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PREFACE 

This report is the third study of a series conducted since February 1963 for the Office of the Director of Defense Research and Engineering (ODORE) of the Office of the Secretary of Defense (OSD), and performed under Contract No. SD-158 and directed by James E. Roach, Assistant Direc­tor, Engineering Management DDRE. The series had its origins in the con­tinuing interest of ODORE in (1) improving the quality and minimizing the costs of the research and development w rk for which it is responsible, (2) maintaining a strong and creative defense .. D industry, and (3) im­proving the positive effects and minimizing any deleterious effects of defense .. Don the general community, both at the local and national 
levels. 

The research is being conducted by members of the Technology Manage­ment Programs of Stanford Research Institute and is part of its program of research on the Structure and Dynamics of the Research and Development industry. The Technology Management Programs include studie1 of: the structure, organization, and dynamics of the .. D industry; the economics of .. D; the social and economic impact; the organization and management of .. D; 88'D technology utilization and transfer; technical manpower; sci­ence policy and the allocation of scientific and technical resources; and the development of systems analysis and other analytical meth<>ds useful in carrying out the above listed studies. 

The research team is indebted to many individuals, both in the Depart­ment of Defense and in the companies and communities studied, for their active support and interest. We are indebted to James E. Roach and Lt. Col. Albert Wiegand of ODORE for their support, encouragement, and prac­tical help in assisting the study team's entry into defense .. D establish­ments. The research team would like to pay special tribute to the late J. Cameron Thomson, who was director of the Upper Midwest •o Council at the time this study was made. Through his active help and support, the study effort was ai4ed significantly. Also, a special acknowledgment llllst be made to the many individuals who not only helped in compiling the necessary data but also took a personal interest in the study. 

Finally, we wish to thank our colleagues at Sta · ford F?search Insti­tute for their support, aid, co•ents, and criticisms. We wish to thank Dr. Stewart P. Blake for his support; Jean Waters for her data processing and computer programming support; Wesley Tennant for his technical advice and personal contributions to this report; and Nancy Lawry, Gerrie Carpen­ter, Judy French, and Lynne Norris for their research assistance and secre­tarial support. 
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I INTRODUCI'ION 

Purpose of the Defense RlrD Study Series 

The overall purpose of these studies is to develop a body of knowledge about the structure, organization, and dynamics of the defense RID industry in the United States as an aid to the Office of the Director of Defense Research and Engineering (ODORE). The body of knowledge is intended to provid_e a basis for improving ODDRE's ability to: 

1. Set and modify Department of Defense (DOD) Research Development 
Test and Evaluation (RDTE) objectives, as they relate to nontech­
nological factors affecting the performance of defense ROTE either 
directly or through the environment in which such work is per­
formed. 

2. Supervise the achievement of these objectives. 

3. Encourage improvement of the defense R&LD industry's capability 
and efficiency in meeting 00D's needs (and other national needs). 

4. Modify or mitigate the deleterious effects of shifts in defense 
R&LD procurement. 

Though sponsored by ODORE, the studies are proving to be useful to many governmental and private organizations. For instance, the develop­ment of a systematic body of knowledge on the qualitative, quantitative, and structural characteristics of the defense R&LD industry is helpingto provide a basis for .local defense-oriented communities to clarify the cur­rent and potential relationsh:~s between this new industry and their hooe environments. 

Relation of This Study to Previous Studies in the Series 

This is the third study of the series planned to develop a body of knowledge about the structure and dynamics of the defense R&LD industry. The studies have proceeded in three phases: 

Phase I 

An exploratory study with the objective of seeking out patterns and relationships in the defense R&LD industry to use as a basis for developing inferences and hypotheses concerning the structure and dynamics of the defense RILD industry. 

1 



The study, completoll early 1n 1964, was pul>lishcd as: "An Exploratory 
Stucly of the Structure and Uynamics of the lllkU Industry'' (referred to in 
the fol luwin~ pages as 1•eference l). 

Phase II 

A study designed to test and validate or modify the inferences formu­
lated in Phase I. The study, completed in 1965, was ublished as: 

11

The 
Structure and Dynamics of the Defense R&D Industry: The Los Angeles and 
Boston Complexes" (referred to in the following pages as reference 2). 

Phase III 

A study designed to further test and validate the inferences developed 
in the foregoing studies; and to examine in detail the defense R&D industry 
in the Minneapolis-St. Paul (Twin Cities) area for a twofold purpose: 
(1) to identify variables affecting the transformation of an area into a 
defense Rid> complex, and (2) to identify factors that may positively or 
negatively influence the growth of a defense R&D industry in the Midwest. 
This study has been recently completed, and is the subject reported herein. 

Method of Approach 

The method of approach throughout has attempted to achieve a balance 
between localization and generalization--between emphasis on selected com­
munities and emphasis on the overall U.S. defense R&D industry . In each 
phase, individual defense R&D centers were selected as case studies, and 
were then compared with the total U.S. industry and with other selected 
centers for which data were available. In Phase 1, the selection of Den­
ver, Tucson, and Orlando was based on the consideration that they were 
not major defense R&D complexes but were communities dominated by a single, 
large, recently established defense R&D industrial facility, and hence the 
factors influencing the growth of the industry would be more di scernible 
and capable of isolation. In Phase 11, two major defense R&D complexes 
were selected--Los Angeles and Boston--to test, in such established com­
plexes, the inferences drawn in Phase 1. 

In Phase 111, the present study, the method of approach included: 

1. Selecting a community as a case study on the basis of its geo­
graphic location (Midwest) and the extent of development of its 
defense R&D industry. 

2. Measuring several dimensions of the defense R&D industry in the 
selected community, and comparing these with the data and find­
ings in the preceding phases. 

3. Tracing the historical development of the defense R&D industry 
in the selected community. 
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•l . Examinin~ the results ol' the comparative and historical analyses 
of the selected communitr ~n the light of the inferences drawn 
in the previous studies. ' ~ 

5. Using the new data to develop inferences concerning factors af­
fecti ng the transformation of an area into a defense Rll.D complex, 
and concerning the growth of defense RliD industry in the Midwest. 

The Twin Cities commtmity was selected after a preliminary survey 
indicated that it was well suited to provide the data relevant to the ques­
tions about growth factors for defense RliD complexes in general, and for 
the Midwest in particular. 

The suitability of the Twin Cities for providing information on the 
general question was shown by its number of defense R&D contractors, which 
places the community somewhere between the Phase I case studies (defense 
R&D dominated by one major establishment in Denver, Tucson, and Orlando) 
and the Phase II case studies (major defense R&D complexes in Los Angeles 
and Boston). Moreover, the preliminary survey showed that the Twin Cities 
contained several defense R&D contractors in different industry classifi­
cations, and that there had been substantial activity in the generation 
of new technical companies over the past decade. 

The Data 

Scope and Sources 

The data collected in the Twin Cities included information concerned 
with manpower, materiel procuremer.t, industry-community interactions, 
financing, and RliD company formation and survival. These data were ob­
tained from records of defense R&D contractors, the University of Minne­
sota, financial institutions, offices of the State of Minnesota, published 
sources, and interviews with representatives of industry, academic insti­
tutions, public agencies, and the press. For purposes of comparison, the 
extensive data collected in the previous studies were also used, e.g., 
manpower data on more than 30,000 engineers and scientists in Los Angeles 
and Boston. 

Relationship of This Report to Previous Ones 

Although this report is part of an integrated study series, it has 
been designed to be read independently of the two previous reports. Where 
specifically applicable, data from previous studies are included. 

Textual vs Appendix Material 

Because the data obtained have been voluminous and many-faceted, this 
report has been made synoptic in trea ment , with the more detailed data 
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ancl nnalyses included in appendixes. For readers wishing to probe more 
cleepl~· into the textual content, these appendixt,s provide a greater focus 
on individual portions of the Twin Cities phase of the de fense R&D study. 

Appendix A - Regression analysis study of population and workforce 
migrations concerning the Twin Cities area. 

Appendix B - History of the Twin Cities defense R&U industry. 

Appendix C - Detailed tables on Twin Cities engineer/ scientist char­
acteristics. These tables carry the data to more spe­
cific levels than their summarized counterparts in the 
text. 

Appendix D - Background material for Chapter IV (Factors Affecting 
the Development of the Twin Cities Defense R&D Industry) . 

4 
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II SL'MMAHY 

The ob jectives of this study can be st ated as two questions : 

How does a defense R&D comple x de ve lop? 

Conside r i ng its i ndustr i al and educatio capabilities, why has 
not a larger defense R&D industry developed in the Midwest? 

Interrelationship of Growth Factors 

Throughout this series of studies of the de fe nse R&D industry, it 
has become increasingly evident that no factor can be singled out as being 
necessary and sufficient by itself to develop a defense R&D complex. This 
conclusion was drawn from the f indings of the f irst study of Denver, Tucson, 
and Orlando , and it has been strengthened by the present study of the Twin 
Cities defense R&D industry. Hence, a s trategy for developing a RilD com­
plex must include consideration of several factors and must provide a flex­
ibility which permits a shift in the emphasis f rom one factor to another 
as the local industry develops. 

Characteristics of a Defense RilD Complex 

The major defense R&D complexes are characterized by: 

l. A relatively large and diverse defense R&D capability. 

2. Economies of scale, which provide competitive advantages in the 
performance of defense R&D. 

3. A resilience and regenerative ability enabling the complex to 
attract existing technical capabilities as well as to grow new 
ones, thus renewing and strengthening the local industry's abil­
ity to perform defense R&D despite the occurrence of cutbacks 
in overall market demand or shifts in defense technology. 

These characteristics are useful in ranking communities as defense 
R&D centers--in a progression moving from communities with no defense 
RilD industry, to communities dominated by one major defense R&D estab­
lishment, to the potential defense R&D complex, and finally to the major 
defense R&D complex. In this progression, Denver, Tucson, and Orlando 
are ranked as areas dominated by one contractor; the Twin Cities area, 
as a potential complex ; and Los Angel ~s and Boston, as established com­
plexes . 

5 



A defense RliU complex i.s especially di stin~ui s hed by its ability to 
cope sm:ccssfully with the uncerLainties of the defense lid) market, which 
include significant c hanges in the size of the mar (both individual 
programs and total defense expenditures) or major shifts in technology . 
Useful measures of this resilience include the number of formations of 
companies with relevant capabilities; the ability of these companies to 
survive; and the ability of the community to attract relevant companies 
from other areas. Study of these measures, in Chapters IV and V and in 
a previous phase, identifies dist i nc t differences between the potential 
complex (Twin Cities) and the communities with a single dominat i ng con­
tractor (Denver, Tucson, Orlando) . The Twin Cities are characterized by 
a large number of relevant company formations, by a high survival rate 
for these companies, and by the ability to attract local investm~nt. Con­
versely, the three other communities, as of 1963, had experienced few 
relevant company formations, had a relatively low survival rate, and al­
though attracting some investment from companies out si de the community, 
later experienced withdrawal of these same companies. 

As for the major defense RliD complexes--Los Angeles and Boston--they 
have generated a high number of new , relevant companies, and these com­
panies have experienced a high survival rate. In addition, a number of 
companies have moved, or considered moving, from other areas to Boston 
and Los Angeles for a variety of reasons, many of them associated with 
operational efficiencies. 

Measures and Processes of Growth 

The most commonly used measures of defense R&D industrial growth are 
the increase in total defense RliD dollars and the increase in the percent­
age of total defense RliD dollars awarded to a community. Such measures, 
used alone, often mask rather than depict the actual development of a com­
munity as a defense R&D complex. A series of awards to one contractor 
o •r a period of years can give an appearance of local growth that can 
quickly disappear with the completion of a major project. Even from an 
experience period of three years (as shown in Chapter III , Table 5), it 
is evident that an R&D center dominated by one contractor can experience 
sharp fluctuations in dollars received when the contractor experiences 
the "project piston"• effect that characteriz,:s defense R&D contracting. 
In a community with a single dominant contra~tor, the downstroke of a 
major project piston, actuated by the cancellation or completion of a 
major contract, causes not only lay-offs but also out-migration of the 
technical workforce. Usually, the displaced employees enter the general 
migratory streams, never to return. 

" f d f • The project-contract nature o • the e ense R&D business is probably 
the largest single factor affecting the turnover of personnel. The 
manpower demand of a major defense RliD project, particularly the demand 
for professional technical manpower, acts in the manner of a large pis­
ton; pulling in large numbers on the 'upstroke' and pushing them out 
on the 'downstroke. '" From reference 1. 
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Several nonclollat· measures can uo considered simultaneously with the 
dollar measures to obtain more useful indications of ~rowth as well as to 
suggest some of the pt·ocesses that may be e8sent ial to the achie ·. ~ment of 
such growth. The results of this study uggested that:* 

l. An essential process in the transformation of a community into 
a defense R&D complex is an increase in the number of local con­
tractors, with or without a parallel increase in the dollais 
awarded, to provide a multiplicity of potential growth points . 

2. Conside ration should be given not only to prime contractors but 
to the total number of local establishments engaged in defense 
R&D work. The total number of establishments includes defense 
subcontractors as well as nondefens .e (but defense-related) sub­
contractors who work for such agencies as NASA and AEC . A larger 
number of prime contractors means a larger numbel' of managements 
making technical decisions from independent viewpoints, thereby 
increasing the probability of achieving technical variety. The 
presence of a large, locally dominant de f ense R&D establishment 
does not provide the conditions required for an increase in the 
number of local prime contractors. Domination by one organiza­
tion may even be considered a negative f actor. 

3. A growing R&D community specializes in new technical fields in 
which ther~ are greater chances to compete su~cessfully and to 
develop competitive advantages over well-established complexes. 
This is reflected in a workforce that is more specialized in new 
technical fields, and is younger, on the average, than the work­
force in the older complexes. As the community becomes estab­
liuhed in its specialty, the aggregate of the community's tech­
nical capabilities should be deepened and broadened. The increase 
in the number of local prime contractors may be an aid in this 
process. 

4. Aside from new t echnical fields, a growing RkD community gradually 
broadens and deepens its scope in existing fields by including 
more of the capabilities needed for specialized fields and for 
defense R&D in general. This is reflected by a workforce with a 
higher percentage of advanced degrees in the locally developed 
fields of specialization ~nd by the gradual inclusion of a broader 
range of degree specialties. This part of the process tends to 
keep the average age of the workforce low since the process is 
still concentrated on new technology and newly produced advanced 
degrees. 

• The results summarized here in the eight numbered pP.ragraphs can be 
considered to be strong inferences concerning the development of defense 
RkD complexes. 
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A growing n.o community gradually achieves a capahi lity to per­
form and to compete in all technologies of defense R8'D against 
established complexes. The deeper involvement of a community's 
industry in defense RlD is reflected by a workforce that has a 
wide range of degree specialties and levels as well as a wide 
range of defense RlD experience, and an average age that is 
closer to the average age found in the older complexes. 

6. A measure of the extent to which a community has developed a 
relevant workforce of the required magnitude is the percentage 
of engineers/scientists (E/S's) that the community hires from 
outside its home area. At the outset, if the percentage is large, 
the community's potential is limited. If the percentage is small, 
or continues to decrease over time, the community has the poten­
tial labor pool necessary to develop a defense Rlli.D complex. 

7. Further measures related to manpower are: salary levels for dif­
fe~ent age group8; proportion of E/S's hired directly after gradu­
ation from universities; proportion of E/S hires that were trained 
by local universities; turnover of E/S's; and average seniority of 
E/S's. hese factors show that a growing a.o community will in-

rease the quantity and variety of job options for E/S's as a con­
sequence of the increa e in companies and projects in the commu­
nity. High turnover rates for E/S's, or increasing turnover rates, 
reveal the project-piston effect. Other factors related to the 
project-piston effect are: decrease in average seniority of E/S's, 
and an increase in the overall salary structure. 

8. A growing R&D community can measure the breadth and depth of its 
RlD capabilities by the amount of materiel and services that must 
be procured from outside areas. This capability can be measured 
by the percentage of defense R8'D prime contract dollars received 
locally that remain with the prime contractor or are subcontracted 
within the local area. A related measure of capability is the 
amount of subcontract dollars received from other areas. 

Elements of the Growth Process 

On the ba1is of the foregoing, it is suggested that the elements of 
the process for sustained growth in a potential R8'D complex are: 

l. A continuing effort to develop multiple points of potential growth 
until the local industry achieves a self-su:ttained momentum. 

2. A technical specialization aimed at achieving competitive advan­
tage, followed by a deliberate effort to deepen, broaden, and 
strengthen the fields of specialty. 

8 
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Suggested Act1ons for l>evelopment of a Defense n&u Complex 

Development of Multiple Growth Points 

This includes the development of RltD-oriented entrepreneurs and a 
financial community with the know-how and interest in providing financial 
support to new and small companies. The financial support must be in 
terms of initial, working, and growth capital. Other support includes: 
policies by universities for encouraging enginee ing and science faculties 
to undertake entrepreneurial activity; support for technical ventures in 
t he form of rent-free facilities; joint marketing aids; referral services 
for financial aid; consulting by community panels; and other local support. 

Throughout the analytical comparisons of the Twin Cities with areas 
of greater and lesser development, it has become obvious that the local 
achievements of many small and medium size companies hold out the greatest 
potential for development. This point mu~t be empha ized because the sev­
eral thousands of regional and local development agencies in the United 
States are currently oriented toward attracting one or more of the small 
number of 1·elocating divisions of major corporations. All of the evidence 
in this series of studies suggests that attracttng corporation divisions 
does not provide the most effective or desirable path to development. On 
the contrary, establishment of a number of small and medium size technical 
companies is the most effective way to provide for the development of a 
complex. The existence of many companies provides a means for many inde­
pendent decisions based on differing assumptions, thereby providing a 
flexible response to the unknown. A development program based on a number 
of small companies as opposed to a large establishment, even one having 
more sales dollars and manpower, permits a less volatile and more stable 
labor ma.rket, with a consequent development of the kind of growing labor 
pool that typifies a defense RltD complex. Such an approach helps to over­
come the high degree of uncertainty that is inherent in the defense market. 

Technical Specialization 

Since new entrepreneurs and small companies are usually at a relative 
disadvantage in the marketplace, concentration on a sl)E'cialty is a natural 
solution. A community that wishes to develop an RltD complex is, indeed, 
in the same position as that of a small company undertaking to compete 
with a large corporation. The probability of successfully entering the 
marketplace is raised by concentration on a small but growing segment of 
the total field. Once established, this segment can be used to support 
, ipansion to other specialties. The final goal of this process is to 
broaden out and achieve the full status of a major defense lltD complex. 

To develop sp<3cialization, a community can consciously provide se­
lected support to local enterprises successful in new technological fields. 
Support can include mea1ures to encourage the local formation or lo«:ation 
of other new ventures in the same or related fields, as well as mea1ures 
to provide subsidiary functions that aid the technical companies in the 
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selected apecialized field. Once a specialty has obtained an economic 
foothold, the community can deliberately attempt to attract and support 
companies and services that would strengthen the capability of the spe­
cialized companies in the community. 

The Midweat and the Defense i:.o Industry 

The data collected in the Twin Cities defense R&D study show that 
there are no regional factors precluding the development of defense R&D 
industry in the Midwest. However, these data and the data from previous 
studies suggest that the question of why a larger defense R&D industry 
has not grown in the Midwest must be considered in terms of climate, na­
tional migration patte1ns, resources, history, economic alternatives, and 
difficulties in competing with existing complexes. 

Of these factors, the last two seem to play a major role. For ex­
ample, in the Midwest after World War 11, in Detroit, the decision was 
made to leave the aircraft field (and the consequent aerospace industry) 
to resume the automobile business. Since then, despite efforts to inter­
est Midwest concerns in bidding on defense R&D subcontracts, there has 
been relatively little response, according to procurement personnel from 
major defense lliD companies. 

As for the difficulties of competition, existing complexes have a 
great advantage , and consequently, many of those Midwest-based companies 
that have entered the defense lliD field have not chosen to compete from 
the Midweat. Rather, they conceded th advantages of the existing com­
plexes by operating from inside the complexes--by acquisition, by moving, 
or by starting divisions there. 

The Twin Cities area has gone contrary to the general Midwest pattern: 
it ha• responded to defense lliD needs, it has gained local support, it 
has attracted E/S's from elsewhere, and it has overcome whatever disad­
vantages its climate may have imposed. 
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III THE STRUCTURE AND DYNAMICS OF THE DEFENSE R&D INDUSTRY 
IN THE TWIN CITIES AREA 

"Defense R&D industry," as used here, is a convenient classification 
of those firms and institutions that contract with the U.S. defense estab­
lishment for work defined in the ROTE program categories of the defense 
budget. Most of the firms so classified are not engaged solely in selling 
defense R&D; production of hardware is usually carried out by the same 
companies. However, unlike firms that perform R&D only for hardware , de­
fense R&D firms also sell R&D as a product. 

Composition of the Defense RW> Industry 

The Twin Cities defense RW> industry, as defined, includes 17 sur~ 
viving establishments that have received RIYI'E prime contract awards in 
the past 10 years . These plus the Electronics Division of General Mills, 
Inc . , and Electro-Nuclear System Corporation, which are no longer operat­
ing , are listed in Table 1. 

During the ten year period--fiscal years (FY) 1956 thro\llh 1965-­
approximately $500 million of RW> prime contract awards have been received 
by establishments in Mi nnesota. With two minor exceptions ,• Minnesota's 
defense R&D industry ls located i n the Twin Cities, and consequently, the 
statewide data on RW> contract awards pertain almost exclusively to the 
Twin Ci ties. 

The defense RW> prime contract awards received by Minnesota establish­
ment s accounted for 0,9-1.3% of the total defense RW> dollars awarded (see 
Table 2)by DOD in the period FY 1958-1965. Table 2 also shows Minnesota 
awards as percentages of U.S. Census region and division level: 10-14j of 
awards to the North Central region, and 35-62i of awards to the West North 
Central division. 

* The two exceptions are: (1) G.T. Schjeldahl Company (about 40 miles 
from the Twin Cities) which accounted for $600,000 in defense R&D prime 
contract awards during the past ten years; and (2) the University of 
Minnesota's campus in Duluth, where contract work of less than $100 ,000 
was performed. 
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Table 1 

TWIN CITIES ESTABLISHMENTS RECEIVING DEFENSE 
RiJ> PRIME CONTRACT AWARDS OVER $10 ,000 

FY 1956-1965 

Co 
(rank d by dollar in period) 

Univac Div., Sper ry Rand Corp. 
Honeywell, Inc. 

t Elect roni c Div., General Mill s , Inc. 
Control Data Corp. 
Northern Ordnance Div., FMC Corp . 
University of Minnesota 
Western Electric Co. 
Minnesota Mining 1 Mf g. Co. 
Applied Research Div., Litton 

Industrieit 
Winzen Research, Inc. 
Maico Electronics 
Research, Inc. 
Fluidyne Engineering Corp. 
Donaldson Co. 

* Data Display Corp. 
L11htnrng and Transients Research, Inc. 
Viron Div., GCA Corp. 

Corp. 9 Electro-Nuclear System 
Archer-Daniels-Midland Co. 

Total Twin Cities awards 

Annual average for 1956-1962 

1956-
1962 

• $141.6. 
76 . 7 
39 . 1. 
21. 4 
22.6 
17.6 

10.3 

3 .0 
2 .4 
1. 7 
0 . 5 

0.6 

$337. 5 

48.2 

Pr ime Contract Awa rds 
(mi llions of dollars ) 

1963 1964 1965 

$21.5 $17.2 $15.6 
17.1 11. 4 11.0 
5.8 1. 7 
8.6 6.8 3.6 
0.7 5.6 1. 8 
1. 9 1. 8 1. 8 

7.1 10.1 
2.1 0.9 

1. 5 2.7 

0.3 0.6 
0 . 5 0.5 

0.6 0.4 

0.6 0 . 1 0 . 1 
0.4 0.3 

0.4 

$56.8 $56.5 $49.8 

10-Year 
Total 

• $195.9. 
116.2 
46.6. 
40.4 
30.7 
23.1 
17.2 
13. 3 

4.2 
3.0 
2.4 
1. 7 
1. 4 
1.0 
1.0 

0.8 
0.7 
0.6 
0.4 

$500.6 

• Estimates based upon relationship between total corporate R"1> prime contract awards and the portion performed in Minnesota for the period 1963-65. t Electronics Di vi s ion of General Mills, Inc., succeeded by Applied Research Division, Litton Industries. * Became subsidiary of Control Data Corporation in 1965. Operations terminated in 1963. 

Source : 500 Contractors Listed Accordinc to Net Value of Military Prime Contract Awards for Experimental, Developmental, Test and Research Work, Office of the Secretary of Defense, reports for fiscal years 1956 throu1b 1956. 
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Fiscal 
Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

Table 2 

MINNESOTA DEFENSE R&D PRIME CONTRACT AWARDS 
AS GEOGRAPHICAL PERCENTAGES 

Fiscal Year!I 1958-1965 

Percentage of Percentage of Percentage of North Central West North Central U.S. Awards Region Awards Division Awards 

1.3% 12.8% 53.8% 
1.3 11,8 50,l 
1.1 11.2 56.9 
0,9 10.7 61.9 
0.9 12.0 61. 7 
1.0 14.0 57,0 
1 I) 12.1 35.2 
1.1 10.8 46.0 

Source: Office of the Secretary of Defense, The Changing Patterns of Defense Procurement, 1962; and Mili­tary Prime Contract Awards by Region and State, 
FY 1962-1965. 

A distribution of contract awards for FY 1965 by R&D category in Table 3 shows that over 40% of the dollars awarded to Twin Cities defense R&D contractors were for engineering development and that the Twin Cities distribution was close to or higher than the national distribution in the first four categories of research. 

Twin Cities organizations received defense RW> contract awards in 30 of the 33 technology areas that were used to code RI71'E contracts. Of the RW> dollars awarded to Twin Cities organizations in this period, work iden­tified by technology as "guided missiles" and "electronics and electronic equipnent" received 58% (see Table 4). Other major contract award areas were "ordnance" (16. 1%), "research and research equipnent" (6. 8%), and ''chemical warfare equipnent and materials" (4.3%). 

Ranking of Twin Cities 

To qualify as a major defense RW> canplex, an area must receive a relatively large dollar value of defense RW> awards; have a relatively large number of defense RW> prime contractors; and be relatively free of domination by a single c0ntractor. 
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Table 4 

DI STH IllUT ION 01" UE1"ENSE lt&I> PIU ME CONTllACT AWARD DOLLARS 
BY TECHNOLOGY OF RESEAHCH FOil AREAS STUUIED 

t'Y 1965 

Total 
ROTE 

Awards 

Percent of Award Dollars by Area 

Tw in Los • Tec hnology Ci t ies Ange l es nos ton Orlando 

A1rc 1·utt and fl1ghl equipment 
Abtronomy , geo phy~1cs und 

gcog ruph y 
Chl!mi cu l warfare cqulpm nt 

and ma t e rial s 
Chemistry 
Communi cation , 
D •l li o n 
El ec tri al equipment 
El ect ronics and l ectroni s 
equipmen t 

Fluid mechanics 
Fuel s and combu s tion 
Ground trans portation and 

equ i pme nt 
Guided miss iles 
Ins tallations and cons truction 
Material s (nonmet alli c) 
Mat hematics 
Medica l sciences 
Metallurgy 
Military sciences and 

ope rat i ons 
Navigation 
Nuclear physics and nucl ar 

chemist r y 
Nuclear propul sion 
Ordnance 
Pe r sonne l and training 
Phot ogr aphy and othe r repro-

ductive process .s 
Physics 
Product ion and management 
Propulsion sys tems 
Psychology and human 

enginee ring 
Quarte rmas ter equipment and 

upplies 
Research and research 

equipment 
Ships and marine equipment 
Misce llaneous arts and sciences 
Tran portation 

Total 

13 . 6% 

1.0 

0.9 
0.4 
3.3 
3.3 
1. 5 

12.4 
0 .5 
0 .6 

0. 2 
39 . 3 
0 . 1 
0.6 
0 . 2 
0 . 9 
0 . 9 

1. 8 
0 .5 

0.6 
0.8 
2.5 
0.3 

0 . 3 
0.9 
0 . 1 
5 .5 

0.2 

0.1 

5.5 
0.6 
0.2 

t 

99.6j 

3 . 41,, 

t 

4.3 
0.0 
0 . 7 
0.6 
0.6 

28 .1 
0 . 6 
0 .6 

0 . 2 
29 . 9 
0 . 2 
0 .5 
0 . 2 
0.6 
0.5 

0 . 6 
1.1 

1. 8 
0.6 

16 . 1 
0.1 

0.1 
0.8 
0.0 
0 . 4 

0.2 

0 . 4 

6.8 
t 
t 

0 . 0 

100.0,. 

8 . 4% 

0 . 7 

1. 3 
0 . 2 
2.1 
2.3 
l. 2 

13 . 6 
0. l 
0.5 

t 
53. 7 
0 . 1 
0.3 
0.1 
0.5 
0 . 4 

2.8 
0.4 

0.3 
t 

1. 9 
0.2 

0.3 
0.3 

t 
3 . 8 

0.1 

0.1 

4 .1 
0.1 

t 
o.o 

99.~ 

Note: Coluana may not add to 100 °' becauae of rounding . 
• Ba1ed on 1ervice codea . 
t Le11 than 0.05\ 

Source: Stanford Research Institute, 
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0.9% 

1. 7 

0.4 
0 . 7 
1. 2 
3. 7 
0 . 7 

52.6 
0.2 
0.3 

0.1 
21 .0 
0.1 
0.4 
0. 1 
0 . 6 
1. 5 

0.5 
1. 2 

l. 4 

0 .0 
1.1 
0.2 

0 . 4 
2.3 
t 

0 . 8 

0.2 

t 

5. 2 
0.3 
0 . 1 

t 

99.~ 

0.0% 

0 . 1 

0 . 0 
0 . 0 
2.4 
0.4 
0 . 0 

0 . 6 
0.1 
0.0 

0 .0 
95.4 
0 . 0 
0 . 0 
0 . 0 

t 
t 

o.o 
0.0 

0.2 
0 . 0 
0 . 4 
0.0 

0.0 
0.1 
0.0 

t 

0 . 0 

0.0 

0.4 
0 . 0 
0 . 0 
0.0 

100. l j 

D nv r 

0. l ',\ 

0.2 

0 . 1 
t 
t 

1. 7 
t 

0 . 2 
0.0 
0 . 2 

0.1 
94 . 2 

0 . 0 
0.1 

t 
0 . 2 
0 . 9 

t 
0 . 0 

0.0 
0.0 
0.2 
0 . 0 

0.0 
0.8 
0.0 
0 . 6 

0.0 

t 

0 .3 
0.0 
0 . 0 
o.o 

99.~ 

.... 



As can be seen in Table 5, in FY 1965 Los Angeles contractors included in 
the first 500 contractors* were awarded $79v.8 million in defense R&D prime 
contracts and numbered 98 (139 establishmeLts), but the largest contractor 
received only 22% of the local awards. Similarly, Boston received $308.2 
million and had 59 contractors, while the largest contractor received only 
3~ of the local awards. 

When compared in t hese quantitative terms with 19 other Midwest cen­
ters, the Twin Cities can well be considered as a potential defense R&D 
complex. In FY 1965, the Twin Cities ranked third in total defense R&D 
dollars awarded, third in number of defense R&D contractors receiving 
awards, and third in terms of nondomination by the largest local contrac­
tor. (The largest local contractor, the Univac Division of Sperry Rand, 
received 31% of the Twin Cities contract dollars awarded in FY 1965.) 
Only Detroit and Cincinnati received more dollars, only Dayton and Chicago 
had a larger number of defense R&D contractors, and only Dayton and Cleve­
land showed less domination by the largest contractor, while Chicago 
equalled the Twin Cities. 

Fifteen of the 20 Midwes t centers analyzed were dominated by a local 
contractor that received over 50% of all the local defense R&D dollars 
awarded in FY 1965; eight of these 20 had a local contractor that received 
over 90% of the dollars awarded . In FY 1963, 14 of these centers were dom­
inated by a large contractor that received over 50% of the local awards, 
and ten of the centers had a contractor receiving over 90% of the awards. 

Table 6 rela tes Minnesota's defense R&D to total defense dollars, 
since FY 1958, in two ways: (1) from a national standpoint, Minnesota's 
share of all defense dollars has been 0.6-1.3%,and its share of defense 
R&D has been almost the same--0.9-1.3%; and (2) from a local standpoint, 
Minnesota's proportion of defense R&D to its own total defense award s h s 
been 19-34%, or a 24.5% annual average. 

The defense R&D prime contract dollars awarded to Twin Cities s tab­
lishments in FY 1963-1965 represent 3-4% of the total combined sales gen­
erated in Minnesota during these years by the 13 Twin Cities companies 
receiving defense R&D p ime contracts. If Minnesota Mining and Manufac­
turing and Archer-Daniels-Midland are excluded, the figure increases to 
6-7% of total combined sales. For six of the companies--Fluidyne, Light­
ning and Transients Research, Litton, Univac, Viron, and Western Electric-­
defense R&D prime contract awards accounted for 12% to 50% of their total 
Twin Cities sales. Yet . these R&D awards take on more significance, because 

• Based on RDTE awards of over $10,000 to the top 500 contractors, Direc­
torate of Statistical Services, Office of Secretary of Defense. If all 
contractors receiving over $10,000 are considered, Los Angeles had 347 
prime contractors receiving $822 million; Boston 207 contractors receiv­
ing $313 million; Twi n Cities 40 contractors receiving $50 million; Den­
ver 21 contractors receiving $137 million; and Orlando nine contractors 
receiving $89 million. 
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they represent industrial classifications that have a high technical con­tent and are nationally s igniJil:ant to def ense . Tabl e 7 reveals that the Twin Ci ties are particularly specialized in two ve ry valuable industry groups--automa tic controls and measuring i nslrume nt s; and computing and related machines. In both categories, the Twin Citi es accounted for an estimated 14% of lhe value of total U.S. shipments for 1963. The Twin Cities area is specialized to a lesser extent in the production of surgi­cal and medical i nstruments (5% of the value of total U.S. shipments); industrial electrical equipment (4%); and ordnance and accessories (2%). 

In terms of total manufacturing industry i n the Twin Cities, the 142 establishments in the defense-related industrial groups represented about 5.5% of the 2,599 manufacturing establishments in the Twin Cities, but accounted for 28% of all manufacturing employment in the area. 

Manpower: The Industry's Engineer/Scientist Workforce 

The engineer/sc ientist (E/S) workforce of the defense R&D industry is its principal "production" factor, This workforce accounts for the largest portion of R&D costs and is essentially the technical capability that the companies and institutions in the industry " se ll" to DOD. Therefore, a study of the E/S workforce in the Twin Ci.ties should shed scme light on the questions motivating our research: how can a defense R&D complex be devel­oped, and what factors deter the Midwest from becoming such a complex? 

Besides using data from the earlier studies, the research team ob­tained data in July-August 1965 from the personnel records of four large Twin Cities establishments. These records include data on a total of 1,966 E/ S's performing defense R&D contract work in the Twin Cities, The sample obtained is estimated to represent over 90% of the total Twin Cities de-
1 2 fense lliD prime contract workforce. As in the earlier studies,' the data on individual E/S employees were drawn from the employment application forms and payroll records of each partic pating establishment.• 

Educational Composition of the E/S Workforce 

The educational profile of the Twin Cities E/S workforce studied is shown in Table 8. Also shown are the educational characteristics of sim­ilar workforces in the major defense R&D industry complexes of Los Angeles and Boston, and in the single-establishment dominated defense R&D centers of Denver, Tucson, and Orlando. 

