
from our READERS 
This interesting correspondence between Professor 

Lloyd Berg and Senator Lee Metcalf is a result of the 
publication of Professor Berg's paper, "Why a Scholar­
ship Program in ChE" in CEE 2, 78, 1968. 

Senator Metcalf's comments: 

Dear Dr. Berg: 
I have just read your letter and your article, an ex­

position of a formula A/ B = CI D, which you devised to 
illustrate your disapproval of the amendments to the 
Selective Service Act which curtailed graduate student 
deferments. 

What immediately struck me is the absence from your 
equation of the most basic component, the human factor, 
an omission that dismays and saddens me. And there is a 
false element, too, in the statement, "The country was 
on an equality binge and it was deemed politically ex­
pedient to treat PhD engineers and scientists in exactly 
the same manner as high school dropouts." 

By no means are all of the men who have been drafted 
(or even a very large percentage of them) .and who have 
served in the armed forces in Viet Nam, high school drop­
outs. And, by no means have graduate engineers and 
scientists been treated as high school dropouts. Their 
treatment (either because of intellectually superior back­
grounds or because of good fortune or a lucky combina­
tion of several factors, often including diligence) made 
them, in the words of a British writer, more equal than 
anyone. That cannot be said of high school dropouts. 
Current efforts to encourage more of our youngsters to 
complete high school are testimony to a great need in our 
society-and an educational system that is still striving 
to meet that need. 

The fact is, however, that 77.3 per cent of men drafted 
into the armed forces in the calendar year of 1967 had 
graduated from high school; some of them are numbered 
among the 25,000 who have been killed in Viet Nam; 
many .are college graduates who, for one reason or an­
other, did not seek advanced degrees in engineering or 
were not deferred for other reasons. 

These are human beings we are talking about. All of 
them, no matter what their intellectual or academic at­
tainments, face a common denominator of sacrifice which 
ought to make brothers of us all-and while I deplore 
the undeniable loss to this nation's technology, on which 
you have concentrated, I cannot take so parochial a view 
as you. I do not think of these young men as engineers, 
mathematicians, physicists, poets or painters. If I did, 
I might show a predilection to spare only poets from 
service in the armed forces. But I don't think that way. 
These young men are human beings, with the same love 
of life that is common to man. 

For a democracy, there is really no answer except uni­
versal national service which touches .all men over a 
given age or a random system of selection which cannot 
discriminate by situation in life, degree of education or 
other criteria, except physical or mental unfitness. 

I hope that we could have some sort of system where 
every boy and girl in America would serve the govern­
ment for at least a year. Some would go into the mili­
tary; others would be chosen for the Peace Corps, Vista, 
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Head Start or some other service program. Each of 
these services would be equal in regard for those who 
serve and each person would be able to hold his head 
high as one who has served his country in some important 
and significant endeavor. There is abundant room, in 
such a plan, for engineers and poets. 

Finally, I guess I doubt that the human sacrifice 
and suffering inherent in a wartime draft of young men 
can be reduced to a formula. 

I stated my views on the war in Viet Nam in a sym­
posium last May at Montana State University. A copy 
of my remarks is enclosed. 

Lee Metcalf 
U.S. Senator from Montana 

Berg Responds: 
Dear Senator Metcalf: 

Thank you for your letter of August 1 and the accom­
panying reprint of your speech at the MSU Viet Nam 
Symposium. I agreed with your speech when I heard it 
and am still in accord with your views. I'm sorry that you 
don't have an even larger influence than you do on U. S. 
foreign policy. 

The article that I sent you was not meant to complain 
about the past. The U.S. draft policy up to June 30, 
1968 worked pretty well with respect to scientists and 
engineers. It is thinking about what will happen after 
July 1, 1968 that gives me a sinking feeling. Prior 
to July 1, Selective Service had a list of critical skills 
and essential occupations. Engineers and scientists serv­
ing in these fields were deferred; those that didn't were 
subject to the draft. Effective July 1, 1968, the National 
Security Council abolished the whole list. Had supply 
finally caught up with demand? No, the Brain Drain ar­
ticle I sent you showed that demand was continuing to 
outstrip supply. Was the list unnecessary in the first 
place? I have no reason to believe this. The public press 
never brought out anything to confirm this point of view. 
I therefore concluded that the changes came about as a 
result of a policy of "fairness and equality" for all. 

I agree with your suggestion about national service 
for all citizens but I think engineers .and scientists should 
do it in "critical skills and essential occupations" and for 
far more than one year. The difficulty with any other 
kind of service-military duty, Peace Corps, Vista, Head 
Start, etc.-is that the engineers will never return for ad­
ditional study. In my 25 years of college teaching, I have 
only encountered two who returned, from military service 
to further their chemical engineering education. 

