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ABSTRACT 

The U.S. Government spends vas t  sums of money each 
year t o  fund the research and development o f  elect ronics  
f o r  a var ie ty  of appl ica t ions .  Commercial enterpr ises  
a l so  spend large  sums on R & D of e lec t ronics  and  other 
areas of i n t e r e s t  t o  the U.S. Government and i t s  agencies. 
The government can take advantage of indust r ia l  R & D and 
thereby maximize the u t i l i z a t i on  of t h e i r  own R & D funds. 

INTRODUCTION 

In accomplishing any task ,  we a re  faced with limited resources such as :  
manpower, mater ia ls ,  time, and funds. Faced with a  given task we must 
both  conserve and  make maximum use of A L L  our resources. One drop of 
o i l  sp i l l ed  wil l  never be recovered. One second wasted i s  l o s t  fo r -  
ever. The watchword everywhere should be the maximum u t i l i z a t i on  of 
avai lable  resources. If  we a re  to  conserve, we rrlust not waste one drop 
of o i l ,  one second of time, o r  one do l la r  o f  funds. As taxpayers we 
want the government t o  take l e s s  of our income f o r  taxes.  More 
importantly, however, we want the government t o  spend each do l la r  they 
do take as wisely and e f fec t ive ly  as possible.  This spending e f f i c ien-  
cy should be applied t o  the area o f  Research a n d  Development ( R  & D )  as 
well as a l l  other areas of government spending. 

RESEARCH A N D  DEVELOPMENT 

Before discussing the funding of R & D l e t  us define and character ize  
R & D so t ha t  we have a  common base frorn which t o  build.  



Def i ni t i  on of Research and Devel opment 

Research and Development can be defined in a number of ways. However, 
for  our purposes I will define i t  as  the process of finding a 
solution to  a problem. The most d i f f i c u l t  part of R & D i s  defining 
the problem. The professors in my freshman engineering courses (many 
years ago) stressed that  once you had defined the problem, you had i t  
ha1 f -sol ved. 

Types of Research and Development 

There are three types of R & D which are pertinent to  our discussion: 
1. Basic Research, 2 .  Development and 3 .  Modification or redesign. 

Basic research i s  the investigation of specific phenomena to further 
our understanding of the sciences, the world we l ive  on, and the 
worlds around us. 

Development on the other hand, i s  the application of known or  SEMI-KNOWN 
Technology to solve a specific need o r  problem. I say SEMI-KNOWN tech- 
nology because we can generally produce one of anything in the labora- 
tory b u t  producing one hundred or  one thousand i s  a much more d i f f i cu l t  
task to  accomplish. 

Redesign or modification allows us to  use a currently availableoff-the- 
she1 f product to  solve a new need or problem. The 01 der product 
doesn't f i t  the solution exactly, b u t  with a l i t t l e  modification i t  will 
do jus t  great,  

SOURCES OF PRODUCTS AND TECHNOLOGY 

I f  we were to  determine how many dollars were spent each year on R & D 
by both the government and private industry we probably would be 
astonished. Each year thousands of new products are introduced into 
the marketplace and scores of new technological breakthroughs are  
real i zed. 

Have you ever wondered how mankind manages to come up  with a l l  o f  these 
fantast ic  products and ideas? Both products and technologies come from 
three sources. 

Problems 

Problems are the manifestation of needs. The customer has a specific 
need or problem which must be solved. Someone thinks he can f i l l  that  
need and hence, the R & D process i s  in i t ia ted .  As a r e su l t ,  a product 
i s  created which solves the problem or  f i l l s  the need. 



An example of problem solving i s  when our customers told us they would 
l ike  to be able to  have Cesium beam frequency standard performance a t  
several locations within the i r  plant or system. However, they could 
n o t  afford t o  purchase a multitude of Cesium standards. As a resul t  
the 5087A Distribution Amplifier was developed, thereby f i l l i n g  the 
need and solving the customer's problem. 

Solutions 

Here we find the R & D Engineer, Physicist, Chemist or researcher that  
has discovered or developed a fan tas t ic  product or process. The 
question we a l l  would ask i s  "Does anyone need i t?" The solution, 
therefore, i s  looking for  a problem t o  be salved. In the early days 
of Cesium standards i t  was mainly a laboratory curiosity.  Later i t  
became apparent t h a t  the Cesium standard was the solution t o  a number 
of con~munications a n d  navigation problems. 

