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Helo bringa better environment to everyone’ life 
The Corps of Engineers offers exceptional positions of challenge and 
professional satisfaction to engineers who want to help solve critical environ- 
mental problems so all our people can enjoy cleaner, healthier and more 
productive lives. For the engineer who wants to take part in new, more 
advanced, extremely challenging engineering/construction projects, the 
opportunities are virtually limitless. The Corps’ activities today include the 
broadest sweep of professional demands—planning, design, construction— 
water resources development, navigation and flood control projects, con- 
struction of hospitals, family housing, manufacturing plants, missile and 
space exploration facilities, research in Corps laboratories related to these 

A “9 programs—you name it! This is the organization for the engineer who wants 
(| ees to do things, plan things, become involved, grow—starting right now. If you're 

pod a bod a doer, and you want to be where the action is, write to us today. We'll tell 
Hog you all about the advantages of a civilian career with the Corps of Engineers. 

a? 45 An equal opportunity employer. 

CORPS OF ENGINEERS DEPARTMENT OF THE ARMY, WASHINGTON, D.C. 20314
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who keeps a level head. 

Dictionaries define hurdling as jumping over a hurdle in a race. 
Obviously, Webster never made the track team. 

‘‘A good hurdler never jumps,” the experts tell us. ‘‘He tries 
to duplicate the movements of sprinting. The head stays level. 

It’s never higher over the hurdle than it is between them.” 

A level head helps overcome any obstacle. Take bearing problems. 
They’re best approached by a person with training, determination 

and the ability to think things through. 

Are you such a person? When you run up against a tough problem, are you 
able to take it in stride? And do you like the excitement of rugged 

competition, and the rewards that come from winning? 

Then write The Timken Company, Canton, Ohio 44706. Ask our Manager of College 
Relations to give you a tryout. Ask him about our policy of promotion from within, 

And while you're at it, ask him to tell you about our continuing 
expansion and modernization program. 

Timken® bearings sold all over the world. Manufacturing in Australia, 
Brazil, Canada, England, France, South Africa and the U.S.A, 

An Equal Opportunity Employer (m/f). 

TI M KE N 
REGISTERED TRADEMARK 

THE TIMKEN COMPANY MANUFACTURES TAPERED ROLLER BEARINGS, SPECIALTY ALLOY STEEL AND REMOVABLE ROCK BITS. 
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“Get a job” isn’t quite the full answer, is it? You're Ohio, Florida, Kansas or Delaware, you'll find yourself 
you. And there’s more to life than just “a job’ — looking forward to coming to work in the morning. 
or should be. And your technology won’t become obsolescent in 

What could you expect if you joined us? A Ue aaa " ee ae te He 
quality of life that means the difference be- te ser TE RE alo) 3 A Nog 
tween “a job” and a way of living. ” i 

We design and manufacture complete electronic Professional involvement . . . continuing de- 
systems of various kinds for business, industry and velopment as an engineer . . . an environment 
government. It is our practice to hire very able people of individual responsibility that encourages new 
and then put them to work doing what they most ideas and rewards initiative. These are good 
like to do. dividends on the personal investment you've 

already made on your education! 
Because we are a large company, we offer a total career : 
growth-potential that is as big as we are. And because If you agree, send me your resume. Address: / 
we work in relatively small product-oriented divisions, Mr. William G. Benner, College Coordinator 
your abilities and contributions are highly visible NCR Worldwide Headquarters 
from the time you join us, with prompt recognition eg ol ToC 
of superior performance. Professional Placement 

i ee Dayton, Ohio 45479 
Whether you work for us in California, New York, eee nates



__ “The concern for man and his destiny must always be the 
___ chief interest of all technical effort. Never forget it among 
|= your diagrams and equations.” 

_ Albert Einstein 
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less successful implant materials ests 
by Fred Schuhle do not adhere firmly; others loosen Fs 2 ' 

ws grandmother broke her hip with age and wear, and “‘migrate”’ oa ae AS i 
six years ago, an operation was or shift around on the bone surface <a é C d ae | 

performed joining the broken to which they were supposed to be “a cat oe} vod 
piece back to the rest of the bone. attached. 3 saat = i 

But she was back in the hospital a Dr. McBeath thinks this i eee | 
few years later because the repair problem may be solved with the 4“ vr on ow iv 
job wasn’t holding up too well. titanium implants, with the use of ‘ We = oo a | 

Now some techniques have been a polymer (like a plastic) grouting a = | 
developed that may change all compound, much like the plaster y Ge 
that. you might use to repair a crack in ~~ 2 ~ Kom ne : 

When part of a bone must be the wall. The titanium affixes eee 
replaced, chances are that the itself well to this sticky substance, \ Ses 
replacement is solid, either plastic and does not move around too | ee) ap 
or cast metal, since the replace- much. ae ow Wy i 7 

ment piece must be as strong as Once the bone in the body is Apt 9 fe 

bone. But at the University of prepared and the interface is a (ee 
Wisconsin Medical School in ready, the implant may be at- OU 
Madison, Dr. Andrew A. McBeath tached. And once this joining is ie |) 4 ~ L 

has come up with a new technique complete, some additional o Ae 

using powdered metal to make benefits of porous titanium im- eT eh 
“implants,” as replaced portions plants become important. Since -ilhlUD 
of bones are called. the hardened titanium implant is Ly | i 

The substance used is powdered porous, it can absorb some Py ZF 
titanium, a hard, light metal that | moisture, like natural bone, and >. 
is also used to strengthen steel. can bend somewhat. Much like a ye at. - 

Titanium is frequently used in dry sponge can bend; not as much 1 Py ee 

medical processes because it is as a wet sponge, but more than a , fF | 
very compatable with the human piece of metal the same size and we 

body. Elements and chemicals shape. This “porosity” also means 2 i 
within the body can carry out their the implant will wear the same op 
functions nearly as well when way as the bone does - if they are Who 
titanium is used as an implant going to bend and “deform” with ae 
material; better than when other use, at least the implant will bend Ba 

metals are used. the same way as the bone to which Grandmother 

In the powdered form, titanium it is attached. Smooth metal im- Ak Gtaniuw ‘powder implant ia 

is useless as a substitute for plants cannot bend at all, and 1 jvanlum, DOWCer Imp: ant 8 

something as hard as a bone, ob- often wear differently than the abo | the sane jPecause it has 

viously. It must be made into bones to which they are attached, ar out he: same e astic and dam- 

something more substantial. So a causing further problems. poral capac to absorb blows, 

rubber mold is made of the section But the most exciting advan- a a little; aid a tease ae 

of bone to be replaced; usually a tage of these porous titanium im- fo oes natural bone. This helps to 
. . : : : ‘urther reduce wear and tear on 

portion of a joint. In a hip, the plants is that, along the interface, thé dol d $i he i 

mold would be made of the “‘ball,” the bone actually grows into the f. € implanted piece: at the inter 

or top portion of the upper-leg small “pores” in the metal, which *“Aithough surgery has been done 
bone. it could not do with a smooth, exclusively on animals thus far. 