• Throughout the discussion of manpower, the total number (N) of E/S's considered may vary slightly from table to table. This variation is caused by occasional omissions in the data available (as when an appli­cant has failed to enter marital status on the employment application form). 
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Table 8 

EDUCATIONAL PROFILE OF THE DEFENSE 
R&D ENGINEER/ SCIENTIST IORKFORCE 

Selected Metropolitan Areas 
(Total Sample N = 34,015; Twin Cities Sample N = 1,966) 

Percent of 

Bachelor's 
Degree 

Los Angeles* 57.3% 
Boston* 58.7 
Denver, Tucson 

and Orlandot 53,0 
Twin Cities 73.3 

* From reference 2. 
t From reference l. 

l::/ S's with 

Master's 
Degree 

12.1% 
16,7 

8.2 
12.3 

a Degree at Time of Hire 
Total 

Doctor's with No 
Degree Degree Degree 

3.0% 72.4% 27.6% 
4,8 80.2 19.8 

0,8 62.0 38,0 
1.2 86.8 13.2 

In terms of degreed vs nondegreed technical professionals, the Twin Cities workforce has the highest percentage of degreed E/S's (86.8~). Th i s is a distinctly higher percentage (7 to 15 percentage points) than found in the Los Angeles and Boston defense R&.D complexes, and substan-tia ly higher (almost 25 percentage points) than found in the conanunities dominated by one establishment. The E/S's in the Twin Cities defense Rid) workforce have a smaller percentage of graduate degrees (13.5%) compared with Los Angeles (15.1%) and Boston (21.5%), and a larger percentage com­pared with Denver, Tucson, and Orlando (9.0%). Although the Twin Cities workforce has a slightly larger percentage of E/S's having a master's de­gree, compared with the Los Angeles workforce, it has a smaller percentage of E/S's with doctorates. Boston leads the Twin Cities in both graduate degree categories, and the Twin Cities similarly lead the center• of Den­ver, Tucson, and Orlando, dominated by one establishment. 

Data on the various degree specialties found in the Twin Cities E/S workforce are shown in Table 9, along with similar data from Los Angeles and Boston; 66.6% of the Twin Cities E/S's have engineering degree~ of which 43.5% are in electrical and electronic engineering. 

E/S's with degrees in electrical and electronic engineering, together with those holding degrees in mathematics and statistics, make up nearly 57% of the total Twin Cities E/S workforce. This compares with 40% in Boston and 31% in Los Angeles for the same specialties. The heavy spe­cialization in electrical and electronic engineering, mathematics, and statistics reflects the computer and control orientation of the Twin Ci ties. 
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Table 9 

CURRENT IORKFORCE SPECIALTIES 
Pere nt of E/ S's at Time of Hire 

Twin Cities, Los Angeles, and 
Doston Defense Rad) Centers 

Specialty Twin Ci ties Los Angeles 

Mechanical engineering 15.3% 18.7% 
Aeronautical engineering 5.2 12.4 
Electrical engineering* 43,5 23.4 
General engineering 1.3 8,4 
Civil engineering 0.4 2.0 
Industrial & management 
engineering 0.8 1.1 

Other engineeringt 0.1 1.4 
Phy i s:t 6.8 7.1 
Chemistry & biochemistry 1.9 5,4 
Mathematics & statistics 13.3 7.5 
Othe r technical specialties 3.6 7,0 
Nontechnical specialties 2.7 3.3 
Unknown 5.3 2.1 

Total 100.2%§ 99.8% 

Boston 

13 . 7% 
4.8 

34.8 
2.9 
1.1 

3.3 
0.7 

10.3 
3.4 
9.0 
6.8 
2.7 
6.3 

99.8% 

* 
t 

* § 

Includes telecommunications, radio communications, electronics. 
Includes structural, tool, industrial design, nuclear engineering. 
Includes astrophysics, engineering physics, geophysics. 
Figures do not total 100% because of rounding. 

Source: Appendix Table C-1. 

Although the range of degree specialties in the Twin Cities workforce 
has broadened to a limited extent in the past 15 years, the Twin Cities 
workforce remains somewhat specialized. 

Age Composition 

The average age of E/S's in the Twin Cities Rad> workforce is 34.8 
years. This is approximately equal to the average age of the E/S's in the 
Boston workforce (34.3 years in 1964), and younger than the average age of 
Los Angeles E/S's (37.1 in 1964). The younger workforces in Boston and the 
Twin Cities reflect the newer nature of the defense R&D industry in these 
two areas, compared with the older industry in Los Angeles, and this new­
ness also reflects the higher concentration of skills in new industrial 
fields (e.g., computers), 
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Sex and Marital Status 

Slightly more than 1% of the defense R&D E/ S's in the Twin Cities 
were women--a finding which parallels the data from Lo s Angeles and Bos­
ton. At the time of hire into the current workforce, 69.3% of the mal 
EI S' s in the Twin Cit ies were married, compared with 70.9% in Los Angeles 
and Boston, again reflecting the higher average age of the Los Angel es 
workforce. Less than 1% of the E/ S's in the Twin Cities wern divorced or 
separated at time of hire, compared with 1.8% in Boston and Los Angeles, 
At time of hi re, 29.7% of the Twin Cities E/ S' s were single males, com­
pared with 27.3% in Los Angeles and Boston. 

Job Mobility 

The E/ S' s employed i n the Twin Cities R&D establishments were ana­
lyzed for geographic and establishment mobility. Geographic mobility 
means the movement of E/ S' s between Census regions, Census divisions, 
states, and selected intrastate areas. Establishment mobility means the 
movement of E/ S' s between industries, types of organizations (e.g., aca­
demic, industrial, governmental), and companies within the defense R&D 
industry, 

The raw data for the analysis, obtained from employment applications, 
consisted of the identity and location of each of the three most recent 
organizations for which an E/ S had worked before joining the workforce of 
the contractor participating in the study (no intra-company transfers were 
included). In order to avoid double-counting of individuals, the primary 
analysis made use of current workforce information only. 

Comparisons were made between the mobility data of the Twin Cities 
workforce and similar data for the E/ S workforce previously studied in 
Los Angeles, Boston, Denver, Tucson, and Orlando, To measure geographic 
and establishment mobility, the source of an E/S was taken to be his lo­
cation and employer just before he was hired by one of the contractors 
participating in the study. 

Geographic Mobility. It was concluded in an earlier study of this 
series that ". . . the geographic source of the largest single fraction 
of the E/S's in the defense RIJ> workforce of a given area is the h011e 
state and region. "2 This conclusion was borne out once more in the 
present analysis of geographic mobility (see Table 10). The majority of 
the E/S's in the Twin Cities defense RlrD indu&try were drawn from the 
"home" Census region, "home" Census division, and the "home" state. The 
North Central region was the source of 73.~ of the Twin Cities E/S's; 
the ~est North Central division, 56.~; and the state of Minnesota, 42,3j. 
The importance of the "home" areas as sources of E/S' s was also seen in 
Los Angeles and Boston. In the latter two complexes, however, larger 

"h " percentages of the current workforce were hired from the oae state 
than was found to be the case in the Twin Cities. This reflects, in part, 
the existence of larger, specialized labor pools in the two ujor coe­
plexes, thus alleviating reliance on the "import'' of E/S's fraa { °L aewbere. 
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Table 10 

GEOGllAPIIIC SOURCE OF ENGINEERS AND 
SCIENTISTS AT TIME OF HIRE 

Percent of E/ S's from Variou s Census Regions 
and Divisions, Twin Cities, Los Angel es, 

and Bo ston Defense R&D Indu stry 

Census Region Twin Cities Los Angel es Boston 
and Division (N = 1,935) (N = 26,342) (N = 2,911) 

01·theast region 7.8% 14.5% 80.7% No1·th Central 
region 73. 6 15.5 6.7 Southern region 5.9 9.3 7.0 

Western region 12.7 60.8 5 .6 

Total 100.0% 100.1% 100.0% 

ote: Columns may not add to 100% because of rounding. 

Source: Appendix Table C-2. 

Figure 1 shows how the home area a s a source of E/ S's for the Twin Cities workforce has varied over the years, The Twin Cities' dependence on out-of-area hires has shown a steady increase over time, rising f rom 11% in 1935 to 70% in 1965, In a previous study, it was found tha t in the large, well-established complex of Los Angeles, the percentage of E/ S's hired from outside the Southern California area varied directly with the rise a nct fall of the total U.S. defense R&D industry ... arket. In the younger and smaller Boston complex, there was a steady increase in the percentage of hires from outside Massachus~tts between 1940 to 1959, fol­lowed by a slight drop during the 1960-1964 period . 

An examination of the geographic sources of the most recent degree received indicated, as shown in Table ll , that 83,2% of the Twin Cities E/ S's received their most recent degree from institutions in the North Central region, the "home" region of the Twin Ci ties. This compares closely with the Boston data which show that 82.3% of its E/S's received their degrees in Boston's "home" region, the Northeast, In both Boston and the Twin Cities, the "home" region has played a much greater role in the education of local E/S's than was the case in Los Angeles. The data from the Los Angeles defense R&D industry, with its much greater pool of E/S's, indicate that less than 25% of them received their most recent de­gree from institutions in the Western region. 
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Table 11 

GEOGRAPHIC SOURCE OF MOST RECENT UNI VERSITY DEGREE 
OF ENGINEERS AND SC EN''CI STS 

Percent of Current E/ S' s Receivi ng Degree f rom Census Regions 
Twin Ci ties , Lo s Angel es, and Bos ton Defense R&D Es t ablishmen ts 

Ex-Minnesotans 
Census Twin Ci tie s Los Angeles Boston in Los Angeles 
Region (N = 1,693) (N = 24,H9) (N = 2,803) (N = 214) 

Northeast 8.9% 33. 3 0 82.3% 4.2% 
North Central 83.2 27.7 9.6 90.7 
Southern 4.4 14.3 6. 5 1. 9 
Wes tern 3. 5 24.8 1.6 3,3 

Total 100.0% 100.1% 100.0% 100.1% 

Note: Figures do no t add to 100.0% becau se of rounding. 

Source: Append i x Table C-3. 

As in the earlier stud ies , an analysis was made of the relationship 
of the geographi c flow of t he E/ Sl '•s i n t he Twi n Ci ties establishments to 
the migration ) atterns of t he general Twin Cities population. 

This analy sis was made by mean s of a regres s i.on analys is (see Appen­
d i x A). The results re i nfo r ce the conclusion reached i n t he earlier stud­
ies that there is a high correlation between t he migration pattern of the 
industry ' s E/ S's and those of the general population during the 1950-1960 
Census period. The mobi l ity of Twin Cities E/ S' s appears to be part of 
a major U.S. demographic movement to the large metropolitan areas from the 
leis urban areas, particularly f rom areas adjacent to the metropolitan 
area.* 

Establishment Mobility. The largest single percentage (40.7%) of 
the E/ S's in the Twin Ci ties workforce studied came to the current work­
f vrce of the Twin Cities di rectly from completion of university work. 
In Table 12, the data on the Boston and Los Angeles workforces show a 
much smaller percentage (23.9%) of E/ S's coming to the current workforce 
directly after graduation from a college or university. In other respects, 
the E/ S pattern of flow from various institutional sources to the current 
Twin Cities workforce is similar to the patterns found in L s Angeles and 
Boston . 

• See C, Taeuber , and I . B. Taeuber, The Changing Population of the 
United States , Wi ley , New York , 1958. 
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Table 12 

INSTITUTIONAL SOURCES OF ENGINEERS AND SCIENTISTS 
Twin Cities and Los Angeles-Boston Defense R&D Establishments 

Type of Institution 

Among 500 top defense 
R&D prime contractors 
FY 1955-1963 

Armed services (military) 
Armed services and DOD (civilian) 
Other U.S. government 
State government 
College and univer ity (faculty) 
College and university (student) 
Self-employment 
Companies not among top 500 

defense R&D prime contractors 
Unknown* 

Percent Hired 
Twin Los Angeles-

Cities Boston 

33.2% 42.9% 
.4 1.1 
.9 1.3 
.2 .3 

2.0 .8 
1.8 2.2 

40.7 23.9 
.9 1.6 

18.6 24.6 
1.4 1.3 

* These are new hires without prior experience or u i ver­
sity level education. 

Other major sources are defense RliD prime contractors, the armed services 
and the government. 

Turnover and Retention 

Not all of the Twin Cities establishments studied kept records of 
the rate of turnover of their E/S's separate from the overall workforce. 
During Twin Cities interviews, however, personnel managers stated that 
the rate of E/S turnover in the Twin Cities was very low compared with 
that found in other areas of the United States. Two a11alyses--one relat­
ing to the number of prior jobs held, the other to average seniority-­
support this opinion. 

As shown in Figure 2, over 41% of the Twin Cities E/S's have held no 
previous position, compared with 25% in Los Angeles and Boston. Further­
more, over 50% of the Los Angeles-Boston E/S workforce have held more than 
two prior jobs, compared with less than 25% of the E/S's in the Twin Cit­
ies. Of those E/S's in Los Angeles and Boston that had held two or more 
jobs, nearly half had held four or more jobs. 
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Figure 3 shows the average senior i ty of the Twin Cities E/S' s canpared 
with Los Angeles and Bos ton E/ S's. It is evident that for any given age, 
on the averag~, Twin Cities E/ S' s have been with their present employer 
longer than have Los Angele s or Boston E/S's. A regres s ion analysis of 
Twin Cities E/ S' s relating seniority to age indicat es a significant re­
lationship.• 

As wa s found previousl y in the Los Angeles and Boston study, the av­
erage number of yea r s that Twin Cities E/ S ' s had been with their present 
employers wa s inver sely related to the number of prior jobs held (see 
Table 13) . Howeve r, the ave rage number of years on the present job was 
found to be hi gher in the Twi n Cities than in the Los Angeles and Boston 
compl exes , i nd icating a lower turnover rate f or the Twin Citie s establish­
ment s . 

Table 13 

AVERAGE YEARS OF CURRENT ENGINEERS / SCIENTISTS ON PRESENT JOBS 
AS RELATED TO NUMBER OF PRIOR JOBS AT TIME OF HIRE 

Twin Cit ies and Los Angele s-Boston Defense R&D Establishments 

Twin Cities Los An~les - Boston 
Number of Jobs Average Average 

Prior to Years on Years on 
Present One Number Percent Present Job Number Present Present Job 

0 816 41.5% 6.5 7,461 24. 7% 6.1 
l 589 30.0 6.0 6,398 21.3 5.8 
2 or more 561 28.5 6.0 16,302 54.0 5.8 

Total 1,966 100.0% 6.2 30,161 100.0% 5.9 

Salary Characteristics 

The salary data obtained from the defense Rid> establishments studied 
in the Twin Ci ties were analyzed in terms of average monthly salary of 
E/ S's and the average annual increase in monthly salary. The first of 
these measures provides a means for obtaining some idea of the relative 
valuation placed on various characteristics of the E/ S's in the industry, 
while the second provides a means for obtaining some idea of the dynamics 
in that valuation. These data were compared with those obtained in the 
Boston and Los Angeles complexes. 

• The equation has a correlation coefficient of 0.95 and takes the form: 
Seniority = 0 .568 (Age - 23) . 
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In mid-1965, the average monthly salary of the Twin Cities E/ S's 
studied was $984, compared with $1,001 for the Boston E/S's and $1,104 for 
Los Angeles E/S's studied in mid-1964, These variations are accounted for 
by: (1) the differentials in age of the workforces (average age of E; S' s 
in Twi n Cities is 34.8 years; in Boston, 34.3 years; and in Los Angnles, 
37.1 years); (2) the differences in degree level and degree speciaJ ~y com­
position; and (3) the interregional salary structure differentials. Fig­
ure 4 shows the difference 1n average monthly salary by age for E/ S's with 
a bachelor's degree in the Twin Cities, and in Los Angeles and Boston. 
The general pattern of higher salary being related to higher educational 
level is similar for all of the areas studied, although the Twin Cities 
salary levels are lower than those found in Los Angeles and Boston for all 
degree levels, 

The extent of the average annual increase in monthly salary of Twin 
Cities E/ S's appears to be related to degree level, specialty, age, and 
type of last organizational affiliation. The ave rage annual increase in 
monthly salary for various fie lds of specialty is shown in Tabl 14. 
There appears to be little i nterregional consistency in the amounts of the 
increases given or in the ranking of increases by specialty. Average an­
nual increases in monthly salary for Twin Cities E/ S's ranged from a high 
of $90.00 for meteorology to a low of $40.00 for tool engineeri ng and ce­
ramics. For Los Angeles and Boston, the range was from a high of $84,29 
for biochemistry to a low of $54.63 for industrial design. E/ S' with de­
grees in geophysics ranked second in both the Twin Cities ($87,50) and Los 
Angeles-Boston ($82.50). With some exceptions (biology, geophysics, indus­
trial engineering, mathematics/statistics, meteorology, social sciences 
other than economics, and telecommunications/radio engineering), the av­
erage monthly increase per year was higher in Los Angeles-Boston. E/ S's 
with degrees in the social sciences (excluding economics) received in­
creases that were third in rank in the Twin Cities, but lower in Los An­
geles-Boston. Similarly, E/ S's with degrees in ceramics received in­
creases that were third in rank in the two major complexes but lowest in 
the Twin Cities. 

As noted below, Twin Cities E/S's in the 20-34 age group have received 
higher average annual increases in monthly salary than older E/S's. This 
pattern of increases differs between E/S's in the Twin Cities and the Los 
Angeles-Boston complexes. In the two major complexes, the amount of the 
average mor,thly increase went up with age until age 35-39. This differen­
tial may be explained by the increasing tendency for Twin Cities establish­
ments to compete for younger E/ S's from locations outside Minnesota. This 
explanation is supported by data which show an increasing percentage of 
E/ S's being hired from outside Minnesota, and a high percentage of these 
being hired directly upon graduation from universities. 
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Table 14 

AVERAGE ANNUAL INCREASE IN MONTHLY SALARY OF ENGINEERS AN~ SCIENTISTS VS FIELD OF SPECIALTY (BACHELOR 'S DEGREE LEVEL) Twi n Cities ond Lo Angeles-Boston Defense R&D Estab l ishments 

Spec.i.,1lty 

Aeronautical engineering 
As trophy s ics 
Biochemistry 
Biology 
Business administration, commerce 
Ceramics 
Chemistry, chemical eng., physical chem. 
Civil engineering 
Economics 
Electrical engineering 
Electronics 
Engineering, feneral 
Engineering physics 
Geophysics 
General science 
Industrial design 
Industrial eng., management eng., production eng. Mathematics, statistics 
Mechanics, mechanical engineering 
Medicine 
Met"-llurgy 
Meteorology 
Military sciences 
Music, fine arts 
Other physical science 
Other social science specialty 
Physics 
Physiology 
Psychology 
Social science (except economics) 
Structural engineering 
Telecommunications, radio engineering 
Tool engineering 
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Twin Cities 
(N = 1,751) 

$60.98 

65.00 
64.74 
40.00 
65.63 
57 .14 
60.00 
71.54 
62.57 
73.33 
67.00 
87.50 
52.50 

64.00 
72.31 
62 .. .,l 

60.00 
90.00 
60.00 
61.67 
60. 71 
67.14 
69.17 

55.20 
86.67 
50.00 
83.33 
40.00 

Los Angele s 
and Boston 
(N = 13,418) 

$67.49 
65. 71 
84.29 
55.56 
65.10 
81.25 
68.81 
72 . 58 
77.93 
74.44 
70.48 
75.60 
74.09 
82.50 
70.22 
54.63 
62 . 31 
72.25 
71 . 52 
72. 0 
68.40 
76.67 
61.70 
76.95 
64.44 
67.72 
75.87 
78.00 
72.04 
66.00 
57.84 
62.42 
63.33 



AVERAGE ANNUAL INCREASE 
IN MONTHLY ~ALARY OF ENGINEERS AND SCIENTISTS UY AGE 

Twin Cities and L ; Angeles-Boston Defense R&n Es tablishments 

Monthly Salary Increase 
AKe Grn up Twin Ci tics Lo Ange l es-Uoston 

20- :M $72 .14 $62 .1 5 
25-29 71.09 71.08 
30-311 72.83 73.27 
35-39 68.44 75,46 
40-44 57.95 72.09 
45-49 53,52 67.23 
50-54 44.06 60. 54 
55-59 39.45 57. 92 
60-65 43 .33 55 .09 

In terms of typ of last organizational af filiation, Twin Cities E/ S's 
who were self-employed before entering the current workforce have received 
the hi ghest average annual i ncr eases in sal ary; next highest are those who 
came from university tea hing , while those whose last job was with the 
stat government have received the lowest average annual increases. By 
comparison, Ls Angel e.- and Boston E/ S's whose last job was with a college 
or unive~sity faculty received the highest average annual increases, while 
those who were self-employed rec ived the lowest. 

AVERAGE AN UAL INCREASE I E/ S MONTHLY SALARY BY TYPE 
OF LAST ORGA IZATIO AFFILIATIO 

Twin Ci ti sand Los Ang le s-Bo ~ton Defe nse R&D Establishments 

Last Affiliation 
College and university (faculty) 
Nondefense U.S. go ernment 
Armed services (civilian) 
Defense companies 
Armed services (military) 
State government 
College and unive sity (student) 
Nondefense companies 
Self-employed 
Unknown 

Twin Cities 
$ 67 . 10 

63.33 
57 .65 
63.83 
60.00 
54 .19 
71.94 
62 .94 

108.00 
55.26 

Los Angeles-Boston 
$ 80.59 

78.18 
75.49 
73.46 
73.18 
71.92 
69. 79 
67.22 
65,50 
61.63 

Twin Cities E/S's Vs Ex-Minnesota E/S's in Los Angeles 

It was possible to make a comparison of some of the characteristics 
of E/ S's in the current Twin Cities workforce with those of 250 E/S's in 
the Los Angeles workforce who had migrated from Minnesota. 
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As shown below, a higher percentage of the Minnesota E/S's in Los 
Angeles are nondegreed than i n the current Twin Cit ies workforce. The 
same is true of the E/ S's with doctorates. 

Level of Education 
Bachelor's Master's Doctor's No 

Degree Degree Degree Degree 

Twin Cities E/ S's 
( N = 1,966) 73.3% 12.3% 1.2% 13.3% 

Ex-Minnesota E/ S' s 
in LA ( N = 25f1) 68.0 12.4 2.8 16.8 

In terms of age, t he E/ S's that migrated from Minn 
les tend to be older than the E/ S's i n the Twin Cit ies 
former Twin Cities E/ S' s in Los Angeles, 42.4% were ag 
pared with 24.4% for t he Twi n Cities E/ S workforce . 

ota · u LO Ange­
workfor . Of the 

40 and ov r, com-

Table 15 

AGES OF CURRENT TWIN CITIES ENGJ.iEERS AND SCIENTISTS VS 
AGES OF THOSE WHO HAVE MIGRATED r'.tOM MINNESOTA TO LOS ANGELES 

Ex-M i nn sota E/ S' s 
Age E/ S's in Twin Ci ties i n Los Angeles Complex 

N L. N % 

60-64 10 0.7 0 0 
55-59 24 1.3 6 2.4 
50-54 42 2.3 14 5.6 
45-59 122 6 .1 32 12.8 
40-44 274 14.0 54 21.6 
35-39 410 20.9 47 18 .8 
30-34 586 29.8 44 17.6 
25-29 412 20.9 52 20.8 
20-24 86 4.4 1 0.4 

The ex-Minnesota E/ S's in the Los Angeles workforce receive salaries 
t ha t are close to the Lo s Angeles averages fo r all E/S's at given degree 
levels and ages. That is, the ex-Minnesota E/S's in Los Angeles receive 
higher average salaries for given degree levels and ages than the E/S's 
in t he Twin Ci ties workforce (see Figure 5) ., 
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Materiel ProcuT•ent 

In the areas studied, certain characteristics of the defense R&D in­dustries were identified and evaluated by analyzing the sources of the goods and services procured outside the R&D centers and by analyzing the variation in this procurement with time. "Materiel" is used here to in­clude all goods and services purchased outside. 

In the previous studies of this series, materiel procurement data from many contractors covered both R&D and production activities. As was pointed out in the study of the Los Angeles and Boston: 2 

11 The extent to which the data collected were contaminated by the inclusion of non-R&D procurement cannot be precisely specified; however, it is believed that in no case did the contamination invalidate the general conclusions of the analysis." 

Part of this contamination resulted from the methods by which estab­lishments summarize their materiel purchases--by vendor, by type of estab­lishment, by geography, but not by contract. Consequently, R&J> procurement could not be completely separated from other procurement included in the summarized data. 

It was decided, therefore, to attempt to obtain data by R&D contract rather than by company summarization that consolidated all procurements. It was believed that this approach would permit a limited check to be made on the procurement patterns that had been identified in ~revious studies. Advantaie was taken of a parallel effort to measure the economic impact of defense R&D expenditures, and a limited amount of data was obtained on ma­teriel procurements for 415 defense R&D contracts awarded in 1965. The data used were for R&J> prime contracts awarded to companies in the Twin Cities, Los Angeles, Boston, and Charlotte, N.C. The latter was included to obtain some comparison with a community having a defense R&D industry dominated by one establishment. Since the sample was limited, any infer­ences drawn must be considered to be similarly limited. 

As shown below, in the sample of Rid> contracts studied, the percen­tage of total defense contract dollars expended for purchased materiel was 16.~ for Twin Cities contractors, compared with about 25% for Los Angeles, about 36% for Boston, and about 43% for Charlotte, N.C. contractors. 

Location 

Twin Cities 
Loa An1elea 
Boston 
Charlotte 

Contracts in Sample 
Number ,mount 

59 
221 
132 

3 

$ 4,329,000 
43,228,000 
88,601,000 

934,000 
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Purchases as a 
Percent of Total 
Contract Amount 

16.9% 
24.7 
36.3 
43.2 



Tiu• ·1:J''~ compares with an avc1·a~c of 45,2% of' total dcf' c nsc contract dol-
1:u·s 1'01· purchases by cu11trac to1· s in the dcf'c ns , ll&U centers of Denver, 
Tu1·so n, and Orlando, 2 which, like Charlotte, arc xampl es of centers dom­
i nnt ect by single es tnbl ishments. 

Table lG shows the regional distribution of the materiel procurements 
for thl~ sample of contracts analyzed in thi s s tudy. (A more detailed tabl e 
is Table C-4 in Appendix C.) 

Table 16 

GEOGRAPHIC LOCATION OF PROCUREMENT BY 
R&D PRIME CONTRACTORS IN SELECTED AREAS 

Percent Purchased by Pr ime Contractor 
Location of Located i n t he R&D Centers 

Vendor Twin Citi es Los Angel es Bo s ton 

Northeast region 18.8% 26. 0% 66.4% 

Nor t h Central region 59.0 4 .4 7.4 
Southern region 9.0 7.3 6.5 
Western region 9.6 G0.4 13.4 
National & otherwise 

nondi stri butable 3.4 1. 9 6.3 

Total 99.8% 100.0% 100.0% 

Note: Figures do not add to 100 .0% because of rounding. 

Source: Appendix Table C-4. 

Below 
Charlotte 

10.8% 
9.7 

23.6 
28.6 

27.2 

99. 9% 

The geographic distribution of the Los Angeles and Boston R&D contracts 
parallels the data developed in the previous study of these two R&D com­
plexes. 2 The Western and Northeast regions were the major sources--ac­
counting for 86.4% of the dollar value of the Los Angeles materiel pro­
curements and 79.8% in the case of Boston. The ''home" region was the 
source of 60 .4% of the procurement for Los Angeles and 66 .4% for Boston. 
For Twin Cities contractors, the Northeast and Wes t ern regions combined 
supplied only 28.4% of the dollar value of their materiel procurements 
while the "home" (North Central) region supplied 59.0%. The geographic 
distribution of the Charlotte data is not as meaningful as would be de­
sired since 27.2% of the purchases are unidentified as to geographic 
source; these included many overhead items as well as air travel and 
other undistributed "national" costs. 
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Table 17 presents the classification of materiel bought by Twin Cities 
R&D prime contractors from other areas, and bought by prime contractors in 
other complexes from Twin Cities suppliers. On the basis of this limited 
sample, it is seen that the Twin Cities companies purchase electronic com­
ponents from Los Angeles and Boston suppliers, and that contractors in Los 
Angeles and Boston purchas~ computing and related machines from Twin Cities 
suppliers. 

Although the sample of R&D contracts studied was limited, differences 
can be noted between the major defense R&D complexes, the centers dominated 
by one company, and the Twin Cities potential complex. The single-company 
dominated centers and the establishments in the major complexes appear to 
expend a larger percentage of their contract dollars for outside procure­
ment than do defense contractors in the Twin Cities. Also, based upon the 
sample, the establishments in the complexes purchased a larger percentage 
of their materiel from suppliers in their "home" region than the contrac­
tors in the other centers. Defense contractors in the single-company dom­
inated center appear to be dependent on the major compl~xes to a much 
greater degree than are the contractors in a developing complex such as 
the Twin Cities. 



' 

• 0 

T
a
h

l
c>

 
1

7
 

M
A

T
E

R
IE

L
 

PH
O

C
U

H
EM

EN
T 

BY
 

A
N

I>
 

FH
O

M
 

T
W

IN
 

C
IT

JF
.S

 
FI

H
M

S 
FO

il 
D

F.
FF

.N
SE

 
H

.,I
> 

C
O

N
T

H
A

C
T

S 

P
u

rc
h

a
se

s 
F

ro
m

 
T

w
in

 
C

it
ie

s
 

b}
': 

t 
B

y 
T

w
in

 
C

it
ie

s
 

fr
om

:
f 

• 
S

IC
 C

la
s
s
if

ic
a
ti

o
n

 
o

f 
P

ro
c
u

re
m

e
n

t 

1
9

2
9

 A
-
u

n
it

io
n

, 
n

o
t 

e
ls

e
w

h
e
re

 
c
la

s
s
if

ie
d

 
2

8
1

8
 

In
d

u
s
tr

ia
l 

a
n

d
 
o

rg
a
n

i c
 

c
h

e
m

ic
a
ls

 
2

8
1

9
 

In
d

u
s
tr

ia
l 

a
n

d
 

o
rg

a
n

i c
 

c
h

e
m

ic
a
ls

 
3

5
7

1
 

C
o

m
p

u
ti

n
g

 
a
n

d
 

a
c
c
o

u
n

ti
n

g
 

m
a
c
h

in
e
s 

3
5

9
1

 
M

a
ch

in
e 

s
h

o
p

s,
 

jo
b

b
in

g
, 

a
n

d
 

re
p

a
ir

s
 

3
6

1
1

 
E

le
c
tr

ic
 

m
e
a
su

r
i

n
g

 
in

s
tr

u
m

e
n

ts
 

a
n

d
 

te
s
t 

e
q

u
ip

m
e
n

t 
3

6
1

3
 

S
w

it
c
h

 
g

e
a
rs

 
a
n

d
 

s
w

it
c
h

b
o

a
rd

 
a

p
p

a
r
a

tu
s 

3
6

6
2

 
R

a
d

io
 

a
n

d
 

TV
 

tr
a
n

s
m

it
ti

n
g

, 
s
ig

n
a

li
n

g
, 

a
n

d
 
d

e
te

c
ti

o
n

 
e
q

u
ip

m
e
n

t 
3

6
7

9
 
E

le
c
tr

o
n

ic
 

c
o

m
p

o
n

e
n

ts
 

n
o

t 
e
ls

e
w

h
e
re

 
c
la

s
s
if

ie
d

 
3

6
9

2
 

P
ri

m
a
ry

 
b

a
tt

e
ri

e
s
 

7
3

9
1

 
R

e
se

a
rc

h
, 

d
e

v
e

lo
p

m
e
n

t,
 

a
n

d
 

te
s
ti

n
g

 
la

b
s 

7
3

9
2

 
R

e
se

a
rc

h
, 

d
e
v

e
lo

p
m

e
n

t,
 

a
n

d
 

te
s
ti

n
g

 
la

b
s
 

T
o

ta
l 

• 
S

ta
n

d
a

rd
 
In

d
u

s
tr

ia
l 

C
la

s
s
if

ic
a
ti

o
n

 
C

o
d

e.
 

L
o

s 
A

n
g

e
le

s 
S

an
 

~·
ra

n
c
is

c
o

 
B

o
s

to
n

 
F

ir
m

s 
F

ir
m

s 
F

ir
m

s 

$ 
2

8
,1

2
9

 

3
0

0
 

1
6

,8
9

8
 

6
0

,5
0

0
 

1
0

0
 

5
1

,0
7

1
 

$
1

5
6

,9
9

8
 

s 

J-
.1

3,
 7

0
0

 

:!
,2

0
0

 

3
1

,8
0

0
 

1
,0

0
0

 

$
4

8
1

,7
0

0
 

s 
1

0
0

 
2

0
0

 
';3

7
7

 ,
6

0
1..1 

7
, 0

0
0

 

1
0

0
 

·1
,0

0
0

 

$
3

8
9

,0
0

0
 

L
o

s 
A

ng
e

l e
s
 

S
an

 
F

ra
n

c
is

c
o

 

s F
ir

m
s 

2
2

, 
J

O
O

 

1
3

,3
0

0
 

1
,6

0
0 

$
3

7
,0

0
0

 

F
ir

m
s 

s 

-1
, 2

0
0 

2
1

.1
0

0
 

$
2

8
,3

0
0

 

t 
O

f 
to

ta
l 

p
u

rc
h

a
se

 
a
m

o
u

n
ti

n
g

 
to

 
$

9
4

,8
6

7
,5

0
0

 
(L

o
s 

A
n

g
e
le

s 
* 

O
f 

to
ta

l 
p

u
rc

h
a
se

 
a

m
o

u
n

ti
n

g
 

to
 
$

4
8

6
,2

0
0

. 
$

1
8

,0
3

8
,3

0
0

; 
S

an
 

F
ra

n
c
is

c
o

 
. 

$
4

4
 ,

0
3

·1
, 8

0
0

: 
B

o
s

to
n

 

B
o

st
o

n
 

F
ir

11
1

s 

8
3

. 0
0

0
 

3
, 8

0
0

 

S
6

,8
0

0
 

$
3

2
. 
7

9
4

. 
-1

00
) 

. 

S
o

u
rc

e
: 

R
. 

H
o

w
e
ll

, 
W

. 
B

re
sw

ic
k

, 
a
n

d
 

E
. 

W
e
n

ri
c
k

, 
A

n 
E

x
p

lo
ra

to
ry

 
S

tu
d

y 
o

f 
th

e
 

E
co

n
o

m
i c

 
Im

p
a

c
t 

o
f 

D
e
fe

n
s

e 
R

W
 

E
x
p

e
n

d
it

u
re

s
 

in
 

T
er

m
s 

o
f 

V
a
lu

e
 

A
d

d
ed

 
a
n

d
 

E
m

p
lo

y
m

en
t 

G
e
n

e
ra

te
d

, 
u

n
p

u
b

li
s

h
e

d 
r e

p
o

rt
, 

S
ta

n
fo

rd
 

R
e
s
e
a
rc

h
 

In
s
ti

tu
te

, 
F

e
b

ru
a
ry

 
1

9
6

6
. 

~
 



IV FACTORS AFFECTING THE DEVELOPMENT OF THE TWIN CITIES 
DEFENSE R&D INDUSTRY 

Introduction 

This portion of the research on the Twin Cities involved identifi­
cation and analy s i s of t he factors that might be considered essential to 
the transformation of a community into a defense R&D complex. From the 

l earlier study on Denver, Tucson, and Orlando, the results indicated that 
no factor could be s ingled out as all-important, but that two factors had 
some importance : (1) the presence of R&D-oriented entrepreneurs in the 
community (or their attraction to it), and (2) the availability of finan­
cial support in the form of initial, working, and growth capital for 
companies engaged in defense R&D Our research was intended to reexamine 
these factors in the light of data obtained about the Twin Cities area, 
keeping in mind that the earlier study involved the community having a 
single large defense R&D es ·~ablishment, whereas the Twin Cities contained 
a cluster of co-located de fense R8'D companies . In addition, other factors 
contributing to the deve1opment of a defense R&D industry appeared deserv­
ing of analysis: the historical pattern of industrial growth and decline, 
as seen in company formations, failures, and spin-offs; and the contri­
bution of higher education. Accordingly, the scope of the research re­
ported in this chapter includes: 

1. Company formation s , f ailur s, and spin-offs 
2. The rol e of the financial communi t y 
3. The role of the R&D-oriented entrepreneur 
4. The role of the local university 

Company Formations, Failures, and Spin-off~ 

Company Formations 

In 1966, there were 142 Twin Cities establishments in the broad group 
of high technology companies that comprise the local defense R8'D industry 
base. Table 18 summarizes the chronology of the formation of these 142 
surviving establishments . Appendix B presents the history of the Twin 
Cities defense R&D industry in greater detail, from the 19th century to 
the present. 