Accidents 

In Research and Development, the researcher i s  looking a t  technologies, 
processes, needs, and a myriad of other things. Sorneday, with a l i t t l e  
b i t  o f  luck, he may discover something that  will be useful to someone, 
somewhere. More t h a n  1 i  kely i f  he finds i t ,  i t  won't be w h a t  he 
t h o u g h t  i t  would be, nor will i t  be the solution t o  the problem he had  
originally set  out to solve. Instead i t  will be the byproduct of his 
e f for t s .  Totally by accident he will find something useful t o  mankind. 

Some years ago  we h a d  a n  engineer working on the design of a frequency 
counter. He became to ta l ly  frustrated with trying t o  determine the 
s t a t e  of a logic gate. Because of th i s  frustration he designed a 
device t o  determine whether the Logic g a t e  had a "1" or a "0" on i t s  
a u t p u t  or input. From th i s  f i r s t  logic probe came a whole ser ies  of 
logic t e s t  equipment. Totally by accident was th i s  product concept 
discovered . 
R & D PROCESS 

The R & D process s t a r t s  with ei ther  a need or a n  idea. In  the case 
of s tar t ing t h e  process with the needs, (figure 1) the companyattempts, 
f i r s t ,  t o  determine w h a t  the customers need. Once we have determined 
tha t  something i s  needed, we look a t  the limited resources available 
i n  terms of people, materials, funds, a n d  even in terms of ideas t o  
develop. 

I f  the company thinks i t  can solve a problem and f u l f i l l  the need, then 
i t  proceeds to  develop the solution. 



The product  i s  designed and tes ted  and if every th ing  works, i t  i s  p u t  
i n t o  product ion. The customers now have a s o l u t i o n  t o  t h e i r  problem. 

I f  ins tead we s t a r t  w i t h  an idea ( f i g u r e  Z ) ,  i . e .  a poss ib le  s o l u t i o n  
searching f o r  a problem, then t h e  process i s  s i m i l a r .  The R & D Team 
comes up w i t h  an idea. The company then looks t o  t h e  marketplace t o  
see i f  there  i s  a need f o r  a  product  us ing  t h a t  idea. I f  so then the  
design and development begins and the  product  developed. 

To determine what t h e  customers need, a company w i l l  s imply ask t h e i r  
customers ( i n c l u d i n g  the  government) what they t h i n k  they w i l l  be 
needing sometime i n  the  f u t u r e ,  say 5 t o  10 years ( f i g u r e  3) .  The 
customers t y p i c a l l y  respond w i t h  a n o t  so simple answer, e.g., " I  d o n ' t  
know, what w i l l  be a v a i l a b l e  i n  5 t o  10 years?" This  c i r c u l a r  
quest ioning cont inues back and fo r th .  Sometimes we a r r i v e  a t a n  answer, 
sometimes the process cont inues w i thou t  reso lu t i on .  

ROLE OF INDUSTRY 

Indus t r y  has s p e c i f i c  r e s p o n s i b i l i t i e s  i n  t he  R & D process: 

Query Customers f o r  Needs 

They must ask customers what they need. I ndus t r y  needs t o  know what 
people w i l l  be doing i n  5 t o  10 years. Companies have t o  be wizards 
o f  f o r tune  t e l l i n g  and be ab le  t o  fo recas t  the  fu tu re .  They need t o  
watch t rends i n  government, m i l i t a r y ,  and p r i v a t e  sec tor  a c t i v i t i e s .  

Analyze Technology 

Indus t r y  must a l s o  analyze technology. Somehow we need t o  determine 
a prognosis f o r  the s ta te -o f - t he -a r t .  We might  examine technologies 
and ask which ho ld  promise f o r  so lu t i ons  t o  problems which may e x i s t  
i n  5 t o  10 years. We need t o  l ook  a t  what technologies a re  c u r r e n t l y  
a v a i l a b l e  and which need t o  be developed before  they can be u t i l i z e d  
i n  s p e c i f i c  so lu t i ons  t o  problems. 