The powdered titanium is then metal or plastic surface. thestechniaues: tay, become more 

hydraulically compressed in the Not only is there better adhe- wides read includin human sur- 
mold and “fired” in a special oven, sion but actual growth is possible. gery Pin che caburs The ex- 

much the same way as pottery is If such an operation were to be eriments with this material 
fired in a kiln. When it comes out, performed on a young child, pe ant three yearsvaco ih<coopera- 

the implant is hard and about as presumably that bone could grow co with “Teel Fie orn ae the 

strong as the bone it is to replace. and surround the metal implant as Mineral and Metalurgical Depart- 

Now to the natural bone left in the child grew up and the bones ment of the College of apneees 

the body. The place where the im- got bigger. The inorganic base and at Madison 8 

plant is to be attached to the growing bone is more flexible than Grandmother’s hip is now doin 

remaining piece is called the inter- a solid implant that would remain fina. letoolk hee to the ocean fo 

face. The material used in any im- the same size, since the bone cells the-first timecin her 85 years, last 

plant is important here, too. Some could not grow into it. summer. WE 
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The gift nobody asked for 
ing h But being human, 

lin to it And we try to live by what the 
we C g symbol says. At work. With our 
F ] families. In our local communities. 
or as ong as we can Not because we're big on slogans, 

but because we don’t want to lose 
Life. In our zest for it, we some- the precious talent, enthusiasm 

times grow careless. We forget and ideas of our people through 
that life is a fragile gift. One carelessness or indifference. 

that needs con- —aEam Co eos: So if you’re one 
stant loving care. RMBs wate 5). Ge. who: loves ‘Tfe 

So Dow people ,eyas Saas oF 5a \ and wants to live 
display the em- ns mca it wisely, drop 
blem you see here Fo S"hig Pat i us a line. We'll 
as a gentle re- ea 3” Se ) be happy to send 
minder of life’s fia SE te Ae é you your own Life 
frailty and th iy Gy is Fragile aware- 
need to pre- fig oo. oly Ae ness kit. 

perve and. protect hie 1 an. a Rand if you're in life in all its BAM, | ——_ eal . 
variety. oe ae UG le wr. the job market, 

Life is Fragile Pwo new tell us about 
began as a Dow [+ *. ep fo JA yourself. Could 

safety awareness | 5” tame. fe (tes Pe vite Adtce 
program, but it’s so fae FRAGIC« er © od \ io 
much more than PAL ess {Rieu on as a] Bt Book perple 
that now. It’s be- noe ee Arg % = | net icine teh Geuie 
come a way of |ghV cai giant Nii he 3 - oe cays, 
life for us. A kind —At%" deena Y. bore we S ans vo of code word by [Pui jo 7 — it o~ . . news now is it? 

which we express our concern for The Dow Chemical Company, Box 

all living things. 1713-E, Midland, Michigan 48640 

Dow is an equal opportunity employer— male/female 
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Find out if the chemistry’s righ ind out if the chemistry's right. 
At Du Pont, the best chemistry is have openings, what states you can work 

people chemistry. in and more, meet with the Du Pont 
Anything can be achieved if you recruiter when he comes to your campus. 

have the right people and they talk to Or if you’ve already graduated and 
each other. have experience, write Du Pont direct, 

So we look at you as much as at Room N-13400, Wilmington, Del. 19898. 
your grades. And as you know by now, we’re 

We look for compatibility as much equally interested in women and men of 
as talent. any color. 

And that goes for engineers and The chemistry is what counts. 
chemists as well as business students. 

If you want to find out what fields 

An Equal Opportunity Employer M/F REG Us PATOFF



An Interview with Dr. John W. Cameron 
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Ultrasound is used to ‘‘see’’ into the body much like x-rays can. 

Interview by Don Johnson 

D: John W. Cameron is director Cameron: I like the term am primarily interested in 
of the Biomedical Engineering biomedical engineering. patients and what we can do for 

Center at the University of Bioengineering is engineering them now—not in the next 
Wisconsin-Madison. He has been referring to any engineering that decade. 
a professor of radiology and has to do with biology. The Q: What is the status of 
physics there since 1958, conduc- department of agriculture is biomedical engineering in the 
ting research in quantitative bioengineering. How to design a University’s curriculum? 
diagnostic radiology, bone mineral manure carrier, or a barn, could be Cameron: There is an MS 
and body composition bioengineering. It is so broad a program in biomedical engineer- 
measurements in vivo, radiation term we have to define various ing, and we hope to offer a PhD in 
dosimetry involving ther- areas of it. a few years after the MS is firmly 
moluminescence, physical aspects Biomedical engineering is the established. Just a few undergrad 
of nuclear medicine, and application of physical science to courses are currently being 
applications of computers in diagnose and treat sick people, offered. 
medicine. Dr. Cameron is a con- such as designing better X-ray We started as a biomedical 
sultant to the Atomic Energy equipment and finding new ways engineering committee. It is now a 
Commission in Washington, to the to get informat!sa from the body center. We feel we could be more 
International Atomic Energy such as measuring bone mineral effective as a center than as a com- 
Commission in Vienna, and to the content and measuring radiation mittee. (The University) should 
NASA Manned Spacecraft Center in the body. have a biomedical engineering 
in Houston. This is clinical engineering to department either in medical 
Q: Would you please define the make it clear that we are in- school alone or in the medical and 
terms bioengineering and terested in patients themselves. engineering schools. 
biomedical engineering? Not to criticize other fields, but I Q: Computers can now monitor a 
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patient's ‘vital ‘bodily funectiong: tt C - : 
and collect data. Can they ad- a 
minister medication? _ A >> : 
Cameron: Computers are used to, = Zi ee __ 
monitor a patient’s condition and To be <a —— — 

