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text it is uqed to mean processing by \ \  ay 
of some machine. 

Electronic data processing (4, 5 ) ,  by 
contrast, does not have a sharp beginning 
but developed through the use of large- 
scale computers, in experilricntal trials. 
I t  is evident that the two concepts merge 
where anv electronic colriaonents are 
used in an integrated system. The  advan- 
tages, of course, are the speed, flexibility, 
and capacity of such devices. It, never- 
theless. remains true that i t  is voisible to 
use an electronic data processor without 
having an integrated system. 

I t  seems reasonable to refer to work in 
this area as data plocessing, and to re- 
serve automation for the handling of 
rr~aterials by mechanical control, al-
though the terms havc been used intcr- 
changeably (6 ) .  

Let us consider why an industry would 
scrap long-used office procedures for a 
method that is often initially of little 
economic advantage and raises impor-
tant management and personnel prob- 
lems. I believe the answer is in the future 
value that a company can hope to gain 
by having its paperwork under tight con- 
trol, with a concurrent reduction in its 
clerical forcr. The  irr~plications that this 
rather trite statement has for science and 
its problelris should concern us all. Do 
we, at present, have good bibliographic 
control over the docurr~ents that ~ v c  pro-
duce? Consider government research re- 
ports or atomic energy literature. Arc we 
corr~mittcd to a situation in which an 
ever-larger number of our dwindling sup- 
ply of scientists act as "clerical workers," 
through failure to apply scientific meth- 
ods to science's own record? The  exam- 
ple of another area of human activity-. 
namely, business--car1 show us a pcrti-
ncnt model here for recasting our own 
procedures. 

Business Applications 

What are some of the applications 
that havc orovcd successful? 

Supposc we look at the pioneer effort, 
that of 1J.S. Steel ( 3 ) .  'This colripany 
found that its old procedures for proc- 
escing of data about its procurement, 
manufacture. and sale of ~ r o d u c t s  were 
falling behind the requirements of man- 
agement for prompt information. T h e  
redesign of parts of the system would not 
remedy this situation. Partial mechaniza- 

I t  is the thesis of this article that sci- 
entists cart expect, and indeed can de-
mand, more assistance from rr~achincs in 
the matter of scientific data handling 
( I) . This \\ill be available through the 
use of techniaucs \\ hich have had a re- 
cent, rapid development in business and 
accounting applications. 

Two of these techniques arcs consid- 
ered here in their relation to science: 
intcgrated data processing ( I D P )  and 
electronic data processing ( E D P ) .  My 
plan is first to provide a short back~round 
in thc concepts of I D P  and E D P  through 
a consideration of the reasons for their 
developlrient in business. This is followed 
by several case-histories of successful ap- 
plications and by solrie information on 
the lriachincs involved. Finally, I want to 
connect this to the related problem of 
scientific inforlriation storage and use by 
discussing current work in classification 
and mdexing, closing with some recent 
work on computers that points toward 
increased use in the future. 

The  scope of the discussion iq limited 
for a number of reasons. There has been 
a flood of books aud articles on this sub- 
ject which have, by the way, not been 
adequately handled by bibliographic 
means. The only extensive bibliography 
( Z ) ,  for instance, has neither a subject 
nor an author arrangement. Preparation 
of an authoritative bibliography on data 
processing containing adequate indexes 
would be a tilriely venture. 

Another limitation of the subject mat- 
ter must be understood. S o  lricntion is 
made here of operations rezearch, linear 
or other programming, game theory, in- 
formation theory, and other new disci-
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plines that touch the matter at some 
point. The  use of these disciplines is men- 
tioned in several of the books noted in 
"References and Xotes." 

Definition and Origin o f  IUP 

Early in 1954, the Anlcrican Manage- 
ment Association held a conference on 
"Integrating the office for electronics," 
\\ hich dcsc ribed the pioneer 74 ork of the 
U. S. Steel Corporation in office mechani- 
7ation. Apparently, it was hcrc that the 
phrase "integrated data proccrsing" was 
first pub!icly used. A published report 
( 3 )  of the conference gives a statement 
about the elements of IUP. They arc 
two: ( i )  Creation of a document is ac- 
companied by recording of the data in 
mechanical form. ( i i )  Subsequent proc- 
essing of the data is done ~nccllanically 
in an integrated system. 

