
One way to assess a tool is to ex- 
plore the merits of the purposes it 
serves. Another way, suggested by Lee, 
lS to evaluate its intrinsic qualities. I 
uggest that technologies serve human 

purposes and have humane qualities. 
I) Machines do monotonous, dirty, 

heavy-duty, in short, alienating work 
which most people would rather not do. 
And, there is a lot of such work that 
needs to be done. 

2) Machines do work that is hu- 
manly necessary and cannot be done 
otherwise; here purpose and means are 
inseparable. For example, most medi- 

 cal technologies cannot be replaced by 
'9>""'> insight, hands, training, or whatnot. 

3) Often technological means are 
significantly more economical per unit 
of use than other means. They are, 
hence, a prerequisite for coping with 
a wide Spectrum of human needs in the 
face of scarcity. 

Thus, when the purpose is right and 
the technology appropriate, and when 
its often undesirable side effects are 
either small or correctable, technologi- 
cal tools are often the most human 
and humane way to proceed. 
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Modeling the World 

Th conclusion stated in Robert 
All kind - and typ . of ov ns are stocked by us - in tact, cbs to one Boyd's abstract of his critique of For- 
hundred different models! These include ovens for analytical laboratory rester's world model (11 Aug. 1972, p. 
and general chemical work involving baking, drying, conditioning and S16) would be correct upon 'the addi- 
pre-heating. There are economy types, small c pacity, large capacity, tion of a single word. The abstract would then read: "The results of For- 
gravity convection, mechanical convection, v'i num - a type for every rester's world model are shown to -be 
purpose. very sensitive to absurd changes in as- 

We represent such outstanding manufacturers of ovens as Blue M, sumptions." Changes in Forrester's as- 
Boekel, Forma, Criev , Huppert Lab-Line, National Appliance and sumptions should not violate the second 
Precision Scientific, law of thermodynamics, 

Boyd's "technological-optimist view' 
Of course not only do we sell ovens, but we stock over 30,000 other includes two obviously invalid assump- 

items. So whether you are in the market for a simple little test tube or a tions. These are multiplier 2, "a four- 
sophisticated laboratory instrument, we can meet your requirement. Ask fold increase in technology over the 
us for literature. 1970 level decreases pollution output 
______________________________________________________________________ per unit of material standard of living 

A  to zero," and multiplier 3, "NRTM [na- 
9?  '> tural resource technological multiplieri 

">  '> reduces the natural resources input per 
9?9>9>' 4 

ranc  Calif. 1 Penna. Md assumptions 
unit material standard of living to zero '>4  "9- when technology quadruples." Both of Boston New Haven , Elk Grove Village * Fullerton Philadelphia * Silver Spring * Syracuse these contradict the second 
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''< '>'>'>'>">"> """"""""""'>.4'9> law of thermodynamics by ignoring the 
unavoidable degeneration of useful recover 

forms of energy into unrecoverable iirifi 

necessity of changing useful energy into  gel 
heat pollution. They also ignore the 
waste heat in order to reverse the zones 

natural entropic change from order to 
disorder during the use of natural With conventional gel electrophoresis 
resources. apparatus, recovery of undiluted sample components-or quantitation of them If we grant the technological-optimist without denaturation is difficult or in- his premise of an essentially inexhaust- possible. By combining the separating 

.9>.. ible source of energy, his indefinitely power of sieving gels with the zone 9> increasing technology and material 

standard of living '(Boyd's figures 3 and storage and retrieval convenience of 
6) require an ever-increasing transfor- density gradients, the ISCO 

ELECTROSIACTM separator Two important new mation of natural resources with in- greatly improves zone recovery. developments creased energy input, consequent en- 
tropy, and heat pollution. According to TYPICAL SCAN OF GEL in acrylamide Budyko '(1), a small increase in the en- ZONES COLLECTED IN 

DENSITY GRADIENT electrophoresis ergy balance would be sufficient to melt 
the polar ice (0.2 to 0.6 watt/in2, sample: 7.5 micrograms 

