact that they were interviewed after the Challenger accident, one eff
	The attributes of their NASA careers that have most inspired Philip Siebold and Michael Goldbloom are attributes that do not readily succumb to a single, dramatic failure. Still, Siebold's almost boisterous enthusiasm might have been somewhat dampened had he been interviewed after the Challenger accident, and not before. "I'm happy with NASA," declared Siebold from the vantage of pre-Challenger Johnson Space Center; "it's been good to me. I've enjoyed it. I like what I do. I guess the fact thatweare the dri
	Goldbloom offers a somewhat more philosophical appreciation than Siebold, who exudes the"can do" attitude ofNASA duringthe height of theApollo program, when Siebold worked with launch operations at Kennedy Space Center. Notwith­standing a considerable loss of "esprit de corps" and bureaucratizaton, Goldbloom 
	thinks that NASA's exploratory mission provides "intellectual content" to work that could not be found in industry, which, he thinks, is generally the better employer. Wherever engineers can still do hands-on work there is an "excitement" that comes from "working in the new frontier areas of technology." For Goldbloom, innovative engineering at NASA combines with "the sheer exploration ... that appeals to Americans -wanting to see what's on the other side of the hill, wanting to probe the unknown, expanding
	Few of the engineers we interviewed allude to job security as a reason for staying with NASA; and, in any event, it is arguable whetherjobs are ultimately more secure in the government, which has its own "reductions in force." On the other hand, many an engineer's job was lost in the early 1970s post-Apollo letdown in the aerospace industry. The only engineer who outright explained his choice of working for NASA as the desire for a secure, government job is also the only engineer we interviewed who remember
	Beneficiaries of one of the great engines of social change -war -this generation succeeded in crossing the great American divide between the working class and the salaried middle class. Many did so consciously, purposefully choosing engineering as their vehicle. Having done so, they became ready recruits in another war, a war to preserve the bi-polar world that survived the conflagration of World War II. Footsoldiers in John F. Kennedy's "world-wide struggle ... to preserve and promote" American ideals agai
	Before the end of that momentous decade in which the National Aeronautics and Space Administration and the armies of the U.s. aerospace industry succeeded in meeting Kennedy's challenge, the battleground had begun to shift under their feet. The idealism with which the 1960s opened turned sour before the decade was out. The era that began with the election of John F. Kennedy ended in the killing fields of Cambodia and Viet Nam, on the pavement at Kent State University, and in the corridors of Washington's W 
	On the 20th anniversary of the Apollo landing, another president issued a call for another great adventure in space: a return to the Moon and a human expedition to Mars. But the magic of that earlier challenge is gone: the Challenger accident in January 1986, the intractability of federal budgetary politics, and the confusion surrounding the question of this country's future place in the world have produced a growing policy debateabout the purpose and meansof a continuing American role 2 Skeptics demur, and
	in space.

	1 On April 30, 1970 U.s. and South Vietnamese forces invaded Cambodia to destroy North Vietnamese staging areas. Four days later violence erupted during an anti­war demonstration at Kent State University in Ohio, and National Guard troops opened fire on students; four were killed and eleven wounded. OnJune 17, 1972 five menwerearrested for breaking into the offices of the Democratic National Committee in the Watergate complex in Washington, D.C. They turned out to have been working for the Committee to Reel
	2 See, for example, Radford Byerly, Jr., ed., Space Policy Reconsidered (Boulder: Uni­versity of Colorado, 1989). 
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	NASA Managers Solicited for Names of "Representative" NASA Engineers 
	for each person listed. 
	In 1984, Dr. Hans Mark, NASA Deputy Administrator, asked the following present or former top NASA managers (letter of April 19, 1984) to provide the author with names of "individual members" of "NASA's pioneering generation of aerospace engineers" who, in their view, "reflect those characteristics which have typified NASA during its first quarter century." Ms. Josephine Dibella, who served as secretary to NASA's associate deputy administrator from 1959 to 1965, was also asked by Dr. Mark to suggest names. O