to see subtle changes more quickly —_ yltimately useful — ; NW 7 

than humans. I don’t know of any ] =«. ‘ Ol 

ciruemstances where they ad- they must work ef eer ~ 
minister drugs yet. A very small in medical centers. a (se |. . _ 
computer like a pocket computer Medical -— | — — _«. 
attached to a skin flap could con- . a I: —_— |. 
trol insulin injections for diabetics engineers on a — 1 fa 
and act as an artificial pancreas. campus miles a ee - 
Q: Are hospitals moving toward always are _ sete 

common use of computers? | - 
Cameron: In any system there is not Se | 
great inertia to change. The effective.” lhe 
medical profession has more iner- oF — oe 
tia than any other profession I Fy 
know. It would be chaotic, though, es a 
if they tried everything that came 
along. any loss of information. X-ray pregnancies because of a smaller 
Q: Can malpractice suits be raised films are by far the greatest users danger, and it gives more informa- 
in a case of mistaken diagnosis by of our silver and by 1980 we will tion than an X-ray. 
computer? have a desparate need of silver. Q: Isn’t it possible that undetec- 
Cameron: Who would get sued, Another area in medical engineer- table vibrations caused by high 
the computer or the physician? ing is replacing that standard film. frequency sound waves might 
Computers are used in calculating I would predict in a couple of cause some cellular and tissue 
optimum distribution of radiation decades the present, large X-ray damage? 
in treatment of cancer patients, will be an artifact. Magnetic Cameron: It’s a matter of 
and if an error is made the tapes, videotapes and videodiscs engineering whether ultrasound 
physicist and the therapist in will be used instead. We can use can be harmful. If it goes high 
charge could both be sued. those now in radiology. Often enough and if you put enough 
Engineers can be sued for progress in medical engineering energy in, it may cause other 
malpractice can’t they? comes from developments in other damage— mechanical damage — 
Q: How much radiation can a areas — computers, TV and independent of the heat. 
patient absorb before it becomes nuclear physics. Q: You have developed techniques 
harmful? If medical engineers are to be ul- for detecting bone mineral loss 
Cameron: How many cigarettes timately useful they must work in and resulting bone weakening. 
can you smoke, and how much medical centers. Medical Could this lead to techniques of 
alcohol can you drink before it engineers on a campus miles away strenthening bone structure, like 
becomes harmful? How fast can are not effective. They are not tempering steel? 
you drive before it becomes useless, but they certainly are not Cameron: Probably not. But if 
dangerous? aware of the day to day problems you have a way to measure things 
Q: How much radiation is ab- in the clinical situation. you could find a way in which to 

sorbed from the average X-ray? Q: Ultrasound is now being used probably improve them. Doing 
Cameron: I dressed up an old unit to see into the body with high fre- something dramatic is unrealistic. 
called the Roentgen Area Product quency sound waves. Could it be You might be able to stimulate 
(RAP) which is the product of the possible that there is a limit to better bones by getting more exer- 
amount of radiation times the area how much ultrasound can be used cise. If you can strengthen muscles 
of the body it is hitting. Twenty on a human body, just as there is by exercise, you may be able to 
RAPs per year is normal for with X-rays? apply this idea to bones. After a 
natural radiation absorption. A Cameron: There is, but we year and a half of study with elder- 
chest X-ray is less than one RAP, haven’t been able to determine the ly people, it was found that those 
and usually a pelvic is five RAPs. level yet. So far no damage has who did special exercises showed 
Q: Is it possible to tell if people are been done by ultrasound for better bone strength than those 
receiving more radiation today diagnostic purposes. This is one of who did not. 
than they did 25 years ago? the research topics being con- Q: Is there a general age at which 
Cameron: In general there has sidered at the cellular level. bone mineral loss increases and 
been an increase in the amount of Therapy levels of ultrasound the skeleton begins to weaken? 
radiation absorbed by humans in can be used to warm up and Cameron: Bone strength begins to 
the last 25 years. This raises other destroy tissues, somewhat like in- deteriorate in women around the 
questions facing biomedical frared high energy. Ultrasound is age of 40. It goes down about ten 
engineering. Radiation to patients being used routinely in diagnostic per cent per decade or one per cent 
from diagnostic X-ray procedures work with a disease which affects per year. It happens on an in- 
could be reduced by ten without balance. It’s especially helpful in dividual basis, of course, but there 

8 Wisconsin Engineer



is a general loss around 40, just There is a great deal of research philosophical point. We have to 

before menapause. Men show _ being done in the field of artificial educate our medical students to 
noticeable weakening around 50 or hearts. We are a few decades away be aware and familiar with 
60. Women have many more from using artificial internal medical engineering and its 
broken hips, and the problem is organs, because we still must con- capabilities. Few students are 
much more crucial for women tend with rejection of artificial aware of them. We must convince 
since they have weaker bones in and foreign parts. the young doctor of the new ad- 

the sense that there is less bone to I suppose if you combine enough vancements and advantages of 
begin with. There are many more of these you could have an ar- computers. We are not going to 
hunchbacked women than men. tificial man. It does not appeal to convince the old ones that com- 
Q: Would the bones of a me, but if I were short a leg, I puters are going to help them. 
malnutritioned child be more would want the best one available. Q: Medicine’s goal is to prolong 
breakable than those of a well-fed Getting a set of legs that can per- life under all circumstances. . . 
child? form like the originals is an ex- Cameron: I think you are mis- 
Cameron: I don’t think anyone tremely difficult job. Research is taken. There is a good share of the 
has proven it but I would certainly now in progress to train the ar- medical profession not in favor of 
expect so. A study of eskimo tificial limb to conform with the keeping someone alive if the quali- 
children vs. mainland American brain’s instructions rather than ty of life is low. For the average 
children showed they were the trying to train the mind on how to person this is a very good goal. But 
same, but I don’t know how their make the limb operate. So we are there is this other factor. Do you 
nutrition was. There will be some making progress. want to suffer on? 
more studies conducted next Q: If it is possible to capuslize the Many patients chose, and the 
summer in South America. accomplishments of science, what doctor goes along with them, on a 
Q: A television show has been air- do you believe is the greatest new mode of dying, which has more 
ed called “The Million Dollar insight medicine has achieved dignity. Generally you will want to 
Man”, in which a human is sup- through an engineering approach prolong life, but you should say to 
posedly half man-half machine. Is to the human body? prolong a long, useful life. 