These new products further which is a few tenths of 1 percent). YeastRNA 
5s fraction 

extend the applicability of Although Budyko's mathematics ap -_______________ 
Ortec high-resolution pear to be correct, the assumption of 4s fraction 
electrophoresis in both such an increase is obviously open to question. Nevertheless, if we were to 
research and clinical sustain 'the present annual rate of energy The ELECTROSTAC separator posi- 
laboratories, heat would be gen- tions a polyacrylamide gel above a su- increase, enough cro 1. Pre-cast GradiporeTM gels- crated to melt the polar ice in less than se density gradient column. Sepa- 

rated zones migrate from the lower sur- 
14 sample wells in each flat slab a century, and the technological heat face of the gel downward into the den- 
encased in a disposable cell. input would exceed the present radia- sity gradient, maintaining their isola- 
Continuous sieving action -tion balance in 220 years, according to tion and relative positions. The zone is 
through a gel gradient of 4% to McDonald (2). then recovered by removing the 
26% recrystallized acrylamide. The technological optimist would ELECTROSTAC separator and pumping 
Gradipore gels, ten to a box, all have us move toward such a climate the gradient upward through a UV ab- 
with exactly the same sooner. That we will reach it is absurd, 
composition, eliminate the but so is the technological optimist's sorbance monitor, and then to a fraction collector. If 
nuisance and the chance for enthusiastic prognosis. Try as he may, scanning shows separation ''>h 
error in casting your own. One- the technological optimist cannot es- to be incomplete, the gel '9> 

year shelf life assures a fresh gel cape the necessity of a mass-energy, can be replaced for '>- - 

when you need it. steady-state technology. 'Forrester's further electrophoresis K 
2. New easy-to-operate Model world model is open to question, but before fractionation. The 

ultimately his conclusions are correct. 
4310 Densitometer sees and sucrose can be dialyzed out 
counts single photons (the Reas9nable changes in Forrester's mod- to leave a purified fraction. 
smallest quanta of light), el may significantly alter the timetable, The ELECTROSTAC separator but not the destination. We need tech- 
resulting in stability and accuracy nological realism ra-ther than techno- permits a multiple approach 
never before possible. Small to separation by allowing the 9> 

region of special interest in a logical optimism or pessimism. Quali- use of wide ranges of gel tative progress can continue indefinitely, characteristics and buffers, 
sample can be scanned 
separately and still produce a quantitative progress has its natural and has been demonstrated 
full-width trace. Large sample limits. The longer we wait to subs-ti- to be particularly well 
tray accommodates all tute qualitative for quantitative prog- adapted to the preparation 
electrophoresis and TLC media. ress, the greater will be the threat to of gel- separable fractions of future generations. nucleic acids. For complete 
Write or call us for complete PAUL E. DAMON 
information. Ortec Incorporated, 110 details send for literature 
Midland Road, Oak Ridge, Tenn. Department of Geosciences, and our current 
37830; phone (615) 482-4411. In University of Arizona, catalog. 
Europe: Ortec Ltd., Dallow Road, Tucson 85721 pat9> pend. 
Luton, Bedfordshire, England; or 
Ortec GmbH, 8 Munchen 13, References 

Frankfurter Ring 81, West Germany. I. M. i. Budyko, Soi. Geogr. Res Transl 10, INSTRUMENTATION 
2. 0. J. F. McDonald, in Environment, Re- IS * SPECIALTIES COMPANY sources, Pollution and Society, w. Murdock, 
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On the basis of its presumed sensi- whose purpose is to remove two of the 
tivity, Forrester's world model has been pressures (resource depletion and pollu- 

by R. Boyd for not being able tion) operating in the original model 
The first WiNo RanDe to discriminate between neo-Malthu- seems to violate the assumption of 
M icrotome-cryostat... sian and technological-optimist policies, small perturbations. Indeed, >Boyd 

position, if two claims that pollution generation and 
slightly different versions of the same resource usage rates could go to zero at 

Temperatures from 
model give conflicting results, the a finite level of technology. If resource 
model is not useful as a policy tool. use and pollution generation rates are 

-150C to -500C 
The models in World Dynamics are not decreased (to model technological ad- 
policy tools. However, they can still vances) but remain finite, model be- 

frozen Sections 
contribute significantly to a resolution havior is not seriously affected [see 
of this controversy by focusing atten- figures 5-8 and 6-1 in World Dynamics 

from /J tO /L assumptions. Boyd's remedy, disaggregation and tion on what are often only implicit (1)]. 