The formation rate of these surviving Twin Cities companies (or their 
predecessors) was low until the 1940s. At the rate of leFs than one new 
company every two yeRrs, only 22 of these 142 companies (or their suc­
cessors) were formed during the 45-year period between 1895 and 1940. 
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Out ch1l'ing the decade of the 1940s , 29 techni cal es tablishments were 
fo1·111c<l. A few of the se, such as Northern o,·dnan cc, In c . , and the Mechani­
cal Uivi ion of General Mill s , were formed in re s ponse to the military 
l'equil'ements of World War II , but the great majority {70%) of the9e com­
pany formations of the 1940s occurred aft~r World War II . Among the his­
tori cal factors contributing to this acceleration in company formations 
were lay-offs from defen se plant s and the r turn to the Twin Ci ties of 
men with new technical and supervisory skill s acquired in military service . 

Thi increased rate of suc ce sful company formation, which began 
after World War II, continued through the 1.ecade of the 1950s, a period 
in whi ch 69 success ful companies were formed . Beginning with the estab­
li hment o f a segment of the U.S . computer industry in the Twin Cities 
in 1Q46, the indus try ha f l ouri shed and ha fo s tered the formation of a 
numbe r o f upplier and computer " software" companies in the area . During 
fi years (1957-1962) of th i period, another important influence on the 
rate of ! ormation of technical companies in the Twin Cities was the de­
velopment of the local over-the-counter s tock market. This Twin Cities 
phenomenon , which i referred to as the ''dollar s tock market," provided 
a period of easy equity financing, and prompted a number of entrepreneurs 
to "make the jump" and form their own companies . 

Alo contributing to the high rate of formation of technical compa­
nies in the Twin Ci ties since 1950 have heen the perceived pressures, 
whether real or assumed, of threats to job security. A number of "spin­
off" companies were formed during a period of differences in objectives 
between local operating managers and absentee corporate management. Other 
spin-off companies were formed at times when the firms employing these 
entrepreneurs were being acquired by other firms . Often, some of these 
company formations followed mergers which resulted in lesser responsi­
bilities or a less important job for a key individual . 

Company Failures 

The data obtained on failures of technical companies in the Twin 
Cities are limited to failures that occurred in the 1950s and 1960s. See 
Table 19. Of a total of 111 technical companies formed during this 15-
year period, 26 companies, or 24% of the company formations, have failed 
or no longer opera te in the Twin Cities. Twenty of the companies which 
failed were formed during the period 1959 through 1962, and at least 19 
of the 26 companies raised their initial capital in the Twin Cities "dol­
lar stock market." 

Compared with the exp~rience of the Small Business Investment Compa­
nies (SBICs) speciali dng in high technology investments, and the experi­
ence of company failures in other high technology areas of the country, 
the Twin Cities' failure rate of 24% for technical companies is not high. 

Table 19 indicates that since 1950, the highest failure rate (57%) 
in the Twin Cities has occurred in companies formed to develop and produce 
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Table 19 

TWIN CITIES TECHNICAL COMPANY FAILUTtES, 1950-1961 
(No Record of Company Failures for 1962-1965) 

Industriul Category of Company* 

Automatic controls & measuring 
instruments 

Medical - surgical device s & 
apparatus 

Electrical-electroni c equipment 

Computers & data processing 
machinery 

Other high technology 

Supporting industries & services 

Total 

Company 
Formations 

17 

14 

44 

11 

4 

2 

111 

Company 
Failures 

3 

8 

12 

2 

0 

1 

26 

Failures as % 
of Formations 

18% 

57 

27 

18 

0 

5 

24% 

* Ordnance material category omitted because no companies were formed 
in this period . 

medical and surgical devices and apparatus. The second highest failure 
rate (27%) has been for companies formed to produce electrical and elec­
tronic products. 

Company Spin-offs 

The term "spin-off" is used here to denote a company formed by prin­
cipals whose most recent affiliation was with an existing company in the 
same field as the new company, or in an associated field. By this defini­
tion, a department store formed by scientists leaving a missile company 
would not be considered a spin-off, but a metallurgical laboratory set up 
by these scientists would b . An indication of the Twin Cities experi­
ence with spin-offs was obtained from an analysis of the prior company 
affiliations of the principal officers of 166 technical companies formed 
in the Twin Cities. At least 36 of these formations were spin-offs from 
other Twin Cities companies. 
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As indicated by Table 20, those organizations from which the greatest 
number of new teehnical companies were formed are: the Uni vac Division 
of Sperry Rand Corporation--13 spin-offs; Honeywell, Inc .--nine; the 
Electronics Division and its predecessor, the Mechanical Division of Gen­
eral Mills, Inc.--eight; and the University of Minnesota--six. The Twin 
Cities hearing aid companies, as a group, have been a good source of spin­
offs, since four companies have provided entrepreneurs for at least eight 
new technical companies. 

There have been a nwnber of "spin-offs from spin-offs," some within 
a period of relativel y few years. O e of the longest of such chains, all 
within a seven-year period, involved four companies which originated from 
Engi~eering Research Associates (ERA) . This series of spin-offs is shown 
in Figure 6. 

Table 20 shows the survival rate of the 36 company fo rmations from 
the f ur principal spin-off sources. The 82% survival ra te (30 companies) 
from these four Twin Cities companies is close to the 76% survival rate 
of the 111 technical company formations since 1950, mentioned earlier . 
Included in the 30 surviving establishments remaining in the Twin Cities 
area are two which have been acquired by larger companies. All of the 
six compani s no longer operating in the Twin Cities (last column of 
Table 20--"Failed or Moved") were formed during the period 1959 through 
1961, and all took adva tage of the local "dollar stock market" to raise 
initial capital. 

The Role of the Twin Cities Financial Community 

An indication of the emergence of the Twin Cities as a strong re­
gional financial center is that this area is nQw headquarters for the fol­
lowing financial establishments: 48 banks; three banking corporations 
that own the controlling stock in hundreds of independently managed banks 
and branches in the surrounding regiori; 15 savings and loan associations 
(including the nation's second largest); 75 insurance companies which have 
over $24 billion of life insurance in force; seven Small Business Invest­
ment Corporations (including one of the first two SBICs to be licensed in 
the country and the first to go "public"); and six organizations sponsor­
ing mutual funds (including the largest in the world). 

Characteristics of Research-Based Industry 

Because of the unique characteristi s of researC'.h-basied or high tech­
nology companies, their financial requirements and the evaluation of these 
requirements by financial organizations differ considerably compared with 
most manufacturing industries. Among the characteristics of high tech­
nology companies that differentiate them from other kinds of companies 
are the following: 
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Floure 6 EXAMPLE OF TECHNICAL COMPANY FORMATIONS, 
SPIN-OFFS, ANO MERGERS ORIGINATING WITH 
ENGINEERING RESEARCH ASSOCIATES (ERA)* 

1946 

Enointtring Rntorch 
Auociatn (ERA) 

1952 

Acquisition o1 ERA by 
Reminoton Rand, Inc. 

1962 

1955 

SPERRY RAND CORP. 
(Meroer of Sperry Corp. and 

Reminoton Randt.Inc., and 
creation af UNIVAC) 

Sperry Corporation 

1957 

Tronchemics Research, Inc. Control Dato Corp. ·---, 
1962 

Arin Corporation 

1961 

Minneapol is Scientific 
Controls Corp. 

1961 r-------, 
I Theratron Corp. 

(No lonotr in operation) L _______ .J 
1961 

Dato Monoottntnt, Inc. 

1957 

Midwnt Circuits, Inc. 

I 
I 
I 

1e1 I 
.------___;,,,;;_;.;.,I 

Tronsistor Electronics Corp. I 
'-----------JI 

19581 
Doto Display, Inc. 

(Subsidiary of Control 
Data Corp., since 1965) 

1959 -------, 
I Gentral Maonetics, Inc. I 

(Na '°"9tr in operation) L ________ ..J 
1960 

Whitthall Electronics Corp. 
(Acquirtd by Eltetro-Scitnc:I 
lnv'lltort Inc. Dal Tta. 1962) 

1960 r--- ----, 
I Electro Mtd, Inc. I 

(Na lonoer in operation) L _______ ..J 

llldultflol CottplN 
T~-11 "''· -CD Co111puterulld Doto ~ c 111119 ............... I• 7 

~ Electricol 11141 Elt<;l roou, COlllpollllltl ... . ... . . ,_. 

llllec. Electr ical OIICI Eltctro11lc ~iplNtlt .... 1·5 
•Thie ..... -,lcfl OIIIJ ttll flnt lillt ,- epln-affl IU~ 

lo tllt forNt lon ,- UNIVAC. A 11u111btr of e,111-offt frOIII 
e,i11-off1 llnt occurred olld ore contl11ul119 lo occur. 

I Mtcllcal 11141 Surtlcal o.,1c ...... .............. 1·2 

l11du1trl1I Electrlcol E11ulp1111nt ... . ... . . . . .... l·S 
Dota PrOCeNillt, Proc"' Calltrll, 

Clltllllcal IIICI Food P'roclllillt 
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l. They are RlD-oriented. 
Often they are trying to accomplish what has not been done Le­
fore, and consequently, the elapsed ti1ne between Rldl and a mar­
ketable product is often long, without benefit of either reven1Je 
or profits. Thus the Rid> companies require substantial working 
capital to finance the relatively costly labor inputs normally 
involved in successful R8'D. The proolem of working capital is 
not confined to innovative research; similar continuing expendi­
tures are often required for product improvement where there is 
a high rate of product obsolescence due to changes in technology. 

2. They are usually formed by technically trained entrepreneurs. 
Most of these entrepreneurs have not had previous business ex­
perience other than the management of research projects or pro­
grams. It is one thing when the technical entrepreneurs are 
aware of their need for financial advice, but it is another when 
some technical people are of the opinion that any intelligent 
person can understand business matters. The question, "If you 
had it to ~o over again (i.e., establish your company), would 
you do anything different?" was asked of several presidents of 
small Twin Cities technical companies. The most frequent reply 
related to methods of financing. The financial lessons had 
eventually been learned but often too late, and often at a rather 
high price to the company and stockholders. 

3. Technical professional manpower is indispensable and tends to 
bee me a relatively fixed overhead cost. 
This inelasticity of the cost of ter.hnical manpower poses finan­
cial problems similar to those resulting from semi-fixed general 
and administrative overheads under conditions o: declining sales 
volume. The number of Rid> personnel in most technical companies 
cannot be regulated with fluctuating sales as in the case of pro­
duction workers. 

Stages of Financing 

The fir1anc~ng cf successful technological companies is discussed by 
phases: (1) initial, (2) interim, and (3) growth. The sources of financ­
ing for the different phaseE vary considerably. 

Initial Financing. In the initial phase of operations, there is 
often no marketable product, working model, mock-up, or prototype, and 
there may not even be a design or any product specifications. The prin­
cipal asset may consist of a new theory or idea that must be proved, 
tested for feauibility, and applied in the form of a product which not 
only is needed but also can be sold at a reasonable price in relation to 
the performance capabilities--i.e., cost-effectiveness--of the product. 
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tx1.:ept foa• the l'ivc-yeul' period between 1957 and L96i, new technl-
(':tl 1.:nmpnniei-. fol'med i.n the Twin Cities, us in other communities, obtained most of their "seed" capital [1'0111 the founders or the company, relatives, 
friends, 01· well-to-do persons with an interest in the new venture. Often, to conserve funds, Twin Cities operations were started in the basement of a man's home, as in th case of the Telex Corporation, or on a part-time 
bnsis, such as fabri-Tek, Inc. 

Normally, new companies do not obtain their initial financing from 
a public stock issue, ince experience has shown that initial over­
capitalization fosters inefficiencies which may affect the company's 
longer range operations, including its ability to obtain future financing. 
However, in the five-year period between 1957 and 1962, a number of new R&D-based companie in the Twin Cities obtained their initial financing 
from public stock issues. More than $50 million in capital was raised 
during this period by these Twin Cities companies, but for some cf them, this "easy money" in relatively substantial amounts was not sufficient 
to prevent failure. 

Retained earnings, if any, for a new R&D-based company are seldom sufficient for prolonged growth of any m~gnitude, because the length of 
time required from initial research to a marketable product places heavy 
financial demands on a struggling company. The experience of new techni­cal companies in the Twin Cities has b en no exception; since 1950, at 
least 26 Twin Cities technical companies have gone out of business or 
left the area. 

Interim Financing. Typically, the interim phase begins with the use 
of short term credit. For some R&D-based companies in the Twin Cities, short term financing combined with retention of earnings has been suffi­cient for a slow and steady growth. Few companies, however, are able to undertake large scale manufacture, establish effective marketing organi­zations, advertise on a national basis, and initiate Rlil> programs for new products without a sizable infusion of long term capital. Most of 
these companies in this phase are not self-regenerative--i.e., they do not have the ability to generate sufficient internal capital for the de­velopment, manufacture, and marketing of products in sufficient volume to guarantee growth or assure their continued existence. 

It has been during their interim phase that a number of Twin Cities 
Rlil>-based companies have suppl mented bank financing with assistance from other establishments including Small Business Investment Companies (SBICs), the Small Business Administration (SBA), venture capital firms, and in­
vestment firms. 

Various means have been used to bring together Twin Cities Rl&D-based companies and potential investors. In many cases, a local banking rela­
tionship led to another source of funds if the bank itself was unable to handle the requirement. Since 1959, SBICs have b~en a frequent source. 
Of the eleven SBICs which have been licensed in th,e Twin Ci ties area, 
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five have been affiliated with banks, bank sponsorship rang ·ng from 2.5% 
to 1000 of l'api tal. 

For interim financing, some of the small RlD-based companies i.n the 
Tw n Cities have used more than one outside source of funds. One company, 
whose 1964 sales were between $2 million and $3 million, has used at least 
four different outside sources of i unds for inter!m financing at various 
times--banks, a public stock issue, an SBIC, and a major supplier. 

Growth Financing. In the typical growth pattern of a success ful 
Rli.0-based company, the thirJ major financing stage begins when the com­
pany is in a financial and operating position to successfully issue stock 
to the public. Normally, this posit i on occurs after a company has been 
in existence at least five years, when sales have exceeded $1 million, 
and when there have been some profitable years of operation. 

Some Twin Cities R&u>-based companies, even though they have been in 
a sound enough position to make a public stock offering, have chosen not 
to do so. In most of these cases, this was because of a strong prefer­
ence for maintaining control within the original investing group, and a 
decision to grow from earnings . 

A factor which fast-growing companies do not always take into con­
sideration is that outside financing may be required every two or three 
years. When a public stock issue is used in the early years of growth 
and the stock is selling below the original offering price, it is practi­
cally impossible to go back to the public for add :. tional financing . A 
number of Twin Cities R&u>-hased companies that raised capital prematurely 
by public underwritings in the 1958-1962 period experienced difficulties 
in obtaining needed additional funds. Consequently, some companies were 
forced into mergers or bankruptcy. 

Other Twin Ci ties companies found that "going public" was just the 
beginning of a very difficult period. Until the public stock issue, the 
entrepreneurs had relative freedom of action, subject primarily to the 
approval of the initial and interim investors. Yet when these companies 
became partly owned by other individuals, the fortunes of the company 
were followed by the "public" owners, and actions of the entrepreneurs 
were subject to question at stockholder meetings and by mail or telephone. 
When these "public partners" are technically unsophisticated, as most are, 
they often do not realize the need and nature of R&u> expenditures, which 
can be described as "patient money." As a result, their behavior as 
investors has often adversely affected the credit rating of some Twin 
Cities companies. The experiences of the early 1960s, not only in the 
Twin Cities but nationally, illustrate what can happen. The stock prices 
of many technical companies rose during 1960 and 1961 with little rela­
tionship to fundamental values, only to fall in 1962 to levels sicnifi­
cantly below these values. As a consequence, afte~ May 1962, a number 
of technolo1ical companies experienced financing difficulties which would 
have been less critical had their capital stock been evaluated by inves­
tors havin1 experience with technical companies. 
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Some of the sources of financing that have been available to Twin Cities RIJ>-based companies have included: a speciol Twin Cities over­the-counter stock market during the five years between 1957 and 1962; financial assistance sponsored by the Federal government; assistance through merger with another company; and assistance from local banks, insurance companies, and investment companies. 

The "Dollar Stock Market" 

The late 1950s and early 1960s were marked by a great popular inter­est in the issuance aud purchase of the capital stock of RIJ>-based com­panies--the so-called "glamour stocks." With the exception of New York, Los Angeles, and possibly Boston and San Francioco, no metropolitan area in the country had such a rash of new stock issues by technical companies as did thA Twin Cities. 

During the five-year period from mid-1957 to mid-1962, 129 new public stocks valued at over $60 million were is~ued by Minnesota technical com­panies, all but a few located in the Twin Ci ties i.rea. These issnes in­cluded stocks of companies engaged in nondefense Rlr.D and manufacturing, such as chemical and related products. As shown in Table 21, most of these stock issues came to market during 1960 and 1961, and there were practi­cally none after the national collapse of the stock market in May 1962. 

The stock offerings of Twin Cities technical companies during this period had the following characteristics: 

1 . They were local over-the-counter stocks r.ot listed on either the New York or American stock exchanges. (A few subsequently quali­fied for exchange listing.) 

2. Most were initially sold intrastate, and hence were not subject to Securities and Exchange Commission (SEC) registration and review. 

J. Selling prices were usually $1.00 c,r $1.15 per share, the 15 cents representing the commission for selling the stock when an underwriter was used (hence, the expression "dollar stock market"). 

4. The majority of the new issues were quickly over-subscribed or completely sold. 

5. "Instant profits" could be expected if the stocks were not held too long,because of the demand for most of the stocks at the time of issue. 

The Twin Cities over-the-co\U\ter stock market was not confined to offerings by technical companies. During the same five-year period, there were 94 new issues by nont nical companies. For nontechnical company stocks, it was less of a "dollar stock market" than for technical companies. 
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Number 

Year 

1957 
1958 
1959 
1960 
1961 
1962 

Total 

STOCK m·F~IUNGS BY MINNESOTA TECHNICAL COMPANIES 
1957-1962 

of Issues by Offering Price ($) per Share Total Value 
$0- $1 . 16- $ 2.51- Over of Offerings 
$1.15 $2.50 $10 .00 $10.00 Total ($ million) 

l 0 l 4 6 $ 0.8 
3 1 0 0 4 0.5 
6 4 3 4 17 18.9 

22 3 16 2 43 17 .3 
42 2 7 0 51 21. 5 

7 1 0 0 8 1. 7 

81 11 27 10 129 $60.7 

Source: Developed by SRI from stock prospectuses. 

For technical company issues, 63% (81 out of 129) were sold at $1.00 to 
$1.15 per share, whereas for nontechnical ~ssues, only 35% (33 out of 94) 
were sold at that price . 

There are several recorded indica ti.ons of the m,,gni tude of the some­
what unique local over-the-counter market which developed in the Twin 
Ci ties: 

1. During the five-year period from fiscal 1957-58 through 1961-62, 
the Se .urities Division of the Minnesota D~partment of Commerce, 
with a total staff of nine or less, collected a total of $860,933 
in registration and other fees, and expended only $305,097. Be­
cause of the volume of new issues and limited personnel, the 
approval of new stock issues during much of the 1957-62 period be­
came practically automatic. Detailed by year, total fees col­
lected and expenditures of the Minnesota State fecurities Divi­
sio11. (in thounnds of dollar■) were: 

Total Fees Expendi- No. on 
Fiscal Year Collected tures Staff 

1957-58 $103.2 $53.9 8 
1958-59 133.3 58.8 8 
1959-60 149.5 59.5 9 
1960-61 238.2 65.5 9 
1961-62 236.8 67.6 9 
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2. Intere~t run so hi~h that the region hr d its own stock market 
publication (a monthly magazine called The Upper Midwest Inves­
tor--laler renamed Mid-American Investor), which was published 
from Apr·il 1961 through December 1963. 

3. The increase in the formation of companies and new stock issues 
in the Twin Cities was responsible for the establishment of at 
least . ix new brokerage firms--a 20% increase. All of the new 
brokerage organization~ concentrated at that time on low-priced, 
unlisted, local issues. One of them had more than 30 employees . 
Some of the r.e firms are still functioning, and at least one of 
them no~ specializes in high grade securities. 

4. The Twin Cities over-the-counter securities market was con­
sidered sufficiently newsworthy in the early 1860s to be the 
subject for a two-hour NBC-'fV "Today" program. 11'1 addition to 
coverage by Twin Ci ties and other Minnesota newspl'.perb, articles 
on the Twin C:iti.es over-the-counter stock market were published 
in The Detroit News and Bus iness Week magazine. 

Causes of the "Dollar Stock Market." What brought about this largti 
local over-the-counter market in the Twin Cities? In addition to the 
general nattonwide appeal for technological ''glamou~• stocks during the 
late 1950s and early 1960s, there were particular Twin Cities develop­
ments which accelerated the local situatior. 

Probably the most important factor was the formation of Control Data 
Corporation and the public issue of 600,000 shares of its common stock in 
August 1957. The founders and first employees were "pros" in the computer 
field--some with as much as fifteen years of experience. 

Despite the fact that the founders and first employees had this wealth 
of computer technology background, the Minnesota Securities Division lacked 
experience with this type of venture, and local investment firms were not 
receptive to handling the underwriting. After much effort, the registra­
tion of the stock with the Minr,esota Securities Di vision was accomplished, 
and the stock was sold to around 300 "venturesome" individuals, not through 
an underwriter but by CD employees. 

The success of Control Data's public stock issue is indicated by its 
rise in price from $1 to $10 a share within a year's time. This in itself, 
however, was not enough to cause the flurry of company formations and new 
public stock issues that were to follow. It took another company forma­
tion and a public stock issue this time, not by well-established "pros" 
but by young entrepreneurs who had been at the project engineer and tech­
nical staff level. This second experience (1) convinced the great number 
of "would-be" entrepreneurs and promoters that "if they can do it, so 
can we," and (2) further stimulated the intereli t of investors. 



'l'I c company thu t con fi rmcd ~he succe~s of technical company stock 
issues was l>utu IHspla~, Inc., incorporated in Octobe;· 1~~8 by employees 
of the Univac Uivision of Sperry Rand; and Oatu Display was primarily fi­
n1nced by un offerin~ tif 150,rJO shares o f common stock at $1 a sha~e to 
residents of Minnesota, again without the services of an underwriter. 
Much of this stock was literally sold out of the glove compartments of 
the founders' autos. Dy January 1961, the bid price of the stock was in 
the range of $7.50 to $10.75 per share, and a high of $lJ . i5 per sha•d 
was reached in April of the same year. 

The business of Data Display was the debign, development, and manu­
facture of visual display equipment for comp, .er systems . The company's 
first unit was sold in 1960 to Control Data, which continued to be an 
important customer up to the time it acquired Data Di splay as a wholly 
owned subsidiary in January 1965. 

As indicated previously in this report, a number of the R&d>-baeed 
companies formed during the late 1950s and early 1960s to take advantage 
of the "dollar stock market" subsequently failed . In terms o: the local 
economy, financial losses have been experienced by many of the local pur­
chasers of stock. On the other hand, th€ number of survivin& companies 
has served to broade11 consl.derably the t echnological base of the Twin 
Cities. As a measure of the latter result, 19 of the technical companies 
which were founded in the 1957-1962 period and obtained capital in the 
Twin Ci ties "dollar stock market" now employ a combined total of approxi­
mately 7 ,500 persons in the Twin Cities and generat annual sales of over 
$180 million. 

Effect of the "Dollar Stock Market," What has been the effect of the 
"dollar stock market on the subsequent public financing of Twin Cities 
R&D-based companies? For some time after the May 1962 nationwide market 
slwnp, it was difficult to sell any new over-t~e-counter stock issues in 
Minnesota. As an example, it is reported that it took Jansen Electronics 
Mfg., Inc., from September 1961 until January 1964 to sell out its issue 
of 100,000 shares at $1 a share. 

Beginning in July 1964, the situation began to change, when Fabri­
Tek, Inc., producers of computer memory devices and systems, offered the 
public 100,000 shares at $11.50 a share. The stock was traded at around 
$33 before the end of the year . Subsequently split at 2-1/2 shares for 
one, the stock reached a high of $28.50 (equivalent to $71.25 before the 
split) in 1965. Another company, Aries Corp., which provided data roc­
e11ing services, went "public" in June 1965, offering 50,000 shares at 
$3 a share. The stock more than doubled in price within a few months. 
Aries had originally planned to go "public" in 1962, and was within a 
week of the date of the offering when the market collapsed. The issue 
was cancelled,and Aries lived on its original capital--$100,000 provided 
by the incorporators and another $100,000 from Minnesota Capital Corp., 
a Small Business Investment Company (discussed later in this chapter). 
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On tht1 basis of the Fabri -Tek and Aries experienc -,s, 1 t appears that new techni ~al companies have no difficulty selling s t o~ 1 to the public in Minnesota aR long as they can demons t rate their capabilities. Of spe­cial interest here is the fac t that demonstration of cooabil itie~ is now being made to a financial community which gained considerabl e experience in evaluating te<'hnical companies in the days of t he "dollar stock market." 

Small Business Administration Loans 

The Small Business Adminis t r ation (SBA) was est ;:1, blislied in 1953 to render financial assistance to small businesses by supplying needed credit not otherwi~e avail able on reasonable terms. (See Appendix D for details.) Through 1964, a national total of 40,754 di rect and participation loans, having a value of $2 .4 billion, were approvsd . 

During the five-year period from 1960 through 1964, SBA loans, both direct and participation, to firms in the 'l":Nin Cities area totaled $12.2 million. Of th~s amount, only 6.1i were loans made to technical com­panies . This is considel'~bly below the experience of Twin Cities Small Business Investment Comp,mies (SBICs) for the sam', period (see next sec­tion) . Financ :!. al assist E1nce by Twin Ci ties SBICs to technical companies has acco~ted for approY.imately 25% of their approximately $11 million 1n loans and investments since 1959. 

Total SBA loans to Twin Ci ties Rld>-rbased companies, as indicated by SBA repor t s, were: 

Amount o :1' Loans Year Mo. of Loans ,ithousands of dollars) 

1956 l $ 20 1957 2 200 1958 l 15 1959 1 10 1960 l 100 1961 0 0 
1962 7 539 
1963 3 165 
1964 10 328 

Total 26 $1,377 

lt will be noted that 75~ of the SBA loan• to Twin Citie• technical companiea have been made aince 1962, after the decline of the "dollar atock market." Five of the 26 loan■, totalinc $130,000, h&V6 been direct loan•. Theae have ranced in aize from $10,000 to $6S,OOO and have aver­apd $26,000, The 21 participation loan• totalinc $1,247,000 have ranpd in •ize from $10,000 to $200,000 and have averaced $59,000. SBA partici­pation bai ranced from 80 to 901 and ha• averaced 78J. 
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Small Business Investment Compat i es 

Si11cc 1958, when the Small Busi.ness Investment Act was passed to 
provide for tho establishment of Small Business Investment Companies 
(SBICs), the Twin Cities have had 11 licensed SBICs, and seven wer9 still 
operating on March 31, 1965. Their combined capital and surplus was 
about $6 million, with other reserves (matching funds from the SBA) of 
$3.8 million. Of these total available resources, approximately 70% was 
loaned or committed in J5--a considerable increase over the 44% at 
December 31, 1962 (which paralleled the 43% commitment of total available 
resources of $843 million by 639 active U.S. SBICs in 1962). See Appen­
dix D. 

As shown in Table 22, the Twin Cities shared 13th rank among U.S. 
metropolitan areas• in the total number of SBICs licensed as of December 
31, 1363. Among Midwestern metropolitan areas, only Chicago and Cleve­
land had more SBICs than the Twin Cities. As recently as December 31, 
1963, five of the country's 65 SBICs with capital and surplus in excess 
of $1 million were located in the Twin Cities. Only New York City and 
Chicago had as many of these large SBICs as the Twin Cities. 

In the Twin. Ci ties, commercial banks--and to a lesser extent, fi­
nance and investment companies--have played an important part in the for­
mation and operation of local SBICs . No less than eight of the 11 SBICs 
licensed in the Twin Cities have had either bank or finance and invest­
ment company affiliation or sponsorship . In only three other metropolitan 
areas--New York City, Chicago, and Boston--has the financial community 
been as influential in the establishment of SBICs . 

With one exception, all Twin Ci t1e11 SBICs will inve■ t in nH• bu1i­
ne1ses and bu1ine1ses with growth potential, including MD-baeetl companies. 
One Twin Cities SBIC has had a special interest in companies operating in 
medical and scientitic fields. Another originally intended to invest only 
in electronics and scientifically oriented companies, but later broadened 
its policy to invest in any type of company. 

Of the total financial assista~ce pr~vided by Twin Cities SBICs, 
approximately 30% has been given to 16 companies considered to be tech­
nically oriented (i. r . , having Rid> expenditures greater than 3.4~ of 
sal es, the average fo r all U.S. manufacturing industries). 

As shown in Table 23, Twin Ci ties SBIC transactions do not parallel 
national experience in loans and det;entures, but do panllel national 
experience in capital stock investment (equity financing). There has 
been little differentiation between financial assistance to Twin Cities 
technical companies and assistance to all Twin Cities compa~ies. 

• These are the Standard Metropolitan Statistical Areas (SIISA) designated 
by the U.S. Census Bureau, but for brevity, this report uses "1tandard 
metropolitan area" or simply "metropolitan area." 



Table 22 

NUMBER OF SBIC'S LICENSED 
rn STANDARD METROPOLITAN AREAS 

Standard Metropolitan Areas 

Areas with most SBICs (bJ rank order) 
New York 
San Francisco-C.a~..: land 
Boston• 
Los Angeles-Long Beach* 
Chicago 
Philadel vn~ a 
Oklahoma City 
Dallas 
Wuhington, D.c. 
Cleveland 
Houston 
Tampa-St . Petersburg 
Atl1nta 
Minneapolis-St. Paul 
De·nver• 
Milwaukee 

Selected Midwestern areas 
Columbus 
Detroit 
Indianapolis 
Kansas City 
Cedar Rapids 
Cincinnati 
Madison 
St. Louis 
Qnaha 
Urbana 
Wichita 
Akron 
Ann A.rbor 
Dayton 
Sioux Falls 
South Bend 

Other areas 
Tucson• 
Orlando• 

• Previously studied by SRI. 

Number 
of SBICs --

105 
53 
42 
32 
23 
22 
21 
20 
19 
12 
11 
11 
10 
10 
8 
8 

5 
5 
4 
4 
2 
2 
2 
2 
1 
1 
1 
0 
0 
0 
0 
0 

1 
1 

Source: The SBIC National Director, 1963, and 1964 
SuppleMnt. 
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Table 23 

PROPORTION OF SBIC FINANCIAL ASSISTANCE-­
TWIN CITIES AND UNITED SfATES 

Percent of Dollar Value of SBIC Financing 
Twin Cities Twi n Cities U.S . 

Fonn of As sistance Technical Companies All Companies All Companies 

Loans 
Debentures 
Capital stock 

Total 

So urce: Appendix Table D-3 . 

10% 
76 
14 

100% 

ll% 
76 
13 

100% 

38% 
51 
a 

Most capital supplied by Twin Cities SBICs has been for periods 
ranging from five to ten years. The size of loans and investments made 
to all companies has ranged from $11,000 to $500,000, compared with a 
range of $15,000 to $380,000 for financial assistance to technical com­
panies. The average loan by Twin Cities SBICs to all companies has been 
$63,000, which is the same as the average for SBICs nationally. Based 
on a very limited sample, loans by Twin Cities SBICs to technical com­
panies have averaged $79,000. The average equity investment by Twin 
Cities SBICs has been $103,000 for all con1panies and $94,000 for techni­
cal companies. These figures compare with a national SBIC average of 
$146,000. The maximum legal financial commitment for Twin Cities SBICs 
ranges from $60,000 Cm of minimum capital of $300,000) to $500,000 . 
There is only one known investment of $500,000 by a Twin Cities SBIC, 
and this was to a nontechnical company. 

Twin Citie1 SBIC interest rate• for technical companies have been 
6-So/o, considerably lower than those obtained by all U.S. SBIC1 (Appen­
dix D). 

The extent of financial assistance to technical companies by Twin 
Cities SBICs has been influenced con~iderably by the fact that during 
the early 1960s, small technical compani~s in the area had little diffi­
culty in obtaining equity capital in the "dollar stock market." After 
the precipitous drop in the stock ma1ket in May 1962, the decline in the 
demand for stocks of technical companies was paralleled by a decline in 
the number of technical companies seeking financial essistance. In recent 
years, however, technical companies have shown increased interest in 
obtaining financial assistance from Twin Cities SBICs. Also, one SBIC 
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official stated that SBICs are more interested in these companies: "Tech­
nical companies today seeking SBIC financial assistance have more sub­
stance today than they did during the early 19601," 

The experience of Twin Cities SBICs with financi~l assistance to 
technical companies has been varied. The results have rRnged from com­
plete failure of companies to highly successful operations. Executives 
of some of the Twin Cities SBICs indicate that with no other type of com­
pany have they taken such a degree of risk as they have wi th technical 
companies. Although there have been occasional spectacular successes, 
Twin Cities SBIC experience with technical companies, as a whole, has 
not been as favorable as with other types of companies. However, SBIC 
executives believe that their experience with technical companies will 
improve. 

Mergers 

A significant source of financing for Twin Cities RIJ>-based ·compa­
nies has been the larger company interested in acqui.ring talented indi­
viduals or acquiring products with a growth potential through merger. 
Merger with a larger company is not usually advantageous to the RIJ>-based 
company in the early st3ges of growth, because at that time the smaller 
company is normally not : n a position to negotiate from strength. How­
ever, resistance t merger (or acquisition) wea~ens if the small company 
seeking capitel for survival or expansion has been unsuccessful in ob­
taining the necessary financing . The second or third time around for 
interim financing has set the stage for many of the mergers of Twin 
Cities R&d>-based companies. In some cases, the high cost of continuous 
technical product development was responsible for merger. As shown in 
Table 24, at least 35 Twin Cities technical companies have been merged 
or have sold a substantial block of their capital stock to other firms. 
In some cases, particularly since 1960, there is evidence that the choice 
was between merger and dissolution. 

Local Banks, Insurance Companies, and Other Institutional Investors 

The principal type of financial assistance rendered by the Twin 
Cities banks to local RIJ>-based industry has been loans for working 
capital. Interviews with officers of eight Twin Cities technological 
companies formed since 1952, having annual sales ranging from $200,000 
to $16 million, indicated no particular difficulty in obtaining commer­
cial bank financing for working capital requirements. 

The capital needs of some Twin Cities RIJ>-based companies were 
financed by equipment and building loans from commercial banks and in­
surance comp\nies. Generally, maturities under 7 years were required 
for such loans by commercial banks, and under 12 to 15 years for term 
loans by life insurance companies. To accommodate smaller companies, 
the minim\DD commitment level of at lea~t one Twin Cities life insurance 
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company w:is reduced from $::!50,000 to $100,000 . Most of this type of 
lending has been mortgage lending. One o f the Twin Cities insurance 
companies established a commercial and industrial l oan department whose 
primary function has been to ass ist small and medium size companies by 
making loans which are not secured primarily by the pledge of real prop­
erty. In general, loans of less t han $100,000 are precluded because of 
the cos t of inves tigating and se~vicing. 

A combination of borrowing from both banks and life insurance compa­
nies has been used by some Twin Cities R&D-based companies . Thus, under 
a plant construction program , t he bank carries a construction loan for 
about two years, and then an insurance company mortgage loan, or sale and 
lease-back, i s applied . 

The amount of investment in local technical coinpanies by Twin Cities 
insurance companies has been limited . Of the 75 insurance companies in 
the Twin Cities, the Nor t hwest National Life Insurance Company is reported 
to have had one of the more aggressive programs. 

At the beginning of 1965, six organizations in the Twin Cities were 
sponsoring mutual funds: General Securities, Inc.; Imperial Financial 
Services, Inc.; Invested Dollars Fund, Inc.; lnvt"stors Group Funds; 
Liberty Fund; and Mairs and Power Funds. The largest of these, and also 
the largest in the world, is the Investors Group Fund with total net 
assets of $4 .6 billion at the beginning of 1965. 

