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Raytheon Photoconductive Infra- 
red Detectors offer improvements 
in spectrometer performance from 
visible light to microwaves. Metal 
cases assure high reliability. De- 

signed for open or closed-cycle 
cryogenic cooling. Less than 1 /xsec 
response time. Sample data: 

DETECTOR RESPONSE 
TYPE ELEMENT WINDOW (microns) 

QKN1003 AuGe BaF2 1-10 
QKN1004 AuGe BaF2 1-10 
QKN1005 HgGe BaF2 1-15 
QKN1227 HgGe BaF2 1-15 
QKN902 CuGe BaF2 1-17 
QKN1009 CuGe KRS-5 1-30 
RP-1 (IR polarizer) 
98% polarization?4 microns and beyond 

Write today for complete data. Raytheon 
Company, Special Microwave Devices 
Operation, Waltham 54, Massachusetts. 
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privilege of censorial restriction be? 

yond 56 years. 
Copyright restriction can be a seri- 

ous roadblock in scientific writing and 
research. Anyone who has attempted 
to obtain permission for reproducing 
work that is more than 30 years old 
knows how difficult and time-consum- 

ing it can be to locate the copyright 
holder, and how frequently the quest 
is unsuccessful. If scientists and edu- 
cators are interested in disseminating 
knowledge, they certainly should not 
favor a law that makes such dissemina- 

tion difficult, if not impossible. 
Folsom presents a false picture of 

pricing methods in publishing?a not 

uncommon error of people who don't 

fully understand trade practice. Roy- 
alty is a cost which almost always in- 
creases the retail price by three times 
the amount of the royalty payable. If 

you take a book in the public domain 

that is usually priced at $2.25 and 

add a 10 percent royalty of 22 V2 

cents per book, the retail price will 

have to be increased to $3, not to 

$2.50. This factor of 3 is necessary 
to take care of booksellers, discounts 
and overhead. In the same way, a sav- 

ing of 25 cents in binding cost can 

lower the price of a book by $1. 

Having a large body of literature 
in the public domain makes it possi? 
ble to publish cheaper editions of this 

literature, and the availability of these 

cheap editions tends to limit the price 
for all books which are still protected 

by copyright. It is very difficult to 

price a paperback at $5 when others 

are available from 25 cents to $2. As 

the source of books in the public do? 

main becomes smaller, the price of 

books protected by copyright will in? 

crease. There is no law or regulatory 
body which limits the pricing of copy- 
righted literature, even though the 

prices may be exorbitant and restric- 
tive. 

If the public is willing to pay con- 

siderably higher prices for thousands 
of books, records, and musical scores, 
it has the privilege of supporting the 
bill for copyright revision. However, 
I do object to statements that create 
the false impression that there will be 
little or no increase in price, and that 
these miniscule sums will aid hard- 

working, somewhat indigent authors. 
The increase in price will be substan- 

tial, and most of the money will go 
to a small group of publishers and au? 
thors who have already greatly prof- 
ited from 56 years of copyright protec? 
tion. I have never seen the present 

copyright law inflict a hardship on any 
long-lived author, and I challenge pro- 
ponents of the bill to present more 
than an occasional and unusual case 
where it has done so. On the remote 

possibility that this legislation may 
benefit these very few individuals, 
isn't it rather foolish to support legis? 
lation that contributes to monopolistic 
growth, further limits the circulation 
of ideas, and asks the public to pay ad- 
ditional millions of dollars to private 
interests? 

The bill for copyright revision may 
pass because, as in the case of so 

many special-interest bills, minority 
property interests are strongly repre? 
sented and no one is speaking for the 

public?a public that does not realize 
that the proposed bill is not calling 
just for a longer copyright period for 
new works but is granting an addi- 
tional 20 years for all works copy? 
righted during the past 56 years. Ex- 

cept for the Department of Justice and 
a very few private citizens such as 

myself, no one has made any effort to 
inform congressmen of the full im- 

plications of the bill. The bill can be 
defeated if there is some resistance to 
it by an informed eitizenry. Congress 
does not generally give public property 
to private interests, but it may very 
well do so unless the public asserts its 

rights and indicates that it objects to 
this usurpation of public property. I 

hope that, as scientists and educators 
become aware of all the implications 
of the bill, they will speak out against 
it, and that Congress will then be less 

susceptible to the pressures and blan- 
dishments of the special-interest groups 
that are pressing for this unfortunate 

piece of legislation. 
Hayward Cirker 

Dover Publications, 
180 Varick Street, New York 14 

University Education 

and Applied Science 

In approaching the subject of educa? 
tion in a university engineering depart? 
ment, I propose to take quite a broad 

view, for what I have to say is appli- 
cable to almost any university depart? 
ment and is not special to departments 
of engineering. 

