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0 Welcome back to these days by sophisticated LOG S'Ei\F. F 
· another issue of Minnesota (but fallible) computer sys- .· . 

Technolog which once terns. To enable close con-
again has arisen, phoenix- trol of the University's ---------'---'----'----'----------11 

like, from the ashes of a resources, not only are all 
depressingly-short summer students assigned an ID t1 vacation. As editor, I hope number, but the lampposts 
to provide you with inter- and trees as well! So you 
esting and thought- shouldn't get too upset if 

r I , provoking material and you receive a letter from 
..... perhaps, some humorous the Boynton Health Service 

refuge from the upcoming demanding that you appear 
year of intellectual for a Dutch Elm disease 
hoop-jumping. vaccination. 

It has become customary During the summer, I.T. 
at this time of year to offer was as quiet as a weekend 
some words of encour- in downtown St. Paul and it 
agement, friendly advice, was nearly impossible to 
and profound wisdom to threaten enough people 
the new legions of bewil- into working for Tech-
dered freshmen now flood- nolog. But now that the 
ing onto our sprawling and place is jumping once 
sometimes confusing Uni- again, I hope that some of 
versity of Minnesota cam- you will stumble into our 
pus. But after lengthly dis- office and make a contribu-
cussion among seasoned tionof some sort. No, I 
Technolog staff members, don't mean money, 
we have been unable to although that would help. 
come up with anything. We're looking for I.T. stu-

As you probably know, dents who would like to 
the University of Minnesota write about interesting 
Institute of Technology is people, on-going research, 
one of the top-ranking new books you've read, or 

Editor 
Terry Hansen 

Business managers 
Kent Christensen 
Steve Sigel 

Advertising 
Barb Gross 

Contributing writers 
Terry Hansen 
William Hohle 

Art director 
Daniel Barnes 

Illustrator 
Scott Ciliske 

KentS. Christensen 
Sonja Prery~ack (Vice 
Brett Troyer (Treasurer) 
Wendy Petschauer ( 
Roger Janczak 
Pete Marsnik 
Julie Richardson 
Lance Haag 

Production Assistance 

Connie Lepro 
Marne Silverman 
Sonja Premack 

. Brett Troyer 
Jane Friedmann 

Faculty Advisor 

Dr. John N. Clausen 

per single issue. Advertising 
available upon request of 
business manager. 
expressed in Minnesota 
are not necessarily those of 
University of Minnesota, the 
tute of Technology, the 

/ 

establishments of its kind just offer a few jokes or 
in the country, and many of advice. In a very real sense, 
its graduates go on to this is your magazine and 
become respected pillars of your interest is absolutely 

Minnesota Technolog is published 
six times yearly: twice during the 
fall, winter, and spring academic 
quarters respectively. Editorial offi
ces: Room 2, Mechanical Engineer
ing Building, 111 Church Street 
S.E., University of Minnesota, Min
neapolis, MN 55455. Telephone 
(612) 373-3298. Entered as second
class mail at Minneapolis, MN 
55455. Postmaster send change of 
address to editorial office. Printer: 

Publications, or the editor. All ·,u,._ __ 

2 

society. Others have disap- necessary to make it a suc-
peared entirely, leaving cess. Working for Tech-
absolutely no hint of their no/og is challenging and 
whereabouts. So stay away interesting -some people 
from the video game would even go so far as to 
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ing an officer in the Nuclear Navy. (0N) 
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The University of Minne
lnstitute for Mathema-

and its Applications 
opened September 

1982 with an inaugural 
on at the Campus 

in Coffman Union. 
new institute was made 

le by a $5 million, 
renewable grant 

the National Science 

Defense department 
funding for University of 
Minnesota research more 
than doubled in the first 
half of 1982 compared to 
the same period last year. 
The Department of Defense 
spent $2.2 million for 29 
research projects here in 
1982, compared with 
$959,000 in defense money 
during the same period last 
year. 

Despite this jump, 
defense spending consti
tutes only about 3.4 percent 
of the federally funded 
research at the University. 
Medical and other human 
services research drew 60 
percent of federal money. 

None of the defense 
research is secret or classi
fied. Such research has 
been prohibited by the Uni
versity since 1971. 