The Harris LoTemp model WRO No model can decide between sets of increased complexity of structure, may 
is two microtome-cryostats in 
one. A single unit that can do assumptions only on the basis of its increase academic confidence in the 
both routine diagnostic pro- predictions. We are all equally ignorant model. However, there is a trade-off 
cedures and such sophisticated of the future. Models can be more or with comprehensibility and no guaran- 
research procedures as thin less valid only in their representation tee that the model will be less sensitive 
section light microscopy, auto- of historical trends. A model cannot to alternative sets of assumptions. Nor 
radiography, fluorescence mi predict the future. However, it is is 'there a guarantee that there will be 
croscopy and other histological worthwhile to require of a model that any fundamental change in the behavior 
procedures, at a cost compar- the assumptions it embodies be suscep- modes of the model. 
able to presently available 
routine cryostats. tible to reasoned argument and, if pos- R. JOEL RAHN 

The Harris model WRC is sible, empirical verification. Boyd's Thayer School of Engineering, 
compact.., can be moved any- note demonstrates that Forrester's world Dartmouth College, 
where it's needed. The cold model passes that test by clarifying dif- Hanover, New Hampshire 03755 
chamber has extra room for ferences in basic assumptions to the 
tissue handling, storage or Reference 
freeze drying. Full opening top point where specific well-defined ques- . w. Forrester, World Dynamics (wright- 
with special access ports cam- tions about the assumptions can be - Alien, camhridge, Mass., i97i), pp. 105, 114. 
bines the features of a totally posed and possibly answered. Among 
closed system with the easy ac- these questions are the following: In the s.econd letter, R. I. Rahn 
cessibility of open top models. Is technology an object, a stock which summarizes my paper inaccurately; 

Available equipped with Jung grows for all time and at no cost, or is much of his criticism seems to stem 
or International Equipment 
Corp. microtomes, or cryostat it a social process which competes with from this misunderstanding. It was not 
only prepared for installation of other processes for available social my intent to show that Forrester's 
your present E.G. microtome. capital? Further, what are the delays model was sensitive to small perturba- 
Installed stereo zoom micro- involved in the development and im- tions.; the word "sensitivity" has a 
scope also available. plementation of technologies? specialized use in engineering, and my 

For a full description of the Is there necessarily a negative re- use of it was unfortunate. My argu- 
Harris WRO and its wide range 
of additional features write or lationship between technological ad- ment may be more correctly summa- 
call . . . vance and pollution generation or re- rized in the following way: 

source use rates? Is it possible to in- In the controversy about the world 
crease the world's stock of capital using population problem there are two ma- 
no new resources and generating no jar positions, that of the neo-Malthusian 
pollution? and that of the technological optimist; 

Do the birth rate multipliers act with- each has a sizable portion of the in- 
out delay, or is there a lag 'between tellectual community among its ad- 
perceptions of the social environment herents. With neo-Malthusian assump- 
and their eventual effects on family tions, the world model yields. results 
structure? which are qualitatively the same as 

A model cannot answer these ques- those the neo-Malthusians produce 
tions, but it can help explore the im- without the use of computers; with as- 
plications of more or less credible sumptions of a technological optimist, 
assumptions about the answers to them. the model yields a technological op- 

The clarification of assumptions also timist's results. Thus in the abs.ence of 
contributes to the discussion about the any additional empirical input, the 

Harris Manufacturing Co., Inc. sensitivity of the model. Sensitivity is model does very little to help us de- 
14 Republic Road intuitively expressed by the idea that cide between the two positions. 
Treble Cove Industrial Park small perturbations in the model lead to Rahn quite rightly points out that 
North Billerica, Mass. 01862 small or large changes in model be- models have very useful instructional 
(617) 667-5116 havior. The addition of a new level and heuristic properties. It was not 
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PUT T H ES E TEXTS my intention to imply that Forrester's 
model was not useful for clarifying TO WORK ideas (particularly to those with tech- 

FO R "OU nical training) or in generating new ___________________________________ research questions. A few caveats are 
in order, however. If there is uncer- ' -%'  PIERRE TEILHARD DE 

CHARDIN'S PHILOSOPHY OF tainty about a large number of the '>. '>9>'>9> 9> 9?> 
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