Closely connected with this original 
statement is the concept of a "common 
Ianguage" ( 3 ,  p. 9 ) .  This refers to a 
means by which I D P  can be carried out, 
in this case a group of machines that can 
interchange data through the use of the 
same impulse-code for each sylribol in- 
volved. Thc  U.S. Steel program decided 
on the five-channel punched paper tapc 
(Fig. 1) ,already used 1vit11 tclecomrnuni- 
cations equipment, as the carrier for this 
common language, and it has been ~ v i d c l ~  
adopted. More is said on this later. 

Unfortunately for a scientific audience, 
data hcrc is used to mean allriost anv 
business information whatever, such as 
that involved in accounting, sales, or pay- 
roll handling. We shall come back to a 
more familiar use of it later on. Proccss-
inq refers to any subsequent use of the 
information or "data," and in this con- 



tion led only to an increase in repetitive 
keyboard entries of the same data. 

Fortunately the suppliers of office 
equipment were receptive to a new ap- 
proach, and in the past few years they 
have brought out a variety of machines, 
such as adding machines, electric type- 
writers, printers, and bookkeeping ma- 
chines, which either accept or create the 
five-channel common-language tape. As 
an example, this has enabled the U.S. 
Steel Corporation to prepare, for each 
Monday morning, an accurate inventory, 
as of the previous Friday afternoon, of 
up to 200 models in each of 130 different 
locations, with a variety of data on each 
individual model. This, of course, is a 
single link in a highly integrated chain 
of procedures. 

Another instructive example exists in 
the program now used by the Aluminum 
Company of America for handling orders 
(7) .  An integrated system takes order 
tapes, which have been prepared in more 
than 60 sales offices, and transmits them 
through a teletypewriter switching center 
at the rate of 1000 per day to 24 differ- 
ent plants. The five-channel punched 
paper tape again carries the common lan- - - 
guage. 1htia1 recording on a tape-cutting 
typewriter starts a series of repetitions 
which ultimately produces duplicates for 
proof copies, sales orders, salesman's 
copy, production planning copies, and 
even shipping labels, besides numerous 
file copies. 

Such ticht control of the information 
.2 

flow was achieved by intensive study and 
redesign of forms and procedures, once 
the concept of integration was accepted. 
Several years of work by many people 
were required to reach the point where 
successful operation could begin. 

A third system, planned with utiliza- 
tion of an electronic data-processing 
machine in mind, has been developed by 
the Chesapeake and Ohio Railroad (8, 
pp. 74-122). I t  is referred to as "The 
one-shot process," which symbolizes the 
goal of a-single keyboard entry of infor- 
mation. 

In 1954, the C. and 0. used more than 
a billion pieces of paper, chief among 
them being millions of freight waybills. 
The information on this form was mi- 
nutely analyzed, by a special methods 
research team, with regard to the source 
and future use of each individual entry. 
I t  became apparent that extensive dupli- 
cation existed in later retyping of the 

Fig. 2. The Prograrnatic Flexowriter, an 
important part of many IDP systems. 

same information. In combination with 
other forms, such as car orders and wheel 
reports, it was possible to plan an inte- 
grated system, using the five-channel 
tape, a teletypewriter network, and a 
large-scale, general-purpose computer. 
The input was decentralized so as to in- 
clude any place where data originated, 
and the c6mmunications network car- 
ried it to the central computer. The out- 
put goals were as follows: ( i)  current 
digested results for management deci- 
sions, (ii) exceptions for investigation, 
and (iii) detailed listings for reference. 

A company official, E. L. Morrison, 
has said (8, p. 96) : "The ultimate objec- 
tive of the communications network is 
the provision, eventually, of a major in- 
put for the computer. The design and 
development work that has gone into the 
network, the format in which the infor- 
mation is placed, the distribution of that 
information and the necessary machine 
coding have been developed to be com- 
patible with this computer use. Thus we 
have achieved a translation of the in- 
formation from clerical documents to 
machine language, performing it by key 
stroke, in all the varied locations over 
the railroad. In effect, we have decen- 
tralized the key-punching function. The 
teletypewriter network brings the infor- 
mation all together, in form for process- 
ing in the computer. 

"The computer can produce, much 
more quickly and economically than ex- 
isting methods, many of our current oper- 
ating reports for management. These re- 
ports, by and large, were developed as 
being the most refined tools that could 
be under a completely manual- 
and, in some cases, a punched-card-ap- 

plication. But they lack the sophistication 
which appears necessary for modem 
management in a progressive industry. 
We look forward to computer ouptuts 
contributing to a more informed manage- 
ment judgment in a greater variety of 
areas, and at an earlier date after the 
fact, than has ever been previously pos- 
sible." 