The University of Minne
sota has ranked among the 
top ten schools in the coun
try receiving federal sup
port. A 1980 study J::>y the 
National Science Founda
tion placed the University 
seventh in the nation. 

* * * 

Dr. Michael Seymour of 
Hope College, in Holland, 
Michigan, will be speaking 
here November 9th on the 
enviornmental problem of 
acid rain. The title of Dr. 
Seymour's talk will be "Acid 
Rain: Chemistry, Occur
rence, and Environmental 
Impact," and will be given 
in 225 Smith Hall at 5:30 
PM. Coffee and donuts will 

be served. 
The talk is part of a series 

of analytical chemistry 
seminars being given from 
October through 
December. 

Computer graphics are 
expected to play an increas
ing role in the production of 
movies, and Gray Research, 
Inc., is going to Hollywood 
to help. In July, Gray 
announced the sale of a 
$12.6 million X-MP/22 
supercomputer to Digital 
Productions of Los 
Angeles. 

Digital Productions, a 
company that specializes in 
creating high-quality, high
resolution film images for 
the entertainment, indus
trial, and scientific com
munities, was formed over a 
year ago with a leased 
Cray-1 S/1 000 computer 
system. The company 
develops software that 
allows the supercomputer 
to generate highly-realistic 
special effects. Digital Pro
ductions' founders received 
screen credit for their roles 
in shaping the use of digital 
scene simulation in the 
innovative movie, TRON. 

Digital Productions' pres
ident, John Whitney, Jr., 
says that utilizing its new 
tools, they will produce 
simulated scenes which 
suspend the film viewing 
audience's ability to tell the 
difference between live 
action and realistic compu
ter simulation. 

* * * 

A recent study by the 
University of Michigan says 
that by 1985, the average 
cost of an industrial robot 
will be $35,000 and the U.S. 
market for robots will 
number 10,000 units. By 
1990, the study says, 25 
percent of robots will have 
vision, 20 percent will have 
tactile/touch sensing, 75 
percent will be computer 
equipped, and 40 percent 
will be used in flexible 
manufacturing systems. By 
1995, 30 percent of robots 
will be interfaced with 
computer-aided-design/ 
computer -aided-man ufac
turing systems (CAD/CAM) 
and 50 percent will have 
feedback sensing cap
ability. 

The study also forecasts 
that 80 percent of robot 
purchases by U.S. compan
ies during the 1980's will be 
from domestic producers. 
Until1985, however, 
foreign-made robots are 
expected to be cheaper and 
better designed than U.S. 
models. 

Copies of the complete 
study cost $65 ($50 for 
Society of Manufacturing 
Engineers members) and 
can be obtained by contact
ing the Publication Sales 
Dept., Society of Manufac
turing Engineers, One SME 
Drive, P.O. Box 930, Dear
born, Ml, 48128. Ask for: 
"Industrial Robots: a Delphi 
Forecast of Markets and 
Technology." 
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waterways, dams, and funds needed to finance devices were manufactti 
A recently-completed harbors. infrastructure maintenance using direct-write electr 

study on the future indus- John Wiedeman, presi- and development. At the beam lithography and~ 
trialization of space by dent-elect of the 80,000 same time, the federal ysilicide gate technolog 
International Resource member organization, says government is shifting more and demonstrated a gat 
Development, Inc., con- that just as much of the of the burden of governing delay of only 0.09 nano 
eludes that materials pro- infrastructure is beginning -and its cost- to states conds. The work is bein' 
cessing in space won't to show serious signs of and cities. This has been carried out as part of th ~ 
become a commercial real- deterioration, funding for accompanied by massive Defense Department's v1 

ity until sometime between repairs is being cut back. cuts in federal aid to states high speed integrated ci( 
1985 and 1990. By 1996 "Instead of expanding our and local government. (VHSIC) program. i 
however, about $8 billion in investment in infrastructure "Much of the nation's 
revenues are expected from to expand our economic interstate highway system 
space produced materials potential," Wiedeman says, was built 20 to 30 years 
such as pharmaceuticals, "we're curtailing it." ago. The life of the average 
semiconductors and alloys. Wiedeman cites statistics highway is about 20 to 25 

showing that in constant years," he said. "Many of 
* * * dollar expenditures per cap- the nation's water and sew-