Devel op Sol u t i o n s  

F i n a l l y ,  i n d u s t r y  must take e x i s t i n g  technologies and design products 
which can be so lu t i ons  t o  problems i n  the  near f u t u r e .  And i f  
possib le,  they need t o  develop promising technologies t o  t h e  p o i n t  of 
being usefu l  . 



ROLE OF GOVERNMENT 

I f  i n d u s t r y  does a l l  t h a t ,  what i s  l e f t  f o r  the  government t o  do? 

De temine  User Needs 

F i r s t ,  t he  government should de tern ine  user needs. Requirements for  
comnunications, nav iga t ion ,  space exp lora t ion ,  a i r  t r a f f i c  c o n t r o l  
need t o  be examined. The government should look  a t  M i l i t a r y  needs f o r  
the nex t  5 t o  10 years as w e l l  as examine needs o f  o the r  agencies such 
as t h e  FAA. The government might  even go so f a r  as t o  look  a t  fore- 
c a s t i n g  the  commercial needs f o r  s i m i l a r  products. This  would prov ide  
a r e a l  se rv i ce  f o r  indus t ry .  

Disseminate In fo rmat ion  

These needs must then be comnunicated t o  i ndus t r y .  I n  shar ing what t he  
government agencies know about t h e i r  f u t u r e  requirements, i n d u s t r y  
w i l l  be b e t t e r  ab le  t o  design products which the  government can use. 

Look a t  Ava i l ab le  Products 

The government's system designers need t o  look a t  c u r r e n t l y  ava i l ab le ,  
proven, o f f - t h e - s h e l f  hardware t o  s a t i s f y  a s  many needs as possib le.  
To ignore  o f f - t h e - s h e l f  hardware might  be r e l a t e d  t o  the  N I H  o r  Not 
Invented Here Syndrome, Nothing i s  more wastefu l  then re inven t i ng  the  
same product when an o f f - t h e - s h e l f  p iece o f  hardware w i l l  do. 

Buy So lu t ions  

A s o l u t i o n  may simply be the  purchase o f  o f f - t he -she l f  hardware. O r  
i t  may be s l i g h t l y  mod i f ied  hardware i n teg ra ted  i n t o  s p e c i a l l y  
designed systems. O r  the  s o l u t i o n  might  be t o  fund the  bas ic  research 
i n  an area which looks  promising, bu t  the  need i s  t o o  tenuous t o  
convince an i n d u s t r i a l  company t o  i n v e s t  i t s  own R & D funds. 

ADVANTAGES OF OFF-THE-SHELF HARDWARE 

Why buy o f f - t he -she l f  hardware, you might  ask. F i r s t  o f  a l l ,  because 
i t s  r e l i a b i l i t y  i s  known; i t  i s  no t  sirnply computed, b u t  based on r e a l  
experience. I t s  e a r l y  problems probably have been worked out .  

Second, i t  i s  more serv iceable.  The bugs have been worked out ,  people 
have 1  earned how t o  r e p a i r  i t ,  and i t  i s  more thoroughly documented. 
Service in fo rmat ion ,  opera t ing  i n s t r u c t i o n s ,  and t e s t  procedures a re  
genera l l y  ava i l ab le .  



Lastly, you will generally buy the item for  less  money than a specific 
design for  only one application. The R & D costs are  shared by a l l  the 
buyers, i n  essence, not jus t  one. Ergo, you don't have to pay ALL of 
the R & D costs. 

FUNDING OF R & D 

Both government and industry commit vast sums of money each year to  
develop solutions to  problems. B u t  because our resources are  limited, 
i t  i s  important to  u t i l i z e  the resources we do use to get the maximum 
benefit. The government can greatly improve the impact of the tax- 
payer's dollars by trying to  identify i t s  own needs and by l e t t i ng  
industry know what i t  needs, even to  the extent af le t t ing  industry 
know i f  there i s  any commercial benefit. If the government can a s s i s t  
in the forecasting ef for t  by le t t ing  industry know what l i e s  ahead for 
future requirements, industry might be able to  respond. In th i s  way 
the government could impact the commercial design ef for t s  to the extent 
of being able to  buy off-the-shelf hardware and not having to  fund the 
e f for t .  