During the "dollar stock market" period, some investment companies 
were formed in the Twin Cities to invest in scienti f ic and technological 
"growth" compani es. Two of the n:ore familiar inves tment companies were 
the Midwest Technical Developm~nt Corporat1on and Search Investments Cor­
poration . Appendix D presents addi tional f i nancial information. 

The Role of the Entrepreneur 

The community with a defense R&J> complex is differentiated from other 
areas by its large number and variety of enterprises that have a demon­
strable capability for performing or supporting defense Rid>. This diver­
sity provides the basis for the defense R&J>, and for the complex's rela­
tive efficiencies and its consequent ability to m·.rture and attract 
additional resources, thus continuing its relative advantage. The diver­
sity also provides the resilience shown by a complex in the face of market 
changes. Therefore, an understanding of how a defense R&J> • ,omplex develops 
must consider the manner in which the number of r~levant enterprises within 
the area is increased--particularly the enterprises that are most likely 
to add to the development and growth process . 

The number of relevant enterpri1e1 in an area is increased by: 
(1) formation of new companies and formation of new divisions of exi 1ting 
companies, (2) in-migration of ent~rprises from other area1, and (3) con­
version of other kinds of local enterprises to defense RllD. Item (1) ii 
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of ~reatest interest here, since it appears to be the way in which the growth of a defense Rid> complex might be most positively affected. 

Entrepreneurship and Twin Cities Defense R&D Base 

The development of the Twin Cities defense R&D industry base has roots that,in some cases, go back to the 19th century (see Appendix B) . Throughout its development, the Twin Cities industry has been marked by entrepreneurs, entrepreneurship , and new company formation. Since World War II, at least 135 companies have been formed in the local industry, of which over 111 were still operating (in one form or another) in late 1965. 

Unlike other communities with a defense R&D industry, the Twin Cities have contained very few relevant establishments which were begun by an in-migr~nt division of an outside company. Although there are divisions of non-Minnesota companies in the Twin Citier today, they are primarily the results of the acquisition or merger of a locally estab­lished company by a non-Minnesota corporation. With the notable excep­tion of the men who formed Engineering Research Associates and its later offshoots, the Twin Cities industry has been primarily founded by men raised or educated in the local region. 

The majority of the entrepreneurs who formed companies in the local industry can be consider9d t o be R~oriented or technically oriented entrepreneurs, because they were men who had been trained as engineers or technicians and had usually worked in high technology companies. There is also some evidence of the influence of a small group of finan­cial entrepreneurs who assumed the initiative in forming technical compa­nies to take advantage of the "dollar stock market" of the late 1950s and early 1960s. 

Conditions Associated with Twin Cities Technical Company Formations 

From interviews with company principals and other key local figures, and from historical data, it was possible to identify a number of factors or conditions that, alone or in combination, were associated in some way with the formation and early survival of companies in the Twin Ci ties defense Rid) industry. 

First, in every case of a company formation studied, there appeared to be one individual who, more than the others, had been the chief initi­ator in launching the process by which the company was finally formed. Many of these individuals had long had the intention of going into busi­ness . 

Second, there appeared to be a pre-formation period in which some combination of "pulls" and "pushes," or positive and negative conditions, operated to make the company founder or founders "mol'e ready" for the 
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decisive action. For example, in the post-World War II period of forma­tion of many co~panies, the easy initial financing provided by the local "dollar stock market" (1959-61) was a strong "pull . 11 Another positive pull was the guaranteed initial market for some companies--an RIJ> con­tract, or an order for a service or product . 0n the other hand, negative "push" appeared as a precondition more often t han positive pull in the cases studied. The type of push most often identifie in the company formations was some form of ,xter11al threat--the threat of a cutback in business or personnel of the organization in which the potential entre­preneurs were employed; or the threat of arbitrary or unpopular decisions by an absentee management. 

Third, certain kinds of environments and or~anizations appeared to be more highly associated with subsequent compaPy fo mations than others. For example, four companies were formed by personnel from the university of Minnesota Aeronautical Laboratory; and several companies were formed from Engineering Research Associates. See the previous discussion of spin-offs. 

Fourth, there appeared to be a conditioning psychological factor: the perception by the entrepreneur of the credibility of forming his own company. This feeling of confidence appears to depend on the entrepre­neur's observation or knowledge of other entrepreneurs who have formed companies. 

The Entrepreneur and Company Formation 

In summary, on the basis of the data obtained on entrepreneurs and Twin Cities company formation, it appears that the fcnnation of a techni­cal company, as an idea, may take many months to gestate, but the actual company formation is usually a "triggered" act. It may be triggered by a single major event, or it may, like a capacitor, build up a charge that j triggered by minor events. 

Aside from the actual financial and technical barriers of entry into a given business field, there is often a perceptual barrier facing the would-be entrepreneur that must be overcome before the company forma­tion will actually be undertaken. 

The entrepreneur is a man in whom there is the desire and intent to start a company. This intent is strengthen d by both positive and nega­tive events, including threats to job security or social position, frus­trations on the job, encouragement by example, encouragement by colleagues and potential backers, and particularly, the lessening of financial risk in the form of available low-cost financing. 

As various events occur--that strengthen the individual's drive to start a company, that diminish the perceptual barrier to credibility, that overcome the actual economic barriers to the formation of a company--the potential for company formation increases w1til the act is triggered. 
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Combinations of these factors can be found in the formation of almost 
nll of the technical company formations studied in the Twin Ci ties. In 
some cases, the "dollar stock market" diminished the actual economic bar­
rier and acted as a positive pull on the potential entrepreneur who al­
ready had the intention of forming a com~,any "sometime." The tri ggering 
act occasionally was n difference of opinion between an engineer and man­
agement over the potential of a new product design, or the cajoling argu­
ments of an entrepreneur-minded stock underwriter, or the threat of clos ing 
down an organization. In other cases, the observation of former associ­
ates, "no more qualified than yourself," succeeding in a new company made 
the company formation act quite credible. When combined with a negative 
push resulting from a job situation, the offer of a contract or an order 
became the triggering event. 

The Role of the Local University 

In the development of local defense R&D industry, universities have 
been called on to serve in many ways: 

l. To perform defense R&D. In this case, they provide part of the 
local defense R&D capability--sometimes even the major part. 

2. To supply engineers and scientists as a basic input to the 
technical capabilities of the R&D industry. 

3. To provide continuing education, which updates and upgrades 
technical capabilities and also attracts technical-professional 
personnel to the local defense R&D workforce. 

4. To provide advice, consultatio~, and technical services. 

5. To function as sources of new R&D companies, and as a means 
for attracting R&D companies into an area. 

For the Twin Cities study, the University of Minnesota is the sub­
ject of the following analysis, because in relation to the 30 other 
institutions of higher learning in Minnesota, the University of Minne­
sota, for the period 1961-62: 

1. Was the only one producing Ph .D . 's. 

2. Produced over two-thirds of the master's degrees. 

3. Was the only one producinr engineers at all three degree levels. 

4. Produced 47 of the 133 bachelors of physics. 

5. Produced 20 out of 21 master's degrees in physics. 

6. Produced the only degrees in statistics, all Ph.D.'s, although 
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17 institutions produced bachelor's degrees in mathematics. 

7. Produced 23 of the 26 master's degrees in mathematic•. 

Performance of Defense R&D 

During the period 1940-1965, sponsored research performed by the 
University of Minnesota increased from less than $1 million to $2~ mil­
lion. This compares with a national growth in sponsored research in 
universities from approximately $50 million in 1940 to $1.8 billion in 
1965.* Sponsor~hip of the $28 million of research at the University of 
Minnesota in fiscal year 1964-1965 was: 

Sponsor 

Defense agencies 
U.S . Public Health Service 
National Science Foundation 
NASA 
AEC 
U.S. Office of Education 

Total federal agencies 

Foundations 
Business and industry 
Individuals and others 
Endowments 

Total nonfederal agencies 

Percent 1964-65 Research Expenditures 

10.C% 
54.6 
13.5 

5.5 
5,2 
2.1 

4.9 
2.0 
1.6 
0.6 

90.9% 

9.1~ 

100.°' 

The 90.9% of 1964-65 federally sponsored research at the University 

of Minnesota compares with an average of 68i federally sponsored research 
at 164 colleges and universities reported in the 1966 survey of Indus­
trial Research magazine.t In recent years, the University's research for 
defense agencies has annually involved about 100 senior researchers, in 
addition to graduate students and supporting personnel. Table 25 compar·os 

Minnesota with other states in terms of defense R&D prime contract awards 
t c, schools. 

• National Science Foundation. 
t Danilov, Victor s . ,"The Academic Marketplace," Industrial Research, 

April 1966. 
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Table 25 

Rid> DEFENSE PRIME CONTRACT AWARDS TO SCHOOLS IN TOP 20 STATES 
1961 and 1965 

(Millions of Dollars) 

1961 1965 5-lear Total i of % of i of Statft Amount Total Amount Total Amount Total 

llaHachuse'tt1 $119. 36 .6% $134 .9 36 .5% $ 636 . 0 34.1% Maryland 45 .8 14.0 51. 2 13 .8 274.5 14.7 California 38.5 11.8 29 .3 7 .9 214.0 11.5 New York 25 .3 7.8 29 .3 7 .9 151.4 8.1 Illinois 18.8 5.8 14.0 3.8 110.2 5.9 Michigan 14.2 4.4 16 .2 4.4 70.9 3.8 Penn1ylvania 9.5 2.9 18.2 4 .9 65 .2 3.5 Ohio 7. 2 2.2 6.5 1.8 37.9 2.0 Washington, D.C. 4.2 1.3 10.l 2.7 36.4 2.0 Texa1 4.4 1.3 6.3 1.7 27.2 1.5 Nw JerNy 5.5 1.7 5.9 1.6 24.l 1.3 Colorado 2 .9 0 .9 5.4 1 . 5 23.4 1 .3 Wa1hington 3.5 1 .1 4 .4 1.2 19.7 1.1 Rhode Ialand 4.7 1.4 3 . 1 0.8 17.5 0.9 North Carolina 1.4 0.4 3.3 0 .9 17.4 0.9 New Mexico 2 .6 0.8 3.6 1 . 0 17.l 0.9 Indiana 1. 9 0.6 2.5 0.7 14.3 0.8 Florida 2 .3 0.7 3.0. 0.8. 12.8 0.7 IIINNBS<71'A 2.4 0.7 1.8 0.5 10.0 0.5 Utah 1.2 0. 4 2.1 0.6 9.2 0.5 -
Subtotal $315.7 97 .l~ $351.l 95.°" $1,789.2 96.0% 
Total for all 
:;chools 326 .3 100.0 369.9 100.0 1,866.2 100.0 

• Minne1ota replaced by Wisconsin ($2.2 million and 0.6%) in top O for 1965. 

Source: Appendix Table D-5. 
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Approximutely on -third of the University of Minnesota's $28 mil-· 
lion of research for he academic year 1964-65 was for work by its Insti­
tute of Technology. The Institute's research volume has grown from 
$46,000 in 1940-41 to $7.4 million in 1963-64, with about 88% sponsored 
by the federa ~ government. 

The University as a Source of E/ S's 

Relevant technical professionals are broadly defined here as engi­
neers, physicists, mathematicians, and statisticians. From Table 9 
(Chapter III) and data in previous studies, the following comparison is 
made for three defense R&D establishments, in terms of percent of E/ S's 
holding degrees in engineering, or degrees in engineering, physics, mathe­
matics, or statistics. 

Defense R&D 
Establishment 

Twin Cities 
Los Angeles 
Boston 

% E/ S' s with 
Degrees in Eng . 

66.6% 
67.4 
61.3 

% E/ S's with Degrees in 
Eng., Phys., Math., or Stat. 

86.7% 
82.0 
80.6 

In the 1962-63 school year, w1ivarsities anti colleges in Minnesota 
accounted for 1.7% of the 54,264 bachelor's degrees conferred nationally 
in the relevant fields, 1.1% of the relevant master's degrees, and 1.8% 
of the relevant doctorates. For the six academic years 1960 through 1965, 
the University of Minnesota's Institute of Technology conferred a total 
of 2,419 bachelor's degrees. Of those departments particularly related to 
nigh technology industry, the University of Minnesota has produced the 
following percentages of U.S. bachelor's degrees: aeronautical engineer­
ing l . 7o/oi chemical engineering l,1%i electrical engineering l.1%i metal­
lurgy and mining engineering l,0%i mechanical and industrial engineering 
0,9%i physics 0.5%; and chemistry 0.3% . 

From the experience of the past five years, it appears that Twin 
Cities industries absorb about 100 engineering and science bachelor de­
gree graduates aMually from the University of Minnesota, out of about 
400 annual graduates in these fields. As can be seen in Table 26, since 
1960, establishments in nine states account for over 85% of the "first 
job" hiring of University of. Minnesota technology bachelor degree gradu­
ates. Over two-thirds of the University of Minnesota technoloey bachelor 
degree graduates remain in the Midwest for their first job. From the 
data in Table 26, the following observations are ~ert i nent: 

1 . The proportion of University of Minnesota technolocy bachelor 
degree graduates taking positions in California vari•• con­
siderably. From 1960 throuch 1963, the percentage of craduates 
accepting positions with Cklifornia establishments incr~a■ed 
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Year 

1960 
1961 
1962 
1963 
1964 
1965 

from 6.1% to 22.3% of lhe total. In 1964 and 1965, the out­
migration to California decreased cons iderably--to 7 . 6% and 
9.0% of the total. 

2. Since 1960, the percentage o f gradua t es rema i ning in the Mid­
west on lheir first pos ition has ranged from 60 . 1% in 1961 to 
74. 7', in 1960. 

3. Only in 1965 did the nine states of Minneso t a , California, 
Wisconsin, New York, Washington, Illinois, Ohio, Iowa, and 
Mi chigan account for less than approximately 85% of the Uni ­
versity of Minnesota technology bachelor degree graduates ac­
cepting full-time positions. The "space center" states of 
Texas, Alabama, and Florida have increased their percentage 
"take" from nothing in 1962 to 3. 4% of the total in 1965 . Also 
showing increases in recent years have been the Northeastern 
states of New Jersey, Massachusetts, and Connecticut. Combined, 
these states show an increase from 0.8% of the total in 1963 to 
4.3% in 1965. 

Table 26 

LOCATION OF FIRST JOB OF UNIVERSITY OF MINNESOTA 
INSTIT111'E OF TECHNOLOGY BACHELOR DEGREE GRADUATES 

1960-1965 
(Percent of Total) 

All Oth.ar 
Minn. Calif . Wisc. N.Y . Wash. Ill. Ohio Iowa Mich. Locations 

51. 2 6.8 6.1 6.1 1.4 2 . 7 4.4 3.8 2.7 14.8 
43.1 13.3 5,5 5.0 7.8 4.6 3.7 0.9 0.9 15.2 
52.1 16.6 6 . 6 3 .1 3.9 1.9 3.1 1. 9 1 . 5 9.3 
45.1 22.3 3.9 3.4 2.6 3.4 0.9 3.4 1.3 13 . 7 
54.6 7.6 5 . 2 4.1 2.9 2.3 2.9 4.1 1. 7 14.6 
45.1 9.0 3.9 3.0 6.4 4.3 3.9 1.3 4.3 18 .8 

Weighted 
Average 48,5 12.6 5 .3 4.2 4.0 3.2 3.2 2 . 6 2.1 

Source: University of Minnesota . 

The University as a Source of Continuing Education 

In response to the needs of local in_dustry, the University of 
Minnesota has established a number of programs and seminars in both 
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technical and management subjects: evening graduate programs in electri­
cal engineering and business administration ; engineering-technician cer­
tificate programs; technology seminars; correspondence courses; and other 
Extension Division evening and special classes. 

Evening Graduate Programs. These programs enable employees of tech­
nical companies to complete the requirements for a master's degree in 
electrical engineering or business administration in three years by attend­
ing evening classes. Over the years 1960-65, 382 students were enrolled 
in the electrical engineering classes, and 477 in the business adminis­
tration classes. Of the business students, two-thirds of those enrolled 
for 1964-65 had engineering or science undergraduate bachelor's degrees. 

Engineering-Technician Certificate Programs. The current Engineering 
Science and Technician Certificate Programs, established in 1959, are an 
outgrowth of similar programs originating in 1923. The present programs, 
following · meetings of industrial and academic representatives, have been 
designed particularly for the part-time student who has the ability to 
carry college-level courses leading to a career at either the professional 
engineer or the engineering technician level. Although certificates are 
granted by the Ge~eral Extension Division, bachelor's degrees in engineer­
ing are granted only by the Institute of Technology. 

Course work in the Basic Engineering Science Certificate Program is 
the same as requ ed for first year engineering students in the Institute 
of Technology. All courses in the Basic and the Senior Engineering Sci­
ence Certificate Programs carry degree credit and are transferable to the 
Institute of T~chnology when admission requirements are satisfied. Most 
of the classes in the four Senior Engineering Technician Certificate Pro­
grams also carry degree credits and are t ransferable. As of 1966, the 
total enrollment in these programs was 472. 

Seminars. In the summer of 1965, the Institute of Technology and 
the Center for Continuation Study of the University of Minnesota pre­
sented a series of one-day and two-day semina r s on engineering and sci­
entific topics, which are listed in Appendix 

Other Courses . The General Extension Division of the University 
also offers evening degree-credit classes in engineering and the physi­
cal and technical sciences. In 1964-65, 51 undergraduate and 18 graduate 
courses were offered. 

To determine the extent to which employees of Twin Cities technical 
companies participated in this program, 22 undergraduate and 14 graduate 
courses offered during 1964-65 were analyzed. For the undergraduate 
courses, there were 600 registrations, with 507 (85%) completing the 
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,·out·sc. Fol' the 11 ~ruduate courses, there were 760 registrations, with 6Ml (HO ,o) completing the course . Twin Cities technical companies supplied 6l~r of the rei;ist1•ations in the undergraduate courses, and 60% of the regi s ­trations in the graduute courses. Five well-known C<>mpanies also supplied evcnin~ instructors during 1964-65. or the ::!::! undeq ~raduate courses ana­lyzed, 12 had industry in tructors, and of the 14 graduate courses analyzed , two had industry instructor . 

The University as a Source of Advice, Consultation, and Services 

Consulting Services. Fr m 1959 to 1965, 211 Insti t ute of Technology faculty consulting agreements were approved by the University Board of Regent . The number of such agreements made annually has increased from 22 approved in 1959 to 46 in 1964. Of the total, 84 agreements were made with Twin Cities establishments and 127 with establishments located else­where . Approximately 60% o f the agreements were with establishments having substantial partici Jation in defense, space,or atomic energy activi­ties. Department with the largest number of consulting agreements during the six- year periLLI re electrical engineering 49, physics 38, and mechan­ical n ineering 36. 

C s ting agreements were made with the following types of estab­lishments: 

Type of Establishment 

Companies 
Twin Cities 
Other locations 

Government agencies 
Defense, space, and atomic 
Other 

Schools 
Government-funded laboratories 
Other 

Other nonprofit organizations 

Total 

No. of 
Establi hment 

31 
51 

9 
7 

4 
3 

4 

109 

No . of Consulting 
Agreements 

77 
87 

12 
12 

15 
3 

5 

211 

The foregoing summary indicates that several of the establishments had more than one agreement with the University faculty. In many cases, the agreement was renewed on a year-to-year basis. 
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Membership on Company Boards of Directors. University of Minnesota 
faculty (re permitted to serve on company boards of directors with the 
~pproval of the Board of Regents . A review of 69 stock prospectuses of 
Twin Cities technical companies and Board of Regents minutes of meetings 
since 1959 indicates that there have been at leas t 18 University of Minne­
sota faculty members on the boards of directors of Twin Cities technical 
companies during that period . The following University departments have 
been represented: 

University of Minnesota Department 

School of Medicine 
Chemistry 
Electrical Eng . 
Chemical Eng. 
Mechanical Eng . 
Rosemount Aeronautical Laboratory 
Physics 
Ins titute of Technology Administration 

Faculty Members on 
Twin Cities Company 
Boards of Directors 

1959-65 

9 
2 
2 
1 
1 
1 
1 
l 

18 

Company Use of University Facilities and Services. The University 
of Minnesota provides a variety of facilities and services which are 
available to outsi e companies . These are in addition to library facili­
ties which are used by a number of the Twin Cities companies interviewed. 

The University's Numerical :,na ysis Center was established in 1958. 
Its principal computing equipment consists of three Control Data Corpo­
ration units: a model 1604 computer system with 32K words of memory, a 
model 160 computer, and a model 8090 computer . Peripheral equipment for 
these computers includes: 12 magnetic tape handlers, two high speed card 
readers, a high speed line printer, two digital plotters, and paper tape 
reader and punch. The Center has also designed and built a linkage sys­
tem between the 8090 computer and its Reeves Electronic Analog computer, 
permitting analog inputs to the digital computer under digital control . 
During 1966, the Center will acquire a Control Data 6600 computer and a 
much more ophisticated combined analog and digital computer system which 
will link a modern solid state analog computer to a control computer such 
as the Control Data 1700 . The Center is also considering the possibility 
of extending this "hybrid" system to permit tying in a number of remotely 
located engineering laboratories on a time-shared basis. 

According to its Di rector, the Nurn rical An alysis Center of the 
University o Minnesota makes its equipment availabl e to companies on a 
fee basis, provided that such usage doe not interfere with the educa­
t ional and re earch pr grams of the University . The fee charged covers 
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tltt.' 1·t.•11tnl or the c•q11ip111ent ancl the serv ices or<.linurily rendered by m:H'hine operators and ::;imi la1· pon;onnel . 

Sine the establishment oJ the Center, u ·age hy companies is indi­cated b~· the following yearly chu1·g-e ·: 

Companies Total 
Year Se rved Charges 

1958-59 1 $ 2,400 
1959-60 1 5,359 
1960-61 4 1,710 
1961-62 1 269 
1962-63 2 1,472 
1963-64 3 431 
1964-65 1 193 

Total $11,834 

Contributing to the low outside usage of the University's Numerical Ana­lysis Center facilities has been the existence of one or more local com­mercial computer service bureaus si nce 1959 . 

University of Minnesota laboratory facilities are available on a fee basis, provided such services are not in competition with private i ndustry . The usage of the University's laboratory facilities by local companies has more than double since the academic year 1959-60 , ba sed on a sample of ten of the larger Twin Cities defense R&D contractors. Despite this increase, total usage of University laboratory facilities by local companies was less than $60,000 for the academic year 1964-65 . Two compani es accounted for over $50,000 of this total . 

With the help of a $100,000 appropriation from NASA and $30,000 from seven Minnesota companies, the University of Minnesota established a Technical Utilization Program during 1965. Twin Cities companies parti­cipating in underwriting t he program i nclude Control Data Corporation; Fabri-Tek, Inc.; Honeywell, Ir.c.; Applied Science Divi sion of Litton Industries, Inc.; Minneso t a Mining and Manufacturin g Company; the Univac Division of Sperry Rand Corporation; and the Rochester (Minnesota) plant of IBM Corporation. 

The objective of the Technical Uti lization Program is to facilitate the flow to i ndustry of information about the results of research proj­ects 0eing carried on at the University of Minnesota. The new program is related to a $3 . 5 million NASA grant for a Space Sciences Research Center at the University . NASA stipula ted that data and results from such space re sea rch be used to help stimulate the economy. The Technical Utiliza­tion Program is an extension of this requirement to include all types of research carried on by the University of Minnesota. 
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V SPECULATIONS ON FACTORS RELATED TO 
THE DEVELOPMENT OF A DE.1/' ENSE R&D COMPLEX 

The data that Juve been obtai d in thi s and previous studies are reexamined in t hi s chapter for insi 1 .it into the central questions of this study : 

How does a defense R&D complex devel op? 

Why has not a large r defe nse R&D indust r y dev Jl ope d in the Midwest, considering its industrial and educational capabilities? 

This reexamination compares the Twin Cities with communities having both greater and less defense R&D capability, in order to identify proc­esses that may be related to the transformation of a community into a full R&D complex. The results of this comparison are used as the basis for speculative answers to the two central questions. 

Characteristics of a Defense R ~;D Complex 

The major defense R&D canpl xes are characterized by: 

1. A relatively large and diverse defense R&D capability 

2. Economies of scale which provide competitive advantages 

3. A resi lience and regenerative ability enabling the complex to att~act existing capabilities or to grow new capabilities, thus r enewing and strengthening the local industry's ability to per­form defense R&D, despite cutbacks in the overall market demand or shifts in defense technology. 

These characteristics are highly interrelated and are useful for ranking communities as defense R&D industrial centers. Such a ranking will show a progression from communities with no defense R&D industry , to those dominated by one major defense R&D establishment, to the poten­tial complex, and finally to the major defense R&D complex. Of the com­munities examined in this series of studies, Tucson, Orlando, and Denve r would rank as communities dominated by one establishment; Los Angeles and Bos ton as full complexes; and the Twin Cities as a potential complex. 

The three interrelated characteristics of a major defense R&D com­plex are also useful in identifying svme dimensions or yardsticks that can be applied in measuring the progress of a community from a condition of "zero" defense R&D industry to that of possessing a defense R&D comp ' ex. 
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Tl~sc din,cnsi 011s i nc ludc: 

l. Size and ~rowth in size us measured l>y : total de f e nse R&D dol­
lars rece ived ; pcrcunt uJ nati cnal defense R&D dollars re ce ived ; 
and s ize 11J the de fen se H&D workJ ur ce , 

2. Breadth :.111ct dive r s it y as mea s ure d by: t he amoun t of work done 
in each of t he s ix R&D ca t e gories ; t h• va rie ty of t e chnol ogies 
r c prcsc nt t• d ; t !lc s pectrum of s pec i a lties in t he tec hni cal work­
f or<.:e; und t he var ie ty of supportin g i ndu s tries . 

3 . The demonst ra te d a bilit y to attract subcontracts, worke 1 s, a nd 
companies fnun other <.:ommuni ti es . 

~. The abili ty t o s t a y abreas t of marke t de mand s fo r ne w technol o­
gies, 

5, The regenerative capability evide nce d by the f ormat i on and attrac­
tion of new high tec hnology enterprises, 

ln the followin g di ' cuss i on, the Twin Ci t i es ar e compar d wi th othe r com­
muu i t i es in t e rms of t hese ond i milar characteri st i cs . 

Progress toward a relatively large and dive rse defe nse R&D capability 
can be measured in several ways. The most commonly used me a sure of such 
progress is the increase in total dollars awarded to industry in the com­
munity, or the increased percentage of total defense R&D dollars awarded 
to the community, In Tables 2 and 5 (Chapter III) , i t is see :, that the 
absolute dollars of defense R&D awarded to Twin Ci tie s organizations 
dropped during FY 1963-1965, but that the percentage of total defense R&D 
dollars awarded to the Twin Cities increased somewhat, 

A close examination of the data in Tdble 5 , however , casts doubt upon the value of "dollars " as the most useful growth measure of local defense 
R&D industry, Taken by themselves , such mea sures as ''dollars awarded" and even "percent of total dollars awarded" often mask rather than depict the 
a c tual development of a COIMlunity as a defense R&D complex. A series of 
awa r ds to a single daninant contractor over a period of years can give an 
appearance of local growth that can disappear in one ye ar with the comple ­
tion of a major project. Even for the short period of three years covered 
in Table 5, it is e vident that a dominant local contractor can be the 
so•Jrce of sharp fluctuations in dollars received as the contractor experi­
ences the "projec t piston" effect* that is pert of the project-contract 

* "The project-contract nature of the defense R&D bus L1ess is probably the 
largest single factor affecting the turnover of per~c•nnel, The man­
power demand of a major defense Rlrl> project , particularly the demand for 
professional technical manpower, acts in the manner of a large piston ; 
pul l ing in large numbers on the 'upstroke' and pushing them out on the 
'downstroke. ' " From reference l. 
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nature of defense R&D. In a community with a single dominant establish­
ment, the downstroke of a project piston actuated by the cancellation or 
completion of a major project not only causes lay-offs, but also causes 
out-migration of the technical workforce. Usually, the displaced E/S's 
enter the general migratory streams, never to return. 

A better way to consider growth in local capability is to consid~r 
three nondollar factors simultaneously with relative growth in dollar 
awards--number of prime contractors, degree of nondependence on any sin-
gle contractor, and the total number of local establishments in fields 
relevant to defense R&D (including defense subcontractors as well as many 
NASA and A~C prime and major subcontractors) . Considered in this h1·oader 
framework, the Twin Cities area appears to be progressing in its develop­
ment as a defense R&D complex. During FY 1963-1965, its percentage of 
total U.S. defense R&D awards increased slightly, the number of prime con­
tractors increased, and the percentage of awards to the largest local con­
tractor was of the order found in the Los Angeles and Boston complexes. 
Other Midwest centers that had somewhat similar defense R&D characteristics 
during this period, though receiving les~ total dollars, were Dayton and 
Chicago. The f oregoing suggests that an essential process in the trans­
formation of a cooununity into a defense R&D complex is an increase in the 
number of local prime contractors, with or without a parallel increase in 
the dollars awarded to them, to provide a multiplicity of potential growth 
point s . 

In Table 5, we can see that the existence of a large dominant local 
defe nse R&D contractor does not necessarily result in an increase in the 
number of local prime contractors for defense R&D, even after many years, 
Of t e 20 Midwest centers listed in Table 5, four had only one defense R&D 
prime contractor in l' • 1965, despite the fact that at l~ast two of these 
centers have been in defense R&D work for over two decades. Twelve of the 
20 Midwest centers listed had three or fewer prime contractors in FY 1965, 
and in 10 of the se 12, the largest local contractor received over 75% of 
the dollars awarded to the community's industry. There is also sane evi­
dence from the previous study of Denver, Tucson, and Orlando that the 
presence of even a very large local defense R&D contractor does no nec­
essarily result in the co-location or developnent of local subcontractors. 
In 1963-1964, not one surviving company was found in Denver, Tucson, and 
Orlando that had depended to a great extent on the single large local de­
f ense R&D prime contractor as a customer. These findings support the con­
clusion that the presence of a large locally dominant defense R&D estab­
lishment does not provide the conditions required for an increase in the 
number of local prime contractors. 

Other dimensions of growth in local defense R&D capabilities are evi­
denced in Tables 3 and 4, which provide measures of the depth and diversity 
of the industry in the communities studied. A measure of the depth of the 
industry in a community is found in Table 3, which shows the percentage of 
FY 1965 defense R&D dollars awarded by 00D research category to the con­
tractors in the areas studied. Essentially, the six categories used span 
the spectrum of R&D activities from Research (Category 1) through Opera­
ti onal Systems DeveloJX11ent (Category 5) and Management (Category 6) . 
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A t'l'l'Xa111i1111lion 111' Tnhl'-• 3 shows a decrease in Lhc concentrati on of de­
l'l'IISl' R&l> dullurs awurdcd Lo uny s ingle ca Lt.:H"ory us a community develops 
inLl, a dcJl'nso R&l) l'omplo.'<, and a narrowinH" l'UIIH"C uJ percentages of dol­
lurs awarded Lu all ·uLcgurics . The largesL si ngl e percentage of dollars 
uwurdcd LL' a single ll&D cuLe~ory in FY 1965 wa s 83. lflo and 73. 7% for Or­
lando and Denver. droppi ng Lo 40.3% fo r the Twin Citie • and 31.4% and 
32.7% for llostun and Lus An ge l • · . Similarly, in both Orlando and Denver, 
Juur vJ the six R&D cutci;urics uc ·ounted fur less than 10% f the dollars 
awarded , and une cutcgu1·y accounted Jor less than 20%. I n the Twin Ci ties, 
two L'ategories received l ess than 10%, and th1·ee r eceived between 10-21% 
compared with five categories receiving 10-20% in Boston and four cate­
gories receiving lO-:W% in Los Ang l es . 

A measure of the t chnical breadth oJ a community' s defense R&D in­
dust ry is found in Tubl 4 , which shows the distribution of FY 1965 de­
fense R&D dollars awarded to th cont ractor in the ar ea st udied by 00D 
technology code. An exami nation of Tabl e 4 shows t ha t as a community de ­
velops toward a defense R&D complex, the dollars awarded to local cuntcac­
tors become less concentrated in any single held of technology, and t nd 
to spread out over a number of technological fields. Here again, as with 
the previous analysis of the di tribution of dollars by research category, 
it is seen that in FY 1965, awards received by Orlando and Denver contrac­
tors were heavily concentrated in a single t echnol ogy classification, 
95.4% and 94.2%, res pectively, dropping t o 29.9% for the Twin Cities , and 
52.6% and 53.7% for B ston and Los Angel es . The Orlando industry received 
no awards in 20 of the 33 technology codes, and less than 1% of the dollars 
awarded to the area was received for each of 11 of the technology codes. 
In Denver, 12 of the technology codes showed zero awards. In the Twin 
Cities, only three of the technology codes were blank, and Boston and Los 
Angeles each had only one technology code in which no awards were received. 
These results point up another essential process in the tr~nsformation of a 
community into a defense R&O complex--the deepening and broadening of the 
aggregate of its local technical capabilities. Th .~ also suggests that an 
increase in the number of local prime contractors may be an aid in this 
process. A larger number of prime contractors means a larger number of 
managements making technical deci sions from independent viewpoints, thereby 
increasing the probability of achieving technical variety. 

A defense R&.D complex is distinguished by the characteristics of the 
E/ S workforce it is able to attract and retain. Analysis of Tables 8 and 
9 (Chapter III) provides some insights into the differences in E/S charac­
teristics between communities at different stages in their developnent as 
defense R&.D complexes. Denver, Tucson, and Orlando have workforces wi t h 
the lowest percentage of degree-holding E/ S's , and the lowest percentage 
of E/ 's holding advanced degrees. The Twin Cities, a potential compl x, 
have a higher percentage of degreed E/S's than do the Los Angeles and Bos­
ton workforces, but the Twin Cities have a smaller percentage of E/S's 
with advanced degrees. 

The degree composition of the defense R&D industry's E/ S workforce 
is steadily rising over time. The companie~1 in the industry increasingl 
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favor or requ i re advanced degrees, and in general, E/ S's with advanced 
degrees have relative freedom in cho~sing their place of work, given the 
existence or availability of appropriate work. Consequently, the percent­
age of E/ S's with advanced degrees in a community's industry is one indi­
cator of its ability to attract and retain qualified E/ S's and to develop 
as a complex. Younger complexes will show an increasing demand for, and 
supply of, E/ S's with advanced degrees. In the older complex, Los Angele~ 
the workforce contains a relatively larger proportion of older workers 
without advanced degrees or without any ~egree if hired before 1950. Over 
time, however, the percentage of E/ S's with advanced degrees in the Los 
Angeles workforce is increasing rapidly. 

The pull t hat a complex asserts on E/ S's with advanced degrees is in­
dicated by the data on the 2/ S's that have greatest relative freedom of 
choice--E/ S' s with a Ph.D. When the relative age of the Los Angeles com­
plex is taken into account, it is seen that the percentage of E/S 's with a 
Ph.D. in a community ri ses with its progress in developing as a complex. 

In terms of degree specialties, the Twin Cities E/S workforce is more 
highly specialized than that of Boston, which in turn has a workforce that 
is more specialized t han that of Los Angeles. An exam_nation of Table 9 
shows that with time, the Los Angeles and Boston defense R&D industries 
a.re tending to hire te chnical special ties in a way that makes their work­
forces more alike (e.g., over time, Los Angeles companies are hiring a 
higher percentage of electronics engineers; in Boston, this pattern is 
reversed). 

In terms of age characteristics, the Twin Cities E/S workforce is 
similar to that of Boston, an.d both are distinctly younger than the E/S 
workforce in Los Angeles (see Chapter III). Ex-Minnesota E/S's identified 
in the Los Angeles workforce were similarly older, on the average, than 
the Twin Cities E/ S's. These data and the data on degree specialties re­
flect the relative composite age of the defense R&.D industry in Los Angeles 
as compared to Boston and the Twin Cities. The data reflect the heavy con­
centration of the Twin Cities defense R&.D industry in the newer technolo­
gies (such as computers) which necessarily depend upon the more recent and 
younger products of our universities. A similar pattern has been evident 
in the development of the industry in Boston. The relative average age of 
the Twin Cities E/ S's and the increase in hiring point to the increasing 
ability of the local industry to compete for younger E/ S's. 