ita, annual public works age systems ... were built 80 
The incoming president investment is now two- or more years ago. A rough 

of the American Society of thirds of what it was two approximation of the life of 
Civil Engineers says that decades ago. In terms of the average system is 100 
the future economic devel- Gross National Product, it years." 
opment of the United States is less than half of what we 

rf/15 is being threatened by the spent 20 years ago-from ... 
"infrastructure" of our cit- 4% of GNP to less than 2%. sfAC£ 
ies. The infrastructure con- Because of chronically Honeywell research scient- f6A 
sists of such basic but high interest rates, Wiede- ists have succeeded in fab-
essential facilities as man says, states and ricating experimental tran- ;1£f1T 
bridges, highways, tunnels, municipalities are losing sisters as small as 0.36 
mass transit systems, their ability to borrow the micron. The experimental ... ..-
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The Professional Alternatives •• 
HP-41CV and HP-41C 
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l 
Minnesota Book Center (Williamson Hal) 
231 Pillsbury Dr. S.E. j 

Ffi0W HEWLETT 
~~PACKARD 

Minneapolis, MN 55455 ! 
373-3688 

Hewlett-Packard now offers a choice in full 
performance alphanumeric calculators with 
the HP-41C and the NEW HP-41CV with five 
times more memory built in. 

HP~~-00 I 
HP-41CV I 

$260.00 j' 
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• Seniors 
• Graduate Students 

Wednesday, October 13, 1982 
9am-5pm 
Great Hall of the 
Coffman Memorial Union 

BS/MS in EE, ME, IE, ChE, CS, Math, Physics, Computer Engineering 
All other disciplines interested in technical sales careers. 

Corne informally any time during the day and learn about career 
opportunities in IBM from many different locations throughout 
the country. Then sign-up on interview schedules of your choice 
for formal interviews which will take place on Friday, October 29 
in the Great Hall of the Coffman Memorial Union. 

No long lines. No overflows. No missed opportunities. 
Refreshments will be served. 
Bring 3 resumes. 

Citizenship or permanent residence required for interviews. 

--..--------------- -- ---- -- ---==-== ~ :::® 
An Equal Opportunity Employer 
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Atmospheric C02 
Is industrializatio 
altering the 
climate? 

By William Hohle 

NATURE, TO BE COMMANDED, 
MUST BE OBEYED 

-FranGis Bacon 

The year is 2050. Although human
ity has managed to avoid a nuclear 
holocaust, two centuries of fossil fuel 
use has doubled the concentration of 
atmospheric carbon dioxide (C0

2
). 

Consequently, the average global 
temperature has risen almost 3° C. 

Ice sheets at both poles have been 
receding for decades. The Arctic 
Ocean is now ice-free during the 
summer, and the West Antarctic ice 
shelf has begun to collapse. Mean 
sea-level has risen six feet since the 
turn of the 21st century. An additional 
ten foot rise is expected within the 
next 100 years. Low lying areas along 
the coasts of the United States, 
Europe, India and East Asia have 
been flooded; coastal cities are espe
cially hard hit. Farmland in Texas, 
Louisiana and South Carolina is 
under water. One-half the state of 
Florida, including the urbanized east 
coast, is inundated. 

Major global changes in rainfall dis
tributioh have also occurred. The 
primary corn belt in the United States 
has shifted 150 Km northeast, away 
from the fertile organic soils of Iowa 

and Illinois and toward the glacial 
sands and gravels of Wisconsin and 
Michigan. Precipitation in the Colo
rado River headwaters has decreased 
about ten percent. When coupled 
with an increase in evaporation asso
ciated with the rise in temperature, 
the average flow rate in the Colorado 
has dropped almost 50 percent, caus
ing much disruption to western 
agriculture. 

The climatic change has had inter
national impacts. Food production in 
the Soviet Union has fallen almost 20 
percent. The average annual dis
charges of the Hwang Ho River in 
China, the Tigris-Euphrates River sys
tem in Turkey, Iran and Iraq and the 
San Francisco River in Brazil have all 
decreased. 