this a possibility, or perhaps, a Cameron: I think the area of Q: That is what I was leading up 
probability of tomorrow? microelectronics and integrated to. We have the technical 
Cameron: You could make an circuitry have produced a lot and capability for prolonging “life”, or 
analogy with an old song from the they will do a lot more in the rather forestalling death, in many 
thirties about the girl... After future. If a physician wanted one cases of hopeless comas, severe 
the ball Maggie took out her glass he could have a miniature com- brain damage, and terminal ill- 

eye, stood her peg leg in the cor- puter to help him in his work. I ness. Some patients linger on in 
ner, and corked up her bottle of may be giving the field premature agony. Do you see this as a moral 

dye. credit, but a lot of the information obligation to practice euthanasia? 
It’s an old idea to use artificial we get is through electronic To allow a patient to die peace- 

parts for the human body. Modern means. This also affects the fully through omission of treat- 

hearing aids date back to the ear —_— analysis of medical data such as ment? 
trumpet. Eyeglasses were replaced an X-ray that takes a picture at Cameron: I think this is a distinc- 
by contact lenses and later these optimum conditions through self- tion. Euthanasia is physically 
gave way to the new soft contact adjustment. speeding up death rather than let- 
lenses. In the future we may be Q: Do you have any particular ting illness take its course. You 
able to remold the eye to focus the points about biomedical engineer- may withhold oxygen on one hand, 
image on the retina so we won’t ing you feel people should know but you should not play an active 
have to use eyeglasses or contact about? role in terminating life. 
lenses to correct vision. Cameron: There is a major All professions working with 

Cain ee, § —HUNans have moral obligations in- 
yes a Ue cluding medical engineers. They 
|_ma en . certainly would have more 
a a There is a good dramatic moral obligations than 
7 Co share of the an engineer who is designing a new 

- 4 ; ae dical f : gear for a machine. There are 
_. oi ao me 1ca protession ethical questions when a patient 

_ i eS} a | not in favor Gis The idea of social conscience 
a en — 7 as been demonstrated in elec- 

V4 [ Wore ) of keeping trical safety devices to protect 
om ye someone patients, which is a moral obliga- 
: : og alive if the tion. Whether you are an engineer 
Re — : or not you have moral opinions 

_ 7 quality of partly formed by your heritage — 
a. FU life is by a combination of cultural and 
Sic ~ low.” theologic implications. It’s a per- 
Seat - sonal thing that gets into 
ys ae ‘ metaphysics. we 
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movements of the handpiece. The speak or write in this country. 
Students unit also may be used with a This is the second NSF award to 
D : typewriter instead of the screen. the group. Last summer it 

esign The research team, consisting of received $16,340 under the foun- 
i engineering, journalism, psy- dation’s Student-Originated 

Auto Com chology, special education, com- Studies Program. NSF sees the 
I the past two years, a team of munication disorders, and speech project as an educational experi- 

16 University of Wisconsin therapy students, is headed by ence for the students and an 
Madison students have developed Greg C. Vanderheiden, Appleton. opportunity to apply technology 
a device to help handicapped per- It was organized as the Cerebral to an educational need. 
sons communicate. This device, Palsy Communication Group, Currently being designed is a 
known as the Auto-Com, consists with experiments conducted in the mount so the board can be placed 
of a smooth, flat board with College of Engineering. on the arms of a wheelchair and 
letters, numbers, and punctuation This past fall, it received a used as a lapboard when not in 
figures printed on it. Beneath the National Science Foundation use. The students also hope to 
board is a sensing system that is grant of $84,000 to continue develop an Auto-Com with more 
activated by a magnet contained development of their project. portability, using small battery- 
in a handpiece manipulated by During the one-year grant operated transmitters mounted in- 
the handicapped person. period, the team will work to im- side the board to transmit signals 

By pointing the handpiece over prove the design of the device, and up to 200 feet to the output 
a character, the figure is repro- to produce a final model that can devices, the controller, and the TV 
duced on a portable TV screen. be manufactured and made screen or typewriter. 
Only minimal pointing skills are available at modest cost to For even more portability, the 
needed to communicate; the Auto- schools, institutions, and the es- students are working on a model 
Com responds even to hesitate timated 10,000 persons unable to that has a miniature printer built 

inside the board and is battery- 
operated. This would produce 

a. _ copy like a ticker tape. 

- f | itinie 

Fae ae ey | Stresses and 
Cli (‘“‘“‘z rh a Strains in 

ve. © i ones 

a] % 4 x . UW Science Writer 
: A Pf 2-9 Fam / 1 A‘ Seireg’s rats are running a 

LILA LS ALAA a one-legged race against weak 
C2959 SAD Ao 4 2 bones and joint conditions. 
AD ID f$ PA tm cay te, Seireg, a mechanical engineer at 

' SLL Pf ff RIT the University of Wisconsin- 
ould I~ (TEP ry LT) . : Madison, is studying effects of 

‘ Sal Dg 2M 34 : stress on bone mineral content, 
as tfc the role of muscle fatigue in frac- 

‘ , ES ture, and the causes of wear in 
- ae F.  joints. 