	NAME POSITION 
	Lew Allen Director, Jet Propulsion Laboratory (in 1984) Robert O. Aller Associate Administrator, Office of Space Tracking and Data Systems (in 1984) John F. Clark Director, Goddard Space Flight Center, 1965-1976 Edgar M. Cortright Director, Langley Research Center, 1968-1975 Philip E. Culbertson Associate Deputy Administrator (in 1984) Josephine Dibella Secretary to the Associate Deputy Administrator, 1959-1965 William F. BaUhaus, Jr. Director, Ames Research Center (in 1984) 
	John W. Boyd Associate Administrator, Office of Management . . (in 1984) . . June Gibbs Brown Inspector General (in 1984) . . Burton 1. Edelson Associate Administrator, Office of Space Science and . Applications (in 1984) . . Stuart J. Evans Assistant Administrator for Procurement (in 1984) . . Robert R. Gilruth Director, Manned Spacecraft Center, 1961-1972 . . Robert H. Gray Deputy Director of Launch Operations, Kennedy . . Space Center (in 1984) . . Donald P. Hearth Director, Langley Research Center (in 1
	Willis H. Shapley Associate Deputy Administrator, 1965-1974 . . Milton A. Silveira Chief Engineer (in 1984) . . Abe Silverstein Director, Lewis Research Center, 1961-1969 . . Richard G. Smith Director, John F. Kennedy Space Center (in 1984) . . Andrew J. Stofan Director, Lewis Research Center (in 1984) . . Ernst Stuhlinger Associate Director for Science, Marshall Space . . Flight Center, 1960-1975 . . C. A. Syvertson Director, Ames Research Center, 1978-1984 . . Norman Terrell Associate Administrator, Offic
	Appendix 8 
	Demographic Tables 
	The following tables provide statistical summaries of the number of scientists and engineers in NASA (in comparison to other categories of NASA employees from 1958-1970 (table 1), NASA Apollo era engineers' fields of specialization by training (table 2) and NASA occupation (table 3), their ascent through civil service ranks through 1980 (table 4), their educational levels (table 5), their average ages (table 6), the number of years they have worked in NASA, and their ethnic and gender distribution. 
	Table 1 is drawn from information in the NASA Historical Data Book,1958-1968: Vol. I: NASA Resources, NASA SP-4012 (Washington, D.C.) and "NASA Pocket Statistics" for January 1971 (NASA History Office). Tables 2-8 were prepared from data generated and analyzed in 1985 by the Personnel Analysis and Evaluation Office at NASA Headquarters in Washington, D.C. 
	Individuals represented by the category "Nominees" are the 446 verified cases of the 621 names submitted by NASA senior managers in 1984 as those persons of "NASA's pioneering generation of aerospace engineers" who most "reflect those characteristics which have typified NASA during its first quarter century" (see Appendix A). 
	Table 1. NASA Scientists and Engineers (S & Es) and Total NASA Personnel, 1958 -1970 a
	Table 1. NASA Scientists and Engineers (S & Es) and Total NASA Personnel, 1958 -1970 a
	TR
	Fiscal Year 

	TR
	1958 
	1959 
	1960 
	1961 
	1962 
	1963 
	1964 
	1965 
	1966 
	1967 
	1968 
	1969 
	1970 

	Total Personnel 
	Total Personnel 
	7,966 
	9,235 
	10,232 
	17,471 
	23,686 
	29,934 
	32,499 
	34,049 
	35,708 
	35,860 
	33,641 
	31,733 
	31,223 

	TR
	Percent rate increase over previous FY 
	15.9 
	10.7 
	70.7 
	35.5 
	26.3 
	8.5 
	4.7 
	4.8 
	0.4 
	-3.3 
	-8.3 
	-1.6 

	Accessions 
	Accessions 
	375 
	2,115 
	1,793 
	3,634 
	7,044 
	8,706 
	6,316 
	5,014 
	5,361 
	4,742 
	1,948 
	1,278 
	1,070 

	Separations 
	Separations 
	226 
	850 
	842 
	1,621 
	2,153 
	3,241 
	3,945 
	4,079 
	4,891 
	4,597 
	3,458 
	2,015 
	1,672 

	Net accessions 
	Net accessions 
	149 
	1,265 
	951 
	2,013 
	4,891 
	5,465 
	2,371 
	935 
	470 
	145 
	1,510 
	-737 
	-602 

	Annual turnover rate Cb (separations as percent ~ total annual personnel) 
	Annual turnover rate Cb (separations as percent ~ total annual personnel) 
	2.8 
	9.2 
	8.2 
	9.2 
	9.0 
	10.8 
	12.1 
	11.9 
	13.6 
	12.8 
	9.9 
	6.3 
	5.3 