Many other, and equally successful, 
accounting and clerical applications of 
this general approach already exist. 

Some Implications for Science 

I have given these three examples be- 
cause I think they have lessons for the 
use of similar methods in scientific in- 
formation handling, lessons for groups 
such as all the science departments of a 
university, the research department of 
a business, or  a government laboratoyy. 
These places now produce scientific in- 
formation and are paying for its handling 
in one way or another. 

If such a procedure were considered, 
one could look forward to steps such as 
these: (i) There will be a long period 
of preparation, including a job of getting 
the concept across to some person or 
group that can say "go ahead," and sup- 
port will then be provided. (ii) Forms 
and procedures will probably require ex- 
tensive revision or replacement. Inciden- 
tally, despite its legal value, what could 
be more archaic than the handwritten 
recording of experimental results in the 
standard laboratorv notebook? f iii) I t  , , 
will be of maximum value if the system 
is completely integrated, with some spe- 
cific end-use in mind. Fortunately, ma- 
chines for this goal are already well de- 
veloped. (iv) Not only will the output 
be rapid, and of improved accuracy, but 
it will be possible to provide answers to 
generic questions not hitherto possible. 

Take the man who wishes to test 100 
chemical compounds for their effects on 
12 species of plants. With replications 
and a variety of dosages, he can expect 
to deal with several thousand results of 
even one technique of application. At 
present he might report only the success- 
ful compounds, but wen if a journal were 
to print all the data, they would usually 
still be considered as a single biblio- 
graphic unit, a "paper.') Here is where 
the item-by-item technique of electronic 
data processing shows its advantage. The 

Fig. 1. Five-channel punched paper tape, the "common-language" medium in most integrated data processing. A sprocket channel is 
near the center. 
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Fig. 3. The IBM type 705 EDPM, a large-scale general-purpose 

complete set of results can be scanned 
rapidly, arranged, reordered, and ana- 
lyzed for correlations. 

Similar problems in data handling ex- 
ist in a series of wind-tunnel experiments 
where the number of variables is large 
and the speed of analysis could be critical 
(see later). 

I believe any scientist of even moder- 
ate acquaintance knows of caches of un- 
used scientific data that would be raw 
material for such a procedure as the 
afore-described one. If the Chesapeake 
and Ohio Railroad considers itself a 
statistical factory (for the Interstate 
Commerce Commission), it would not be 
unrealistic to consider a research labora- 
tory to be an information factory and to 
plan accordingly. 

Some Machines for IDP 

I t  will not be possible to note all the 
im~ortant  mechanical devices that are of 
interest in connection with data process- 
ing. Fortunately, several recent books en- 
able one to survey these developments 
in detail (4. 9-11 ). , * 

In considering integrated data process- 
ing, the original keyboard step is gen- 
erally required to create two copies. One 
copy is a "graphic" form in which the 
result of keystrokes is readable-that is, 
visiblebut which may consist of any 
symbols whatever, for instance, chemical 
formulas on a sheet of paper. The other 
copy, in "coded" form, is the same infor- 
mation in some common language, per- 
haps the five-channel punched-paper 
tape (Fig. I ) ,  ordinarily used for further 
machine processing of the information. 
Each transverse row of holes in such a 
tape contains in coded form one symbol, 
such as the letter R, or an instruction to 
the machine. 

A widely used input device is the 
Flexowriter (12), an electric typewriter 
equipped with a tape punch and reader, 

and the capacity for reproducing tape 
(Fig. 2) .  Operat$on of the machine pro- 
duces a typewritten sheet of paper (the 
graphic form) and a by-product tape 
(the coded form) containing all, or a 
selected part, of the information.-Punch- 
ing is almost completely automatic. 
Errors are easily signaled and controlled. 

I t  is also possible to operate a type- 
writer and punch a standard tabdating 
card at the same time, or to type and 
at the same time enter the information 
onto magnetic tape. Oddly enough, little 
has been~done with cards that ca&y mag- 
netic spots or strips. Recently, checks 
have been coded and sorted magnetically 
(13), and there have been several other 
experiments (8, p. 135; 14). 