The foregoing suggests that in the transformation into a defense R&.D 
complex, the defense R&.D industry of a community often (and perhaps nec­
essarily) follows a process in which it: 

1. Specializes in new t echnical fields where there are greater 
chances t o compete successfully and to develop competitive advan­
tages over other well-established complexes. This is reflected by 
a workf orce that is more specialized in new technical fields and 
is younger , on t he average, than the work f orces in the older com­
plexes. 
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I. 

2. Gradually b1·oadens and deepens its scope to indude more of the 
capabilities relevant to its specialized fields and to defense 
IUJ) in l,Cneral. This i s reflected by a workforce with a higher 
percentage of advanced degrees in t he locally developed fields 
of specialization, and by the gradual inclu s ion of a broader 
range of degree specialtie s. Thi s part of the process tend s to 
keep the av~1·age age of the workforce l ow s ince it is still con­
centrated on new technology and newly produ ced advanced degrees. 

3. Gradually achieves a capability to per form , and t o compete for , 
the full spe ctrum of defense R&D against e stablishect complexes. 
The deeper involveme nt of a community' s indu s try in de fe nse R&D 
i s reflec t ed by a workforce that ha s a wide ra nbre f de gree s pe­
cial ties and l eve l s as well as a wide r a nge of defe nse R&D ex­
perience, and an average age that i s c l ose r t o that found in the 
older canplexes. 

A defonse R&D complex is distinguished by t he presence of a relevant workforce that is large enough to supply a large percentage of the local industry requirements under a variety of conditions of demand. One measure of the extent to which a community has developed a relevant workforce of the required magnitude is the percentage of E/ S's that the community's in­dustry hires from outside its home area. A reexamination of Figure l in this report and of Figure 4 in the report on Denver, Tucson, and Orlando1 
shows that: 

1. The annual percentage of salaried workers (mostly E/S's) hired 
from outside their home areas by the sin ~le large establishments 
in Denv r, Tucson, and Orlando remained close to 80% for eight 
years after start-up. Though there is evidence of a very slight 
downtrend in these percentages with time, the data from these 
three communities covered periods during whi ~h they had experi­
enced no major project cutbacks. There is a high likelihood 
(considering the mobility patterns that have been found) that 
the out-of-area hire percentages will remain high, if not in­
crease, when a major cutba~k is followed by an increase in act i v­
ity. 

2. The annual percentage of E/S' s hired from outside the home «rea 
has been constantly rising in the Twin Cities, a pattern ¥1n1. -h 
existed in Boston until the period following 1960, when the pe r ­
centage stayed constant. 

The f oregoing hiring patterns suggest that as a community with sev­eral defense R&D contractors develops as a defense R&D complex: 

1. It outstrips the ability of the local labor pool and institutions 
to supply its needs. 

2. It increasingly depends on other areas as sources of E/S's, until 
the local labor pool is large enough and distributed among enough 
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establi shments that a sudden demand by one local defense R.O es­tablishment can be substantially supplied by the E/S's made avail­able by other local establishments with a slackened demand. 

3, Once condition 2 is achieved, the percentage of imports from other areas and probably other industries tends to reflect the rise and drop in national defense and associated R&D expenditures. 

Here again, the data suggest that the dominating, large, i m~orted es­tablishment does not by itself provide the necessary conditicns for devel­oping the kind of local E/ S pool conducive to the developnent uf a defense R&D complex. The workforce of the large establishment is far large r than the entire local labor supply. ~ny rise and fall in its demand for E/ S's is completely beyond the marginal supply capacities of the local community. 

The extent to which a local defense R&D industry hires inexperienced E/ S's (those that are newly graduated), provides insights into an important aspect of the developnent of a defense R&D complex and the role which local universities might play in it. Measures of this hiring of inexperienced E/S's are provided by (1) the data on the percentage of 'ocal I/S's hired directly fran universit1~s upon completion of their education, and (2) the data on the geographic sources of the university education receivFJ by the E/S in each community workforce. Reexamination of Table 12 in this report and Table lla in reference l shows that nearly 24i of E/S's in the Los Angeles and Boston workforces had been hired directly from universities upon completion of education, nearly 41% of the Twin Cities E/ S's, and less than 8% of the salaried workers (including E/S's) in Den­ver, Tucson, and Orlando. Also, less than 21% of the Los Angeles E/S's had received their university education in California; in Boston, the percentage of local E/ S's that had received their education in Massachu­setts was about 55%; and in the Twin Cities, those with Minnesota educa­t i ons were 35%. 

In the Denve~, Tucson, and Orlando instances, each is dominated by a single large establishment that is a division of a major corporation and therefore somewhat independent of local recruiting mechanisms and salary structures. In each of these cases, an experienced initial cadre and man­agement were imported from other corporation establishments with a major project or projects in-hand. All of these conditions, especially in the first decade of operations, acted to bias hiring of E/S's with some mini­mum of training (i .e. , the demand was for experienced personnel, rather than inexperie c d tew graduates). 

The high percentage of E/ S's coming directly from the university into the Twin Cities workforce , compared with the percentages found in estab­lished complexes , points to the relative inability of potential defense R.O communities to canpete for experienced E/S's. This viewpoint is sup­ported by a reexamination of the average monthly salaries of Twin Cities E/S's compared with those of Los Angeles and Boston E/ S's (see Figure 4), or coapared with those of ex-Minnesota E/S 1 1 in Los Angeles (see Figure 5). These figures show that th~ Twin Citie• salary structure ha• been substan­tially lower than that found in the major complexes. Thoae figure■ alao 
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show, however, that the sulurics for E/ S 's l> 'low Ji y •u,·s oJ' age in tht 
Twin Cities are much closer to , and therefore com).X.!titivc with, those 
found in the complexes. This points t o an incrcusinl-{ ab1l1ty on thE:: part 
of the Twin Cities to compete with the estab li s hed complexe s for E/ S 's , 
nnd provides another indication of the de v l u!lTIClll oi the Twin Cities as 
a complex. 

The foregoing paragraphs suggest that in t h t r ' r,sformation into a 
defense R&J> complex, the defe nse R&D industry of a c mmuni ty generally 
follows a pro~ess in whi ch it: 

1. Initially depends on lower labor costs as one means tu help it 
compete for work in the marketplace . Lower labor costs are made 
possible by (a) a · •orkforce that contains a high percentage of 
E/ S's who we re hired direct ly from unive r sities, and (b) a sa l a r y 
structure that is significantly lower t han t h st ruc ture found in 
the established complexes. 

2, llay initially be aided greatly by the presence of a local univer­
sity as a source of E/ S's who are attached to the local area by 
family and other social ties, and who therefore are attracted 
to local indu t, try despite lower salaries. The aid of the uni­
versity is indicated by the presence in the l ocal workforce of 
a large percentage of E/ S's who have r ece ived their educations 
l cally or within the home region of the community. 

3, Gradually achieves the ability to compete with the established 
complexes for E/ S's newly produced by more remote universities, 
for E/ S's with advanced degrees , and for experienceu E/ S's. 
This increasing competitiveness is evidenced as a diml nishing 
gap between the salaries for younger E/ S's in local industry and 
those in the major complexes, particularly for locally produced 
E/ S's. The inc!'easing competitiveness is also evidenced by an 
increase in the percentage of E/ S 's with advanced degrees, and 
by a dimini s hing percentage of hires coming directly fran the 
universities. 

In the case of the community dominated by a large in-migrant estab­
lishment, the process just described differs, because small companies are 
required to meet the salaries offered by the l r ge establishment (as was 
found in the Denver, Tucson, and Orlando study), and cannot use lower 
labor costs as an aid in competing for markets. They thurefore have to 
achieve early high efficiencies or fail. 

Other manpower factors that mark the transition of a community to a 
defense R&J> complex are the turnover of E/ S's and the average seniority 
of E/ S's. A reexamination of Figures 2 and 3 and Table 13 shows a clear 
differential between the Twin Cities and the established canplexes, with 
the established omplexes having a higher turnover as measured by average 
seniority and average number of jobs held by the local E/ S's. These ob­
servation• point to a crucial process i the development of a defense R&D 
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complex--the increase in the quantity and variety uf job options for E/ S's 
as a consequence of the increase in CC111panies and projec ts in the community. 
The increa se in the number of projec t pi stons at wo r k in the community i s 
reflected by an increase in the loca l turnover rates for E/ S's , a decrease 
in ave rage seniority , and an increase in th overall sa lary s tructure. The 
increase in salaries and options also makes the area att r ac tive to E/ S 's 
from other c cmmuni ties. 

Another way to measure the breadth and de pth of capabilities that 
distinguish a defense R&D complex is to mea ure it s ability t o provide a 
major portion of the materiel and se rvice required for t he accomplish­
ment of a large variety of defense R&D proje c t s , Thi s ability can be 
measured by the percentage of locally received defense R&D prime contract 
dollars that remain with the prime contractor and t hat are awarded for 
materiel procurement within the lo al area. Anot he r measure, of course , 
is the amount of subcontract dollars rece ive d f r om other areas. A reexam­
ination of the data on materiel procurement in Chapter III and the study 
of Denver, Tucson, and Orlando shows that in the communiti es with a domi­
nant in-migrant establishment , approximately 55% of the prime contract 
dollars remained with the prime contractors , and appr oxima tely 9% were 
awarded for materiel procurement to local companit:s, for a local t otal of 
64% of the prime contract dollars. In the complexes of Boston and Los 
Angeles and in the potential complex of the Twin Ci ties, between 64% and 
83% of the prime contract dollars remained with the prime contractors. 
Together with local procurement, between 80% and 90% were spent locally, 
with the highest total percentage being found in the Twin Cities. 

Though the data are limited, they suggest the following process in 
the developme nt of a community into a defen se R&D complex: 

l. Initially, the local companies procure a substantial proportion 
of the materiel required for their projects from the established 
complexes. This dependence is measured by the high percentage 
of out-of-house, out-of-area procurement on the part of local 
prime contractors, and by the percentage of the outside procure­
ment that is of a high technology character--as was found in Den­
ver, Tucson, and Orlando. In this case, the large local 
in-migrant establishme nts resembled displaced "fragments" of a 
major complex that were still connected to major cent rs and de­
pended on them for materiel and manpower. 

2. ~ng periods when the overall defense R&J> market is rising, 
local companies begin to include more functions within their own 
organizations, some of which are marginal in terms of profitabil­
ity and efficiency. This limited form of vertical integration 
comes about as the result of a kind of make-or-buy decision proc­
ess in which the local companies decide to gain control over crit­
ical inputs, even though they might be considered marginal from a 
profitability viewpoint. An example of this might be the inclu­
sion of a printed circuitry section or a high-spec plating depart­
ment in order to uarantee close and controllable services or 
products for an important project, despite the unprofitability of 
these functions for the company on a long term basis. 
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3. As lm.:ul t·11111pa11 i •s u 1·,: I u1·med Lha l a r • n ~sµu11 ~ i v<.: L11 lht nt:: •tis c,J 
SL'Vl.' rul prim• l'1111t 1·a · t11rs, lh it· µ1·im, co11l1·u1 ·1.11rs ~radual ly bc-
h1n l o ~iVL' up lu1H.: li1111s lhal are n1a 1·~i11a l fr om a JJi -
cie11cy iewp11i11l, and l1 ► avoi d in ·1· •usin~ th<.: ca pa ·ily ·r 
fu11cLiu11 s d spil<.: L •mp11ru1·y peak ne ds. As proj cts phase out or 
a · Lh • oVl.' r·ull dl.' Jl.•11!-, • Ho.:0 ma rk •l tu1'11 !-I d 11 w11 , Lh ·r ·by making Lit · 
r equire d J'1111c li o11 s m111· • uvailabl l hrmt~houL t11 • ·uuntry as we ll 
as ch aJ)l.•r. lhL' 111a l,•-•1J" - IJ11 y clcl'i !-i i " 11 i :-.. r ·v •1·s~·d . largina l fu11 <..:-
ti u11 • ar, c l iminalL'U 11·11m Lit, u q.~a 11izaL1 011, and 1ncrea s s in th 
·a pa city Ju 1· 11 tl1c>1· 1t1 1tl.' liu11 • ar • d •dtletl a~ai 11 s L. 

·I. Suppli 1· s o l th • ma 1·~ i11al Junc lio 11 s a11d supµl ic•r s , , I Junctions 
1·c quiri11 h :tddil i 11 11:i l l 'a 1x1<..:ily be ·u111(' L•s tabli s ll ·cl l u ·ally. As a 
l oca l ma rk •t l 01· eacll 1 un ·t i u11 groY. , i L I> •t ·om •s 1 s ibl Jar 
suppli 1· companies t o •s tabli sh tl1>mselvc s pn,1i Lab l y within th 
communit y. 11 at this tim , l ocal com panie s give up th ir 1 ss 
e ffi cient fun tion t u th 1 ca l suppli r s, oluntarily or t hrough 
S"'in-off , a sor t ul ra L i onalizati un tak s place that i. acce l e r -
a 1 ed by th insecur pu -1tion o f the 111efficient function within 
the company, th r c by providi n~ a pu ::. h Lu th potential entre pre-
n ur ill its ranks. A t the same tim • , the function f or which addi­
tional apacit is n d d pr ovid s a pusitive ince ntive t t he po­
tential ent r pren urs 111 the company' s r ank . A multiple ompa ny 
market is nee d d f or such suppli e r · t o suL cee d . A si ngle large 
defe n e R D s tablishment pr ovi d ~ a mar kc•. th t i s too volatile 
for a suppliel' Lo de µe11d upon. 

A defense R&.D compl x i s spec ially di s tingui h d by its abilit t o 
cope successiully wit h the unce rtaintie f th• ti fen s " R6.:D market whi ch 
include sharp changes i n the siz 0 of th marke t and maj 1· hifts in t ech­
nology. Useful mea sur of thi s abilit y includ the numb r of f ormations 
of companies with r l evant capabilities; the survival rut of these com­
pani s; and the abilit y of th community to at tract r e l evant companie s 
from other areas. Regardini; th se measure s, .. r ee xaminati on of the da ta in 
Chapters III and IV and of the information from th st udy of Denver , Tucson, 
and Orlando shows disti nct diff r nces betw en the pot ntial complex and 
the c mmunities with a ~ingle dominating establi shm nt. The Twin Cities 
have been marked by a hi gh numbe r of relevant company formations, by a high 
survival rate, and by the abilit y to attract l ocal investment from defense 
R&D companies in the maj or complexes. The other communi t i es, a s of 1963 , 
had experienced few relevant company formations, a relat ively l ow survival 
rate , and had attracte d som out s ide company inves tm nt s --but then had also 
experienced subsequent withdrawal s of these outside companies. 

Though data were not collec ted on these measures in the Boston and Los 
Angel s complexes, the work of l-'rofes3or E . B. Roberts and his s tudents at 
MIT shows that just onsidering the sp1n-offs from MIT , Bos ton has gener­
ated a high number of new r e l evant companies, and these companies have ex­
perienced a high survival rate. In addition , in the earlier studies in 
this series, a number of cases were found in which companie~ had moved, or 
were considering moving, from other areas to Los Angeles , to the San Fran­
cisco Bay Area, and to Boston for a varie ty of reasons associated with op­
erational efficiencies. 
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One chief executive stated that he had moved his company from Ohio to Boston "in order to obtain financial support fran bankers that understood the electronic business." One small company announced a move from Tucson to Palo Alto "in order to have acces,s to a pool of specially skilled labor." The principals in a small Utah electronics canpany stated that they were contemplating a move to Los Angeles in order "to be near our major market." No such example was encountered in the Twin Cities. Many examples were found, of course, of small companies that were moved for a variety of per­sonal reasons of the chief officers (e.g., "asthma in the family," "the h " ) he " 1 f 
fis ing i n Colorado, etc. , but these fall outside t operationa e -ficiency" criterion. The Twin Cities exJ,,arience and that of Boston very strongly suggest that in the development of a defense Rid> canplex, the local community undergoes a highly localized versior, ( in terms of sector and region) f what Professor W. W. Rostow has called "takeoff into sus­tainE:d growth." Elements of this process that are suggested by the data on company formations, survivals, an~ the attraction of enterprises in­clude: 

1. The attraction into the community of R&D oriented entrepreneurs. This is exemplified by the chance attraction to the Twin Cities of the men who formed Electronics Research Associates; by the attraction and development of R&D entrepreneurs iu the Boston area as a r e sult of the presence and policies of MIT ·, and by the similar experience in the San Francisco Bay Area. (This view is also supported by the negative experience in areas with excellent universities that did not have policies of permitting or encour­aging entrepreneurial activity by their faculty.) 

2. The development of a financial community with the know-now and interest to provide finbncial support to new and small R~O com­panies. The presen e of such a financial canmunity is ont of the characteristics of all of the areas with defense R&D coo:­plexes or with developing canplexes. 

Speculations on a Strategy for Developing a Defense R&D Complex 
Throughout this series of studies of the d fense R&D industry, it has become increasingly apparent that no factor can be singled out as being necessary and sufficient by itself to develop a defense R&D complex. This major conclusion of the first study of Denver, Tucson, and Orlando has been underscored in this study of the development of the Twin Cities defense R&D industry. P.~~ce, a strategy for developing a defense R&D can­plex must consider several factors and must include a policy that allows flexibility in shifting the emphasis from one factor to another as the local industry develops. 

Two major strategic goals are indicated if an attempt is to be made to develop a defense R&D complex: 

l. A continuing effort to develop multiple point■ of potential growth until the local indu■try achieves a self-sustaining mmentu■ .. 
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2. A technical specialization aimed at achieving a competitive advan­
labre, followed by a d liberate effort l o deepen, broaden, and 
st rengthen lhe fields of specialty. 

Multiple Points of Potential Growth 

Throughout the ~nalytical comparisons of the Twin Cities with areas 
of greater and lesser development, it has become obvious that many small 
and medium size companies hold the greatest potential for development. 
This point must be emphasized because the several thousands of regional 
and local development agencies in the United States are currently oriented 
toward the attraction of the small number of relocating divisions of ma jor 
corporations . All of the evid nee in this series of studies suggests that 
attracting corporation divisions does not provide the most effective path 
to development. On the contrary, establishment of a number of small and 
medium size technical compa.nies is the most effective way to provide for 
the development of a complex. To have man y companies is a means of pro­
viding for many independent decisions based on differing assumptions. A 
development program based on a number of small companies as opposed to a 
large establishment, even one with more dollars and manpower, permits a 
less volatile, more stable labor market, with a consequent development of 
the kind of growing labor pool that is essential to defense R&D. Such an 
approach overcomes the high degree of uncertainty that is inherent in the 
defense R&D market. 

Technical Specialization 

A community wishing to develop a defense R&D complex is in a position 
analogous to that of a small company undertaking to compete with a large 
corporation. The probability of its being able t o success fully enter the 
marketplace is raised by concentration on a small but growing segment of 
the total field. Once es t abl ~hed, this segment ca n be used to support 
expansion to other specialties. The final goal of this process is to 
broaden out and achieve the full status of u complex. 

The data and the analytical results of this study and preceding 
studies suggest that to achieve the first of these two strategic goals, a 
community must have, or must help provide, conditions that are favorable 
for technical company formations and for the attraction of small and me­
dium si ze technical companies, Conditions favorable to company formation 
include: 

1. The presence of a financial community attuned to the financial 
ueeds of small and medium size technical companies in terms of 
initial investment, working capital, and growth capital. 

2. An environment of positive encouragement to technically oriented 
entrepreneurs such as can be provided by university administra­
tive policies that encourage entrepreneurial activity by their 
engineering and science faculties. 
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3. The provision of ot .er forms of support for new technical ven­
tures--i. e ., the provision of r ent -free facilities, joint mar­
keting aids, referral services for financial aid, consulting by 
community supported panels, etc. 

In addition to conditions favorable for company formation, a commu­
nity must have, or provide for, conditions that are conducive to the sur­
vival and early growth of the new technical ventures. In the growth 
stage, financial support is still the primary need, followed by other 
kinds of support that can help the new ventures achieve operational effi­
ciency. Important among the latter is a local university to serve a• a 
source of supply of E/ S's who will originally make up the ajority of the 
local professional technical workforce, In some cases, an important fac­
tor will be improvement of access to national markets throuch an improve­
ment in the local transportation linkage to other national centers. 

To achieve the second strategic goal, a canrnunity can take steps to 
consciously provide selected support to local enterprises that succeed in 
new fields of technology. Support here can include measures to encourage 
the local formation or location of other new ventures in the same or re­
lated fields, as well as support functions that would aid the technical 
companies in these new fields. Once a specialty has obtained an econaaic 
foothold, the local community can undertake a deliberate effort to continue 
to deepen and strengthen its specialized capability by judicious attraction 
of, and support for, companies and services that would strengthen the capa­
bility of the other companies in the community. 

The Midwest and the Defense Rli.D Industry 

The data collected in this study of the Twin Cities defense Rl&D in­
dustry clearly demonstrate that there are no regional factors which pre­
clude the ~eveloJDent of defense R8'D industry in the Midwest. However, 
these data and data from previous studies suggest that the question of why 
a larger defen~e R8'D industry has not grown in the Midwest region must be 
considered in terms of climate, national migration patterns, resources, 
history, economi c alternatives, and difficulties in competing with existing 
complexes. 

Climate has affected the location and concentration of the defense 
R8'D industry in different ways at different points in its history. Orig­
inally, according to many reference sources, the aircraft industry and its 
associated defense R8'D located in California in order to take advantap of 
the much greater number of flying days provided by the climate. Durin1 
World war II and during the Korean War, the increased deund for aircraft 
and aircraft Rid> resulted in the buildup of the industry already located 
in California as well as elsewhere. 
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When a larb'C growth in d fe ns• H&D touk plu<.: dul'in~ the µeriud of 
missile buildup, climate um! hi s toric u.s. populati on migration patterns 
p1·ovid 'd companies that had already located in such sta t es as California 
and Florida with an advantage in competing f or and obtaining E/ S's from 
oth 1· areas of th• country. Dur in~ this period, a numbe r of Midwes te rn 
companies established or moved divisions to th so-called "sunshin " 
stat s in order to attract or r e tai n E/ S' s . P 1·sonne l de partment members 
of one Florida company s tated that during I. hi s period, they received 
60,000 out-of-state applications in re pon to adve rti s ments for 3,000 
positions. 

As with all r qgi onal devel opm nts, hist orical ac tions and his torical 
accidents have played a rol in the locati on of the defense R&D industry. 
In the Twin Ci ties, a go d example is the fortuitous l oca tion there of the 
Electr oni cs R search Associates group, whi h play d a large part in the 
deve l opment of that area ' s compute r ca pabilitie s . Anot he r example is the 
deliberate encouragem nt of defe nse R&D plant rel ocat ion during the period 
when there wa s an active strategi di s persal policy. 

Local resource s and the question of economic alternatives played a 
major role in dimini s hing the part that the Midwes t has played in defense 
R&D . The strength that the Midwest has developed as a manufacturing area 
has acted to deter the region's development as a defe nse R&D producer. A 
good example of the manufacturing orientation is given by Thompson: " 
Detroit could have carried on its World War II work in aircraft, at least 
in aircraft engines ... But impatience to get back to the more lucrative 
automobile business was so great that airplane production was not even 
accorded a secondary place on Detroit's postwar industrial agenda."* 

Interviews with a limited number of executives in Midwest manufactur­
ing concerns supported this viewpoint with examples of simi ar decisions 
that had been made by their companies following the war. This viewpoint 
i s further emphasized by th~ comments made by a number of procurement per­
sonnel from major defense R&D companies who s tated that despite major ef­
fort to interest Midwest concerns in bidding on defense subcontracts, 
there wa s little response. 

Thompson further points out that Los Angeles did not have the estab­
lished resources and the consequent attractive economic alternative avail­
able to Detroit. Therefore, Los Angeles fought t o r e tain and develop its 
defense R&D and production, and succeeded in doing so. 

Once major complexes became established, they rapidly began to gain 
competitive advantages over other a.eas, making it increasingly difficult 
for these other areas to successfully enter the field, For example, Los 
Angeles gained many competitive advantages such as a highly skilled labor 

Thompson, Wilbur R., A P1·eface to Urban Economics, published for Re­
sources for the Future, Inc. by Tne Johns Hop~ins Press, Baltimore, 
1965. 
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force and a multiplicity of specialized supporting services (e.g., com­
panies that specialize in packaging to military specification). Conse­
quently, Midwest companies that have recently decided to enter the field 
have chosen to operate within the existing complexes--by acquiring an ex­
isting company, by moving into the complex, or by starting a division 
there--rather than to compete from the Midwest. 

The Twin Cities case is seen to be an exception because despite the 
general Midwest experience: 

1. Climate has certainly not prevented development of the Twin Cities 
defense R&D industry. 

2. A historic u. s. migration pattern has operated to bring E/ S's 
from other parts of the Upper Midwest region to the Twin Cities. 

3, Hist oric accident, as pointed out above, helped assure it a place 
in the computer industry. 

4, The Twin Cities indus trial community chose to invest in and com­
pete for defense R&D business , and local conditions supported 
their efforts. 
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Appendix A 

REGRESSION ANALYSIS STUDY OF 
POPULATION AND WORKFORCE MIGRATIONS 

As in the earlier studies , a regression analysis was made of the 

relationship of the geographic flow of the E/S's in the Twin Cities estab­

lishments to the migration patterns of t he general Twin Cities population . 

In this analysis , Y was the percentage of E/S's in the Twin Cities work­

force studied that had come from each of 33 subdivisions of the country, 

and X was the percentage of the general population that had migrated to 

the Twin Cities from each of th same 33 subdivisions during the 1950-

1960 period . For the Twin Cities data , the following equation was com­

puted . 

Y = -0 .00109 + l . 0024X 

having a variance (cr2 ) of 1.8184 and a corr~lation coefficient of over 

0.9. The res~lts of this analysis 3re shown as a scatter diagram in Fig­

ure A-1 , which is based upon data in Table A-1. 
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Table A-1 

COMPARISON OF SOURCE OF TWIN CITIES ENGINEERS 
AND SCIENTISTS WITH IN-MIGRATION OF GENERAL POPULATION 

Geographical Subdivisions 

Vermont, N.H., Maine 
Massachusetts 
Connect icut, R.I. 
New York 
New Jersey 
Pennsylvania 
Ohio 
Indiana 
Michigan 
Wisconsin 
Ill i noi s 
Minnesota 
Iowa, N.D., S.D., Neb. 
Missouri 
Kansas 
Maryland, D.C., Del. 
Virginia 
W. Va., N.C., S. C., Ga. 
Florida 
Alabama 
Miss., Ky., Tenn. 
Arkansas, Oklahoma 
Lou i siana 
Texas 
California 
Oregon 
Washington 
Montana, Wyo., Idaho, Nev. 
Utah 
Arizona 
New Mex i co 
Colorado 
Noncontiguous 

(Alaska, Hawa ii ) 

y 
Source of 
E/ S Is ( %) 

0.1% 
1.3 
0 . 8 
3.0 
1.6 
1.0 
3.2 
2.7 
2 . 9 
5.5 
3.3 

42.3 
10.8 
2.0 
0.9 
1. 7 
0 . 5 
0 . 3 
0.5 
0.4 
0.4 
0.7 
0.2 
1.3 
6.5 
0.2 
2.2 
0.5 
0.3 
0.5 
0.6 
2.0 
J.l 

X 
Source of Gen­

eral Population(%) 

0.2% 
0.6 
0.6 
1. 8 
0 . 8 
0.8 
1.4 
1.1 
2.2 
9.9 
5.4. 

40.1 
14.0 
1.7 
1.1 
0.8 
0.8 
1.1 
0.9 
0 .3 
1.1 
0.8 
0.3 
1. 7 
4.7 
0.5 
1. 4 
1.5 
0.2 
0.3 
0.2 
1.2 
0.6 

* Mov ement to the SMSA from other parts of the state is ths bas i s 
for thi s percent. 

Source : Table 33, U.S. Census of Population, 1960, "Mobili t y for 
States and State Economic Areas, " DC(2)28, U.S. Dept. of 
Commerce, Bureau of Census. 
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Appendix B 

HISTORY OF THE TWIN CITIES 
DEFENSE R&D INDUSTRY 

General Economic Development* 

The coming of the railroads to the Twin Cities from the east and 

south in the 1860s and their later extension northward and westward set 

the stage for the rapid growth of the Twin Cities between 1880 and 1890. 

During this ten-year period, Twin Cities population increased from 88,000 
to 298,000. 

With the extension of the railroads into the newly opened plains of 

the Dakotas came a new method for milling the hard spring wheat grown in 

those regions. From the time the Minneapolis mills introduced the method 
in the late 1870s, it took less than ten years for Minneapolis to replace 

St. Louis as the country's number one flour milling city. 

The demand for lumber by a rapidly growing United States resulted in 

the depletion of the New England, Michigan, and Wisconsin forests during 

the 1800s, so that by 1890, the nation's lumber industry centered in 
Minnesota . One of the major production centers was at St. Anthony Falls, 

around which the city of Minneapolis grew. Marketing and financial func­

tions for Minnesota's lumber industry were centered in the Twin Cities 

and remained important for some time after the last of its sawmills closed 

in 1919. 

The third principal economic activity which developed in the Twin 

Cities during the latter part of the 19th century was livestock marketing 

and meat packing. A combination of factors was influential--the livestock 

grazing regions of the Upper Midwest, the development of the Twin Cities 

as a regional railroad center, and the existence of a sizable local market. 

Thus, by the close of the 1800s, the Twin Cities area--the largest 

population center northwest of Chicago--was well established as the trade 

and transportation center of the Upper Midwest, and one of the important 

centers of the country in the production of food products and lumber. 

Since the turn of the century, the major changes in the economic 

structure of the Twin Cities have taken place in the manufacturing sector. 

* Based on Twin Cities Metropolitan Planning Commission, Metropolitan 
Economic Study, Planning Report Number 5, 1960. 
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Since 1900, with the exception of a few years, 25% lo 30% of the Twin 
Cities labor force has been engaged in manufacturing, but there has been 
considerable change in the composition of the labor force, by type of 
industry. Machinery manufacturing, which was just getting started, ac­
counted for less than 10% of manufacturing value added in the Twin Cities 
in 1900. By 1960, this classification, which includes most of the Twin 
Cities defense-related industries, accounted for 20% of the value added 
and manufacturing employment in the Twin Cities. Lumber and wood products 
and food and related products have been declining in importance, partic­
ularly since World War II. 

Three other manufacturing categories of a highly technical nature 
have gained considerable importance, primari l y since 1939. These are 
chemicals, instruments, and ordnance. Combined, tnese industries now 
account for over 20% of value added by manufacturing, compared with less 
than 5% in 1900. 

The beginning of the formation of the defense R&D industry base in 
the Twin Cities can be traced to a few companies formed around the turn 
of the century. Today, at least 142 companies in several industry classi­
fications can be considered to make up the base of the Twin Cities defense 
industry. These 142 companies employ approximately 46,500 in the Twin 
Cities area and have a total production, both defense and nondefense, that 
has an annual sales value estimated at $890 million. Of this, half is 
estimated to be for the Department of Defense (OOD) and other federal 
agencies, particularly the National Aeronautics and Space Administration 
(NASA) and the Atomic Energy Commission (AEC). In addition to the defense­
based industries, the Twin Cities have a considerable capability for R&D 
that is found in other industry categories such as the food, chemical, and 
other manufacturing industries. 

In keeping with the defense R&D scope of this study, emphasis will be 
on Twin Cities industries having a significant portion of their business 
with the Department of Defense. Excluded are a number of companies with 
research activities but with relatively small sales to 00D in comparison 
with total sales. In this group are large companies such as Minnesota Min­
ing and Manufacturing Company, Archer-Daniels-Midland Company, General 
Mills, Inc., Pillsbury Company, Bemis Company, Gould-National Batteries, 
Inc., and Cargill, Inc.; and medium-sized companies and divisions of com­
panies, such as Economics Laboratory, Inc., Pako Corporation, and the 
Thermo-King Division of Westinghouse Electric Corporation. 

Development of the Major Industries of the Twin Cities Defense R&D Base 

The defense R&D industry includes five categories with selected sup­
porting industries and services, and some individual establishments out­
side these categories. The five categories are: 

Automatic Controls and Measuring Instruments 
Medical and Surgical Devices and Apparatus 
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Electrical and Electronic Equipment 
Computers and Data Processing Machines 
Ordnance and Accessories 

The establishments outside these categories are discussed as "Other High Technology Establishments" and "supporting Industries and bervices." 

Automatic Controls and Measuring Instruments 

The au t omatic controls and measuring instruments indus! ry in the Twin Cities produces annual sales estimated to be in the range of $350 to $400 million, of which approximately one-half is government business, primarily for DOD, NASA, and AEC. Twenty-four companies, employing around 18,000 persons in the area, essentially constitute this Twin Cities industry. Although Honeywell accounts for most of the activity, the 23 smaller com­panies have a combined annual sales volume estimated at around $30 million and employ approximately 1,500 people. In the past five years, the esti­mated combined sales for the 23 smaller companies have increased 2-1/2 times with an approximate doubling of employment. 

One of the oldest of the high technology companies in the Twin Cities is Honeywell Inc., which was founded in 1895 as the Mj_nneapolis Heat Regu­lator Company. Its main product, the original Honeywell thermostat, "damper flapper" as it was called, was developed 80 years ago to control the flues on hand-fired coal furnaces. From this one device, Honeywell branched into many fields and i8 today considered to be the leading U.S. manufac­turer of mechanical, pneumatic, and electrica.l temperature controls--a total of over 12,000 different devices. 

The Minneapolis Heat Regulator Company was merged in 1927 with Honey­well Heating Specialties Company of Wabash, Illinois. The merger combined two successful privately owned companies into the publicly owned Minneapolis­Honeywell Regulator Company (M-H), which, it is reported, at one time con­trolled three-fourths of the market for household oil-burner controls. 

The developments that accelerated M-H's transition into a high tech­nology company included: 

1. The acquisition in 1934 of the Brown Instrument Company, a Philadelphia manufacturer of industrial instruments. This 
merger was the first in a program of diversification for M-H and provided the base for later moves into industrial automa­tion. 

2. A decision in 1940 to develop an autopilot for bombers. A 
circuit for a heating control utilizing the principle of 
automatic feedback and compensation to provide a constant temperature also served to "trim" the controls of a bomber for its bomb run. M-H not only became the country's largest 
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producer of autopilots (some 30,000 in World War II) but also 
developed other military products. In 1949, Honeywell's Aero­
nautical Division was established, whi ch provided the nucleus 
for later expansions into inertial guidance, missiles, and 
other adv.need military technology. 

3. The 1949 purchase of H. Belfield Company, a small Philadelphia 
producer of control valves. This was the f~rst of a series of 
similar acquisitions that enabled Honeywell to add oscillographs, 
panel meters, and other laboratory t est equipment to its product 
lines. 

4. The decision in 1955 to enter the computer field. Originally, 
Honeywell joined with Raytheon to form Datamatic Corporation, 
but in 1957 Honeywell acquired Raytheon's 40% interest , dis­
solved the subsidiary, and continued the operation as a division. 

In recent years, Honeywell's R&D expenditures, including both govern­ment-sponsored and company-sponsored work, have been around $100 million annually, or 14% of its net sales, which were $700 million in 1965. In 
the past five years, military and space products, including R&D, have ac­counted for approximately 30% of total Honeywell sales. About 20% of 
Honeywell employ~es are engaged in some form of produc ti on engineering and R&D activity. 

Basic research is carried on at the Honeywell Research Center near Minneapolis employing 200--approximately 100 E/ S's and 100 technicians-­compared with a total of 35 employees in 1952. About half the Center's scientists and engineers have advanced degrees. 

Of more than 50,000 Honeywell employees, about a third are employed in the Twin Cities. This fraction includes most of Honeywell's military production. 

Several smaller companies also have had a part in the early develop­ment of the automatic control and measuring instrument industry in the 
Twin Cities. A listing of these companies and their dates of formation is given in Table B-1. 