Other areas have experienced in
creased rainfall, sometimes with disas
trous results. In Northern Africa, the 
average flow of the Niger, Chari, Sene
gal, Volta and Blue Nile rivers have 
increased substantially as their drain
age basins receive an average of 15 
percent more annual rainfall. Flood
ing along the Mekong and Brahma
putra Rivers has increased in both 
intensity and duration, causing 
widespread destruction in Thailand, 
Laos, Cambodia (Kampuchia), Viet
nam, India and Bangladesh. Global 
water quality has declined with a 

C02-induced increase in acidity. 
The United States is about to 

become a net importer of food 
wide-spread starvation in undeve
loped nations is now taking place. 
Although many plants phnm'""'"n''• 
ize faster and use less water when 
grown in a C02-enriched 
and agricultural research has pro
vided new seed strains which take 
advantage of these effects, fa 
the developed nations have been 
forced to rely on irrigation to con
tinue to produce grains, causing 
major drains on aquifers that are 
longer being recharged at the 
rate. 

Sensitive biomes, especially in 
arctic regions, have been d 
Melting of the permafrost has 
changed the migratory patterns of 
and caribou and herd sizes have 
greatly reduced. As the vegetative 
patterns change, invading species 
plants and animals have disrupted 
stability of natural ecosystems, 
ing the extinction of several vu 
ble life forms. 

Atmospheric concentrations of 
continue to increase. The burning 
fossil fuels continues. 

CARBON DIOXIDE AS A GAS 

Carbon dioxide is a heavy, col 
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ATMOSPHERE 
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Figure 1. The carbon dioxide cycle. 

less, odorless gas that is the fourth 
most abundant (0.03 percent) com
ponent in that gaseous mixture 
known as dry air. (It follows nitrogen 
78%, oxygen 21%, and argon 0.93%). 
The primary natural sources of C0

2 

are volcanoes and hot springs. It is 
also formed in nature by the decom
position of organic material, while at 
the same time it is absorbed from the 
atmosphere by plant life during pho
tosynthesis (See figure 1.) 

Carbon dioxide is not normally con
sidered an air pollutant like carbon 
monoxide, hydrocarbons, sulfur 
oxides or the oxides of nitrogen, 
because it plays a necessary role in 
maintaining life processes. Even trip
ling the current atmospheric level (to 
1200 ppmu) would be insufficient to 
create physiological damage to 
humans. 

Carbon dioxide does, however, 
have its negative effects. In the pres
ence of moisture it converts to car
bonic acid and erodes stone. It is par
tially responsible for the corrosion of 
magnesium and perhaps other metals 
as well. Further, evidence is mounting 
that the large quantities of C02 emit
ted into the atmosphere are slowly 
causing a global warming trend 
through a mechanism known as the 
"greenhouse effect." Through the 
continued burning of fossil fuels, 

mankind is inadvertently conducting 
a great geophysical experiment with 
global political, economic, social anCI 
ethical ramifications. 

THE CONCERN 

Historically, environmental changes 
caused by human activity have been 
regionally limited. Irrigation of agricul
tural lands has lead to the depletion 
of, ground water reserves and 
increased soil salinity. Clearing of 
forested lands for agriculture and 
urbanization has changed the overall 
reflectivity (albedo) of the land sur
face, creating localized urban "heat 
island" effects. Overgrazing of arid 
lands contributed to soil erosion and 
eventual desertification of large areas. 
Industrial activity has polluted both 
air and water. 

More recently, however, mankind's 
cumulative actions have begun to 
have global impacts in several areas. 
One of these impacts has been to 
increase the atmospheric concentra
tion of carbon dioxide. 

Human activity has increased at
mospheric C0

2 
by deforesting large 

areas for resource harvesting and agri
culture, and by burning of fossil fuels 
(stored carbon) for space heating, 
transportation and industry. This com
bination of activities has raised the 

concentration of atmospheric C0
2 

from an estimated pre-industrial lev 
of 270290 parts per million by volu 
(ppmv) to the present measured lev 
of 336 ppmv. If present trends con
tinue, C0

2 
concentrations could do 

ble (to 600 ppmv) by the year 2050; 
this would correlate with a global 
temperature rise· of 2.5 to 3.5° C. 