As one of the one hundred United States Senators, you 
must worry more than ordinary men about the ultimate 
safety of the United States. From the beginning of his­
tory, nations have been playing "wipe-out" with each 
other. Even during our lifetime we have witnessed several 
examples. On September 1, 1939, Hitler launched his in­
famous attack on Poland. In two weeks, Poland's armies 
were annihilated and on September 17, Russia moved from 
the east. On September 18, Russian and German troops 
met at Brest Litovsk and Poland ceased to exist. 

Captured Nazi documents submitted at the Nuremberg 
trials showed that Germany planned to wipe out com­
pletely all of Russia east of the Urals. As the German 
army conquered Russia, the peasants were to be left on 
their farms and permitted to keep just enough food to live 
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on. All the rest would go to Germany. Absolutely no 
provision was made for the feeding of the rest of the 
Russian people in the conquered territory. They would 
just starve to death. 

At the present time, ask any Nasserite, Jordanian or 
Syrian what are his country's plans for Israel. They will 
tell you frankly that it is their national policy to push 
Israel into the sea. 

During our lifetime too, you and I have seen a number 
of examples of politicians paying little heed to their 
nation's scientific and technical capability until they were 
in desperate straits and then calling for the technically 
impossible. On May 10, 1940, the battle of France began. 
The French people had been assured for twenty years that 
their Maginot Line was the finest defensive system in 
the world and that the country was in no danger. Actually 
French technology had progressed very little since World 
War I. Five weeks later with the Nazis storming the 
gates of Paris, Premier Paul Reynaud issued his plaintive 
call to President Roosevelt for "clouds of airplanes." 

Fortunately for civilization, it wasn't only the "good 
guys" that have let their technology slide. In 1942, Ger­
man submarines sank 6,250,000 tons of Allied shipping, 
a tonnage far beyond the capability of western ship­
yards to replace. Had this rate continued, Britain 
would surely have been brought down. But in 1943 the 
U-boat losses zoomed and Allied ship sinkings miracu­
lously dropped. Why? Because a few young American 
and British engineers applying new knowledge of radiant 
heat transfer had developed radar. This enabled Allied 
aircraft to locate and destroy the U-boats long before 
they got close to the convoys. Admiral Doenitz at first 
suspected treason but when he finally learned that it was 
radar, he withdrew the U-boat fleet. In late summer how­
ever, Hitler insisted that German bravery could overcome 
American technology and ordered the fleet to sea again. 
In the last four months of 1943, the Nazis lost sixty-four 
submarines while sinking only sixty-seven Allied vessels. 
This loss ratio spelled doom for the U-boat warfare and 
settled the Battle of the Atlantic. 

By the spring of 1945, the Third Reich was in its 
death throes. Both the eastern and western borders had 
been crossed by the Allies and the German cities were 
mere rubble heaps. About 8-million Germans had been 
killed, virtually an entire generation. What was the 
word from Hitler under those circumstances? His scien­
tists and technologists led by Werner Von Braun, were 
going to save Germany yet with their V-1 flying bombs 
and V-2 rockets. 

Frankly, Senator Metcalf, I am concerned that the 
policies established last July 1 will cause the United States 
to lose its technological lead. That is a situation that can­
not be quickly remedied. It takes a minimum of eight 
years from the time we interest a high school student in 
science or engineering until he is awarded the PhD. No 
crash program, no large infusion of money can speed up 
this process. Can we gamble with our national safety? In 
this nation of 200-million people, does the continued train­
ing of a few thousand engineers and scientists in critical 
skills and essential occupations really upset greatly the 
general policy of fairness to all ? 

May I have your permission to publish your letter of 
August 1 and this reply? LLOYD BERG, 

Montana State University 

FALL, 1968 

The Senator has the last word: 
Dear Dr. Berg: 

I have long talked about the need for scientists and 
engineers in the National Defense Education Act. I de­
plore the fact that $6 billion reduction of the budget has 
cut out essential research and development programs, of 
the National Institutes of Health and the National Science 
Foundation and pure research and development as far 
as the military is concerned. 

Experience has shown that a statement that engineers 
will never return for additional study is not an accurate 
one. The GI bill and now the new bill for Korean and 
Viet Nam veterans has attracted thousands of boys back 
to advanced studies, including the engineering field. 

I don't want to enter into an extended debate with 
you on the question; I feel that your statement in the 
article about an "equality binge" is unfortunate and hope 
that you will agree that essential equality here is not a 
sacrifice of life itself and if we are going to demand that 
sacrifice of young men we must demand it of them 
whether they come from homes where their parents ar 
rich and affluent or whether they come from homes where 
they have not had either the educational or cultural op­
portunities to attain the status of a graduate student in 
science or mathematics. We need more equality, not less. 

Yes, you have my permission to publish my letter of 
1 August, if it is published in full together with this letter. 