What is the objective of a university? 
As I see it, the preeminent objective of 
a university is developing students' 
minds: to take in good brains from high 
school and make them work as well as 

possible. 
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A New Concept 

in (on Exchangers 

DEAE-Sephadex? 

Introduction of ioiiic groups into 

Sephadex, a hydrophilic insoluble 

product derived from cross-linking the 

polysaccharide, dextran, makes possi? 
ble an entirely new series of ion 

exchangers. The Sephadex ion ex* 

changers have 

? High capacity 
? Low nonspecific adsorptiot* 

Sephadex ion exchangers make possi? 
ble the purification, separation and 
fractionation of a wide range of low 
molecular weight, complex organic 
compounds, proteins, and related ni- 

trogenous substances with high yields. 

A diversity of types, both anionic and 

cationic, are available to meet specific 
requirements. Have you investigated? 

DEAE-Sephadex 
Active group I diethylaminoethyl 

character I anionic, medium basic 
capacity | 3-4 meq/g 

deae-Sephadex is prepared in two 

types with different porosities: A-25, 
highly cross-linked and with a large 
capacity for smaller molecules (less 
than M.W. 10,000), and A-50, which 
has a far greater binding capacity than 
A-25 for large size molecules?particu? 
larly useful for purification of proteins, 
enzymes, and related nitrogenous 
compounds, 
deae-Sephadex A-25 and A-50 are 
available in the following sieve frac? 
tions: Coarse, Medium, and Fine* 

PHARMACiA FINE CHEMICALS, INC* 

?PHARMACJA 

FINt 
501 FIFTH AVENUE 
NFW YORK 17. NE\ NEW YORK 17, NEW YORK 
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What is the objective of a particular 
department of a university? A partic? 
ular department is concerned with a 

particular field of knowledge, but the 

department is nevertheless pursuing the 
common university objective: to exploit 
the potentialities of a particular field of 

knowledge for the purpose of develop- 
ing students* minds as well as possible, 
Notice that the objective has nothing 
directly to do with training the students 
for a particular job. 

What is the objective of a particular 
university engineering department, such 
as the department of electrical engi? 
neering? It is not to train students for 
a particular job. It is to develop the 
students' minds. Thus, the objective of 
an electrical engineering department is 
to exploit the potentialities of electrical 

engineering for the purpose of devel- 

oping students' minds as fully as pos? 
sible. Notice that electrical engineering 
is only the means whereby this can be 

done. 

Unfortunately, there are people in 

engineering departments, both faculty 
and students, who do not distinguish 

clearly between the means and the ob? 

jective of the educational process in 

which they are involved. For example, 
it is not uncommon for someone in an 

engineering department to recommend 
a particular professional specialty in the 

following words: "Students should not 

graduate in such-and-such engineering 
from this university without knowing 
so-and-so." 

Such an individual can usually be 

tagged as a man who has allowed a 

misguided loyalty to the profession of 

engineering to supersede his loyalty to 

the profession of education?a man 

who talks about the means available 

for the educational process as though 

they were themselves the objective of 

the educational process; a man who 

has forgotten that, even in an engi? 

neering department, the objective of 

the operation is mental development. 

Many people in engineering depart? 
ments have had the experience at some 

time or other of being looked down 

upon by someone in the humanities as 

a person involved in an inferior brand 

of intellectual activity. While there is 

no foundation for the assumed intel? 

lectual superiority of the humanist, it 

is nevertheless true that he does have a 

significant point. Put yourself in the 

position of a man engaged in teaching 
the classics. What does a professor of 

the classics regard as the objective of 

the educational process in which he is 

engaged? The classics professor is in 

the fortunate position of being almost 
unable to conceive any primary educa- 
tional objective other than that of de- 

veloping students' minds. He cannot be 

trapped into imagining that he is train? 

ing "classicists" for industry! But he 
notices that many engineering educa- 
tors do fall into just this type of trap, 
and he likes to poke fun at the conse- 

quences. However, it is not intellectual 

superiority that keeps the classics pro? 
fessor straight about educational ob? 

jectives! 
It is true that many students who 

have had their minds developed by 
mastering the physical concepts and 
mental skills upon which, say, the elec? 
trical engineering industry is based find 
it appropriate to pursue a subsequent 
career in electrical engineering. Unlike 

many university departments, engineer? 
ing departments are aware of the prob- 
able future career of their students, at 
least on a short-term basis. Awareness 
of the probable future career of a stu? 
dent is, however, no basis for making a 

change in the fundamental objective of 
the educational process. 