	Scientists and engineers b 
	Scientists and engineers b 
	2,648 
	3,194 
	3,509 
	5,765 
	8,161 
	10,978 
	12,427 
	13,265 
	14,060 
	14,455 
	14,221 
	13,839 
	13,837 

	TR
	Percent rate increase S & Es :t-over previous fY 
	20.6 
	9.8 
	64.2 
	41.5 
	34.5 
	13.1 
	6.7 
	5.9 
	2.8 
	-1.6 
	-2.6 
	0.0 

	S & Es as percent total ..... personnel 
	S & Es as percent total ..... personnel 
	33.2 
	34.5 
	34.2 
	32.9 
	34.4 
	36.6 
	38.2 
	38.9 
	39.3 
	40.3 
	41.0 
	43.6 
	44.3 

	Apollo generation S & E accessions still in . NASA as of 1980 
	Apollo generation S & E accessions still in . NASA as of 1980 
	2,477 
	5,310 
	2,088 

	Contract employees (estimated) 
	Contract employees (estimated) 
	N/A 
	N/A 
	36,500 
	57,500 
	115,500 
	218,400 
	347,100 
	376,700 
	360,000 
	272,900 
	211,200 
	200,000 
	170,000 


	a Permanent civil service employees only. Sources: NASA Historical Data Book, 1958-1968. Vol. I: NASA Resources. NASA SP-4012. Washington, D.C., 1976; NASA Pocket Statistics, Washington, D.C., January, 1971; Personnel Analysis and Evaluation Office, NASA Headquarters, Washington, D.C., May 1986. Until 1976, the fiscal year ended June 30. 
	b Includes NASA Occupational Codes 200, 700, and 900: general and aerospace scientists and engineers, and "primarily life sciences."
	Table 2. Apollo Generation: Percent of Highest Degree Field, Total Population and Nominees 
	Table 2. Apollo Generation: Percent of Highest Degree Field, Total Population and Nominees 
	Field . 
	Field . 
	Group 1 (to 1960) 
	Group 2 (1961-1965) 
	Group 3 (1966-1970) 
	Total/average 
	Nominees 

	Electrical engineering . . 
	Electrical engineering . . 
	17.0 
	24.0 
	22.0 
	21.0 
	23.8 

	Mechanical engineering 
	Mechanical engineering 
	22.5 
	19.0 
	12.0 
	17.8 . 
	17.9 

	Aeronautical engineering 
	Aeronautical engineering 
	16.0 
	10.0 . . 
	9.5 
	10.8 

	TR
	Aerospace engineering . . 
	9.9 

	Other engineering fields a 
	Other engineering fields a 
	8.6 
	13.4 . 
	9.1 
	10.4 
	12.8 

	Total engineering . . 
	Total engineering . . 
	64.1 
	66.4 
	52.6 
	60.0 
	64.4 

	Other technical fields b 
	Other technical fields b 
	5.9 
	1.8 
	0.5 . 
	2.7 
	2.6 

	Mathematics and science c 
	Mathematics and science c 
	25.2 
	24.6 
	35.5 
	28.4 . 
	18.8 

	Social sciences d . . 
	Social sciences d . . 
	3.9 
	5.2 
	6.2 
	5.1 
	11.1 

	Arts, humanities, law, and theology 
	Arts, humanities, law, and theology 
	0.6 
	0.9 
	0.7 
	0.7 
	0.4 

	No degree field . 
	No degree field . 
	2.0 
	0.5 
	0.3 
	0.9 
	0.0 


	a Civil, industrial, chemical, general, nuclear, agricultural, architectural, mineral, biomedical, petroleum, geological, geophysical, environmental, material, metalurgical, ceramic, and textile engineering. 
	b Agriculture, naval engineering or architecture, engineering technology, engineering mechanics, statistics, computer sciences, information sciences, systems analysis. 
	cMathematics, physics, chemistry, biology, biochemistry, phYSiology, zoology, astronomy, geophysics, earth sciences, other science. 
	d Education, business management, psychology, social sciences, communications, military science, naval science, interdisciplinary studies, public affairs, health professions . 
	\0 Source: Personnel Evaluation and Analysis Office, NASA Headquarters, Washington, D.C., June 1985. 
	Table 3. Apollo Generation: Percent in Occupational Categories, Total Population and Nominees 
	Table 3. Apollo Generation: Percent in Occupational Categories, Total Population and Nominees 
	Occupation 
	Occupation 
	Group 1 (to 1960) 
	Group 2 0961-1965) 
	Group 3 0966-1970) 
	Total!average 
	Nominees 