Medical and Surgical Devices and Apparatus 

In the middle 1930s, the technology base in t l1e Twin Ci ties was 
broadened by the establishment of a hearing aid and acoustical instrument 
industry that pioneered in such fields as miniaturization (the use of tiny vacuum tubes and batteries and subsequently transistors and printed cir­
cuits) and research in a variety of advanced techniques for possible use 
in audiometers, electronic stethoscopes, and other acoustical diagnos t ic instruments. As a consequence, the development of the Twin Cities overall electronics industrial capability was accelerated. 
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Tabl e n- 1 

CHRONOLOGY OF COMPANY FOftMJ\T JON: 
AUTOMATJC CONTROLS AND Mf:ASIJftJNG [NSTHUMENTS 

Dat e of 
Formation 

1885 

1912 

Company 

Consolidat ed Tempe r ature 
Controlling Co. 

D. L. Healy Co. 
1920 Meyer Gove rnor Co. 
1922 Consolidated El ec tric Co . 
19J0 Control Corp. 

1934 Automatic Control Co. 

1945 
1946 

1948 

1951 

1952 

1953 

1955 

1956 

1960 

Liquid Scale Gauge Co. 
I~strument Control Co. 
Pike and Hoff Co. 

White Manufacturing Co. 
Volutrol Co. 

Schmitt Mfl nufacturing Co. 
Research, Inc. 

Magnetic Controls Co. 
Fluidyne Engineering Corp. 
Ramsey Engineering Co. 

Geophysical Special ties Co. 

Rosemount Engineering Co. 
Minco Products, Inc. 

Electro-Craft Corp. 

Superior Electronics Co. 
SyBtematics, Inc. 
Thermo-Systems, Inc. 

1961 Electro-Solid Controls, Inc. 

Industri9' Kinetics, Inc. 
Minnetech Labs, Inc. 
Programmed and Remote 

Systems Corp. 

Telostat Corp. 

Source: Stanford Research Institute. 
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Successor company - Honeywell, Inc . 
Successor company - Healy-Ruf f Co. 

Subsidiar y of Ccnt ro l D1ta Corp . 
si nce 1960 

Success0r company - Ma ster Level 
Controls Co. 

Name changed to National Modulation 
Co. in 1954 

Spin-off f rom Design Engineering Co . 
Spin-of f f rom University of Minne­
sota Rosemount Aeronautical 
Laboratory (RAL) 

Spin-off from Honeywell, Inc. 
Spin-off from RAL 
Spin-off f rom Engineering Research 
Associates 

Purchased by Minnetech Laboratories, 
Inc . i n 1964 

Spin-off from RAL 
Spin-off f rom Honeywell Aero­
nautical Div. 

Spin-off from Honeywell Aero­
nau t ical Div.; subsidiary of 
Napco Industries since 1963 

Filed bankruptcy in i963 

Formed by University of Minnesota 
personnel 

Spin-off from General Electronic 
Controls, Inc.; moved to Dayton, 
Ohio in 1963 

Spin-off from General Mills Mech­
anical Div. 

Sold to Bachrach Instrument c,, . 
Pittsburgh in 1962 
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The two pioneers in the Twin Cities acousti cal aids and instruments 
indus t ry were Leland A. Watson, founder of Maico Electronics, Inc . (orig­
inal ly called Medical Acoustic Instruments Company) in 1934, and Allen 
Hempel, founder of Telex, Inc., in 1937. 

M."· Watson, a 1929 graduate of the University of Minnesota and a 
Rhodes S~holar, although not an M.D. himself, came from a medical family. 
His father was a Minneapolis ear specialist, and his brot her was a member 
of the University of Minneota ~edical staff. While a Rhodes Scholar, 
Lee Watson became intere~ted in the tiny vacuum tubes used in hearing aids 
being developed in England. Upon his return to Minneapolis, conversations 
with his father and brother convinced him of the need for a precision in­
strument to test hearing. The audiometer developed by Maico is repor ted 
to be the first accepted by the Americall Medical Association. For the 
ten-year period 1935 to 1945, Maico is credited with producing 90% of all 
audiometers sold in the United States. Other Maico developments in the 
late 1930s and early 1940s included the electronic stethoscope and small 
hearing aids using tiny English vacuum tubes. 

Maico filled more than 90% of World War II military requi rements for 
instruments to test and rate hearing. During the 1950s, Maico continued 
to broaden its electronics base by developing such products as: auditory 
training equipment for teaching the dea f; lie detectors; automatic head­
light dimm rs; high-fidelity magnetic tape recording heads; feed rate 
meters for ma~hine tools; and servo systems employing magneti c recording 
on stainless ste l tape for the automatic control of lathes. In the late 
1950s, Maico received several government contracts totaling more than 
$1 million for the research and development of electronic countermeasures, 
supersonic communication systems, data processing and display systems, 
magnetic recording systems, transistorized power converter units, and 
:.·adiation measuring equipment. 

During this same period, the other Twin Ci tie s hearing aid pioneer, 
Allen Hempel, was developi~g Telex, Inc. Hempe l has been credited with 
developing the first wearable vacuum tube hear ing aid. During World War II , 
Telex proauced more than 120,000 communication headsets and 250,000 re­
ceiver units for the Signal Corps. Employing the knowledge and experience 
obtained from its military contracts, Telex expanded into other electronic 
products--pillow speakers for hospital patients ; group hearing systems; 
radio speakers with a tim~ control device for turning a radio on or off 
at a predesignated time; and electronic components. 

In the early lS Os, four other hearing aid companies were established 
in the 1'win Ci ties. These are listed in Table B-2 with other Twin Ci ties 
companies that were formed to participate in the medical and surgical de­
vices and apparatus industry. By 1947, Twin Cities companies accounted 
for 20% of the U.S. hearing aid market, had combined annual sales in ex­
cess of $10 million, and employed about 650 persons including some 30 
engineers and several hundred technicians. Thus a substantial manpower 
pool of technical ski1ls was established that was to contribute to the 
further development of an electronics industry. The Twin Cities area, 
with at least 12 companies producing hearing aids and components, con­
t inues today as an important factor in the U. S. hearing aid industry. 
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Table B-2 

CHRONOlOOY OF COMPANY FORMATION: 
MEDICAL AND SURGICAL DEVICES AND APPARATUS 

Date of 
Formation 

1934 

1937 
1940-42 

Company 

Medical Acoustic I ns truments 
Co. (Maico) 

Telex, Inc. 
Aladdin Hea ring Aid Co. 

Microtone Co . 
Qualitone Hearing Ald Co. 

Vari Corp. 
1943 Calectron, Inc . 
1946 

1948 

1949 

1955 
1956 
1957 

1958 
1960 

1961 

1962 

1963 

1965 

American Sound Products, 
Inc. 

Dahlberg Co. (n~w Dahlberg 
Electronics, Inc.) 

Medtronic, Inc. 

Busse Electronics 
Wilbrecht Electronics 
Swenko Research and Devel-

lopment, Inc. 

Prescription Hearin, Aid Co. 
United Medical Products Co. 
Whitehall Electronics Corp. 

Electronic Medical Systems, 
Inc. 

Theratron Corp. 
International Medical 
~uipment Co. 

Biotronics, Inc. 
Electronic Development Co. 

W.R. Medical Electronics 

Strato Equipment Co. 

• Reported to be no longer in operation. 

Source: Stanford Research Institute. 
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Comments 

Subsidiary of Shaeffe r Pen Co. 
since 1957 

Acquired by nev; management in 1959 
Now Johnston Hearing Aid & Elec­
tronics 

* 
Div ision of Seeburg Corp. since 

1961 
Subsequently Vari Electronics, Inc. 

Operated in Chicago before ruoving 
to Minneapolis in 1957 

Became subsidiary of Motorola, Inc. 
in 1959, and was repurchased by 
Dahlberg in 1963 

Reported to be largest producer of 
cardiac pacemakers; company 
formed by a Univers i ty of Minne­
sota man upon graduation 

Spin-off from Telex, Inc. 
:,pin-off from Dahlberg Co. 
Gastric cooling an~ freezing 

* 
* 

machines for ~onsurgical treat­
ment of ulceri, 

Spin-off from Univac; acquired by 
Electro-Science Investors, Inc., 
Dallas, Texas in 1962 

Spin-off from Univac; acquired by 
Medtronic, Inc. in 1962 

Spin-off from Univac• 
Formed by personnel from Ancker 
Hospital • 

Spin-off from RAL 
Spin-off from Minnesota Elect onic 
Co. 

Spin-off from Minnesota Mining and 
Mfg. Co. 

Subsidiary of Partmaster, Inc. 



Despite an impressive beginning with acoustic products and instruments 
as a base, the Twin Cities medical and surgical equipment industry is not 
large. Combi ned sales of 16 companies are approximately $15 million, and 
employm~nt totals about 700, This is le s than the combined sales volume 
and ~mployment for these companies in 1960. (However, a large medical and 
su1·gical eq l ~. ment industry has not developed anywhere in the country.) 

At least 10 companies were formed in the Twin Cities in t he early 
1960s to participate in the medical and surgical equipment field. With 
one exception, these companies were fonned by r,ersonnel of local estab­
lishments . Only two of them are known t o bes 11 in operat i on in t he 
Twin Cities under their own name . The comp~nie that have gone out of 
existence had these things in common--their principal source of capital 
was from public stock issues at the time of company f ormation, and they 
ha.d little or no operating experience prior to the stock issue. 

Electrical and Electroni c Equipment 

In addition to the contribution made by the hearing aid industry, 
compdnies producing industrial electri cal equipment and consumer enter­
tainment items had a part in the early develolJ'llent of the Twin Cities as 
an electronics center. 

Companies in the industrial electrical equipment f ield began fonning 
in the Twin Cities before World War I . Today, 12 companies largely account 
for the approxi.:..o.i tely $75 million annual sales volume of industrial elec­
trical equ n eit produced in the Tuin Cities area. Employment totals 
around 2,7t Compared with 1960, sales and employment figures have in-
creased ab, S%. Of the 12 companies, four are known to have defense 
business . .. ~se companies are listed in TablA 8-3 . 

The consumer entertainment electronics industry in the Twin Cities 
began in the 1930s, and today consists primarily of 11 companies producing 
radio and television sets, stereo and hi-fi equipment, tape recorders, and 
subassemblies for these products. These companies and their dates of for­
mati.on are listed in Table 8-4. Annual sales volume of the industry is 
approximately $12 million produced by about 900 employees, which is up 
from approximately $10 million in sales and 700 employees in 1960. 

Other types of electronic equilJ'llent manufactured in the Twin Cities 
include test equilJ'llent., teaching aids, bank protective equipment, and 
electric chimes. Fou1 of these companies have combined annual sales of 
approximately $2 millinn produced by more than 200 employees. At least 
nine other companies, formed between 1959 and 1961 to produce a variety 
of electric equilJ'llent, are reported to be no longer in operation in the 
Twin Cities. A listing of those and surviving companies producing mis­
cellaneous electronic equipment is given in Table 8-5. 

The Twin Cities electrical and el~ctronic component industry is com­
prised primarily of 24 companies having approximately 2,500 employees and 
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Table U-3 

CIIHONOLOGY OF COMPANY Jo'OllMATION: 
INDUSTlllAL ELECTRICAL EQUIPMENT 

Date of 
Format ion _____ c_o_m..:,p_a_n ... y __ Comment 

1914 
1918 
1921 
1922 

* n. a. 
n.a. 
1941 
1945 
1946 
1949 
1950 
1961 

Hyse r Electrical Mfg . Co . 
Marque t L Corp. 
Elec tri c Ma chin r y Mfg. Co . 
Stales El ect ri c Mfg. Co. 
D. W, Onan and Sons, Inc. 
We ster n El ec tri • Co. 
Terado Corp . 
Hoffman Engineering Corp. 
Oscar A. Schott Co . 
Engineer d Speci alties 
Amer ican Monar ch Corp. 
Minneapr li s Scientific 

Cont r ol 

Di vis ion o f Worthing ton Corp . since 1944 

Divi sion of Studebaker Corp .since 1960 

Acquir d by Fe~e1~1 Car t r i dge Corp . 

Spin-off f rom Univac 

* n . a . ..: not available . 

Table B-4 

CHRONOLOGY OF COMPANY FORMATION: 
CONSUMER ELECTRONICS 

Date of 
Formation _____ c_o_m_p_a_n_y ____ _ Comments 

Pre-1934 Karadio, Inc . 

American Television and 
Radio Comp:iny 

Became: Satchell-Carlson, Inc . 

Became: ATR Electronics in 1961 
1934 Satchell-Carlson, Inc. TV and radio receivers, record player ; 
1946 Wright 2'immerman Speakers 
1947 Minneapolis Speaker Co. Speakers 
1951 Midwest Television Systems , Remote control TV receivers 

Inc . 

1952 Callatron Mfg. Co. Manufactured TV sets until 1962; now 
repairs TV sets 

1953 Norti·onics Co. Stereo component a 
1955 Viking of Minneapolis, Inc. Tape rei ordera 
1957 Kand N Electronics Co. Merged with Miratel, Inc. in 1961 
1961 Miratel Electronics, Inc . Citizens band radio, closed circuit 

TV monitor• 

Peptone Electronics, Inc . 

Unitronics, Inc . 

Source : Stanford Reaearch In1titute, 

Car radios ; diviaion of Miniature 
Inatruments, Inc, 

Stereo hi- fi 
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Table B-5 

CHRONOLOGY OF COMPANY FORMATION : 
MISCELLANEOUS ELECTRICAL AND ELECTRONIC EQUIPMENT 

Date of 
Formation Company 

1947 Protection Equipnent Co. 

1953 Graham Research, Inc. 

1957 Jansen Electronic Mfg. Co. 

1959 

1960 

1961 

Nichols Electronics 

Gene al Electronic Control, 
Inc. 

Leyghton Paige Corp. 

Standard Electronics Corr,. 

Electro-Nuclear Systems 
Corp. 

Northern Electronics, Inc. 

Flo-tronics 

Controldyne 1 Inc. 

Electro-Educational 
Developments, Inc. 

Motec Electroni cs 

Nucleonic Controls Corp. 

Comments 

Bank protective equipment ; now 
Peco-McClintock Corporation 

Test equipment 

Teaching aids; spin-off from 
Minnesota Mining and Mfg . Co. 

Electric chimes and tube testers 

Communication systems and test 
equipment; moved to Texas in 1963 

Test equipment* 

Water oxidizers and battery 
activato::-s* 

Automation equipment; spin-off 
* from Maico Electroni cs 

Starting devlces and safety 
equiJlllent* 

Spin-off from Univac 

Test and training equipment* 

Teaching aids* 

Miscellaneous electronic equipment* 

Utility pole rot-detectors* 

* Reported to be no longer in operation. 

annual sales of around $40 million. Combined sales and employment of thes ~ 
companies have more than doubled since 1960. Most f these companies pro­
duce companents used in equipment sold to defense agencies. Some of these 
companies, now producing printed circuits and other electronic components , 
were formed in the early 1900s. These and other companies in t he Twin 
Cities electrical and electronic component industry are listed in Table B-6. 
Of the 22 companies f ormed since 1950, 19 of these, or their successors, 
continue to operate in the Twin Cities. 
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'fnt,le D- 6 

·,mo OJ,O(iY OF COMPANY •·ottMJ\TION: 
il..cX.:TttJCA! . A I) F:1,f;C'J'ltON IC COMPONENTS 

Dat e of 
Formation 

1900 
1902 
1920 
1944 

1950 

1952 

1954 

1956 

1957 

• 
• 
• 

1958 
1959 

1960 

1961 

1962 

1963 

1964 

Company 

P,ureau of Engraving , Inc. 
81:ckbee - Mears Co. 
Nu-Line Industries, Inc . 
A. 8 . McMahon Co. 
Me. co Product s, Inc. 
Reuter , Inc. 
Wa s hington Scienti fic Indus­
tries, Inc. 

Twi n City Metalseal Corp. 

Gooley and Barth 

Printed Circuits, Inc. 

Ault Magnbtics , Inc. 

Electramatics , Inc . 
Midwest Circuits, Inc. 

Fabri-Tek, Inc. 
Transistor Electronics 
Beck' s, Inc. 

Robert E. Harvey Co . 
Dayton Rogers Photo 
Mechani cal Co. 

Tronics Corp . 
General Magnetics, Inc. 

Mag-Con Engineer i ng 
National Connector Corp. 

Action Labs, Inc. 

Micro-Sonic Industries 
Precision Electrical Mf g. 

Co. 
Universal Circuits, Inc. 
Cepco 

Ast:o Tech, Inc . 

• Formed prior to 1958. 
t Reported to be no loncer in operation. 

Source: Stanford Research Insti t ute. 
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Comments 

Printed ci rcuit s 
Electronic components 
Elect ri cal connectors 
A/ D converters, timing dev ices 
Transformers 
El e tromechanical component s 
Elect romechanical components; spin-
off from Genera l Mills, Inc . 

Now Mekco Inc .; housings and 
incapsulation (potting) f or 
components 

Now t he Twin City Etching Co .; 
printed circuits 

Spin-off f rom Twin City Metalseal 
Corp. 

Pulse transformers, coils, power 
suppl es 

Wire h11.rness and cable assembly 
Print ed circuits; spin-off from 
Univac; became Fabri-Tek, Inc . 

Computer memories 
Spin-off from Univac 
Printed ci rcu its; acqui red by Con­
trol Data Corp . in 1963 

Relay components t 
Printed circuits; acquired by J'ohn 

Weston Photo Mechanical Co . 
Indexing motor for computerst 
Magnetic components; spin-off from 
Univac 

Transformers and magnetic devices 
Spin-off from Macnetic Controls 

Co . and General Magnetics, Inc. 
Cables, imers, and printed 
circuits 

Accelerometerst 
Wire-wound components; spin-off 

from General Mills, Inc. 
Printed circuits 
Power supplies, pulse transformers. 
coils, and chokes 

Elec t romechanical assemblies 



Computers and Data Processing ~achines 

The computer industry in this country got its start 20 years ago 
with the introduction in 1944 of the stored program computer, the Mark I, 
developed at Harvard. This was followed in 1946 by the development of 
the first electronic computer, ENIAC, at the Moore School of Electri cal 
Engineering o f the University of Pennsylvania . 

The Twin Cities entered the computer scene in 1946 with the formation 
of a new company, Engineering Research Associates (ERA). The growth of 
the computer and data processing industry in the Twin Cities compared to 
growth in the United States is shown in Figure B-1, which comparGs Twin 
Cities and U.S. employment in the industry. Today, the Twin Cities in­
dustry has ten establishments that employ about 13,000 persons producing 
annual sales of more than $250 million. It is estimated that more than 
50% of these sales are to agencies of the federal government. 

The nucleus of ERA at the time of incorpora tion in 1946 consisted 
of 40 scientists , engineers, and technicians who had been associated, both 
as reserve officers and civilians, during World War II with three Navy 
organizations performing communications, computing, and related research. 
The organizations involved were the Naval Communications Supplementary 
Activity (Chief of Naval Operations) i n Washington, D.C. ; the Naval Com­
puting Machine Laboratory (Bureau of Ships) stationed at the National Cash 
Register Company in Dayton, Ohio ; and the Naval Ordnance Laboratory (Bureau 
of Oranance) in Washington, D.C . 

The Naval Communications Supplementary Activity performed research i n 
three major areas--conventional communications equipment, special communi­
cations equipment, and mathematical techniques. The Naval Computing Machine 
Laboratory built hardware f or some of the special communications equipment 
used by the Wa shingt on ·ommunications group. The Naval Ordnance Labora-
tory came into the picture because of a previous professor-student rela­
tionship of employees within the two Washington organizations. 

After the cessation of hostilities in 1945, of f icers* of the first 
two groups discussed the possibility of keeping inta~t some of the e.gi­
neering talent brought • .. ogether during the war years--by forming a company 
to continue work on the application of their research findingE, to both 
military and commercial equipment. Initial orgar.ization planE, were made, 
and a preliminary contact of k~y technical personnel indicated a favorable 
response. After organization authorization was received, perE,onnel in the 
three Navy organizations were contacted to determine their interest in 
joining a new company if it were to be established. As a consequence, 
around 50 military and civilian govornment employees signed up. 

* These were identified as Admiral Joseph Wenger, in charge 01· Naval 
Communications Research, and Captain Howard T. Engstrom, Chief of the 
Naval Communications Supplementary Activity, in an article by T. A. Wise 
in the March 1966 issue of Fortune. 
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Why was St. Paul chosen as a location fot· ERA? Al though two of the 
men happened to be fr~m the Twin Cities, they were not officers of the 
newly formed company. The choice of locations hinged largely on the 
availability of financing. Though there were adequate facilities avail-
9.ble in a number of cities, risk capital was scarce fo1· an organize tion 
such as this. 

Ultimately, the Navy group teamed up with John E. Parker, a partner 
then in the brokerage firm of Auchincloss, Parker and Redpath, and also 
l'resident of the Northwest Aeronautical Corporation (NAC), producers of 
Air Force l.1.de-rs during World War I! . Although NAC had only on& engi­
neer, they nad a plant and a supporting business organization including 
persormel, accounting, and purchasing functions. Further , Mr. Parker had 
a good record as a supplier of military equipment and some risk capital. 
The amount of "seed" money responsible for the establishn,ent of a computer 
industry in the Twin Cities in 1946 was only $10,000.* 

ERA was established with Mr. Parker as President, and ex-Navy per­
sonnel filling other key positions--three as vice presidents, and two as 
directors of technical activities. Mr. Parker held 50% of the capital 
stock, and the other 50% was distributed between key technical personnel 
at a price of ten cents per share. The sources of the original group of 
ERA wez·e: 

Previous Organization 

Naval Communications Supplementary 
Activity 

Naval Computing Ma~hine Laboratory 

Naval Ordnance Laboratory 

Other 

Number of Persons 

39 

2 

6 

5 

As personnel were released from active duty, it was the responsibility of 
Navy Reserve Lieutenant Commander William Norris, chlef aide to Captain 
Engstrom, to relocate them in St. Paul. Of the original ERA group, 70% 
were professional encineers and scientists, 25% were techni al support 
personnel, and the remaining 5~ were administrative personnel. 

Because ERA did not have any operating history, its first government 
business--for specialized communication equipnent and spare parts--took 
the form of a subcontract from NAC, in support of a prime contract for 
the equipnent from the Bureau of Ships. Subsequently, ERA became the 
prime contractor for the equipment. 

* Computation based upon 100,000 shares at ten cents per share. 
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Thus, the Twin Cities, through ERA, became one of the first communi­
ties in the country to become involved in the new technology of computers 
at a time when the only two other principal sources of computer "know-how" 
during the years 1946-52 were the Eckert-Mauchly group in Philadelphia and 
a laboratory group at Harvard Universi t y in Bos ton. 

Besides carrying out the l arge instrumentation program for the Army 
Corps of Engineers underground explosion tests in Utah in 1951, ERA made 
several major contributions to computer technology during its six-year 
exi tence. One of its engineers holds a number of key patents relating 
to magnetic memory drums. Subsequently, ERA licensed IBM to use the mem­
ory drum in their first fast computer marketed--the 650 series . 

ERA's first impc,rtant computer development was the ERA-1101, a hi gh­
speed, electronic special purpose computer, originally bui l t for t:1e Navy. 
By 1951, ERA had established a reputation in the computer field, and at 
that time five of ERA's key engineers were hired by Remington RaHd, Inc., 
to staff its Laboratory for Advanced Research at Norwalk, Conn. These 
same engineers were influentiai in sparking Remington Rand's interest in 
acquiring ERA. 

A difference of opinion among ERA management as to the advisability 
of a merger with Remington Rand has been reported. Several of the ERA 
associa t es preferred the freedom and flexibility of being independent. 
President Parker believed that merger with a larger company was egsential 
to obtain the financing necessary to survive in the computer field. 

ERA merged with Remington Rana in 1952 shortly after Remington Rand 
acquired Eckert-Mauchly. At the time, just six years after being founded, 
ERA's annual sales were about $8 million and employment totaled 800. ERA's 
Park~r, Engstrom, and Norris became vice presidents of Remington Rand. 
The acqui3ition of Eckert-Mauchly and ERA, combined with Remington Rand'b 
Laboratory for dvanced Research, made them dominant (practically a monop­
oly position) in 1952. Remington Qa.nd, Inc. merged with Sperry Corporation 
in 1955 to form Sperry Rand Corporation, at which time all electronic com­
puter and tabulating machine operations of the combir.ed operation~ wer~ 
consolidated into the Univac l)ivision. The operations affected were the 
ERA Division of Remingtoi•. Rand in the Twi~1 Ci ties, the Eckert-Mauchly Divi­
sion at Philadelphia, the Laboratory for Advanced Research at No:rTtalk, . 
Conn., and the Tabulating Division of Remington Rand at New York .Ci~y. 

From the time of acquisition of ERA in 1952 to establishment af the 
Univac Division in 1955, Remington Rand's.ER4 Division increased from 800 
employeas to 1,150. As indicated in, Figure1' B-i, growth of the Twin Cities 
Univac operations continued at a rapid rate. Bi the middle of 1957, the 
total number of Twin Cities Univac employees e~eeded 4,000. 

Sperry Rand's financial decisions were made from corporate headquar­
ter.s in New York. With "absentee" corporate management, Univac Division 
had difficulty getting approval of its plans, Qnd to add to the problem, 
the former ERA engineers were at odds with Eckert-Mauchly personnel. 
Within a few years, Univac's lead in the comput~r field was lost to IBM. 
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In August 1957, four former members of the predecessor ERA left 
Univ~H· und organized Control Data Corporation (CD) . The found ers came 
from managerial positions with Univac. With i n a few months, nbout 15 
people from the predecessor ERA (1946-1952) had come to CD, most of them 
viu Univac. 

As is often the case when key employees l eave a company to form t heir 
own firm, Sperry Rand fi led an injunction suit in April 1958 against CD 
for "uea of inventions, ideas, and technical data in which Sperry Rand 
has a proprietary right as the result of many years of creative effort 
and expenditure of millions of dollars." This case was settled out of 
court in November 1962, more than four years later. The settlement de­
cree prohibits the use of nine Sperry Rand trade secrets unless CD pays 
SR 5% of the manufacturing costs of parts requiring t he trade secrets. 
The settlement decree also stated that Sperry Rand would not interfere 
with CD's use of seven trade secrets in its performance of federal govern­
ment contracts . When these seven trade secrets would be used by CD in 
nongovernment production, the 5o/ fee to Sperry Rand would apply. 

In November 1957, ~ithin three months after organization, CD made the 
first of 21 acqui sitions of companies, divisions, and products spanning 
the eight-year period ending July 31, 1965. CD's first acquisition , Cedar 
Engineering, was at least three ti mes the size of CD. Cedar Engineering, 
a Twin Cities company established in 1952, had achieved annual sales of 
around $2 million, and employed 165 people in the production of instru­
ments and control devices for t he Department of De fe nse and various aero­
space companies. A total of 1,266,030 shares of CD common stock were 
issued for the 17 acquisitions about which published information was ob­
tained. This is equivalent to 17% of the total shares of CD common stock 
outstanding in mid-1965. 

CD's policy of growth by acquisition has been summarized by its 
President, William C. Norris, as follows: 

"We're not finished by any means. There will defiuitely be more. 
There are two reasons why we haven't tried to expand entirely from 
within. First, we didn't have the time; we had to move qui ckly to 
stay competitive. Second, we didn't have enough cash to do it in­
ternally, and the companies we have acquired were all willing to 
take stock. Most of them were ii" the struggli!lg stages that all 
small, young companies encounter ' ' * 

During late 1957 and 1958, the future of CD was quesi:lonable. There 
was a shortage of working capital and a . 1 salaries were cut in half so 
that the 1604 computer could be completed. When finally developed, the 
1604, the first solid state computer to hit the commercial market (first 
delivered in January 1960), justified all CD's efforts. 

• Forbes Magazine, Sept. 15, 1965. 
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Below is a summary of CD's sales and profitability from inception 
through fiscal year ending June 30, 1965. 

Fiscal Year Ending 
June 30 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

Total 
Revenues* 

Net 
Income (Loss)• 

(millions of dollars) 

$ 0.6 ($0.1) 
4.6 0.3 
9.7 0.6 

19.8 0.8 
41.0 1.5 
63.l 3.1 

121.4 6.1 
160.5 7.9 

Following ERA, Univac, and Control Data, the fourth Twin Cities 
company to announcE its entry in the computer field was the Mechanical 
Division of General Mills, Inc. Announcement and display of its medium 
sized computer, Medel 2003, was made in March 1960. Also offered was a 
2001 computer, a smaller portable version of the 2003, and planning was 
under way for a complete line of computers, including a larger 2005 model. 

In announcing its line of computers, General Mills could not be 
strictly considered a nowcomer to the field. In fulfilling various mili­
tary contracts through the years, General Mills gradually developed a 
comput r capability. As an example, for its remote-controlled mechani-
,.al arm, an analog controller was developed to provide programmed manip­
ulation for operations requiring a repetition of motions. Concurre t with 
the development of a capRbility for missile guidance, fire control, bomb­
ing, and n,wigation sy te11:e . wUch required computers, General Mills also 
acquired a capability for d~•·· ioping computers. General Mills officially 
l'ecognized this capability by establishing the Digital Computer Laboratory 
in its Mechanical Division in 1937. 

The number of General Mills computers produced was never large. Most, 
if not all, deliveries were to military or government agencies. In October 
1961 ,. General Mills announced that a computer had been delivered to NASA's 
Godda£J Space Flight Center and that four more had been ordered by NASA 
for ground stations in its orbiting astronomical observatory program. In 
1963, General Mills withdrew from the computer field. 

At the time of the General Mills announcement of its entry in the 
computer field, statements attributed to two executives of Twin Cities 

* As given in annual reports for the respective periods. 
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l'0111punics were prophetic or the increased ralo of new tee nological com­pany f'o1•111a l ion whi ch wu~~ lo fol low. 

Pi· sidont Norris of CD was quo t ed as saying: 

''I f General Mills is serious about entering tho computer field, it wil l i ncrease the scope of electronics activity here tremen­dously. This in itself wi ll lead t o the forma tion of many mor e smal l ompani sand tend to attract scientists here from other ar as ."• 

In a imilar v in, Dr . Finn J . Larsen, Vice President of Honeywell Resear~h at t h tim, wa quoted: 

"The G ner l Ull de ision means that this area will have hi gher cient ific .and ,.ds. It means that all companies here wi ll be abl e to attra m r e scientists and bet ter qualified men. It means t hat t h stronger companies will continue to s pawn many new small ompanies--probably at a stepped-up pace." * 

One year after r.~Heral Mills announced its entry i n the computer fie ld, Advanced Scientific Instruments, Inc. (ASI), was incorporated and became the fift h Twin Cities <.;Ompany t o produce complete computer systems. The t wo salaried offi r,ers and founders of ASI had been previously associated with the Mechanical Division of General Mills. The same individuals credited with the deve l opment of the General Mills Model 2003 computer were asso­ciated wi\h the development of the ASI line of computers. 

Because of the su cc~ss of Control Data i n gett i ng established and because of the computer engineering and market i ng backgrounds of the two "operating" founders of ASI, initial financing was not too difficult. The two principals found a number cf pe~ple who were interested in providing financial backi ng, and so it became a matter of selecting t he best group. 

At the t i me of incorporation in March 1961, ASI possessed paid-in capi 1:al of $112,000 received from the sale of 112,000 shares of common stoc,; at $1. 00 per share to the incorporators. Between March and August 1961, an additional $20 , 000 was obtained f rom 20,000 option shares exer­cisE at $1.00 per share by t he incorpor&tors. In August 1961 , ASI offered and s)ld to the public 875,000 shares of common stock at $1.15, the 15 cents representing commission to t he underwriter. This public offering compares with Contrvl Data ' s first public issue i n 1957 of 600,000 shares of common stock at $1.00. 

Wit in seven months after incorporation, ASI had a computer proto­type in the advanced stages of assembly. Making up the family of ASI general purpose digital computers were the 210, the 420, and the Advance II, priced a s follows, depend i ng upon size and capability of the memory system and other equipment: ASI 210--$115 ,000 to $200,000; Adi 420-·· $400,000 to $600,000; and Advance 11--$800,000 to $1,000,000 . 

• Minneapolis Star, April 5, 1960, 
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In November 1961, the first order of an AS! 210 computer was re­
ceived from ;ASA and delivered within five months. The second contract 
for a 210 came in February 1962 from the AEC's Argonne National Labora­
tory. An order from Chance Vought Corporation for the third 210 was also 
received in 1962. It is reported that all of these orders were for lease 
of the equipment rather than for outright sale. 

During the first year of operation, AS! employment increased to 75. 
From the offering pric of $1.15 per share, the stock reached a high of 
$8.00 in December 19~1. The subsequent progress of ASI is perhaps re­
flected in the per share price range of the company's stock: 

High Low Dec. 17 

1962 $6.25 (Jan.) $1.12-1/2 (July) $1. 75 

By January 1963, the AS! sto kholders became aware of the company's 
need for additional capital or the alternative--a temporary suspension 
of operations. At that time (January 21, 1963), the price of the AS! 
common stock was around 25 cents a share. A financial statement sent to 
stockholders showed a net loss of $346,565 as of January 27, and the fi­
nancial problems of the company were attributed to the trend for leasing 
rather than selling equipment outright. In February, AS! stockholders 
approved the sale of the company to Electro-Mechanical Research, Inc., 
Sarasota, Florida, a wholly owned subsidiary of Schlumberger, Ltd., of 
Houston for $825,000 cash. ASI now operates in Minneapolis as a division 
of Electro-Mechanical Research. Employment at the end of 1964 was about 
160. 

Another strong contender in the competitive computer field is Honey­
well, Inc., but its Electronic Data Processing Division is located in 
Massachusetts. However, Honeywell's Central Research Center near Minne­
apolis plays an important role in the computer field through its basic 
and applied research iu such related fields as magnetic materials, micro­
circuitry, solid state physics, ceramics, and computer memories. 

The other "big name" associated with the growth of Minnesota's data 
processing industry is IBM, which established a plant at Rochester, Minne­
sota, in 1956, but its location 80 miles away places it outside the Twin 
Cities metropolitan area. The Rochester operation, which is a part of 
IBM's General Product Division, produces peripheral equipment for data 
processing. Inittal production of punched card collators was followed 
by card reproducers, interprete s, readers, and punches, as well as bank­
ing equipment. Counting model variations, more than 25 differe~t prod­
ucts have been manufactured at the Minnesota plant. Rochester has its 
own Product Development Laboratory. In early 1962, production began on 
the IBM 188 Collator, a punched card collator with a core memory, the first " " • all-Rochester product to be developed from the drawing board stage. Be-
cause of its location in the medically famous c ty, IBM Rochester formed 
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a llll'divnl applil·alions engineering group to work with lhe Mayo Clinic 
chwt1l1':-- In dl'Vl•lop <lala processing equipment havi ng medi cal appli cation. 
IDM l' lll plny111l' lll in Minnesota exceeds 3,000, practi cally all of it in 
Ruc:lwi,; l l' I' . 

Four companies have been formed in the Twin Cities si nce 1958 to 
dev l op amd manul'aclure peripheral equipment for compu ter systems--Data 
Display, Inc. , Uiginami cs Corporation, Data Products Corporation, and 
Probe , Inc. tso, the Mass Memory Division of Ane l ex Corporation has 
operated a branch operation in Minneapolis . This segment of the Twin 
Ct t ies computer industry a count s for sales of approx imate ly $7 million 
~r odu ed by around 350 empl oyees. 

Data Display, Inc. was f ormed in 1958 b engineers f rom t he Univac 
Di vision of Sperry Rand to produce visual di play equipment f or compu ter 
systems. Control Data Corporation ~as Data Display's firs t cus tomer and 
conti nued to be an important customer until January 1965, when Data Di splay 
bee me a wholly owned subsidiary of Control Data . At the time of acquisi­
tion, Data Display's employment was over 200, and annual sales were 
$3-4 mil lion. 

With the development of computer "hardware," the formation of com­
puter " software" (data processing services) companies in the Twin Cities 
followed: Scientific Computers, Inc. (1959); Data Management, Inc. and 
Data Sys tems, Inc. (1961); Arie s Corporation (1962) ; and International 
Anal ysts , Inc. (1966). All except Data Systems, Inc. continue to operate. 
Three of the surviving companies had a combined employment of about 100 
and saleo of over $2 million for 1964. 