THE GREENHOUSE EFFECT 

The earth's surface temperature re 
resents an energy balance between 
the incoming visible and near
infrared solar radiation striking the 
earth's surface, and the middle
infrared thermal emissions leaving it 
In the absence of an atmosphere, th 
earth's average surface temperature· 
would be 254° K, rather than the 
observed mean temperature of 286° 
to 288° K. The 33° K difference is 
caused by the "greenhouse" effect o 
the atmosphere. 

Certain gases (water vapor, C0
2

, 

ozone, oxygen, the oxides of nitroge 
and some hydrocarbons) have stron 
absorption bands in the middle-in
frared. Consequently, they absorb a 
significant portion of the outgoing 
radiation. This is then re-radiated at 
the local temperature both upwards 
and downwards, ultimately leading I 
an increase in temperature. Thus, 
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State of the art at General Dynamics is a state of mind. More than technology or 
hardware, it is a way of viewing everything in terms of the future and finding the means 
to turn new ideas into reality.-

This vision has helped General Dynamics become a world leader in aerospace, 
electronics, shipbuilding and other areas- and has opened up many diverse 
opportunities for college graduates with degrees in Electrical, Mechanical, Computer 
Engineering and Computer Science/Math. 

General Dynamics will be interviewing on campus in the near future. See your 
placement office to arrange an appointment. Or send your resume to Sue Shike, 
Corporate College Relations Administrator, General Dynamics Corporation, Dept. 
EC, Pierre Laclede Center, St. Louis, MO 63105. 

GENERAL CVNAMIC:S 
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Figure 2. Radiation energy 
balance. 

INCOMING SOLAR 

RADIATION ENERGY BALANCE 

arou 
peric 
1945 
beer 
than 

w 
Oce; 
that 
rate 
year 
tentt 
thes 
due 
ices 
cubi 
anm 
corn 
incn 

. year 
entir 
sheE 
bee 
and 

It 
tion 

1~----------------------------------------------------~----------------------~--~•exac 

these atmospheric gases act as a 
one-way gate. Transparent to incom
ing solar radiation, they trap the out
going longer-wave radiation. As the 
opacity of the atmosphere to the 
middle-infrared increases, the radiat
ing level and the temperature of the 
earth's surface (and lower atmos
phere) must rise until a new energy 
balance between incoming and out
going radiation is achieved. (See fig
ure 2.) 

There are several positive feedback 
mechanisms associated with the 
greenhouse effect. Like C0

2
, water 

vapor absorbs middle-iFifrared radia
tion. If the relative humidity remains 
constant as global temperatures rise, 
there would be more water vapor in 
the atmosphere (warm air can hold 
more moisture than cold air). Hence, 
more infrared radiation will be 
absorbed and re~radiated to the 
earth's surface, causing an additional 
incremental increase in temperature. 

Recent computer modeling, as well 
as past climatic episodes, indicate 
that any increase in global tempera
tures would be more pronounced in 
the polar regions than at the equator. 
A global increase of 3° C would 
reflect an increase of about 2°C in 
the tropics and an increase of 8°C at 
the poles. Increased melting of snow 
and ice would reduce the earth's 
reflectivity (albedo), allowing still 
more warming and thereby promot-

ing additional melting. 

HISTORICAL INDICATORS 

The only long-term direct monitor
ing of atmospheric C0

2 
began in 

1958 with the establishment of highly 
accurate continous gas analyzers at 
the South Pole and at Mauna Loa in 
Hawaii. Spot readings have been 
taken at other locations. The record 
indicates that, after removal of the 
effects of seasonal variation (due to 
the uptake of C0

2 
during the growing 

season and release of C0
2 

during 
oxidation of plant tissue), there has 
been an exponential growth in C0

2 

concentration at both stations. The 
concentration was rising at a rate of 
0.7 ppmv per year in 1958. This had 
increased to 1.4 ppmv per year by the 
late 1970's. The global concentration 
of C0

2 
is estimated to have increased 

4.3 percent annually since 1900. 
Not surprisingly, the highest C02 

concentrations occur in the northern 
hemisphere, north of 40° latitude, 
where the combustion of fossil fuels 
and the seasonal changes in plant life 
have been the greatest. The South 
Pole station lags behind Mauna Loa 
in terms of total C0

2 
concentration 

due to the time required for mixing of 
air masses across the equator. (See 
figure 3.) 