	Research and development 
	Research and development 
	16.0 

	Design 
	Design 
	22.1 

	Testing and evaluation 
	Testing and evaluation 
	9.0 

	Fluid flight mechanics 
	Fluid flight mechanics 
	17.7 
	9.4 
	10.3 
	12.5 

	Flight systems . 
	Flight systems . 
	14.8 
	19.0 
	13.5 
	15.8 

	Piloting 
	Piloting 
	0.3 
	0.2 
	0.7 
	0.4 

	Materials and structures 
	Materials and structures 
	8.0 
	4.9 
	5.9 
	6.3 

	Propulsion and power 
	Propulsion and power 
	6.0 
	4.6 
	4.1 
	4.9 

	Measurement and instrumentation 
	Measurement and instrumentation 
	10.9 
	11.0 
	11.2 
	11.0 

	Data systems 
	Data systems 
	­10.1 
	­10.5 
	­15.4 
	­12.0 

	Data analysis . 
	Data analysis . 
	5.0 

	Facilities and operations 
	Facilities and operations 
	10.0 
	13.1 
	12.6 
	11.9 

	Construction 
	Construction 
	0.5 

	Operations and maintenance 
	Operations and maintenance 
	LZ 

	Total 
	Total 
	--77.8 
	-72.7 
	-73.7 
	-74.8 
	60.3 

	Technical assistance 
	Technical assistance 
	0.5 

	Technical information 
	Technical information 
	0.9 

	Non-aerospace science and engineering 
	Non-aerospace science and engineering 
	3.0 
	3.5 
	2.0 
	2.8 

	Unclassified ---.lZ 
	Unclassified ---.lZ 
	~ 
	~ 
	~ 
	-­-

	Total 
	Total 
	6.7 
	6.5 
	5.3 
	6.1 
	1.4 

	Space science 
	Space science 
	2.6 
	2.2 
	6.5 
	3.8 

	Life science 
	Life science 
	~ 
	2.7 
	2.3 
	1.8. 

	Total 
	Total 
	3.1 
	4.9 
	8.8 
	5.6 

	Management 
	Management 
	11.5 
	14.3 
	9.8 
	11.9 

	Administrative professional 
	Administrative professional 
	1.0 
	1.5 
	1.6 
	1.4 

	Management 
	Management 
	36.5 

	Planning 
	Planning 
	1.1 

	Regulatory 
	Regulatory 
	~ 

	Total 
	Total 
	12.5 
	13.8 
	9.4 
	13.3 
	37.8 


	Table 4. Apollo Generation: Percent Grade Achieved as of 1980, .Total Population and Nominees 
	Table 4. Apollo Generation: Percent Grade Achieved as of 1980, .Total Population and Nominees 
	Grade a 
	Grade a 
	Group 1 (to 1960) 
	Group 2 (1961-1965) 
	Group 3 (1966-1970) 
	Total! average 
	Nominees 

	GS7 
	GS7 
	0.0 
	0.0 
	0.1 
	0.0 

	GS8 
	GS8 
	0.0 
	0.0 
	0.2 

	GS9 
	GS9 
	0.2 
	0.2 
	0.9 
	0.4 

	GS 11 
	GS 11 
	1.3 
	0.9 
	3.0 
	1.7 
	1.4 

	GS12 
	GS12 
	7.0 
	9.4 
	26.0 
	14.1 
	11.0 

	GS13 
	GS13 
	32.0 
	47.9 
	48.4 
	42.7 
	29.1 

	GS14 
	GS14 
	30.4 
	26.5 
	14.0 
	23.5 
	23.0 

	GS15 
	GS15 
	22.2 
	12.4 
	5.9 
	13.5 
	16.4 

	GS16 
	GS16 
	0.3 
	0.3 
	4.3 

	GS 17/SES 
	GS 17/SES 
	6.5 
	2.7 
	1.6 
	3.6 
	14.6 


	a GS, government service; SES, Senior executive service. 
	>-' Source: Personnel Evaluation and Analysis Office, NASA Headquarters, Washington, D.C., June 1985. 
	Table 5. Apollo Generation: Percent Highest Degree,Total Population and Nominees . 
	Table 5. Apollo Generation: Percent Highest Degree,Total Population and Nominees . 
	Degree 
	Degree 
	Group 1 (to 1960) 
	Group 2 (1961-1965) 
	Group 3 (1966-1970) 
	TotalLaverage 
	Nominees 