The chronology of company formation in the computer and related field 
is shown in Table 8-7. 

Ordnance and Accessories 

The principal producers of ordnance and accessory terns in the Twin 
Cities are the Federal Cartridge Corporation, the Northern Ordnance Di­
vision of FMC Corporation, and the Ordnance Division of Honeywell, Inc. 
These three establishments are estimated to have combined sales of approxi­
mately $75 million, produced by about 5,500 employees. The bulk of pro­
du ction is for military agencies. 

The predecessor company of the Federal Cartridge Corporation dates 
back to World War I. During World War II, Federal Cartridge and a prime 
contrkctor operated the federal government's Twin Cities Arsenal. During 
the Korean conflict in the 1950s, Federal Cartridge was called upon by the 
U.S. government to reactivate the arsenal. Under the contract, Federal 
Cartridge operated the plant as a private cohtractor on a cost-plus-fixed­
fee basis similar tu its arrangement during World War II. After the Korean 
conf li t, the plant was again placed on a standby status, as it had been 
after World War II, until the Vietnam conflict required its reactivation 
in 1965. Federal Cartridge also has its own plant and manufactures a com­
plete line of small arms ammunition. 



Date of 
Formation 

1946 

1952 

1957 
1960* 

1961 

1958 

1961 

1961 

1964 

19:59 

1961 
1961 
1962 
1966 

Table B-7 

CHRONOLOGY OF COMPANY FORMATION; 
COMPUTERS AND DATA PROCESSING 

Company 

Engineering Research 
Associates (ERA) 

Computers 

Univac Div., Sperry Rand 
Corp. 

Control Data Corp. 
Mechanical Div. General 
Mills, Inc. 

Advanced Scientific Instru­
ments (Div. of Electro­
Mechanical Research, Inc.) 

Comments 

Formed by ex-Navy personnel 

Acquired ERA which became ERA Div. 
of Remington Rand Corp., and 
later , Univac Div. of Sperry 
Rand Corp. (1955) 

Spin-off from Univac 
Withdrew from computer field in 

1963 
Spin-off from General Mills Mech­
anical Div. 

Other Data Processing Equipment 

Data Display, Inc. 

Diginamics Corp. 

Data ~roducts Corp. 

Probe, Inc. 

Visual display equipment for com­
puter systems; spin-off from 
Univac; subsidiary of Control 
Data Corp. since 1965 

Analog to digital data converters; 
spin-off from Honeywell Aero­
nautical Div.; assets sold to 
Minnesota Mining and Mfg. Co. in 
1963 

Computer memories and printers; 
spin-off from Telex, Inc. 

R&D on peripheral equipment for 
computers; spin-off from 
Midwest Technical Corp. 

Computer Services 

Scientific Computers, Inc. 

Data Management, Inc. 
Data Systems, Inc. 
Aries Corp. 
International Analysts, Inc . 

Formed by University of Minnesota 
research personnel 

Spin-off from Univac 
No longer operating 
Spin-off from Univac 
Spin-off from Aries Corp. 

* Date of introducing computer. 

Source : Stanford Research Institute. 
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Northern Orcinancc, Im: . was organhed in 1942 as a wholly owned sub­
sici iary of Northern Pump Company to produce equipment for the Navy. During 
Worlcl War II, principal production was hydrau:ic gun mounts for the Navy. 
The ·om pany' s developments include an automatic rapid-fire anti-aircrat ... 
gun mount. 0.1ring the 1950fi, Northern Ordnance developed and produced fer 
the U.S. avy the world's first automatic missile stowage, handling, and 
launching system for ships. These systems have also been supplied to na­
vies of other countries, including Australia, France, Italy, Japan , the 
Netherlancis, and West Germany . More recent work at Northern Ordnance in­
cludes the design and manufa ture of a new version of the dual purpose 
(air and surface) 5-inch gun mounts developed by Northern Ordnance for 
Wor1 ,· War II vessels. One of the men r esponsibl for much of the company ' s 
successful R&D work is G. A. Kane, who until 1965 was xecutive vice pres­
ident and general manager of the operation. Mr. Kane was ited by the 
Navy in 1956 for the design and development of rr, r modern naval ordnance 
equipment than anyone else living at that time. 

The Ordnance Division of Honeywell, formed in 1949, has grown in 15 
years f rom a few offices in Minneapolis to a multi-plant operation in the 
Twin Cities, Los Angeles, and Seattle. Ordnanc work includes missile 
systems and components, fuses and arming devices, stabilization and fire 
control systems for self-propelled weapons and vehicles, and underwater 
demolition and sounding devices . In the Twin Ci t ies plants, Honeywell's 
Ordnance Division has designed and produced more than 25,000 mechanical, 
ele trical, hydraulic, and electronic tank turret and fire control sys­
tems for nearly every type of U.S. armored vehicl e in use today. The 
Ordnance Division entered the missile field in 1951 when a prime contract 
for a warhead system was received. Since th~n, the Ordnance Division has 
been active in the design, development, and production of missile systems 
and subsystems, and during the Korean conflict, was a majo~ supplier of 
proximity mortar fuses. In July 1965, the Division ~eceived a $10 million 
initial contract to produce Mark 46 antisubmarine torpedoes for the Navy. 
Although Honeywell has been a prime contractor for ASROC, a Navy antisub­
marine missile system, it has not had previous experience as a producer 
of t orpedoes. Honeywell ' s planning for the Mark 46 Torpedo began in 1963 
in anticipation that the Navy eventually would want a second source. Final 
assembly of the Mark 46 torpedo is s heduled for Honeywell's Twin Cities 
plants. 

Other High Technology Establishments 

In addition to the industry classifications already discussed, there 
are a number of Twin Cities establishments which do not fall into these 
classifications. Included are the multi-discipline applied research or­
ganizations and establishments specializing in the fields of high altitude 
and atmosphere research and instrumentation, and air contamination control 
products. These are listed in Table B-8. 

In the category of applied research establishments are the Appl i ed 
Sciences Division of Litton Industries and North Star Research and Devel­
opment Institu e, both having diversified research capabilities. 

.. .,. 



Table B-8 

CHRONOLOGY Oi' COMPANY FORMATION: 
OTHER HIGH TECHNOLOGY ESTABLICHMENTS 

Date of 
Formation Company ----------------- Comments 

1963 

1929 

1946 

1948 

1955 

1960 

1965 

1915 

1959 

App~ied Research 

Applied Sciences Div., 
Litton Industries 

North Star R&D Institute 

Acquired aerospace and engineering 
departments of the Electronic Div. 
of General Mills 

Sponsored jointly by the Upper Mid­
west R&D ~ouncil and the University 
of Minn~sotr, 

High Altitude and Atmosphere Research and Instrumentation 

Thompson Lightning Pro­
tection, Inc. 

Lightning and Transients 
Research Institute 

Winzen Research, Inc. 

G. T. Schjeldahl Co. 

Viron Div., GCA Corp. 

Minnesota Aerospace Corp. 

Lightning arrestor systems 

Formed by University of Minnesota 
personnel 

Spin-off from General Mills Mechani­
cal Div. 

Spin-off from Bemis Co. 

Division of GCA Corp. 

Spin-off from Viron 

Air Contamination Control Products 

Donaldson Corp. 

Dexon, Inc. 

Air filtration products 

Contamination control cabinets; 
spin-off from Honeywell 

Litton established its Applied Sciences Di vision in the Twin Ci ties 
in 1963 when it acquired the aerospace and engineering departments of the 
Electronics Division of General Mills. At the time, "some 360 highly 
skilled engineers, scientists, and tnchnicians" were reported to be in­
volved in the acquisition, with a level of employment estimated to produce 
sales of over $5 million. The Division has done considerable R&D for fed­
eral agencies on advanced scientific instruments for use in space and 
oceanology. 
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Tilt· llen.c.H·al Mi!h, Eludr-011ics Division had its beginning prior Lo ,wnl'ld WLH' II us u Keven-mun sc l'vi c.:c 01,d repair shop at UH:J compan y ' s MUllll',lpul is ('lour 11\il I. l~uL01,· ,c;(o:r;i.1t;nated u s t.hti! Me c.:hunicul Di vision, one 
{\

1

P i ls print'ipul ucliid lt ~s during World Wur U wa s the production of gun ~ii-thl i,; . At the Ol l(I of tho wur, wl Lh <!lnt ploymenL ut 1,600, the Divi sion 1..·uuve1·tcd l{) tho' pt•od uelion o f small home appliances . In 1954, the appli­~mce b~1s inc :,;s wa s :,;old to McGl'U W Electri c Company, and the Mechanical Di­Vislcm spet:ic.i lizod in the H&D u .1' elet:tronic.: equipment and precision in­Hitt·u1111.mt s . During Lhe lut e 19508 and early 1960s, t he Divi s i on employed oboul 1, 500 in tho Twin Ci ties urea, and its acti vities were primarily in tho following ureas; R&D i n ph ysics , e lect 1:onics , mechanics , and materia l; nut um,c1t i c handling equipment; und balloon and aerospace s ystems. Annual siil.lC$ f r om operations during that µeriod are estima ted to be over $20 mil­lion. 

North Sta r Resea r ch and Development In stitute , s ponsored jointly by the Upper Midwest Research and Deve l opment Council and the Unive rsit y of Minnesota, wa s incorporated i n January 1963 as a nonprofit organization to porJorm contract research in the ph ysica l, biological, and social sci­ences. Thu 1964 Directo ry of Minnesota ' s Electronics and Related Science Indu st rie s r eported a t o tal emp l oyment of 26. Ba sed upon published an­nouncement s , most of North Star's sa les volume through 1965 has come from government contra c t s, primaril y agencies other than the Department of De­fe nse . 

The Twin Cities area ha s developed considerable capability in the field of high altitude research and inst rument ::.. tion. In addition to the Applied Scier.ces Division of Lit t on Industries, other companies in thi s field include: the Viron Di vision of GCA Corporation, a producer of the inflation system for the Echo II satellite; Winzen Research, Inc.; and Minnesota Aerospace Corporation, formed in 1965. The G. T. Schjeldahl Company, located i n Northfield, Minnesota, about 40 miles from the Twin Cities, is also in this field. 

Two Twin Cities organizations--Lightning and Transients Research Institute, and Thompson Lightning Protection, Inc.--perform R&D and pro­duction of equipment related to the atmos,heric problems of lightning and other forms of transient electrical phenomet1a. Lightning and Transients Research Institute was chartered as a nonprofit corporation in 1946. It took over the work started in 1941 at the University of Minnesota and continued during World War II under the sponsorship of the Air Force and Navy. The principals of the Institute were associated with the Univer­si ty of Minnesota prior to incorporation. 

These six ei;tablishments, which are engaged in high altitude and atmosphere research, employ approximately 650 people in Minnesota who produce annual sales 1)f over $8. 5 mil lion. With t he exception of the Schjmldahl Company and Thompson Lightning Protection, these organiza­tions sell largely to f ederal agencies. 

Donaldson Company and Dexon, Inc . are two Twin Cities companies en­gaged in the development and manufacture of air contamination control 
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products used by defense agencies and companies producing equipment for 
DOD . 

Don~ ldson Company employs more than 900, and in 1965 sales were 
$21.5 million. The company was started in 1915 by Frank A. Donaldson, Sr., 

young engineer who had been dismissed by his employer, a Twin Cities 
tractor manufacturer, for suggesting that the company use a cleaner he had 
devised for spinning the dirt out of the air before it entered and fouled 
the tractor engines. As the story is reported, young Donaldson was re­
called from Utah to the home offi e and dismissed for implying that the 
company's tractor was not per fect. !n recent years, round 10% of the 
Donaldson Company's sales have been to defense agencies. This amount in­
cludes an $800,000 R&D contract with the Army to develop a filter to pro­
te...:t personnel in t anks and similar vehicles from chemical, biological, 
and radiological attack. 

Dexon, Inc. was organ L~ed in 1959 by a former employee of Honeywell. 
Dexon, which had fiscal 1965 sales of about $800,000 and employs more than 
50 p~ople, specializes in the development and production of contamination 
control equipment. Dexon ultra- clean cabinets, which provide dust control 
and fume exhaust, are used in place of clean rooms for many applications. 
Dexon's customers include defenoe agencies and a number of companies 
producing military equipment. 

Supporting Industries and Services 

Of considerable benefit to the development of a technological complex 
is the local existence of a variety of supporting industries and servi.ces. 
lncluded are such activities as precision metalworking, testing laborato­
ries, test equipment repair, and engineering services. Companies of this 
kind are listed in Table B-9. The existence of these establishments, most 
of them prior to 1960, provided the Twin Cities with a mature industrial 
base to support the rapid development of new technological companies dur­
ing the late 1950s and early 1960s. 

Sixteen Twin Citi,?S precision metalworking companies employing about 
600 employees have a c<.'mbir.ec! sales vol ume of approximacE: ly $7 mil lion. 
Sales to Twin Cities defense-related companies account for a large portion 
of this business. Of these 16 companies, 13 were formed prior to 1960. 

A number of Twin Cities companies provide a variety of testing and 
test equipment repair services. The predecessor of the Twin Cities Test­
ing and Engineering Laboratory dates back to 1910. Five compani~s employ 
more than 100 people and have combined annual sales of approximately 
$1 million. Several Twin Cities firms provide engineering services to 
defense-related companie~. Seven firms have combined annual sales of 
more than $4 mi l lion and employ in excess of 400 people. 
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Table 8-9 

CIIHONOLOGY Of' COMPANY FOHMAT ION: 
SUPPORTING INUUSTHIF.S ANO SEHVICES 

Oat of 
Formation Company Comm nts 

Preci s ion Metalworki ng 

1899 

1944 
1946 
1947 
1949 

Farwe ll Meta l F bri ca t i ng 
Div . 

Ma ck Engineeri ng 
Clarns , In . 
Pro fessio nal Inst rument Co . 
Mid-Continent Engin e ring, 

I nc. 
1950 Mod n ~achin and tng1-

n ring Co. 
J t-0- tat ic Engineer ing , Inc. 

1951 Lake Enginee ring 
1954 Nedmac, Inc . 
1956 Qual ity Stamping Co. 

1957 
• 

1959 

1962 

Precise Products Corp. 

Precision Sheet Metal Co . 
Precision Industries, Inc . 
Dyna/ Mat on, Inc. 
T and A Product s, Inc . 
Aro I ndu s tries , Inc . 

Thomas Machine Co. 

Di v ision of Far e ll, Ozmun, Kirk 
and <.:u. 

Spin-o ff 1rnm Honeywell, I nc. 

Spi n-o ff lrom Honeywe ll, Inc. 

Spin-o.1 f lrom Minnea poli s -Moline 
Co. 

Spin-off f rom General Mills, Inc . 
Sp n-off f rom Micro Products 

Sp1n-uff 1rom Wa shington Scientifi c 
Indus tri el:' , Inc. 

Sp1n-01f f rom General Mills, Inc . 

Spin-o ff from Clarus, Inc. 

Spin-o ff fro m Precision I ndustries, 
Inc . 

Spin-off from T and A Products, 
Inc. 

1910 

1945 
1961 

! ~s ting and Test Equipment Repair 

Twin City T s ting and 

1962 

Engineering Lab, Inc. 
Inst rument Control Co. 
Env i ron Laboratories, Inc. 

Cartier Engineering Co. 

1963 Materials Processi ng Labs, Inc. 

Spin-otf f rom Honeywell, Inc . 
Spin-off f rom Honeywell Aero­
nauti cal Div. 

Spin-off from Twin City Testing 
and Engineering Lab, Inc . 

Engineering Services 

1946 
1955 
1957 

Brodie Enginee ring Corp . 
Minneapolis Engineering 
Servo Engineering Corp. 

• Minnesota Engineering Co. 
1961 Front ier Engineering and 

1962 

Service Co. 
Strom Engineering Corp. 
Dyna-Search Control, Inc. 

1963 Consolidated Design, Inc . 

• Formed pr.or to 1958. 

Source : Stanford Research Institute . 
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Reported as no longer in operation 

Spin-off from Servo Engineering 
Corp. 



Appendix C 

DETAILED TABLES ON TWIN CITIES E/S CHARACTERISTICS 



--- Ind . & 
Time ='=!'1 od Me,~h. Aero. Elect . Genl. Civil Mgt , Other 

of Hire !!!L.. Eng . Eng . • !!!(;_ Eng . ...!.!!L.. Eng . t 

Twin Cities 
1935-39 22 . ~ "4 4 . 5"4 "4 
1940-44 12 . 5 7.5 35 . 0 
1945-49 16 .3 7. 0 38.4 
1950-54 25 .6 7.8 40 .3 1. 7 0.3 0 . 3 0 .3 
1955-59 17 . 2 4 . 0 43 .6 2 . 1 0 . 5 1.0 
1960-64 10 .8 4 .9 46 .3 0 .9 0 . 4 0 .8 0 . 1 

Current 
•orkforce 15 .3 5.2 43 . 5 1. 3 0. 4 0.8 0.1 

l.o1 Angele ■ 

1935-39 23 . 7 31. 9 5 . 1 12. l 1. 2 0 1. 2 
1940-44 20.3 19.0 8.9 12. 2 5 . 0 0 .3 2 . 5 
1945-49 20 . 7 30 . 9 9.5 9,8 1.1 0 .8 1. 7 
1950-54 21. 9 16 . 1 18 . 2 10.4 3 .2 0 . 9 1. 3 
1955-59 19 . 0 11 .8 23 .3 9.3 2.4 0 .8 1.4 
1960-64 17 .'7 10 . 1 26 . 4 7. 5 1.6 1. 4 1. 4 

Current 
workforce 18. 7 12 . 4 23 . 4 8.4 2 . 0 1. l 1.4 

Bo■ ton 

1940-44 10 . 0 3 .3 46 .6 6 .7 0 0 3.3 
1945-49 10.4 3 . 0 35 .9 3 . 0 1. 5 3 . 0 0 
1950-54 11.3 3 .3 45 .8 5 . 7 5 . 0 2.8 0 .9 
1955-59 14 . 1 3.6 35 .8 3 . 4 1 . 1 3 . 1 0 . 8 
1960-64 13 .6 5 . 5 33 . 5 2 . 5 1 . 1 3 . 9 0 . 7 

Current 
workforce 13 . 7 4 .8 34 .8 2 . 9 1 . 1 3 ,3 0 . 7 

• Includes telecommunication s , rad1o communications , electronics . 
t Includes structural , t ol, indus trial des ign , nu~lear engineering . 
* Include s astrophysics, engineering physics, geophysics . 
§ Figt1res do not always total 100 . 0% because of rounding . 

Source: Stanford Research Institute . 

Table C 

EDUCATIONAL SPECIALIZATION OF THE 
Twin Cities, Los Angeles, and 

( ercent in current 

Phys- Chem ., Ce ram- Metal-
ics* Biochem . ics lurgy ol 

"4 "4 "4 
2 .5 

2 .3 1.2 
5 . 5 1. 7 0.3 
7.0 2 .3 0 . 2 
8 . 0 1.8 0 . 1 

6 .8 1. 9 0 . 1 0 . 2 

1.6 1.6 0 0 
2 .8 3.0 0 0 .3 
2 . 1 3 .2 0 0 ,4 
-1 . 3 4 . 2 0 . 1 0 . 5 
7 . 0 6 .8 0.1 0 .8 
8 . 1 5.4 0 . 2 1.1 

7 , 1 5. 4 0.1 0 . 9 

0 0 0 0 
!l.O 0 0 0 
9 .1 2.4 0 0 

10 .3 3 . 4 0 .3 0 . 7 
10 .6 3 . 5 0 .3 0 .6 

10 .3 3. 4 0 .3 0 .6 

il 

l 
l 



OF Tl'.E ENGINEER/ SCIENTIST WORKFORCE 

· ill, and Boston Defense R&D Centers 

nal Specialty at Time of Hire 
,:,eurrent workforce hired in time period shown) 

Physio ., Math . Mil . s. 
Meteor- Med ., s. Econ . s. Naval Other Tech . Nontech . Un- Total Total 

ology. Bio . Psych . Gtat . Bus . Ad . Sci . Specialties Specialties known Percent Number 

J J 72 . ~ 99 . ~ 22 
2 .5 40 . 0 100 ,0 40 
7 . 0 1. 2 26 . 7 100 . 1 86 

0 . 3 6 .5 0 .3 0 .3 1. 7 6 .8 99 . 7 293 

0 . 2 0 .5 11 . 5 1.6 0 . 9 3 .8 3 . 7 100. l 574 

0 . 1 0 . 2 1.8 17 .8 1. 4 0 . 1 0 .8 2 .6 0 ,9 99 .8 951 

0 . 1 0.2 1.0 13 .3 1. 2 0 . 1 0 , 7 2 . 7 5 .3 100.2 1,966 

0 . 2 0 . 4 0 3 . 1 2 .3 0 . 4 3 . 1 4 .3 8 . 2 100 . 4 257 

0 . 1 0.7 0 . 2 5 .8 2 .6 0 3 .6 8 . 4 4 .8 100 . 5 607 

0 . 2 0 0 5 .2 1. 1 0 1. 6 4 . 2 7 .4 99 . 9 967 

0.3 0 . 4 0 .4 4 . 7 2 . 2 0 . 2 2 . 1 5 . 7 2 . 7 99 ,8 3 , 151 

0 . 2 0.3 0 , 5 6 . 7 1. 7 0 . 2 2 .3 3 .3 2 5 100 .4 6 ,008 

0 . 1 0,5 1. 0 8 . 7 2 . 4 0 .3 2 . 1 2.6 1. 2 99 .8 15 , 735 

0.2 0.5 0.8 7.5 2 . 2 0 . 2 2 . 1 3 .3 2.1 99 .8 26 ,725 

0 0 0 0 0 0 13 .3 3 ,3 13 .3 99 . 8 30 

0 0 0 7 .5 3 . 0 0 1 . 5 10 . 5 12 . 0 100 .3 67 

0 0 0 3 .8 3 .8 0 . 5 2 . 4 1. 8 5 . 2 99 . 6 212 

0 . 2 0 . 1 0.1 8.1 3 .3 0 . 2 1.8 2. 9 6 .6 100 . 2 1,230 

0.1 0 . 2 0 .6 9.9 2. 7 0 . 2 2 . 2 2 . 4 5 . 9 100 , 0 2,853 

0 . 1 0 . 2 0.4 9.0 2 .9 0 . 2 2 1 2 . 7 6 .3 99 .8 4 ,392 
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Appendix D 

BACKGROUND MATERIAL FOR CHAPI'BR IV 

D-1 The "Dollar Stock Market" 

Common to many of the technical company stock pro1pectu1e1 wa1 1n 
enclosed form letter from a canpany official stating that "because of the 
heavy interest indicated in this offering, we have had to greatly limit 
the shares which could be made available to persons expressing an interest 
therein," or similar wording. In the same letter, there was usually a 
statement to the effect that: "In order to purchase the share• allotted 
to you, you must sign and return one copy of the Subscription Agreement 
together with your check payable to the order of (the company) for the 
full amount of the shares for which you subscribe. These must be re­
ceived by the company on or before (a specified date). The company can­
not hold the shares allotted for sale to you beyond this date." 

A number of the stock prospectuses of new issues did not include au­
dited financial state ents. For those that did, the certifications by 
the CPA firms were often qualified to such an extent that they were of 
11 ttle value. 

Typical are the following: 

"We did not make an examination of the operating and income 
accounts." 

"As this was the first audit of the company's accounts, we 
made no physical tests of the inventory on hand at the be­
ginning of the period, and, therefore, can express no opin­
ion on the overall fairness of the statement of operation•." 

"However, we have not employed all of the procedures required 
in the case of an audit, which precludes us from expressing 
an independent accountant'• opinion on the repre1entation1 
contained in the statements.'' 

"Our examination of the accounts wa1 limited in scope to the 
office records and information submitted by manag•ent, and 
did not include independent verification of the account• or 
procedures requisite to the expres1ion of an opinion. Ac­
cordingly, no auditor's opinion is rendered." 

In some cases, audits reported in the prospectuse1 were audits of the 
balance sheet only. In place of profit and loss statement ■, statements of 
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l''-'l'l'ipLs und disbursements were sometimes reported. This made it more 
diJ't'il'ult J'or the reader of the prospectus to detect operating losses. 
ll was l'onimon practice to capitalize ( 1. e,, report as an asset) research 
und development costs, In the case of one technical company, capitalized 
RlD costs accounted fol' two-thirds of its $37,000 of assets. 

In some cases, the stock could be solrl at the time of offering for 
various prices, as indicated by the following statement from one prospec­
tus: 

"None of the selling stockholders is obligated to sell all of 
the securities being offered hereby at the same price, and :.n 
fact, sales of these securities may be made by each ~f said 
stockholders to different purchasers at different prices." 

For a number of the new stock issues, there was no provision for mak­
ing refunds to purchasers if the offering was not successful. The follow­
ing stat•ent from one of the prospectuses is indicative: 

''The company does not intend to refund subscriptions even if 
a substantial part of the offering remains unsold after a 
reasonable time, but proposes to initiate the business oper­
ations with whatever capital it receives," 

Occasionally, the prospectus brought the potentially artificial na­
ture of the "after-market" price of a new stock issue to the attention of 
prospective purchasers by such statements as the following: 

"In connection with this offering, the underwriter may over­
allot or effect transactions which stabilize or maintain 
the market pri.ce of the stock of the company at a level 
above that which might otherwise prevail in the open market. 
Such stabilizing, if commenced, may be discontinued at any 
time.'' 

Until the latter part of 1960, a statement regarding the speculative 
nature o~ the new stock offerings of technical companies was not generally 
included in the prospectuses, When it was included, it was usually not 
prominently shown in the prospectus, By 1961, it was the practice to 

" II h print These are speculative securities on the first page oft e prospec-
tus, By mid-1961, when new technical issues were being offered at the 
rate of about two a week, introductory statements often contained a cau­
tionary note such as the following: 

"The shares offered hereby are speculative in nature and pro­
spective investors 1hould be advised of the following: 

l, The company began operations on or about -----It ha• no history of earnings and has no significant oper-
ating record. 
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2. The company proposes to develop and sell -------but no assurance can be given that such can be done profit-
ably. The company does not have an established competitive 
position. Although the company believes certain of tte d6vice• 
it is trying to develop might be unique, it has not .made a 
thorough investigation of this question. 

3. The success of the company will depend to a great 
extent upon its ability to obtain research or production 
contracts from government agencies or contractors. No as­
surance can be given regarding the ability of the company 
to obtain such contracts, and the company frequent y aay be 
competing with firms of substantially greater resources and 
facilities when bidding for such contracts. 

4. There is neither a market for nor· a determinable 
market value of the company's stock. The offering price of 

per share has been arbitrarily established by the com­
pany's board of directors. Such offering price 1•· not baaed 
on earnings as the company has had none and should r.ot be 
construed as any representation that the stock ha• a ■arket 
value of or could be sold at that price. 

5. Prior to this offering the company issued ---shares of common stock to cel'tain officers at a price of 
per share. 

6. No assurance can be given that the proceed• of thia 
offering will provide sufficient capital for carryiq out 
all of the plans of the company." 

Also, by mid-1961, a Statement of Purchase was bein1 encloaed with 
prospectuses to be signed by ~rchasers of the atock. A typical atate­
ment was worded as follows: 

"I have today ~rchased from xyz, Inc., Co•on Shares, 
par value , for which I have paid a •hare. I 
have been iuriiTshed with a prospectus wiiic'itI have read and 
understood, and I realize that this c011pany is recently or­
ganized to engage in research, development, manufacture and 
sales in the field of -----

"I realize that this is a highly speculative venture, but I 
have sufficient business and financial ■eans to enable me 
to assume the risks involved. ·, 

D-2 Small Business Administration (SBA) 

For business loan ~rposes, the SBA defines a small business as one 
that is independently owned and operated and non-dominant in its field. 



A m~ 11ufacturing concern is considered small H its average employment in tht? p1·ecedi11g four calendar quarters was 250 people or less. A company 
may bti c0nsidered Slllall if its previous average employmt.!nt was between 
250 and 1,0~0 employees, depending on the SBA employment size standard 
develo~d for particular industries. 

There are two principal types of loans--participation loans, and di­rect loans. In a pal'ticipation loan, the SBA joins with a bank or other 
private lending institution. In a direct l oan, the loan is made entirely and directly by the SBA to the borrower. By law , the SBA may not make a direct loan if a participation loan can be arranged. 

SBA participation (maximum of 90%) may be either under a loan guar­antee plan or on an immediate basis. On a guarantee basis, SBA agrees that, on 90 days' default as to princ;.pal or interest, it will purchase its guaranteed portion of the outstanding balance of the loan. On an 
immediate basis, the SBA purchases, at the time the loan is consummated, a fixed percentage of the original amount of the loan. Under the law, the SBA may not enter into an immediate participation if it can do so on a guarantee (rteferred) basis. 

By law, in lfrneral, the maximum amount that the SBA can have out­standing to any one borrower is $350,000, "Pool loans," however, can be made to corporations formed by groups of small businesses. For this type of loan, the maximum is $250,000 multiplied by the number of small busi­nesses participatinc in the group. In parts of the country designated as ''redevelopment areas" by the Department of Commerce and "areas of substan­tial unemployment" by the Department of Labor, the SBA permits loans up to 25% larger than those normally provided. 

The maximum maturity of SBA loan• is genel'ally ten years. Loans for working capital, however, usually are limited to six year s; loans for con­struction may have a ten-year maturity plus the estimated time required to c01tplete construction. 

With certain exceptions, the interest rate on SBA direct business loans and the SBA share of participation loans is 5-1/~. A private lend­ing institution may set a higher rate than 5-l / 2j on its share of a parti­cipation loan, provided the rate is legal and reasonable. It also may set a higher rate than 5-l/2i on the SBA portion of a guaranteed loan, the higher rate on the SBA portion to apply until such time as SBA may purchai;e its guaranteed portion. The interest rate on the SBA portion of a loan may not be less than si. Exceptions to the foregoing are interest rates on small business loans to veteran~, insured by the Veterans Administration, which may not exceed 5-l/4i. Also, the SBA has lowered to 4i the interest rate on loans ■ade to ~mall businesses in redevelopment areas and areas of ~ub~tantial unemployment. 

D-3 Small Business Investment Companies (SBICs) 

In 1958, the Small Business Investment Act was passed and provided for the establishment of Small Business Investment Companies (SBICs) , 
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privately organized and operated, and primarily privately financed a& sup­
pliers of long term capital to small businesses unable to get money from 
the usual investment channels. To quaHfy for a loan, a small business is 
defined generally as having total assets under $5 million, a net worth 
below $2.5 million, and an average net income not over $250,000 annual.Ly. 
The SBICs can lend such a company as much as $500,000, or 20% of the SBICs 
capital and surplus, whichever is smaller.• 

As an increased incentive to investors, the Act provides for two-to­
one matching funds up to $400,000, if private funds are not available, and 
for special tax incentives. Thus, $150,000 of SBIC money contributed by 
stockholders can obtain $300,000 from the SBA at 5j interest. The tax con­
cessions 4re for both the SBICs and their stockholders. While profits are 
allowed to get capital gains treatment, losses can be deducted from ordi­
nary income. Also , SBICs are allowed a 100% deduction of dividends from 
a taxable domestic corporation, rather than the 85j deduction normally 
allowed corporations. 

Table D-1 lists the 11 Twir, Ci ties SBICs which had been licensed by 
1966--three in 1959, two in 1960, four in 1961, and two in 1962, Table D-2 
presents the number and capitalization of SBICs in the United States and 
Twin Ci ties. 

The investment policies of Twin Cities SBICs are summarized below: 

Investment Policies No. of SBICst 

Will invest in any business with growth 
potential 6 

Will invest in new businesses 6 
Equity participation desired or usually required 6 
Security gen erally required 3 
Interested in participation financing 6 
Consulting contracts generally required l 

In the following discussion of Twin Cities SBIC experience, informa­
tion hao been derived from a sample of transactions accounting for an es­
timated 7C/fo of the $11 million of financial assistance provided by Twin 
Cities SBICs from 1959 to 1965. 

• ti l II d For companies located in a differentia area --i.e., an area esig-
" l " II f nated by federal agencies as a redeve opnent area or area o sub-

stantial unemployment"--the definition of a small business includes 
companies with total assets up to $6.25 million, a net worth up to 
$3.125 million, and a maximum net income of $312,500. 

t Based upon seven r eporting SBICs. 
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Table D-1 

SMALL BUSINESS INVESTMENT COMPANIES 
LICENSED IN THE TWIN CITIES 

Capital 
Date and Surplus 

Name of SBIC Licensed ($ million) 

Arrowhead Small Investment 1961 $ 0 ,3 
Co . 

Bonzer InvePtment Co . 1962 0 ,3 
Community In .restment Enter- 1961 0,4 
prises, Inc . 

First Bancstock Equity Corp . 1959 1. 0 

First Continental Capital 1961 0.3 
Corp. 

First Midwest Capital Corp.• 1959 1.0 
Marquette Capital Co . 1960 0. 5 
Minnesota Capital Corp. 1961 2 . 5 

Minnesota Small Business 1959 1.2 
Investment Co. 

Northwest Growth Fund, Inc. 1960 2 . 5 
Retailers Growth Fund, Inc. 1962 0.3 

Total for 11 SBICs $10 .3 

Total for 7 SBICs remain-
ing as of 12/31/65 6 .0 

Status· 12/ 31/65 

Transferred to 
Denver 1964 

Functioning 
Functioning 

License surrendered 
1965 

Functioning 

Functioning 
Dissolved 1962 
Certificate of dis-

solution filed 
1964 

Functioning 

Functioning 
Functioning 

• One of the first two SBICs in the country, and the first SBIC with a 
public •tock issue. 

Sources: Minneapolis Office of Small Business Administration; The 
SBIC National Directory, 1963. 
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Of the t~tal financial usslstance provid ed by Twin Cities SBICs, ap­

proximately 30% has been given to 16 companies cons idered tu be technically 

oricnt~•ct (i.e., having R&D expenditures great er than the 3.4% of sales av­

l'ru~~• fm• all manufacturing industries) . 

nnancial assistance by Twin Cities SBICs I.as taken various form s : 

Term loan · 
Debentures with no conversion right s } 
Convertible debentures 
Debentures with detachable warrants 
Capital stock 
Combinati ons of the above 

No . of SBICs 

6 

8 

5 
8 

As indicated by Table D-3 , 76% of the dollar valu of financial s­

s i stance provided by Twin Cities SBICs has consi s ted of var i u typ f 

debentures, primarily debentures convertible to capital st k and db n­

tures with warrants to buy capital stock, as compared with a nati onal SBIC 

debenture experience of 51% Loans, however , make up a mu ch mall r pe r -

centage. Twin Cities SBICs ort that only 11% of fi nancial as i s tanc 

has been provided as loans , compared with a nati onal SBIC figure of 38%. 
The percentage of investment in capital stock (equi t y f inancing) by Twin 

Citie~ SBICs has paralleled the nati onal experi ence--13% compared with 

11%. 

In an anal sis of interest rates of Twin Cities SBICs , 42 loans and 

investments totaling $4.5 million were examined, including 14 loans and 

investments to technical companies totaling $1.7 million. As indicated 

in Table D-4, the effective interest rate on Twin Citi es SBIC transactions 

with technical companies was identical with the ef f ective rate on their 

transactions with all companies. Twin Cities SBIC interest rates have 

been considerably lower than those obtained by all U. S. SBICs. 
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Tuhlc D-4 

INTEREST RATES ON LOANS ANU UEUT SJ::CURITIES -­
TWIN CITIES AND ALL sn1c 's 

Twin Ci tics SBICs through Dc c.: <.:111hc r Jl, 196~ 
All SOICs through December 31, 196i 

Range Median EJfecti ve Rate* 

Twin City SBICs 

Transactions with all 
companies 4% to 10% 7% 6.8% 

Transactions with 
technical companies 6% to 8% 7% 6.8% 

All U.S. SBICs t 8.0% to 8.9% 8.5% 

Weighted average. 
Not available, but 20% of all transactions by U.S. SBICs through De­
cember 13, 1962 carried interest rates of 11% to 15%. 