Seireg’s rats are strapped like 
: tiny bicyclists on a device that 

The Auto-Com: ‘‘Even the severely handicapped can now communicate freely." Makes one leg pedal in two-second 
(Courtesy, UW News) cycles against a force roughly 
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equivalent to the rat’s body weight ° and, at the same time, would 
while holding the other leg still. Chemical Battery greatly extend the intervals 
Thus changes due to exercise can For Pacemaker between replacement surgery for 
be seen by comparison of the legs. users of chemically powered 

Analyzing the bones of rats sub- Developed pacemakers.” 
jected to the exercise programs, The new sodium-bromine 
Seireg found that frequency and battery is the size of five stacked 
magnitude of stress applied to the C hemical batteries for heart 50-cent pieces and weighs about 
leg changes bone size and mineral pacemakers with a life expect- an ounce. It consists of a bromine 
content, and therefore strength. ancy of 10 years, as long as nuclear cathode, a sodium-amalgam 

“Tt’s well known that you can pacemakers are e xpected to last, anode and a beta alumina ceramic 
make any muscle stronger by exer- are being tested at the General electrolyte. Unlike the liquid elec- 
cising it,” Seireg points out. Electric Research and Develop- trolyte in conventional batteries, 
“We're now starting to realize the ment Center. The GE batteries the solid ceramic prevents contact 
importance of exercise to bone will cost less than nuclear ones, between the reactive materials. 
strength as well.” according to Dr. Arthur M. Thus it, eliminates self-discharge 

But the strength of the bone Bueche, GE’s vice president for and cell shorting that reduces the 
itself isn’t the whole story. Seireg research and development, who life of today’s chemical batteries. 
has also measured how the fre- said that chemical batteries ul- GE experts say that shelf life of 
quency of an applied load will timately will be the answer to new cells is virtually unlimited. 
affect how much of a load is need- meen oo 
ed to break a bone. : _ SEP, ~~ 

“The muscles and the bone —— ee i 
work together,” he continues. Pe OS J ‘ 
“Soldiers on long hikes often get oa . 73 yy 
what is called ‘march fatigue,’ | la .4 22 "2 
which involves cracks in the leg & pf - _ 
bones, because the muscles get too vs  * 
tired to provide adequate sup- = } 

An overload of exercise also : c. '. _ | 
leads to damage in the joints. Us- : _ — |. 
ing an electron microscope and _- .. {" = 
medical school facilities to survey : oy a7 > : ss 
wear and tear on cartilage, Seireg , / (om 1 . 
studied the different levels of sur- / fey 
face damage that occur. lm 

One problem is that, like bones, ¢ — 3 e 
cartilage increases in mineral con- : —— eC 
tent when it is under stress. ‘“Car- “= a - 
tilage is just a bone that hasn’t | — _ 
been fully calcified,” Seireg ex- =. —. > 
plains, ‘‘and as such it is elastic op - fe) CY te | : 
enough to distribute stress evenly at <a — 6, rr 
in the joint. But as exercise ay a 2] Jem ON 
calcifies the cartilage, the joint - oo er 
stiffens and the stress distribution A General Electric Researcher compares pacemaker containing the new 
becomes uneven, making the car- chemical battery with a conventional pacemaker (left). ; 

tilage corrode faster.” long-life heart power devices. The new batteries produce 3.6 
Another reason why cartilage The new chemical batteries are volts, nearly three times that of 

becomes worn is the breakdown of now being tested in animals in the mercury-zine cells, and can 
sinovial fluid, the lubricant in | GE’s Medical Systems Business store up to 170 watt-hours of 
joints. “With too much exercise Division, Milwaukee, Wis. Human energy per pound, or 15 watt-hours 
the body cannot rejuvenate the implants are planned within two per cubic inch. Today’s mercury- 
sinovial fluid fast enough,” says years. zinc pacemaker batteries store 
Seireg. “As the fluid breaks down A pacemaker is inserted into the only 50 watt-hours a pound, which 
like overheated crankcase oil the patient’s body and connected to is eight watt-hours a cubic inch. 
temperature in the joint rises. the heart by electrode wires. It An estimated 50,000 to 60,000 

“Joint temperature may actual- delivers electrical impulses that persons in the United States now 
ly prove a good tool for measuring force the heart to contract, thus use conventional battery-powered 
damage in living animal joints,” regulating its rhythm. pacemakers. Another 25,000 per- 

he predicts. ““This and the other Dr Bueche said that ‘a new sons are expected to be added to 
techniques we have developed long-life electro-chemical power that . list. The new sodium- 
provide a tool for testing drugs and source would completely eliminate bromine battery will improve both 
methods of treatment to avoid any hazard associated with the the safety and function of heart 
arthritis that comes from stress.” radioactivity of nuclear batteries pace-makers. We 
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ADM is, admittedly, a big company. us in our efforts. ADM offers you the 

We're in FORTUNE'S 500, post over opportunity to find yourself as an 

$850 million in sales annually, and have _ individual and as a professional in an 

80 foreign and domestic plants and environment of unlimited growth 

offices. However, our big size is a small potential in the areas of production : 

part of our story. engineering and merchandising. A 

With our involvement in refined oils, If we sound like your kind of ~~ © 
soy protein products, commodity trading company, send your resume to i) 

and logistics systems, ADM is helping Manager of Employment, or contact xr. os 
to solve domestic and world food supply your placement office to arrange ~~. 
problems. And we need imaginative, a campus interview. It could lead to LL 
innovative, creative individuals to join a whale of an opportunity. | 

ADM i. Crd 
ARCHER DANIELS MIDLAND COMPANY / Decatur, Illinois 62525 — —_ | 
An Equal Opportunity Employer <——  s  — 
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by Bob Friedman and Tom Peterson 

Applying 128, O° BIOLOGY a . es DESEO ER 
q o 10 a « \ o) nee o 

AERA FURRY 
tu \ a \ : Al ah) ‘ 5 4 A | | A | aS ar ABM ALT \) 

(AML (NIMS . a a eS ee 

pplied mathematics of the type — Bp offers a course each spring which 
A engineers have been using for ge deals with the application of 
years has recently been applied to engineering mathematics to 
biological systems with much fh ; ae ssa eta and _socio- 
cacy. e application of sets o ystems. — ; 

Mens for eooliealgindiey ap aa come of the topics considered n 
4 i : . . . . 

originally presented in 1925 but a4 pA this course, with a historical in- 
remained relatively dormant until Gy Yp EN troduction to the first realization 
just recently when biologists reali- V4 oe IS of the advantages of dealing with 

zed the importance of considering ie (at biological systems mathematically 
each organism not as a unique en- ) ies \ ry as well aie eeape snd fn 

i |B ee. { nature which are well described by 
te ee cee onment nod Ny LOAN y | this technique. 