LEE METCALF 
U .S. Senator from Montana 

Summer Issue 
Editor : 

From cover to cover, I read it! I don't do that for 
very many publications, but your Summer 1968 issue of 
Chemical Engineering Education was outstanding. P lease 
accept my congratulations. 

Editor: 

Joseph J. Martin 
University of Michigan 

That Summer issue of CEE! A splendid job. Every­
thing in it is interesting and valuable. 

Olaf Hougen has countless admirers who will enjoy 
reading about him. 

Keep up the good work. 
M. C. MOLSTAD 
University of Pennsylvania 

(Letters continued on page 160.) 
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troller scheme, in order that it may drive the TAYLOR 
E/ P transducer with up to 5 ma current. To protect 
transducer use a voltage limiter network, 0 to 12 volts. 

3. Voltmeter for pot settings, amplifier balancing, etc. 
4. One bank of 5 potentiometers. 
5. For recording the output of the PACE transducer and 

the output of the controller a LEEDS & NORTHRUP 
Speedomax H will be used. Liter.ature on this recorder 
will be found in "Readout" volume. To protect this 
recorder use 0.01 input attenuation external to re­
corder. 
At this point you should compare the actual equipment 

with the information supplied. 
The study involves your operation of the equipment to 

obtain the following information. 
1. Obtain the dynamic characteristics of the process sys­

tem on-line by any technique you wish to use. Do you 
feel that it is necess.ary to study the static charac­
teristics of each individual component of the process 
system? How about the dynamic characteristics ? 

2. Compare the results above with a theoretical analysis 
of the liquid level dynamics of the tank together with 
any data or estimates of the dynamic characteristics 
of the other apparatus. Discuss. 

3. From the dynamic characteristics, estimate the control 
needs and controller settings for liquid level control. 
Consider also the rapid estimations in the following 
references: 
a. "Zeigler - Nichols Method" in Eckman, Automatic 

Process Control, Wiley, 1958, p. 114-121. 
b. Van der Grinten, "Determining Plant Controll­

ability" Control Engineering, Oct. 1963, p. 87; and 
"Finding Optimum Controller Settings," Dec. 1963, 
p. 51. 

4. Now place the tank under liquid level control and 
compare control performance for a step change ·of 3.5 
inches in liquid level. 

LETTERS continued from page 149. 

Editor: 
I was very interested in the article by Sliepcevich and 

Hashemi (Irreversible Thermodynamics, CEE 2, 109-112, 
1968) because it resembles a similar derivation which I 
evolved while teaching our undergraduate Linear Systems 
course here at Dartmouth. Although the methodology of 
this course is derived mostly from the fields of Electrical 
and Mechanical Engineering, I believe that the funda­
mental concepts are most happily and rigorously de­
veloped from thermodynamics. 

My derivation differs from that by Sliepcevich and 
Hashemi in several aspects and I suggest that mine is 
both more correct conceptually and more useful in practice. 

Rather than using the idea of "lost work," I started 
from the "rate of entropy generation per unit volume," 

s, which was then related to the mass and energy fluxes, . . 
M and E, and to the gradients of Planck potential a and 
inverse temperature {3 (Tribus, "Thermostatics and 
Thermodynamics," D. Van Nostrand). In a one-dimension­
al system we have 

· · da · d/3 
s=Max+E dx (1) 
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Assuming that s is a fundamental thermodynamic prop-
. . 

erty which is a function of M and E we have 

s = s (M, E) (2) 

. . 
whence s is an exact differential in M and E. 

Following methods akin to those of Sliepcevich and 
Hashemi we have 

and _j/i_ = _l_( 0; ) 
dx 2 aE M 

and hence 

od/3 

= ( d: ) . = L 12 = L 21 

oM E 

where L12 and L21 are the transport coefficients in the 
equations 

d/3 - . . 
dx - L11E + L12 M 

da · · dx = L21E + L 22M 

The reciprocal relationships .are obtained in a similar 
way by starting from the assumption 

· · ( da d/3 ) 
s=s dx' dx 

The results are easily extended to three-dimensions. 

The rate of entropy generation per unit volume seems 
to me to be a very basic conceptual quantity. If ds is the 
entropy generated in a volume (dx dy dz) in time dt, we 
have 

ds 
s = -=---=--=-~'7 dx dy dz dt 

Therefore s represents the entropy density in a four­
dimensional sp.ace-time continuum. From the information 

theory viewpoint s is a measure of our knowledge (or 
uncertainty) about an element of a space-time universe. 
There are few more fundamental concepts than that! 

I also prefer the simplicity and symmetry of my for­
mulation which can be extended to any number of exten­
sive (conserved) properties .and their conjugate intensive 
(potential) variables. 

There remains the question of just why s should be 
a homogeneous function of the second degree in the fluxes 
or potentials. Is there any primitive reason for this ? 

GRAHAM B. WALLIS 
Dartmouth College 
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