An ingenious variant is the punching 
of a standard tabulating card with the 
usual tabulating punches and also with 
the five-channel punching along one or 
several edges (9, pp. 54a and 54b). The 
final card not only carries a code by 
which it can be sorted but also contains 
in coded form a means of reproducing 
text. 

Machines also exist which can inter- 
convert between cards and tape. In fact, 
it is probably safe to say that any stand- 
ard keyboard device can now also be 
found in a "common-language" version 
or can easily be turned into one. With 
the development of higher-capacity tapes 
(six-, seven-, and eight-channel forms 
already exist) almost any device that 
operates from or into a keyboard could 
be assimilated into an IDP system. 

Larger-Scale EDP Machines 

Kozmetsky and Kircher point out (10, 
p. 94) that the significant electronic 
counterpart to IDP machines is just now 
beginning to emerge. First came the true 
computer, the "scientific" computer, 
which required only moderate input and 
output but computed at high rates of 

data processor. 

speed. For applications such as payroll or 
accounting procedures, the second type, 
a "general-purpose" computer was de- 
veloped which could handle large vol- 
umes of input and output, in addition to 
altering each unit record in some way, on 
usual runs. The third type, and latest to 
arrive, is the one that seems destined to 
be most useful for scientific data process- 
ing. This "inventory" computer would 
also be expected to deal with large vol- 
umes of input and output data and to 
perform some logical operations, but in 
any one run it would refer to only a small 
part of all the items in the file. These 
characteristics fit in well with the usual 
procedures for storage and retrieval of 
scientific information. 

I t  will suffice here if we consider a 
large-scale computer and a medium-size 
computer for electronic data processing, 
with the understanding that these are 
representative of groups of similar de- 
vices (4, 9-12 ). 

IBM Type 705 EDPM 

The type 705 electronic data-process- 
ing machine is a high-speed, general- 
purpose device of advanced design (15) 
(Fig. 3). The principal processing and 
input medium is magnetic oxide-coated 
plastic tape. A tape reel 2400 feet long, 
equivalent to from 25,000 to 50,000 
punched cards, depending on arrange- 
ment, can be read into the system in 
about 6.5 minutes. This magnetic input 
tape can be prepared from punched 
cards or from punched-paper tape, with 
information in alphabetic, numeric, or 
symbolic characters. Internally the sys- 
tem utilizes magnetic core memory and, 
optionally, magnetic drum storage for 
high-speed access and processing. Ade- 
quate logical operations are provided, 
and programming can supply almost any 
imaginable complexity. 

A special device makes it necessary to 
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compare only a preselected part of any 
r~riit record on the tape ivith sinlilar con- 
trol data in the 705 storage. Thus it 
tvould not be necessary to compare fully 
items that obviously did not fit require- 
ments. I n  scientific information search- 
ing, this would increase the speed of the 
operation, provided that coding and clas- 
sification or indexing were propcrly done. 
More is said on this later. 

Output onto magnetic tape is at the 
same rate as input, 15,000 characters per 
minute. A device is available ivhich will 
"print" data at the rate of 1000 60-char- 
acter lines per minute. Other forms of 
output, such as punched cards, are also 
available. 

I t  is obvious that this system has the 
characteristics that were specified for 
search and retrieval devices. It: is an ex-
pensive data processor, but some measure 
of its value in business applications can 
be learned from the fact that more than 
150 of these systems were on order at  
mid-year, 1956, and a score had been de- 
fivered. 

IJNXVAC File-Computer 

R medium-size, general-purpost corn-
puter that is also of potential Interest in 
scientific data proctssing is the UNIVAC 
File-Computer ( 2 6 ) .  This sjstem has a 
more flexible input, in that it hill  accept 
data directly From electric typcuriters 
and other kej-actuat~d inachines in ad- 
dition to magnetic tape, perforated paper 
tape, or punched cards. Input speeds tvill 
vary accordingly, but magnetic tape is 
.;;till the fastest input, about 6000 char- 
acters per second. 

All internal storage is on a variety of 
magnetic drums, assuring fast access 
time, given proper coding. TIVO methods 
of programming are availablc: stored 
program and external panel control. 
0utl11~f may be in the form of magnetic 
or perforated tapes, punched cards, or 
various printers. Although this machine 
is slo~vcr and smaller than the 705 and 
is correspoxadingly cheaper, it does pos- 
sess the desiderata for literature search- 
ing that arc mentioned in foregoing para- 
graphs. 