	No degree 
	No degree 
	1.5 
	0.5 
	0.4 
	0.8 
	0.0 

	Associate 
	Associate 
	0.2 
	0.1 
	0.3 
	0.2 
	0.2 

	Bachelor 
	Bachelor 
	68.0 
	68.0 
	60.0 
	65.3 
	69.0 

	Masters 
	Masters 
	23.0 
	25.0 
	27.0 
	25.0 
	26.5 

	Doctorate 
	Doctorate 
	7.0 
	7.0 
	14.0 
	9.3 
	4.3 


	442 valid cases out of 621 nominees. Source: Personnel Evaluation and Analysis Office, NASA Headquarters, Washington, D.C., June 1985. 
	Table 6. Apollo Generation: Average Age in 1980, Total Population and Nominees 
	Table 6. Apollo Generation: Average Age in 1980, Total Population and Nominees 
	Age (years) 
	Age (years) 
	GroUt! 1 (to 1960) 
	Grout! 2 (1961-1965) 
	Grout! 3 (1966-1970) 
	Total Laverage 
	Nominees 

	25 -29 
	25 -29 
	0.2 
	0.2 

	30-34 
	30-34 
	0.3 
	11.8 
	4.0 
	0.6 

	35 -39 
	35 -39 
	0.1 
	9.8 
	31.5 
	13.8 
	7.7 

	40-44 
	40-44 
	10.8 
	27.7 
	23.2 
	20.6 
	17.2 

	45-49 
	45-49 
	28.9 
	28.3 
	14.8 
	24.0 
	28.0 

	50-54 
	50-54 
	27.8 
	17.8 
	8.6 
	18.1 
	22.9 

	55 -59 
	55 -59 
	24.7 
	11.3 
	6.5 
	14.2 
	17.1 

	60-64 
	60-64 
	6.5 
	4.0 
	2.8 
	4.4 
	5.4 

	65-69 
	65-69 
	1.1 
	0.7 
	0.5 
	0.8 
	} 

	70 + 
	70 + 
	0.2 
	0.0 
	0.0 
	0.1 
	0.6 


	Source: Personnel Evaluation and Analysis Office, NASA Headquarters, Washington, D.C., June 1985. 
	446 valid cases out of 621 nominees.
	Table 7. Average Years of NASA Service in 1984 for Apollo Generation: Total Population a and Nominees 
	Table 7. Average Years of NASA Service in 1984 for Apollo Generation: Total Population a and Nominees 
	TR
	Total Population 
	Nominees 

	TR
	Average b years 
	Standard Deviation 
	No. 
	% 
	% 

	20+ years 
	20+ years 
	21.0 
	0.9 
	2477 
	25 
	28.3 

	15 -19 years 
	15 -19 years 
	17.2 
	1.2 
	5310 
	54 
	57.4 

	10 -14 years 
	10 -14 years 
	12.8 
	1.3 
	2088 
	21 
	14.3 


	a Total cases = 9875. 
	b Mean average.
	Table 8. Ethnic and Gender Distribution, Total Population and Nominees 
	Table 8. Ethnic and Gender Distribution, Total Population and Nominees 
	TR
	Total population a . 
	Nominees b 
	Total (%) 