inter-relationships with other or- — eh, By 1925, the applicability of the 
ganisms. RE Ty) Pini ei ep logis cpgtaped, for slossical 

Engineering mathematics and i. fel | i physics to biological problems was 
5 : Way NL 

biology may appear at first to be a ee me MH ened Gy Bleed 2 5 Lae de _ 

poums eas be for biolosy 4 ro ° ‘ ' Physical Biology. , questions of the past has been considered a j SLC! > ; 

non-quantitative science. Perhaps | evolution, — J eens: 
the reason for this has been more energetics, and population dyna- 
pragmatic than intentional; I mics were investigated in mathe- 

i i i irst 24 ical terms. biological systems which at first ppt tL matica : 
appear relatively simple, in fact ea OR _At approximately the same 
are rather mathematically com- ) te 5 time, Vito Volterra investigated 

rey background in mathematics, i & the upper ‘Adriatic Sea using sory background in mathematics, I, = n , A s sin 

to deal with. The engineer, with : ‘ I ae her equations fo: explain 

rigid background in applie ; yhenom \ . 

mathematics sin an excellent icaticd manu, devon! ly the fy position to augment the biologist’s "| pre ti became the basis of 
litative field knowledge. AN equations, m e basis o! 

“The ‘electrical eae acting j : ‘\ ecological population dynamics as 

department at the University of [| ; v\ we know it today. 

Wisconsin - Madison, agrees with : ; . Volterra analyzed the predator- 
this viewpoint. The department Sunsh Ye id prey relationship mathematically 

SANTA 38 YP KWAY H e aay Cia 
Oa) ie BERL ES j 

BS wer M he Y * \ if » | [Fi Rips iy, i 
ae HAN VAN RP af if WY 

\ eh | Wi | | 4 | ff i | | yy 

WME a i | | , — fp Ny i), Wee I i 
ti : IM i] i We i] {Hi AM fi ty y 

Pea \ | Y \ AYN | ly 
| | i \ | { i | | } 
| | a\ | } wil | Vy gt] 

HN |] a Nl 
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in the following way: let the popu- The predator-prey interaction tance of the competition 
lation of species 1 be Ni and the described by Volterra and Lotka is relationship. Nor did Gause satisfy 
population of species 2 be No». If not the only way biological himself with a purely theoretical 
species 2 did not exist, Ni would organisms affect each other. Two formulation as he said in The 
increase exponentially. Every gen- species may compete for the same Struggle for Existence, ““No math- 
eration by some factor, £1. For in- food supply, sunlight, or habitat. ematical theories can be accepted 
stance if £=2, every generation is In 1934, a Russian biologist, G.F. by biologists without a most care- 
twice the size of the previous one. Gause formulated what is general- ful experimental verification.” 

. ‘ dNi_ ly known as the Gause model of in- Gause proceeded to design the 
This can be written as dt. =EN1. terspecific competition. From this first extensive corroboration of the 
Similarly, if species 1 did not exist, insight, modern ecologists have mathematical theory first using 
Ne would decrease exponentially evolved the theory of the ecological yeast cells and later more complex 
by a factor £1 due to the absence of pee . ..no two species can exist organisms, protozoa. His work 

dN2_ in the same place with identical showed the applicability of the 
food. Thus we have dt =-E2N2, food and habitat requirements. Volterra-Lotka formulation and 
But species 2 maintains itself by When species do have the same led him to understand and remedy 
feeding on species 1 and the popu- requirements, the stronger out- some of the defects in the purely 
lation of species 1 is held in equili- competes the weak species and the theoretical approach. 
brium by this process. If predation weaker species eventually dies. If 
is proportional to the  pro- the two species have only weak Oo” modification Gause made 
ability of encounters of the dif- competition they may coexist, but of the Volterra-Lotka equa- 
ferent species, then the growth usually to the detriment of both. tions involves the NiN» term (con- 
rate of species 2 and the loss Volterra was the first to consider sider two species again). He ex- 
of species 1 due to predation competition as a special case of the perimentally determined that the 
may be proportional to the pro- predator-prey equations, but it amount of predation on species 1 
bability of encounters of the was Gause who realized the full by species 2 is more nearly pro- 
different species, and then implications and biological impor- portional to N2/Ni than NN: 
the growth rate of species 2 
and the loss of species 1 due to 
predation may be proportional to fj 

Ni-N2. Thus we have dNI=EiN1-31 e Y o 10fd “yp 

‘ dNo__ 3 ob ‘ xf! 0 NiN2 and dt &2N2 + 62NiN2 Bol, _¢ ) a S ; orca a 

where 6: and 6 relate the loss and ans ah C wD ( FF ERS 
gain of species 1 and 2, respective- \, YOO b we ( R Ss 9 
ly, to the probability of predation. wry La C, Oz 5 \ ye ‘eZ 
In this system of two differential dail > & VTE = GE 3 6 4 8 
equations relating N: and Ng, the ‘ . fore G yt 
predator reaches both its peak and \y oH oe y = 
minimum slightly later than the y Lge 4 

prey. i re 
These equations can be altered y f —§ 

to more closely approximate condi- Uy iN A 
tions found in nature. A more ac- LF NY/ ” 
curate representation of Ni grow- Ye | 
ing without the existence of Ne Mz Go \ 
might be exponential growth fol- — Nw 
lowed by the leveling off due to a y KN A 
finite ‘carrying capacity’ of the k - . a 
environment. Organisms can in- SN a a 7 
crease their population indefinite- ge a" 

ly, but will be limited by the avail- 7 —— - i 6 LV IA 
able food and space. A ‘Verhulst Ay) [ Ss : y ma Pe aa, 
correction’ may be added so that NO a <1) Us ; | 

dN!= giN: becomes GN =eNi a y p'4 oy NN SU) , i} It 

where @) is the carrying capacity of I vee uN . ANA 0 Wht] oe, 

the environment for species 1. The We us? Gero ‘yf 
system of equations is then: aN K Bek ob [i / ] 

22 ‘ sO ih? 1 | 
aN =EN.(1-N¥)-51NiNeand ag 407 es if 

-tNo+diNiN2. 3 * ‘hy : 