Sources: Office of Investment, SBA, 1963; annual reports of Twin Cities 
SBICs. 

D-4 Insu:·ance Companies and Other Institutional Investors 

Some long term financing of Twin Ci ties R&D-hased companh~s was done 
by an out-of-state insurance company. In 1958, a year after formation and 
the sale of common stock to the public at $1 a share, Control Data Corpo­
ration privately sold $350,000 'of preferred stock to Sears Allstate Insur­
ance. Warrants for the purchase of 80,000 shares of common stock at $4.25 
a share accompanied the sale of preferred. The 80,000 shares represented 
slightly over 10% of Control Data's common stock outstanding at that time, 
and after stock splits,wus the equivalent of approximately 4.6% of the 
common shares currently outstanding. The Allstate financing was arranged 
by the investment firm of Dean Witter and Company, for which they L'eceived, 
as compensation for this and other fjnancial services, an option to pur­
chase 15,000 shares of common stock at $6.875 a share. The options were 
exercised by Allstate and Dean Wit~er and Company in May and June of 1959. 
It also has been reported that Data Display, Inc., formed in 1958 and since 
early 1965 a wholly owned subsidiary of Control Data, received financing 
from Sears Allstate. 

The amount of investment in local technical canpanies by Twin Cities 
insurance companies has been limited. Of the 75 insurance companies in the 
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Twin Cities, the Northwest National Life Insurance Company is reported 
to have had one of the more aggressive programs. 

At the beginning of 19fi5, six organizations in the Twin Cities were 
sponsoring mutusl funds: 

General Securities, Inc. 
Imperial Financial Services, Inc. 
Invested Dollars Fund, Inc. 
Investors Group Funds 
Liberty Fund 
Mairs and Power Funds 

The largest of these, and also the largest in the world,is the Inves­
tors Group Funds with total net assets of $4,6 billion at the beginning 
of 1965. Its five funds were established during the period 1940 through 
1957. 

Imperial Financial Services established its Imperial Capital Fund in 
1949. It had assets of $24.8 million at the beginning of 1965, 

One of the more recently established funds has been the Invested Dol­
lar Fund which made its initial public offering of 15 million shares of 
stock at $1.09 a share in 1963. The prospectus stated that the fund's 
normal policy will be "to invest in common stocks which management consid-

" " h ers to have growth possibilities, with consideration being given to sue 
factors as new products and services, modern technology, or intensive re­
search and developnent programs." 

An examination of the investment portfolios of the five Investors . " " Group Funds and the Imperial Capital Fund showed investments in seasoned 
common stocks of the following Twin Cities canpanies: 

Investor 

Investors Group Funds 

Litton Industries 
Minnasota Mining & Mfg. Co. 
Honeywell, Inc. 

Imperial Capital Fund 

Control Data Corp. 
Honeywell , Inc. 

Value of Investment 
(millions of dollars) 

$24.2 
8.2 
4.5 

0.4 
0.2 

• Weisenberger, Arthur, "Investment Companies, Mutual Funds and Other 
Types," 1965 ed. 
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1-'rum this cxumi.lution, it aµpeurs that investment hy Twin Cities mu­
tual funds in "unseasoned'' Twin Cities technical companies has been limi­
ted, 

During the "dollar stock market" period, some investment companies 
were formed in the Twin Cities to invest in scientific and technological 
"growth" companies. Two of' the more familittr inves tment companies formed 
were the Midwest Technical Development Corporation and Search Investment s 
Corporation. 

Two of the founders of Midwest in 1958 were previously associated 
with ERA and were among the founders of Control Data when it spun-off from 
the Univac Division of Sperry Rand in 1957. As indicated by its prospec­
tus, Midwest's investment objectives were as follows: 

The Company was organized for the primary purpose of seeking out 
and acting upon investment opportunities in young or new com­
panies believed by the management to be working on the technol og­
ical frontier. It is a fundamental policy of the Company, ... 
(to invest in) companies or other enterprises which are princi­
pally engaged in the development or exploitation of inventions, 
technological improvements, new processes , or products not pre­
viously available. Prospective rate of growth is an important 
factor in selecting such companies, many of which are young or 
new enterprises, the securities of which will have no publi.c 
market. 

Midwest's first public offering of stock in May 1959 was for 500,000 
common shares at $3. 00 a share. By the following year, the market price of 
the stock had reached a high of $23,50 per share. During most of 1965, 
the price of the stock was down to about a dollar per share--ranging be­
tween 15/16 and 1-1/4. 

Midwest's investments in technical companies in July 1960 totaled $1.5 
million in the following technical field s : electronics, communications, 
automatic controls, instruments, computers and related machines, and 
electromechanical equipment. Distribution of investments by state was as 
follows: 

State 

Minnesota 
California 
Connecticut 
New York 
I llinois 
Florida 

Percent of Total 
Investment 

166 

33% 
21 
17 
17 
10 

2 

100% 



In 1962, an action was brought against various officers and directors 
of Midwest hy the Securities and Exchange Commission (SEC) . Although the 
Federal Cour t in its decree in December 1963 did not sustain all of the 
charges pre~ented by the SEC, it did find that the defendants collectively 
had violated a number of provisions of the Investment Company Act of 1940. 
During 1963, three separate legal actlons involving guarantees by Midwest 
were settled by agreement. In November 1965, there were four additional 
lawsuits and claims pending against Midwest. 

In December 1965, stockholders of Midwest voted to sell its assets to 
Midtex, Inc., a new Minneapolis company. The purpose of Midtex was stated 
in the prospectus as "to acquire profitable operating companies in the 
electronics and other technologi cal fields." 

Search Investments Corporation was formed in 1960 to invest in scien­
tific and technological "growth" companies. One million shares of stock 
were sold to the public at $1 per share in 1961. In its report to stock­
holders for the six months ended June 30, 1964, only $270,402 had been in­
vested in common stocks, and the balance of $914,273 was in government 
securities. In January 1965, stockholders of Search voted to change the 
firm from an investment company to an operating company. As an investment 
company, Search was subject to the restrictions of the Investment Company 
Act of 1940. The net asset value of Search in the latter part of 1964 was 
indicated as $1.15 per share. 

D-5 The Entrepreneur 

Each addition to the number of local establishments doing work rele­
vant to defense RIJ> is the result of a human decision process that is often discussed under the heading of entrepreneurship,and the individuals who 
play majc,r part.s in this de Uion process are referred to as entrepreneurs. 
The literature on entrepreneurship and entrepreneurs includes a broad range 
of definitions and interpretations of these terms. At one end of the range 
is the view that entrepreneurship is company-starting and that the entre­
preneur is the man who starts the company. At the other end is the view 
that entrepreneurship is a broad organizing and decision-maki ng function, 
and that the entrepreneur is a team of corporate l eaders. 

In this study, the entrepreneur is considered in the narrower sense 
of an active initiator of a new enterprise, since we are primaril) inter­
ested in the process of formation of new companies. The entrepreneur is 
considered here in terms similar to those of Collins, Moore and Unwalla 

h II ti int eir book, The Enterprising Man, in which they use the term ontre-
preneur in the sense of "the innovating entrepreneur who has developed an 
ongoing business activity where none existed before." With them, Vr'e dis­
tinguish between "the independent or innovating entrepreneur and the bu­
reaucratic entrepreneur," though exceptional cases of the latter have been 
observed in the coursP. of these studies. As used in this study, the entre­
preneur is the active initiator of a new enterprise in the form of a new 
company. He plays a major role in starting the company and managing it, 
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und usually hos un impo1·Lu11L L'({llit.y posilion in il. The H&D-oricnlcd cn­
ll'L'Pl'L'IIL'lll' is the c11L1·cp!'L'llcll1' who, throuf.{h pcrsonuJ cxpcri once, educ al ion, 
or skill, is more lik0ly Lu find his entrepreneurial expression in a Lcch­
nil'al L'umpuny. (1"rom C.illins, 0 . L, D. G. M11orc , and D. U. Unwalla, The 
Enlcrprisin~ Man, MSU, 196'1.) 

This interest in new company formation f.{l'CW out oJ an earlier study 
in Lhis series . 1 The report on that study of Lh e De nver , Tucson, and Or­
lando defense R&U industries stated: 

"The extent to which R&D-oriented entre preneurs are present in 
a conununi ty , are attracted to it, and are able to find the re­
quired financial support ln it, appears Lo play a maj r part 
in the development of a local R&D complex. To enable a defense 
R&D complex to develop requires some critical number and variety 
of companies. Once this number and variety has been reached, 
the area can continue to maintain a basic v•orkforce and the 
organizational matrix required for the generation and exploi­
tation of new technology. 

The achievement 01' this critical (and unknown) number and 
variety of companies is highly dependent on the activities 
of entrepreneurial individuals with l : defense R&D orienta­
tion. In each of the areas studied, whatever defense R&D 
industry was in existence aside from the single major company 
in each area could be traced to the activities of such indi­
viduals or groups of individuals. Certain kinds of environ­
mental and organizational conditions appear to attract or de­
velop such R&D-oriented entrepreneurs. For example, in the 
areas studied it appeared that the smaller companies were 
more productive of new, successful local companies than were 
the very large companies. The large co1.'.'panies in these areas 
had not generated a ~ingle successful 1~cal ,.pin-off, while 
there were small compa '.1ies that had been the source of as 
many as five other companies." 

During the present study, questions were raised concc-rning the extent 
to which R&D-oriented entrepreneurs played a role in the development of 
the Twin Cities defense R&D industry base, and the conditions that appeared 
to be associated with activating the formation of new companies in the in­
dustry. Three sources of i nformation were used in seeking answers to these 
questions: historical data on company formation; interviews with founders 
of several Twin Cities technical companies; and interviews with key indi­
viduals from industry, the financial community, and the press. 

An effort was made to obtain detailed data on the formation and early 
survival of existing companies in the Twin Cities to identify coDDnon fac­
tors or conditions that could be associated with these events. In every 
case where the principal of a company was interviewed or where some other 
key industrial, financial, or community figure was interviewed, the inter­
viewee was asked to describe: the conditions that led up to the formation 
of his own or some other company; the specific event which precipitated the 
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move; the problems faced in early survival; and in retrospect, what the 
act of company formution looked like from a later vantage point. As a 
result ~f th~se interviews and a review of available historical data, it 
was possible to identify a number of factors or conditions that, alone or 
in combination, appeared to have been associated in some way with the for­
mation and early survival of companies in the Twin Cities defenso Rlr.D in­
dustry base. Of special interest here is the occurrence of the "dollar 
stock market" with its subsequent high ra t e of company formations, which 
~rovided a special situation for examining the influence of financial 
conditio son the formation of companies. 

In every case where there was information on a group of men who had 
started a new company, there appeared to be one individual who, more than 
the others, had been the chief initiator or prime mover in launching the 
process by which the company was finally formed. In those cases where 
data were obtained directly from the principal officers of technical com­
panies that had formed in the past fifteen years, they made it clear that 
they had had the intention of going into a business of their own long be­
fore the actual company fonnations took place. Many injicated that they 
had known "from childhood," "while I was still in the University," "from 
the day I got out of school" that they wanted to start a company of their 
own. 

In all of the company formations studied, there appeared to be a pre­
formation period in which there was some combination of "pulls" and 
"pushes," or positive and negative conditions, that operated on the com­
pany founder or founders to make them "more ready '' for the decisive action. 
First among the positive "pulls" that operated in the Twin Cities in the 
post-World War II ( high company formation) period was the relatively "easy" 
initial financing made available by the local "dollar stock market" between 
1959 and 1961. To some of the entrepreneurs, the financing made available 
by the "dollar stock market" was the trigger inducing them to form a can­
pany of their own. To others, it was a way to easy profits, obtained by 
forming a company for the purpose of promoting the stock and subsequently 
selling it at higher prices. During this period, there were 111 stock 
offerings involving local technical companies. Of course, not all com­
panies that were formed during this period responded to the pull of the 
"dollar stock market." 

Another form of positive "pull 0 that operated in a number of Twin 
Cities company formation was the guaranteed initial market--an Rlr.D con­
tract, or an order for a service or product. In the majority of these 
cases, the initial sale wa to a government agency that knew of the entre­
preneur's work from previo s contact. In one case, the initial order was 
for a computer component, and the government provided not only the order 
but also the materials, thus triggering the act that launched the company. 

Ne1ative "push" appeared as a precondition more often than did posi­
tive "pull" in the formation of the Twin Cities companies studied. The 
type of "push" most often identified in the■e formations was some form 
of external threat. Among these external threats were: the threat of a 
cutback in the business and staff of the organization in which the poten­
tial entrepreneurs were found; the more undifferentiated threat of an 
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"nl>sl•ntcc" mana~cmcnL thuL mi~hL make arbitrary decision s (or that did 
make unpopular decisions) uffcctin~ the Twin Ci Lies or~anization with 
which lhe potential l' lltrepreneurs were associ utcd; the lhreat of an organ­
i zu t hm change; and in one case, Lhc very real threat that the corporate 
organization was planning to divest itself of the division in which the 
potential entrepreneurs were employed. In most of the cases where this 
kind of "push" operated, the men responded and acted on the threat rather 
than un the realization of the threat. 

Another form of negative "push'' can be designated as "creator's frus­
tration," which results from a negative decision or lack of interest by a 
company's management concerning the device or idea that has been proposed 
or dev loped by a designer, inventor, or group of design engineers. In 
one such Twin Cities company formation, the preconditioning "push" came 
from a management decision to disregard the approach proposed by a design 
group, which subsequently formed a company to develop the propos d device. 

An analysis of the technical company formations in the Twin Cities 
since World War II points up the observation that was earlier quoted from 
the study of Denver, Tucson, and Orlando--certain kinds of environments 
and organizations appear to be more highly associated with subsequent com­
pany formations than others. For example, six companies are known to have 
been formed by University of Minnesota personnel, but four of them came 
from one organization, the Rosemount Aeronautical Laboratories. Another 
example is Engineering Research Associates (ERA); some of its original per­
sonnel not only were respons ible for the Univac Division of Sperry-Rand, 
but also went on to form Control Data Corporation, which in turn spawned 
other companies. Furthermore, ERA personnel located in Washington, D.C . 
were fo nders of Atlantic Resea~ch Corporation and General Kinetics, Inc. 
As already pointed out in the discussion .>n spin-offs, four Twin Cities 
organizations were the source of 36 spiu-offs, of which 30 were still in 
existence, in one form or another, in 1965. This observation has also been 
made in studies of other communities.* 

Based on the Twin Cities data and data from other community studies, 
the identification of a large number of company formations with certain 
"source" organizations and certain previous associations may indicate the 
operation of an important conditioning factor in the entrepreneur's deci­
sions. The suggested conditioning factor is the establishment, in the 
perception of the entrepreneur, of the credibility of his fo ming a com­
pany. This perception of credibility is related to the entrepreneur's 
personal knowledge or observation of others who have formed companies, or 
the awareness that someone who had held the same job and had the same ap­
parent capabilities had succeedP.d in forming a company. This is particu­
larly well illustrated by the Twin Cities experience. When a Univac vice 

• These are two master's theses which were written by P. Tepl!tz and 
II. A. Wainer,respectively,under the direction of Professor E. B. Roberts, 
and which dealt with spin-offs from MIT's Instrumentation Laboratory and 
its Lincoln Laboratory. See Bibliography. 
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president successfully formed Control Data, there was little immediate 
emulation. However, when a second company was formed by Univac employees, 
who were staff or project engineers, and the stock issue was successful, 
it was followed by a large number of company formations, which was the be­
ginning of "the dol!ar stock market." One of the principals in the second 
Univac spin-off pointed out that following his company's successful forma­
tion, he heard other would-be entrepreneurs say, "You're only an engineer 
like I am, If you can do it, I can too," 

The necessity for establishing the personal perception of credibility 
on the part of the potential entrepreneur r~ceives plausible support from 
the examples of small successful companies that are the sources of many 
other small successful companies. The small company is one environment 
where the potential entrepreneur not only gains a great deal of experience 
with the total company process, but also sees "up close" that a man who 
formed the company is not a superman. Further plausible support comes 
from the example that was given of ERA being the ultimate source of many 
company formations. It suggests that even after the men were no longer 
associated with ERA, the fact that former close associates had successfully 
formed companies made the act more personally credible for them. Finally, 
this may also explain why it is reported that a number of entrepreneurs 
come from families in which the father was an entrepreneur or company of­
ficer. 

Examination of spin-offs from the University of Minnesota's Rosemount 
Aeronautical Laboratory (RAL) perhaps provides some insight into the entre­
preneural requisites for the successful formation of technological compa­
nies. Th1·ee successful spin-offs were: 

Company 

Fluidyne Engineering Corp. 
Research, Inc. 
Rosemount Engineering Co. 

Year of 
Incorporation 

1952 
1951 
1956 

1965 
Net Sales 

(millions of dollars) 

> $2,0 (est,) 
5.1 
8,5 

Even though the principal executives of these companies at the time 
of incorporation were young (ages 27 to 34), the length of their previous 
job experience, primarily in research and design, ranged from 10 to 13 
years. Two of these entrepreneurs had had previous experience in five dif­
ferent organizations. For all three, the longest period of job experience 
prior to forming their own companies was with RAL, this period ranged from 
four to eight years. All of these entrepreneurs, as employees with respon­
sible positions at RAL, had a thorough background in the highly competitive 
arena of government R&.D contracting. In contrast, the spin-off from RAL in 
1961 which did not survive involved an individual having only two years of 
experience with RAL following graduate school. 
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0-ti The University uf Minnesota 

Defense R'1> 

Most of the inct·ease in research expendi lures ul Lhe University of Minnesota in recent years has been for rt:1scat'ch s ponsored by federal agencies. Since 1959-1960, sponsorship by all nonfoderal sources has been between $2.6 und $3.l million, annuall y . Be Lwccn lhe academic years 1950-1951 and 1963-1964, the University of Mi nnesota r e search expendi­tures ponsored by defense agencies totallea over $35. 8 million and ranged between $1.2 and $3.0 million. 111 the academic year 1964-1965, defense sponsored 1·esearch expenditures were 10.0% of the University's total. 

As noted in Table D-5, Minnesota has been among the 20 top-ranking states in terms of receipt of defense R&D prime contract awards to schools during the period 1''Y 1961-1965. However, Minnesota has dropped both in ranking and in total awards during this peri od. Defense R&D awards to Minnesota schools (almost entirely to the University of Minnesota) have declined from $2 .4 million (0. 7% of total) in H 1961 to $1. 8 million (0.5% of total) in FY 1965. The Minnesota ranking has dropped from 16th in FY 1961 to 22nd in FY 1965, having been outranked by Wisconsin and Alaska. During this period, the 20 top-ranking states (including the District of Columbia) have accounted for mor e: than 96% of total R&D de­fense prime contract awards to schools. 

Approximately one-third of th University of Minnesota's $28 million of research for the academic year 1964-1965 was for work by its Institute of Technology. Table 0-6 hows the growth in research volume performed by the Institute (from $46,000 for the academic year 1940-1941 to $7.4 million for 1963-1964), and the breakdown by sponsor (88% federal govern­ment, 5% state government, 5% business and iudustry, and 2% from all other sources). The Institute's defense R&D expenditures hit a peak of $2.7 million for the academic year 19~9-1960, as compared with $2.3 mil­lion for 1963-1964. Over 90~ of the Univer s ity's defense R&D has been performed by the Institute. 

By department, the Institute of Technology research expenditures during the 24-year period ended June 30, 1964 were as shown in Table D-7. 
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Tabl e D-6 

INSTITUTE OF TECHNOLOGY 
RESEARCH EXPENDITURES BY SPONSOR 

( 1953-54 through 1963-64) 

Expenditures by Sponsor 
( t housands of dollars) 

Academic Year Dept. of Defense Other Federal State Other* Total 

* 

t 

1953-1954 $1,714 • 179 $ 89 $ 93 $2,075 
1954-1955 1,954 138 132 64 2,288 
1955-1956 1 , 602 157 137 172 2 ,068 
1956-1957 2 ,140 596 144 198 3,078 
1957-1958 2 ,309 758 163 389 3 ,619 
1S58-1959 2 , 505 986 151 3:,u 3,972 
1959-1960 2, 666 1,778 122 313 4,879 
1960-1961 2,542 1,866 161 387 4,956 
1961-1962 2,507 2,251 189 421 5,368 
1962-1963 2,314 2,802 188 374 5,678 
1963-1964 2 ,257 4,315 446 397 7.415 

Business and industry (6~), founda t ions (21%) ; and endowments, gifts, 
and miscellaneous (12%). 

Table 0-7 

INSTITUTE OF TECHNOLOGY 
RESEARCH EXPENDITURES BY DEPARTMENT 

(1940-41 through 1963-64) 

Department 

Aeronautical engineering* 
Physics (since 1956-1957) 
Chemistry 
Electrical engineering 
Mineral and metallurgical engineeringt 
Mechanical engineering 
Civil engineering 
Chemical engineering 
Mathematics and mechanics 
Hydraulics laboratory (since 1960-1961) 
All other 

Total 

Total Research Expenditures 
(millions of dollars) 

$13.5 
11.4 
6,8 
4.9 
3.7 
3,2 
3 . 1 
l.9 
l. 9 
1.4 
l.6 

$53.4 

Includes Rosemount and Hypersonic Laboratories. 
Includes Mi nes Exper i ment Station and Chemical Metallurgy. 
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Degrees 

In the 1962-1963 school year, universities and colleges in Minnesota 
accounted for 1.7% of the 54,264 bachelor degrees conferred nationally in 
the relevant fields, 1.1% of the relevant master's degrees, and l.~ of the 
relevant doctorates. A comparison of the Minnesota E/S "production rate'' 
with that of the states in which Los Angeles, Boston, Denve~ and Tucson 
are located is shown in Table D-8. 

For the six academic years 1960 through 1965, the University of Minne­
sota's Institute of Technology conferred a total of 2,419 bachelor degrees. 
Approximately 255 quarter hours are needed for a bachelor's degree from the 
Institute of Technology of the University of Minnesota. The first-year cur­
riculum is the same for all students in the College of Engineering and some 
of the other departments . Table D-9 shows by year the number of bachelor 
degrees conferred by each department of the University of Minnesota's Insti­
tute of Technology. 

Questionnaires sent to 2,419 University of Minnesota Institute of Tech­
nology students at the time of receiving their bachelor degree were answered 
by 2,167--or 90o/o. Of those replying, 144 were planning to serve in the 
armed services, and 197 had not yet accepted a position or made a decision. 
Of the 1,826 graduates who had made placement decisions at the time of the 
survey, 77.1% indicated that they accepted full-time positions (primarily 
in industry), and 22.9% stated that they were entering graduate school. 
This information is detailed by department in Table D-9. With two excep­
tions, the percentage of bachelor d~gree graduates taking full-time posi­
tions from all departments ranged between 75.6% (aeronautical engineering) 
and 86.3% (electrical engineering). The majority of bachelor degree grad­
uates in chemistry and physics (78.6% and 70.1% respectively) continued 
their academic work toward advanced degrees. The number and percentage of 
Institute of Technology bachelor degree candidates planning to take grad-
ua work have steadily increased from 1960-1961 to 1964-196~, as shown in 
Tabl e D-

Of the 1 ,408 bachelor degree graduates indicating, in the survey, an 
acceptance of a full-time position at the time of 1raduation, 48.si were 
with establishments located in Minnesota (43.7i in the Twin Cities, and 
4.8% at other Minnesota locations). 

Evening Graduate Program in Electrical Engineering 

This program, established in 1961, enables graduate engineers of spon­
soring firms to complete the requirements for a master 1s degree in three 
years by attending evening classes. Under the program, which offered 33 
courses in the academic year 1964-1965, a student can complete a major with 
emphasis in some particular areas, such as control theory. When the demand 
for particular courses is insufficient to warrant evening courses, such as 
solid state devices, desired courses can often be taken during the late 
afternoon hours. 
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Uni ted St ate s 
Bac he - Mas -

Re l evant Fie lds* lor ' s te r 's Ph.D . 

Tota l all fie lds 450,59 2 91, 418 12 I 822 

Pe r ce nt of U.S. 100.0% 100 . 0% 100. 0% 

Re l evant f i e ld s , as Total Degrees Confe rred 
pe rcent of U.S . 

Enginee ring 33 I 458 9 , 635 1,378 
Physics 4 ,785 1,567 752 
Math • scatistics 16 ,1 21 3,323 490 ---

Tot a l re l evant 54 I 264 14,525 2 ,620 

Re levant fi e lds , as 
pe rcent of a ll f i e ld s 

Enginee ring 7 . 4% 10. 5% 10.7% 
Phys i cs 1.1 1. 7 5.9 
Mat h & stat i st i cs 3 . 5 3.6 3.8 

Tota l re l evant 12 , 0'/o 15 . 8% 20.4 % 

Table 

DEGREES CONFERRED IN FIELDS RELEVANT 
SELECTED 

1innesot a Ar i zon 
Bac he - ~las - Bache - Mas-
lor ' s t e r 's Ph.D . lor's 

10 ,162 1,360 314 3 , 565 986 

2,3% 1.5% 2.4% 0.8% 

1.1% 1 . 2% 2.1% 0 . 8% 
2 . 5 1.1 1.1 0.2 
2 . 6 0. 7 2.2 0 . 5 0.9 

1. 7 1.1 1.8 0. 7 1.0 

3 .5 8.7 9 . 2 8.0 9 . 9 
1.2 1.3 2.6 0. 3 1. 7 
4. 2 1. 7 3 . 5 2 . 0 3.2 

8 . 9 % 11.7% 15 . 3% 10 . 3% 

* R l evan t f i e ld s a re con s ide red to be engineering , phys i cs , mat hemati cs and s t ati st i cs; 
profess i ona l s in R&D defense centers pre viousl y s t udied. 

Sour e: U. S. Off ice of Educa t i on , "Earned Deg rees Confer red, 1962-63. " 



D Table D-8 

LEVANT TO THE DEFENSE R&D INDUSTRY--

Arizona Cali fornia Colo rado Massa~husetts - Mas- Bac he ·- Mas - Bache - Mas- Bache- Mas -
ter 's Ph.D. lor's ter 's Ph.D. lor 's ter 's Ph.D. lor 's ter 's Ph.D. 

986 66 34,489 7,826 1,307 6,164 1,843 239 19,501 5,535 946 

l.l o/c o. 5% 7. 7o/, 8.6% 10.2<;; 1.4% 2.0% 1. 9o/c 4 .3'/c 6,1% 7. 4 0 

Percent of Total U.S. Degrees Conferred 

1.0% 0,1% 8,1% 13.2% 14.8% 1,5% 1.6% 1.0% 5,1% 8,6% i2,2% 1.1 0.3 8.6 7.9 17 .o 0. 7 1.0 2.3 6.7 5.0 9.7 0.9 0.4 5.4 6.2 12.0 1.0 1.4 0 .7 3.8 4.1 6.9 
1.0 0.2 7.3 11.0 14.9 1.3 1. 5 1.3 4 . 9 7.1 10.5 

9.9 3.0 7.8 16.3 15. 6 8 .1 8.4 5.9 8.8 14.9 17. 8 
1.7 3.0 1.2 1.6 9 ,8 0 .6 0 .9 7.1 1.6 l. 4 7.7 
3.2 3.0 2.5 2,6 4 .5 2. 6 2.5 0.8 3.1 2.4 3.6 

14.8% 9.0% 11.5% 20. 5% 29.9% 11.3 % 11.8% 13.8% 13.5% 18. 7% 29.1 % 

tistics; these are the degree fields for over 80% of the more than 30,000 technical 
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The average quarterly enrollment in the program has been: 

Academic Year Average Quarterly Enrollment 

1961-1962 40 
1962-1963 50 
1963-1964 114 
1964-1965 178 

The companies which have provided partial financiul support of the program and the average :·early enrollments by sponsoring company are shown in Table D-11. 

Evening Graduate Program in Business Administration 

Another evening graduate pr~gram established at the University of Minnesota in recent years has been the Master of Business Administration (MBA) evening program. For the period 1960-1961 through 1964-1965, a total of 477 students from more than 120 Twin Cities estRblishments have been ad­mitted to the program. Significantly, 182 (4~) of those admitted to the program had engineering or science undergraduate degrees. About two-thirds of those enrolled for 1964-1965 had engineering or sch .ice undergraduate degrees. Through the academic year 1964-1965, there have been 41 MBA grad­uates from the program. Ninu (22i) of these had engineering or science undergraduate degrees. Technical companies represented in the progl'am and the total number of students from these companies admitted to the program are shown in Table D-12. 
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Table D-11 

ENROLLMENT UY COMPANY IN UNIVERSITY OF MINNESOTA 
EVENING GRADUATE PROGRAM IN ELECTRICAL ENGINEERING 

Academi c Years 1961-62 through 1961-65 

Sponsoring Company 

* El ec tro-Mechanical Res., Inc. 
Control Data Corp. 

t Electro-Nuclear Systems Corp. 
Fabri-Tek, Inc. 
General Mills, Inc. 
ttoneywell, I11c. 
IBM (mainly Rochester plant) 
Magnetic Controls Co. 
Mayo Clinic, Rochester 
Medtronics, Inc. 
Minnesota Mining~ Mfg. Co. 
Northern Ordnance Div., FMC Corp. 
Northern States Power Co . 
Onan Div . , Studebaker Corp . 
Rosemount Engineering Corp. 
Univac Div., Sperry Rand Corp. 

Total 

1961-
62 

6 
3 

3 
17 

l 

10 

40 

* Advanced Scientific Instruments Div. 
t No longer in business. 

Source: University of Minnesota. 

182 

1962-
63 

5 
l 

l 
29 

l 

13 

50 

1963-
64 

21 

56 
10 

l 

3 
l 
l 

21 

114 

1964-
65 

l 
28 

l 
l 

84 
21 

l 

3 
2 
l 

l 
34 

178 

4-Year 
Total 

l 
60 

4 

1 
5 

186 
31 

2 
l 

7 
3 
2 

1 
78 

J82 



Table D-12 

ENROLLMENT IN UNIVERSITY OF MINNESOTA 
EVENING GRADUATE PROGRAM IN BUSINESS ADIUNISTAATION 

Em21oiees Admitted Em21oiees Graduated 
Other Other 

Company E/S's Backgrounds E/S's Backgrounds 

Control Data Corp, 22 13 
Donaldson Co, 3 l 
General Mills 10 21 
Honeywell, Inc. 55 59 6 7 
Litton Industries 2 
Minnesota Mining & Mfg. Co. 21 10 l l 
Northern States Power Co. C 3 1 
Northwestern Bell Tel. Co. 3 3 
Rosemount Engineering 3 
Univac Div., Sperry Rand Corp. 14 9 1 
Westinghouse Corp. 2 
Whirlpool 5 2 
All other establish:, ents 36 174 l 23 

Total 182 295 9 32 

Seminars 

During the period July through early September 1965, the Institute 
of Technology and the Center for Continuation Study of the University of 
Minnesota presented a series of one-day and two-day seminars on engineer­
ing and scientific topics: 

Industrial Uses of Nuclear Energy 
Modern Methods in Circuit Analyses 

Pole-zero Techniques 
Flow-Graph and Matrix Techniques 

Modern Control Theory 
Modern Methods of Data Presentation and Analysis 
Modeling and Models in Problem Solv ;,ng 
Transistor Switching Circuits 
Random Processes in Engineering Systems 
Value Engineering 
Dynamic Programming--<;oncepts and Applications 
High Vacuum Technology 
Electron Mirror Microscopy 
Application of Mass Spectrometry 
Magnetohydrodynamics 
Computer-Assisted Problem Solving 
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Advance rei;i s trut i un s un July 23, 1965 totull •d ~mo f ur the 15 ~ c i:; ­

s ions. Summarized , the rci;istrunt s orgi natcd as Joll ows: 

Nu . uf Advance 
Mi nne so ta Rei;is trants Reg i s tra ti ons 

Univac Div. , Sperry Rand Corp. 75 
Honeywell , Inc . 53 
Control Dat a Corp. 28 
Northern St a t es Power Cu. 20 
~' abri-Tek , Inc . 10 
IBM , Rochester 10 
Mi nnesota Mi ning and Mf g. Co. 9 
Onan Div. , Studebake r Corp. 8 
Appl ied Sciences Div., Li tton Indust ri es 2 
Telex Corp. 2 
Other e s tabli shme nt s 21 

Total Mi nne sota r egistrants 238 

Out-of-state regis t rant s 22 

Other Courses 

In addition to the foregoing special courses and seminars provided 
by the University of Minnesota, the Genernl Extension Division offers 
evening degree-credit classes in engineeri ng and physical and technical 
sciences. In 1964-1965, 51 undergraduate and 18 graduate courses were 
offered in these fields. 

To determine the extent to which employees of Twin Cities technical 
companies participated in this program, 22 undergraduate courses and 14 
graduate courses for 1964-1965 were analyzed: 

In the 22 undergraduate courses, there were 600 registrations, with 
507 (85%) completing the course. In the 14 graduate courses, there were 
730 registrations, with 681 (93%) completing the course. 
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No. of Total ComEletion 
De;>artment Courses Regist. No. Percent 

Undergraduate 

Electrical Eng. 9 222 208 94% 
Mechanical Eng. 4 68 50 74 
Mechanics / 
Materials 4 112 83 74 

Physics 5 198 166 83 

Total 22 600 507 85~ 

Graduate 

Electrical Eng. 6 176 171 97 
Mechanical Eng. 2 32 29 91 
Mathematics 6 552 481 87 

Total 14 760 681 90% 

Twin City technical companies supplied the majority of registrants 
for these 36 engineering and science courses. 

Technical Company 

Honeywell, Inc. 
Univac Div., Sperry Rand Corp. 
Control Data Corp. 
Minnesota Mining & Mfg. Co. 
Donaldson Co. 
McQua y , Inc . 
General Mills, Inc. 
Applied Sciences Div., Litton Ind. 
Other technical companies 

Total company registrations 

Percent of total registrations 

185 

Number of Registrants 
Undergraduate Graduate 

133 125 
37 108 
44 85 
43 41 
15 10 
18 2 

7 12 
4 8 

64 49 

365 440 

61% 60j 



lnslruclut· s rrum local technical cumµunics were used for 10% oi the Jli l'ourses anal yzcd. 

Department 

El ectrical Eng. 
Mechanical Eng. 
Mechanics / Mat erials 
Physics 
Mathemati cs 

Tulal 

U11de rg-ruduate Courses 
Tctal o . Indu s try 

uJ Courses Instructors 

9 9 
4 0 
4 0 
5 3 

22 12 

Gt·aduate Courses -Total No, Industry 
oJ Cuurses In s tructor s 

6 2 
2 0 

6 0 

14 2 

Local companies upplying evening instructors for University of Min-11 e ota technical classes during the academic year 1964-1965 were: 

H1..meywell, Inc. 
Control Data Corp. 
Univac Div., Sperry Rand Corp. 
Nort hern States Power Co . 
Electric Machinery Mfg. Co. 

Advice and Consultation 

As stated in the University of Minnesota faculty handbook, the Board of Regents has adopted the following policy l"i th respect to outside con­sul ting by faculty members: 

''No full-time member of the faculty shall receive from any out­side source either an annual retaining fee or a regular salary unless the arrangement has been approved by the staff member's department head and the Board of Regents. The rule applies to such things as consultantships or other teaching appointments, but not the writing of books, articles or occasional speeches." 

During the six-year period of 1960 through 1965, 211 Institute of Technology faculty consulting agreements were approved by the University Board of Regents. Table D-13 summarizes the number of consulting agree­ments in terms of departments of the Institute of Technology. 

Membership on Company Boards of Directors 

University of Minnesota faculty are permitted to serve on company boards of directors with the approval of the Board of Regents, A~ stated by the University of Minnesota Office of the Vice President for Academic Administration: "There is no written or unwritten policy pertaining to 
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University faculty serving as officers of companies, except as these in­
stan<.·es would be included under the policy regardinK the need for Doard 
of R~gents approval of each such situa tion. Each such instance would 
involve the certification of the department and the college unit involved 
that th~ work could be undertaken without detriment to the faculty mem­
ber's obligations tu his department and his college, and individual con­
sideration by the Doard of Regents in order that it is clear that such 
service is to the advantage of the University and does not involve a con­
flict of interest." 
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