These and other devices are in ex-
istence now and could be used today for 
the purposes 1have discussed. I t  seems 
iikely that they will increase in speed and 
capacity as new models appear, in a way 
similar to past development. But what 
of the future for new types? 

A machine for reading printed matter 
directly off the page is currently under 
devclopment in several laboratories ( 17 ) .  
This would cnable us to deal efficiently 
with the vast printed record of science by 
eliminating more keyboard work before 
printed material lyas ready for data 
processing. 

Much more difficult problems remain 
before a speech typewriter is perfected, 
although it too is actively being inves- 
tigated (18). Such a tool could revolu- 
tionize our primary methods of preparing 
scientific data. 

Indexing and Classification 

Inventor) entries on a magnetic tape 
must be tagged in such a tvay that the 
ones which match question data in the 
computer are "recognized." Once the 
matching is done, program steps can as- 
sure the correct output of the informa- 
tion. Such tagging or coding, when one 
is dealing T\ ith scientific infolmation, im- 
mediately raises questions of rlassifica-
tiou and indexing. These, properly, arc 
not a part of IDP or EDP, but it may he 
1vc1l to indicate some current ~ o r k  that 
seems likely to be of value, 

Scientists in this country havc not, in 
general, bcen satisfied with large-scale 
classification or marshaling schemes, such 
as the Universal Decimal Classification 
or the .Library of Congress Classifica-
tion. Instead, efforts to extend biblio-
graphic control to scientific materials 
have largely turned to indexing tech-
niques. 

The main lirnitation of the latter is 
the fixed array imposed by the alphabet 
on an index. The white pages of a tele-
phone directory are a good example. An- 
other limitation, that of space, ordinarily 
precludes all permutations of a multiple 
sub,ject heading from bting entered. For 
instance, '%Electromagnetic-waves-propa- 
gation-equations" can be arranged in 63 
other orders, many of them significant, 
and in the majority of lists only one per- 
mutation ~ o u l d  be used. 

A technique for dcaling with thcse 
problem has been proposed and rased as 
thc Unitcrm cystem of coordinate index- 
ing (19). Briefly, the method consists in 
assigning to each document or unit rec- 
ord a unique serial number and charac- 
terizing the contents of the document by 
means of words, the uniterms, The docu- 
ment number is entered on each card 
bearing one of the uriiterms; in our ex- 
ample the number for a document would 
be entered on four separatc cards. T o  
select documents dealing with these four 
topics, it would be necessary only to scar, 
the four cards for common document 
numbers. I n  actual installations. all this 
matching is noxv done by hand, 1believe, 
but note that the technique is one that 
would lend itself easily to machine proc- 
essing. As such it should be investigated 
for scientific applications of EDP. 

Another system, which starts from dif- 
ferent premises, is largely the work of J .  
\Y. Perry and his associates ( 2 0 ) . His 
concern begins with the problen~s ok lan- 
guage, and he has minutely analyzed 

thousands of scientific terms into "se.. 
mantic factors." Thus, a pyrometer is a 
"temperature-measuring device," as is a 
thermometer. This analysis and a concern 
for the logic of classes led him more di- 
rectly to a consideration of machine han- 
dling of scitntific data. IIis firm1 product 
in the system, an encoded, telegraphic- 
style abstract, becomes an itern particu- 
larly amenable to machine manipulation. 

These two exanlples are representative 
of work that is being done on the prob- 
lems of indexing and classificatiori (21) . 
The fact that most of it occurs in science 
and technology stems, I believe, from the 
dissatisfaction that scientists have ex-
perienced ~vi th existing methods in these 
areas. 

Some Related Current Work 

I knob of only one integrated sjstem 
at present that utilizes the approach 
under discussion in dealing ui th scientific 
data. I t  exists at the Lenis Flight Pro- 
pulsion Laboratory, Cleveland, Ohio 
( 2 2 ) .A wind tunnel is httcd with instru- 
ments ivhich take readings of such pa-
rameters as speed, thrust, temperature, 
and fuel flow. The digital rncoder trans- 
lates thcse signals to binary code (in 
\\hick the nuniber 2 is the base) ant1 ~ t -  
cords them on magnetic tap?. From this 
the data can be reduced to usable fornr 
immediately or printed out for futurr 
study and reference. 