The result of the Verhulst term Pn | Yager 
is to dampen the oscillations of a — A oO : Ips 
two species system. go - 
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Also on the basis of experimental 160 
data, Gause concluded that if the @ 140 
population of the predators is 2 
large, and prey exist, the -é2N:2 fac- 3 120 ' 
tor representing death of preda- & 100 
tors is negligible. With these alter- r 80 
ations the two species Volterra- = 60 N 

oO 

Lotka equations become dNi- < | f 
dt 5 40 A\\ |/ /\ / 

__ — Zz A / / ANT ZN / 7 
&1N1-61N2/ Niand dhe b:N2/Ni. 20 rs WV \ 7 \ V p Mi Zo we 

eaeted by there ox the curves 1845. 1855 1865 1875 1885 1895 1905 1915 1925 1935 
edic ry uations fi ve i 

the observations on the micro or- Figure 1 Te hace 

ganisms Paramecium and Didi- Population density variations of the snowshoe hare and the lynx 

ee nnalysis of these equations species may interact negatively to control the harmful cyclamen- 
yields four possibilities. In case 1, with each other, they may be un- mite was more effective _than 

és. 1. has Soite, competitive affected by the other, or they may repeated applications of the insec- 
 deant avae tt al Fas. Sim exist in a relationship favorable to ticide parathion. 

‘larly. on ease a “species 2 always the survival of both species. A C. Ss. Holling (1966) has correct- 
dominates. In case 3. whichever classic example of the latter occurs ly indicated that the Volterra- 
population is largest i begin with in lichens, a combination of fungi Lotka equations consider only the 
wins. In case 4, the species coexist. and algae. Both components may ‘rate of successful search” and the 

Biologists have noted that two be cultured separately in a “time exposed” components of the 
gpecies may: interact with each laboratory, | but when found in predator-prey interactions. Using 
other in nine different ways, and nature the interdependance of the difference equations-based com- 
the predator-prey and competition algae and fungi effectively enables puter programs, Holling has in- 
models presented above may aptly the two to function as a single troduced such factors as the 
describe all the possible inter- organism, unlike either of its com- hunger frequencies of the predator 
relationships between two species. ponents alone, which can ‘survive and inhibition mechanisms of the 

There are three ways the harsh environmental conditions. prey. A similar approach is by 
stronger tay ‘affect the weaker After presenting the math- K.E.F, Watt (1964). Watt has 
atid three. ways ‘the ‘weaker may ematical theory behind the tried to design | an ideal control 
affect the stronger or nine per- Volterra-Lotka equations, one is mechanism for the spruce 
i@utations: Gy All, Sack! combina probably wondering how accurate- budworm in the coniferous forests 
tion hag been’ siven a name’ by ly they describe natural eco- of British Columbia. / 

biologists. Predation is the case systems and certainly what use Using predators, parasites, 
where the stronger species has a they may have. Figure (1) is a pathogens and insecticides as con- 

detrimental affect on the survival graph of the population trol possibilities, Watt compared 
at the weaker and ‘the ‘weaker hare and its natural predator, the the longevity, spatial effects, rate 
species is required for the growth lynx (a northern wildcat). Notice of spread, and population 

of the stronger. If the roles of the that a large population of hare equilibrium level of the pest due to 
two species are reversed, the leads to a rapid growth in the each of the control mechanisms. 
relationship is then called numbers of lynx, a subsequent As one can readily see, the 
parasitism. reduction in the hare population, Volterra-Lotka approach is very 

Six of the possible relationships and finally the decline of the lynx definitely useful in solving some of 
between two species are forms of population whence the cycle the environmental problems fac- 

the classical concept of competi- begins anew. ing us today. ue 
tion described by Gause. The A very practical use of the The Gause competition model, 

Fc A Volterra-Lotka equations, and as well as the Volterra-Lotka 

About the authors... quite striking in its predictions, in- model, has been proven helpful in 
5 ‘ volves the control of agricultural understanding population interac- 

ote tect a seegnd Ow pests by either insecticides or tions. In the original experiments 
fnstitate: for Environmental natural predators. Volterra in- performed by Gause using 
Studies. He received a general dicated that if an environmental paramecia we notice a 

degree in Natural Sciences from factor affects both species, the characteristic sigmoid growth for 
Johns Hopkins University in 1972, prey is more likely to survive than each species alone, and the resul- 
and is currently doing research in the predator. Huffaker and tant extinction of one species when 
systems ecology. Kennett (1956) performed the two are placed in competition. 
Tom Peterson graduate from laboratory experiments to deter- This corresponds to case | explain- 

the University of Wisconsin in mine an effective control over ed above. Case 4 of the equations 
1973 ae. a ae a Meh, He is cyclamen-mites which were is also found in nature, as discuss- 
Speen 2 ercuele fneen’ os damaging the strawberry crops in ed by Harper and Clatworthy 
Studies. California. Their studies indicated (1963). Two species of clover were 

that using a natural predator mite grown separately and in mixed 
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swards, where they decreased, other problems besides biological modeling the interactions between 
but co-existed. species interactions. For instance, human population growth, natural 

Neyman, Park and Scott (1958) biophysicists are presently using resource availability, agricultural 
expanded the deterministic Gau- this approach to further un- production, pollution, and 
sian model to include statistical derstanding of the interactions of economics to predict the dynamics 
variation. They hypothesize that neural systems. Excitatory and in- of the quality of life in years to 
there is a zone of indeterminate: hibitory neurons are considered come. 
conclusion where either of two’ separate ‘‘species” which interact The Institute for Environmental 
species of flour beetles may out- in a similar fashion to biological Studies on the Madison campus is 
compete the other. These ex- organisms in an ecosystem. dealing with these questions on 
periments indicate that there is In fact, several researchers have both world and regional scales. 
statistical variation which results logically expanded this technique The technique of using coupled 
in an indeterminate region rather from the original considerations of differential equations to describe 
than a single line separating the fish in the Adriatic Sea and yeast dynamic interactions of total 
domination of either one species or: in cultures to the socio-economic systems is being applied in both 
the other. . dynamics of the entire earth. Jay large and small scale approaches 

The kind of mathematical Forrester’s World Dynamics and and offers much promise in help- 
modeling that has been described the Club of Rome’s Limits to ing solve ecological and environ- 
in this article is being applied to Growth are two examples of mental problems. Ve 
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| CHECKOUR SPECS §: i i 

i | i i I i 

| 4CHANNEL RECEIVER. : i st 
I Harman- i 

I Sylvania Pioneer Sansui Fisher Kardon Marantz i 

: of rosa [TCT Cg 
I Contingoss (RMS) 