Most of the statements I have made 

eoncerning the objectives of the educa? 
tional process are true for all university 
departments, and the same is true 
for most of the statements still to be 
made. Let us now begin to distinguish 
between the objectives of undergradu- 
ate and graduate education. 

What is the objective of under gradu? 
ate education? Its characteristic feature 
is that it is principally concerned with 
what is well known. Its objective there? 

fore, is to develop students5 minds as 

fully as possible by having them study 
what is well known. 

There is a common f allacy that brings 
out quite well the confusion between 

means and objectives in engineering 
education. The fallacy pertains to the 

exponential increase in knowledge. It is 

argued that students must be taught 
more now than they were 50 years ago, 
and that they will have to be taught 
much more 50 years from now, The 

fallacy is immediately seen as soon as 

we remember that the objective is men? 

tal development. Students' minds today 
are the same as they were 50 years ago, 
and they will be the same 50 years from 

now. What the exponential increase in 

knowledge does is this: it gives univer? 

sities more material from which to 

choose in producing the same degree 
of mental development. Even this is 

less true than is sometimes supposed, 
because the advancing front of knowl- 

(Continued on page 575) 
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edge is followed by a less-well-defined 

advancing front of oblivion. 
What sets a limit to the undergradu? 

ate educational process? In a qualitative 
way this can be specified for an indi? 
vidual student, and if desired, one can 
take the risk of extending the statement 
to a hypothetical average student. The 
mental development of an individual 

proceeds rapidly through the years of 

early childhood and those of elemen? 

tary and high school education. When 
a student becomes an undergraduate, 
his mind is still developing rapidly. 
Indeed, in countries with weak school 

systems, the rate of mental develop? 
ment may even increase at this time. 
As the undergraduate continues to de- 

velop his mind by studying what is well 

known, he reaches a point of diminish- 

ing returns. There is still a great deal 
that he does not know, some of which 
he may subsequently need to know. But 
the undergraduate educational process 
comes to an end when it is no longer 
worth the student's while to study what 
is well known merely for the purpose 
of developing his mind. In many uni- 
versities the limit of undergraduate ed? 
ucation defined in this way is not at the 
level of the bachelor's degree but some- 
what above the level of the master's 

degree. 
What is the objective of graduate 

education? At the conclusion of an 
ideal undergraduate education, a man's 
brain works well. He is convinced, not 
that he knows everything or even that 
he knows everything in a particular 
field, but that he stands a reasonable 
chance of understanding anything that 
someone else has already understood. 

Any subject that he can look up in a 
book he feels that he too can probably 
understand. On the other hand, if he 
cannot look it up in a book, he is un- 
certain what to do next. This is where 
graduate education comes in. Unlike 
the recipient of a bachelor's degree, the 

recipient of a doctor's degree should 
have reasonable confidence in his abil- 

ity to face what is novel and to con? 
tinue doing so throughout life. 

There is a need to have the most 

intelligent members of society capable 
of facing novel situations with confi? 
dence. I do not mean only in the tech? 
nical fields of science and engineering. 
The successful business man must con- 

tinually face such situations with confi? 
dence and correctly evaluate them. So 
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must the politician. The two K's are 

constantly confronted with novel situa- 
tions upon which our very future de? 

pends. We can all point to major blun- 
ders that have been made in world 
affairs because a politician, or group of 

politicians, met with such a situation 
and bungled it. We are still keenly 
aware of the one that had to be faced 
in the 1962 Cuban crisis. Facing novel 
situations and mastering them is one 
of the most challenging tasks with 
which mankind is confronted. 

There are, of course, many ways of 

learning to face such situations with 
confidence. If this is done in a univer? 

sity, what is the principal technique 
available? The answer, of course, is re? 
search. There is a contrast between 
research in a university and research 
in industry or government. In industry 
or government, research is itself the 

objective, or is the immediate objective 
in a series of objectives. On a university 
campus, research is the principal means 
for developing the minds of doctoral 
students. 

Members of university departments 
associated with professional engineering 
activities sometimes try to claim ex- 

emptions from the general university 
educational objectives that I have out- 
lined. The argument is that engineers 
have to take responsibility for the con? 
struction of reliable equipment, prod? 
ucts, and installations for the benefit of 

mankind; that this requires practical 
training and experience that is not in- 

corporated in university education 
aimed at developing students' minds; 
and that the engineering departments 
must therefore be permitted to depart 
from the broad educational objectives 
of the university in order to provide 
the necessary practical training for a 

professional career. As a civil engineer 
put it to me recently: "I will take any 
bet that you will refuse to have an 

appendectomy performed on you by a 
Ph.D. in medical science, no matter 
how well his mind has been developed." 