Jt'ith the large number of EDP ma-
chines going to industry for accounting 
work, ~ i .should not be long before some 
company w t h  a reselrch department 
finds that research reports can be "~vrit- 
ten" on the computer in a m a t t ~ rof min- 
utes, and that, at the same time, storage 
of the data for future interrogation can 
be accomplished. 

There are already a few other pioneer 
vxamples of computer uses near enough 
to our subject to be instructive. X book 
containing 1 million random digits has 
recently appeared ( 2 3 ) .This was "com- 
posed" by a computer at the Rand Cor-
poration specifically programmed to gen- 
erate random numbers. 

A series of 20,810 self-dcmarcatiny 
code words has been generated on an 
electronic data processor ( 2 4 ) .  These 
words, from RAB to ZC'Z and from 
BAAB to ZLrUZ,havc the property that 
no two words in conjunction can make 
another word in the system by chance 
combination of letters. 'They thus elimi- 
nate the necessity for "word-stop" mark.; 
and thereby increase coding efficiency. 

A most imaginative use of computers, 
similar to the forcgoinq example, ha.; 
bcen the coining of "druglecs ~iames" by 
the thousands for Chas. Pfi7er & Co. 
(25).A computer, again programmed in 
a special way, combmed syllable? to make 
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names for future drugs, thus neatly avoid- 
ing a tedious and formerly unsystematic 
task. 

T h e  Revised Standard Version of the 
Bible obviously requires a new concord- 
ance, and it was the happy thought of 
Reverend John W. Ellison that this be 
made with the aid of UNIL7AC ( 2 6 ) .  
Every word of the new Bible was entered, 
with its context, onto four reels of mag- 
netic tape. By proper programming, the 
machine eliminated 132 frequently used 
short words (thus reducing the number 
of entries from 800,000 to 350,000) and 
then rearranged the words alphabcti-
cally. The  output included the context 
and book, chapter, and verse. 

The  foregoing four examples have had 
outputs that would correspond to prcpar- 
ing compilations of scientific data and 
thus illustrate only that part of the 
process. 

A meaningful and pertinent use of data 
handling for answering questions has re- 
cently bcen described by two chemists 
from the Dow Chemical Company (27).  
They have attacked an old problem in 
chemical literature searching: how to 
select chemicals having parts of struc-
tures in common. For instance, it may 
be required to select from an "inventory1' 
of chemicals, stored on tape, all those 
containing two nitro groups, or those 
with three or morc rings, or even chcmi- 
cals having groups in a specified orienta- 
tion to one another. 

Using a specially designed code for 
chemical structure, and with the aid of 
a gencral-purpose, storcd-program digi- 
tal computer, Opler and Norton have 
been able to program a search on 1000 
compounds that takes only a few seconds 
to complete. A manual on thls program 
has appeared ( 2 8 ) .  The  code for this 
experiment is of interest bcca~lse it is 
derived from more general topological 
solutions, which have a bearing in search- 
ing circuit diagrams, maps, and the like 
f ,If,\ 

I t  may also be of interest to record 
here that a mathematical model for in- 
tegrated data systems has been proposed 
(10, p. 275). 

Summary 

This brief survey of integrated and 
electronic data processing has touched 
on such matters as the oricin of the con- " 
ccpts, their use in business, machines that 
are available, indexing problems, and, 
finally, some scientific uses that surely 
foreshadow further develoament. The  
purpose of this has been to present for 
the consideration of scientists a point of 
view and some techniques which have 
had a phenomenal growth in the business 
world and to suggest that these are worth 
consideration in scientific data-handling 
problems (30) .  

T o  close, let me quote from I\?illiam 
Bamert orr the experience of the C, and 
0 .  Railroad once morc (8, p. 121) : 
"Frankly, we have been asked ~+hether  
we weren't planning for Utopia-the im-
plication being that everyone except 
starry-eyed visionaries knows that Utopia 
is unattainable. Our  answer is that of 
course we are! Has anyone yet discovered 
a better way to begzn proqann planning 
of this nature! Our  feeling is that com- 
promise comes early enough in the nor- 
mal order of things." 
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c~gy of liquid air temperatures has formed 
the basis for a multipurpose largc-scale 
industry. Many plants operate today to 
~ x o d u c c  liquid oxygen at rates of 120 
tons per day ( I ) ,  and the commercial 
needs for these low-temperature products 
continue to increase. 

Production and Transportation of 
Low-Temperature Refrigerants 

The development of the production sf 
liquid hydrogen and liquid helium 011a 
commercial basis, however, is relatively 
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