1 

4 channels 50W x4 
HT  stereo Bridge 125Wx2 i 

Bomaswt ["<o5e [oo [fT 

bosnemm [ozo | | | 
Hcomwenne [asc [| Pp | 
a A 
i ‘All powermeasurements taken at 120 volts/60 cycles, 8 ohms, 20Hz-20kHz, all channels driven simultaneously. I 
I *Manufacturer’s suggested list price which may be higher in some areas. i 

i If you’re in the market for four channel, you matrix capabilities so you can use either type of i 
already know you've got to spend a good bit of quadraphonic material. And much, much more? 

lf cash for a receiver. So it'd bea good idea to We can offer so much because we haveso fj 
i spend a good bit of time checking specs on much experience. We were one of the first in the I 

everything available just to make sure you get audio field. And now we're applying all our knowl- 

i the most for your money. edge, all our engineering skill to four channel. El 

I To make your search a little easier, we've Once you've proven to yourself which receiver I 

prepared the blank comparison chart above has the best specs, move on down to that last 

i with spaces for some of the best-known brands line in the chart and compare Sylvania’s price i 

I} and most important specs. Just take it with you with all the others. Find out which one gives the jj 
I to the store, fill it in, and you'll be able to tell most for your money. 

at a glance what you get for what you pay. We feel pretty confident you'll discover that i 

We took the liberty of filling in the Sylvania the best-known names aren't necessarily your fj 
i column with specs for our RQ3748 fourchannel best buy. I 

receiver. We did it because we know we're not 3So much more that it won’t all fit here. So send us a stamped, self- 

i the best-known name in four channel, and We addressed envelope and we'll send you a four-page brochure on our | 

I didn’t want you to overlook us for that reason, _—_‘four channel receivers. I 
Because we think the RQ3748’s specs 

I are really worth remembering. — ee i 

J 50 watts of RMS power per channel at 8 a = ets br | I 

I ohms, 20-20kHz, with all four channels anes a gett eae ofeet? ri 

driven. 125 watts perchannel in stereo bridge at geet 
Bs mode. ATHD and IM of less than 0.5% at - 4 = Pn get ECS | 
I rated output. An FM sensitivity of 1.9 micro- ™ -_ CG ig em i 
i volts. A discrete four channel receiver with ‘~— @ .k ASSO Sg 

1 Gui SYLVANIA ' setetyaiorgd 
i a Products Group, Batavia, N.Y. 

et com me om



Sal d Servi es an ervice. 

Is this the kind 
fengi ing for you? O engineering or you: 

Trying to figure out the exact a few engineers. So we thought a Manufacturing products. Selling 
kind of engineering work you should _ series of ads explaining the work and servicing products. 
go into can be pretty tough. they do might come in handy. After This ad outlines the types of 

One minute you’re studying a _ all, it’s better to understand the vari- work found in the Sales and Service 
general area like mechanical or elec- ous job functions before a job inter- area of GE. Other ads in this series 
trical engineering. The next you’re view than waste your interview time __ will cover the two remaining areas. 
faced with a maze of job functions _ trying to learn about them. We also have a handy guide that 
you don’t fully understand. And that Basically, engineering at GE explains all three areas. For a free 
often are called different names by (and many other companies) can be copy, just write: General Electric, 
different companies. divided into three areas. Developing Dept. AK-3, 570 Lexington Ave., 

General Electric employs quite and designing products and systems. | New York, New York 10022. 

. ‘ marketing personnel to suggest ideas for new 
Sales Engineering or modified products. 

Sales engineering is technical marketing. e ° © 
Sales engineers at GE are the important liai- Field Engineering 
son between GE manufacturing facilities and Field engineers at GE plan and supervise the 
utility, industrial, distributor and govern- installation and service of large equipment 
mental customers. Working closely with ¢ systems worldwide in two main customer 
assigned customers, they use their Apes areas. Power generation and deliv- 
technical background to recognize Va ~ ery equipment for utilities. And 
customer needs and recommend y heavy apparatus for industrial 
GE products or systems to fill ; customers such as paper and 
them. From small AC motors to 4) steel mills, chemical plants and 
huge turbine-generator units. Pv )g machine tool manufacturers. 
Requires a thorough SB Last They specialize in either 
understanding ofacustomer’s | <; 7 Fee) the mechanical/nuclear or 
business, as well as a wide QW xy } YA eae eeeone 
range of GE products. GX aif’ 0 A\ ZA areas. Since field engi- 
Plus the ability to work peas | UT neers are often called to 
well with people andto * KB) Ls aes CS __/ troubleshoot and correct a 
recognize a good business \ LV be gs LF en equipment problem. 
Opportunity. LIA Wz it requires the technical competence 

a Wa and creative ability to handle the dif- 
Appli é EY FISK Y ferent, the difficult and the unexpected. 
pplication /* Plus the ability to take charge, lead people, 

Engineering and make independent, on-the-spot decisions. 

Application engineers are technical experts . 
who work closely with the sales engineer Product Planning 
and the customers’ engineers. Their job is to Product planning is a marketing function. 
analyze special problems and equipment Product planners make sure a product line 
needs of customers, then determine the opti- offers what customers need at competitive 
mum GE products or systems to meet them. prices. They determine the need for a new or 
There are two kinds of application engineers. modified product, product availability, mar- 
The first works out of a sales operation and ket size, cost structure, profitability, specifi- 
is adept at applying a wide variety of prod- cations and distribution channels. To do this, 
ucts to create a ‘“‘system” that meets the cus- they work with market researchers, applica- 
tomers’ needs. The second works in a tion and sales engineers, finance experts, 
product manufacturing department and is a marketing management, plus design and 
specialist at applying the products of that one manufacturing engineers. Their engineering 
department. Both must have in-depth knowl- background is a big plus. This work requires 
edge of the customers’ technical needs. They self-starters who can coordinate a project 
often consult with product planners and other and sell their ideas to management. 

GENERAL @® ELECTRIC 
An Equal Opportunity Employer
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