	TR
	Groucl 
	Group 2 
	Group 3 

	Male . 
	Male . 
	97.0 
	98.0 
	96.0 
	96.2 
	97.0 

	Female . 
	Female . 
	3.0 
	2.0 
	4.0 
	3.8 
	3.0 

	American Indian . . 
	American Indian . . 
	0.1 
	0.2 
	0.1 
	0.7 
	0.3 

	Asian . 
	Asian . 
	1.0 
	1.0 
	1.0 
	0.9 
	1.0 

	Black 
	Black 
	1.5 
	1.5 
	3.0 
	4.5 
	2.0 

	Hispanic . 
	Hispanic . 
	0.4 
	1.0 
	1.0 
	3.8 
	0.8 

	White . 
	White . 
	97.0 
	96.0 
	95.0 
	90.1 
	96.0 


	a . Group 1 = 20+ years; arrived NASA up to 1960. . . Group 2 = 15 -19 years; arrived NASA 1961 -1964. . Group 3 = 10 -14 years; arrived NASA 1965 -1970. . . 
	b 446 valid cases out of 621 nominees. 
	Ul Source: Personnel Analysis and Evaluation Division, NASA Headquarters, Washington, D.C., June 1985. 
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	Appendix c 
	Appendix c 
	Education and Military service of NASA Apollo Era Engineers Interviewed 
	Institution and Highest Degree .
	Year entered .NACA/NASA .
	Military service 
	Massachusetts lnstitute of .Technology (BSAE) .
	1938 
	No .
	Stanford University (MSE) .
	1944 
	No .
	University of California, Berkeley .(BSME) .
	1945 
	Yes (USN) .
	University of Montana .(BSCE) .
	1948 
	No .
	Ohio State University (BSEd) .
	1948 
	No .
	Cornell University (MSE) .
	1949 
	Yes (USAAF) .
	fechniche Hochshule Berlin .(Ph.D.) .
	1952 
	Yes .(German Army) .
	University of Virginia (MAE) .
	1952 
	Yes (USA) .
	Virginia Polytechnic Institute .and State University (BS) .
	1953 
	? 
	Purdue University (Ph.D.) 
	1953 
	No 
	Case Western Reserve University .(Ph.D.) .
	1957 
	No 
	University of Kansas (MSAE) .
	1957 
	Yes (USA) 
	Stanford University (MSE) .
	1958 
	Yes (USAF) 
	Parks College (BS) .
	1958 
	Yes (USAF) 
	University of Alabama in Huntsville .(MBA) .
	1958 
	Yes (USA) 
	Florida State University .(MBA) .
	1958 
	Yes (USA) 
	University of Rochester .(MME) .
	1959 
	Yes (USN) 
	California lnstitute of .Technology (Ph.0) .
	1959 
	(Peace Corps) 
	University of Alabama (BSE) .
	1960 
	No 
	Cornell University (MSPhyCh) .
	1960 
	Yes (USA) 
	University of Alabama (MSEd) .
	1960 
	Yes (USAF) 
	City College of New York .(BSME) .
	1961 
	Yes (USA) 
	Auburn University .(Ph.D., Management) .
	1961 
	No 
	Auburn University (BSCE) .
	1962 
	Yes (USAF) 
	University of Illinois .at Urbana-Champaign (BSCE) .
	1962 
	Yes (USA) 
	Massachusetts Institute of .Technology (BSE) .
	1962 
	Yes (USN) 
	Prairie View A&M University .(BSE) .
	1962 
	No 
	College of William and Mairy (MSPhys) .
	1962 
	No 
	University of Texas at El Paso .(BSEE) .
	1963 
	Yes (USA) .
	Emory University (BA, Mathematics) .
	1963 
	No .
	University of Florida (BSE) .
	1964 
	Yes (USN) .
	University of Naples (Ph.D) .
	1964 
	Yes (Italian Army) .
	North Carolina State University .(MA, Mathematics) .
	1964 
	No .
	Stanford University (Ph.D) .
	1964 
	No .
	The Johns Hopkins Univers,ity .(BSE) .
	1964 
	Yes (USA) .
	University of Michigan (MSAE) .
	1965 
	Yes (USN) .
	Clemson University (BSME) .
	1966 
	No .
	University of Virginia .(MSEPhys) .
	1966 
	No .
	St. Joseph's College (BS) .
	1966 
	Yes (USAF) .
	Catholic University of America .(BS) .
	1966 
	No .
	Louisiana State University .(MSME) .
	1967 
	Yes (USAF) .
	George Washington Univer:sity .(Ph.D) .
	1967 
	No .
	Cleveland State University .(BSEE) .
	1967 
	No 
	University of Houston (Ph.D) .
	1968 
	No 
	Notre Dame College (BSAE) .
	1968 
	No 
	Texas Women's University .(BS, Mathematics) .
	1968 
	No .
	New York University (BSAE) .
	1968 
	Yes (USA) .
	Stanford University .(Ph.D) 
	1969 
	Yes (USA) .
	Brooklyn College, City University of New York (MSE) 
	1970 
	Yes(USN) .
	Case Western Reserve University (MAE) 
	1972 
	Yes (USN) .
	Rice University (SSE) 
	1972 
	No .
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