O f  course the government has a problem when i t  t r i e s  to  provide 
industry with information. They would 1 ike some information in return. 
They would l ike  to  know what the companies are  developing and i f  they 
will commit to  development of a specific solution. However, the 
government will encounter resistance on the part of industry to  commit 
to a specific project. Companies, in a l l  areas not just  PTTI ,  are not 
l ikely to  disclose w h a t  they are developing or when i t  will be avail- 
able in the marketplace. Generally, a company doesn't want i t s  compe- 
t i t i on  t o  know what i t  i s  doing; th i s  allows the company that  invents 
a new product to  be f i r s t  in the marketplace with that  product. A 
company needs to  be able t a  protect i t s  investment on each product and 
thereby maximize i t s  return on that  investment as i t s  shareholders 
expect. 

GOVERNMENT FUNDING 

So what should the government fund? Primarily, they should fund the 
purchase of off-the-shelf hardware. After what I have said ea r l i e r  
you would be disappointed i f  I d idn ' t  l i s t  t h i s  one f i r s t .  Secondly, 
they should f u n d  minor modifications to off-the-shelf hardware. 
Thirdly, they should f u n d  elementary R & D only i f  t h e  product i s  not 
currently available. And, of course, they should fund basic research 
in unknown b u t  promising areas. The resul ts  of these e f for t s  should 
be made available t o  a l l  potential industrial users t o  maximize spread 
of technology funded by taxpayer dol lars .  This will resul t  in more 
technical solutions being available a t  an ea r l i e r  time than i f  a l l  
associated funding was l e f t  to the government. 



EENEF ITS 

D e f i n i t e  benefits can be obtained by government participation in the 
R & D process. Because the government w i l l  have provided information 
and shared i n  the forecasting process, industrial firms w i l l  be a b l e  t o  
better consider incorporating the needs o f  t h e  services and  agencies 
in the i r  future product developments. T h i s  w i l l  resul t  i n  the 
government being able to  purchase off-the-shelf equipments t o  s a t i s f y  
more of i t s  needs. R & D funds w i l l  be used more e f f i c i e n t l y  in the 
few most c r i t i ca l  areas,  a n d  fewer taxpayer dollars w i l l  he wasted. 



Fig .  1 - R & D Process (Needs) 
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QUESTIONS AND ANSWERS 

CHAIRMAN STOVER: 

Your r e q u e s t  t h a t  t h e  government t e l l  you what t h e y  need may be, i n  
many cases, unreasonable.  The government i s  no d i f f e r e n t  from o t h e r  
people,  and many t i m e s  t h e y  d o n ' t  even know t h e y  need i t  u n t i l  t h e y  
have used i t .  I t h i n k  t h a t  i s  even more t r u e  i n  t h e  government than  
i t  i s  i n  t h e  p u b l i c  i n  genera l .  If you h a v e n ' t  used i t ,  you d o n ' t  
r e a l l y  know you need i t  y e t .  

I t h i n k  t h e  government has a g r e a t  deal o f  t h a t  problem: n o t  
knowing what t h e y  need because t h e y  d o n ' t  know what i t  w i l l  do f o r  
them. How do you propose t o  s o l v e  t h a t  problem? 

MR. OSTERDOCK: 

I t h i n k  t h a t  i s  p a r t  of t h a t  c i r c u l a r  q u e s t i o n i n g  t h a t  I d e s c r i b e ;  
b a s i c a l l y  t r y i n g  t o  f i g u r e  o u t  what happens, and by a l l  o f  us con- 
t i n u i n g  t o  communicate t h a t  way, maybe we w i l l  g e t  some answers. I 
d o n ' t  have a s p e c i f i c  s o l u t i o n  f o r  t h a t  p a r t  o f  it. 

F o r e c a s t i n g  i s  t h e  most d i f f i c u l t  p a r t  o f  t h e  process,  I d o n ' t  
t h i n k  t h a t  anybody can r e a l l y  say what techno logy  i s  g o i n g  t o  be 
l i k e  i n  10 y e a r s  any more than  we c o u l d  have back i n  t h e  ' 6 0 ' s .  

CHAIRMAN STOVER: 

If you go t o  a F i e l d  Commander and ask  him what new techno logy  he 
needs n e x t  yea r ,  what i s  he go ing  t o  t e l l  you? He has t o  have a 
shopping l i s t  of  some k i n d ,  r i g h t ?  