It is interesting to compare the means 
of acquiring practical training and ex? 

perience in engineering and in medi? 
cine. A man intending to practice med? 
icine obtains practical training and 

experience by working in teaching hos- 

pitals which are frequently located on 

university campuses. The procedure is 

highly effective and yet can be made to 
fit in with academic life. Doctors-in- 

training assist with real operations on 
real people who can die (and sometimes 

do!). There is nothing artificial about a 

teaching hospital. It is genuine doctor- 

The 
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sample temperature 
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(Illustrated: Flush recorder with 8'x8' front. Portable "Labgraph" also available.) 

New Speedservo ? ?. swift, 

sure, simple, small! 

High Speed: M second full scale response. Records 4 cycle 

signals without significant attentuation. ? Versatile: Ac- 

commodates DC circuits with output impedance 100,000 ohms 

or less. ? Sensitive: 0-1MV DC without jitter. Many higher 

ranges. Accuracy %%. ? Efficient: Raymond Loewy styled 

8" x 8" case front conserves valuable panel space. Full 6" 

wide 100' long chart. ? Convenient: Dial 14 chart speeds 

from %" per hour to 6" per second. "Drop in" chart loading. 

Disconnect and pull chassis from case in seconds. Chart supply 

indicator. ? Less Maintenance: Simple linear motion pen 

motor, no strings, no pulleys. Zener reference voltage. Infinite 

resolution glass hard potentiometer prevents hunting. 

In addition to * Speedservo'' and the new "Labgraph** with sloped writing sur? 
face, the radically new EA "Graph" Line of rectilinear recorders includes both 
single and two-channel DC Microammeters, DC Milliammeters, AC or DC 
Ammeters or Voltmeters, plus inkless and ink type event recorders. Your inquiry 
is invited. If desired, Esterline Angus will gladly adapt standard instruments to 
your needs, or develop new ones for you. Write for new "Graph" Line Brochure. 

Esterline Angus Instrument Comp any, Inc, Box 596L, Indianapolis 6, Indiana 

ESTERLINE ANGUS 

Excellence in instrumentation for over 60 years 
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Research in China 

As agricultural research workers in 

mainland China several years before 

1948, we can hardly agree with the 

statement made by Cheng in the first 

paragraph of his article "Insect con? 

trol in mainland China" [Science 140, 
269 (19 April 1963)] that ". . . Be? 

fore 1948, no organized research . . . 

in any field of science existed [in 
mainland China]. Insect control was 

practically unknown to the average 
farmer, who in his lifetime never saw 
a sprayer or a duster . . .". 

Universities (for example, the Uni? 

versity of Nanking since 1888) and 
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ing business, and yet it can be con- 

ducted on a university campus. 
To use a corresponding technique in 

engineering, it would be necessary to 

conduct genuine engineering business 

on university campuses. Real bridges 
would have to be designed, their erec- 

tion would be supervised from univer? 

sity campuses, and real people would 

risk their necks crossing them. Imagine 
the howl that would go up from the 

local automobile dealers if, in order to 

provide practical experience for engi? 

neering students, the department of 

mechanical engineering went into a full- 
scale business of automobile servicing! 
The plain fact is that practical training 
corresponding to that in the teaching 
hospital is impractical in engineering. 

An engineer receives his practical 

training and experience in industry 
after obtaining a university education, 
or sometimes concurrently with it. The 

vast business activity involved in the 

practical training of engineers has to be 

conducted within industry; no other ar? 

rangement is feasible or, probably, even 

desirable. Important, therefore, as the 

practical training of engineers is to 

mankind, it is not achieved by exempt- 

ing university engineering departments 
from the preeminent educational ob? 

jective of a university?4he develop? 
ment of students' minds (/). 

Henry G. Booker 
Cornell University, Ithaca, New York 

Note 

1. This material was presented during a sympo? 
sium at the University of California, Berkeley, 
May 1963, and was based on a paper presented 
before the International Conference on Elec? 
trical Engineering Education, Syracuse Uni? 
versity, September 1961. The author is IBM 
Professor of Engineering and Applied Mathe? 
matics at Cornell University, Ithaca, N.Y. 
He is temporarily at the Stanford Research 
Institute, Menlo Park, California. 