Steadily increasing atmospheric 
concentrations of C0

2 
would portend 

steadily increasing temperatures. lr 
fact, analysis of temperature trends 
indicates a global warming of abou 
0.4° C between 1880 and 1980. Thi 
temperature rise, while consistent 
with an increase of about 40 ppmv 
C0

2 
during the same period, does 

yet exceed the background "noise . 
level" of yearly temperature fluctua 
tions (which are in the range of 0. 
C.) Furthermore, a slight cooling 
trend has been noted in the norther 
hemisphere during the period 1940 
1970. Whether this drop is due to (1 
the thermal inertia of the oceans, (2 
cooling due to the presence of vol
canic dust and man-made aerosols! 
the upper atmosphere, (3) a decrea 
in solar luminosity, (4) a normal cli
matic variation or (5) a lack of unde 
standing of the carbon cycle is still 
unknown. Additional circumstantial 
evidence supports the supposition 0 

global warming, however. 
For example, analysis of satellite 

imagery indicates that mean sea ice 
extent associated with the Antarcti 
ice shelves has decreased signifi
cantly during the period 1973 to 19 
the average extent of summer sea i 
decreased almost 30 percent durin 
that period. Again, not enough is 
known to conclude that this decrea 
is anything more than a periodic va 
ation in regional climate, but'comp 
ison with shipping logs shows that 
summer sea surface temperatures 
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round Antarctica were lower in the 
a eriod 1920-34 than in the period 
~g45-1955. Pack.ice appears to have 
been more extensive in the 1930's 
than at present. 

Work performed at the Woods Hole 
Oceanographic Institute indicates 
that the sea level has been rising at a 
rate of one-fourth inch per year. Forty 
years earlier the rate was about one
tenth that rate. Many scientists hypo
thesize that the increasing sea level is 
due to melting of the West Antartic 
Ice sheet. Between 500 and 1500 
cubic kilometers of the ice sheet are 
annually deposited into the ocean, 
corresponding to an annual sea level 
Increase of 0.06 to 0.18 inches per 
year from this source alone. If the 
entire unstable portion of the ice 
sheet were to melt, the sea level could 
be expected to increase between 5 
and 7 meters (16 to 23 feet). 

It should be noted that computa-
tion of sea level changes is not an 

___ _,_exact task; it is dependent not only on 
!ratures. I 
ure trends 
1g of abo· 
1980. Thi 

msistent 
40 ppmv' 

iod, does, 
1d "noise 
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the rise of the ocean, but also on the 
relative rise or fall of the adjacent 
land mass. 

COMPUTING THE DOUBLING 
PERIOD 

The determination of the doubling 
period involves several assumptions 
regarding future fossil fuel use, the 
airborne fraction (the fraction of each 
year's emissions that remain in the 
atmosphere after being released), and 
the ability of the oceans to absorb 
additional carbon dioxide. 

Predicting future energy use has 
never been easy. The period 1945 to 
1970 (four percent actual annual 
growth in energy use) saw consistent 
underprediction of the growth rate in 
fossil fuel use while overprediction 
has been the rule since 1970 (a 
period of 2.5 percent annual growth). 
However, a reduction in the growth of 
fossil fuel use in the developed world 
will likely occur as fossil fuel costs 
increase, supplies become restricted, 
and alternative energy sources 
become economically viable. 

If the growth of energy use in devel
oped nations is difficult to project, the 
future demands of undeveloped 
nations are almost impossible. Large 
third world investments in coal or oil 
reduce the capital available for 
improvements to agriculture, health, 
and education. Also, as world sup-

plies of oil and natural gas dwindle 
and coal becomes the primary 
remaining fossil fuel source, there is 
no assurance that the third world will 
be able to afford to negotiate with the 
developed economies in coal-rich 
nations of China, the Soviet Union 
and the United States. 

The airborne fraction is that portion 
of the cumulative carbon burden from 
past C0

2 
emissions remaining in the 

atmosphere at any time. Current 
estimates indicate that between 40 
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Figure 3. Global wind patterns. 

and 50 percent of total atmospheric 
co will remain airborne until the 

2 
peak in fossil fuel use is reached 
sometime in the 22nd Century. 
Whether or not the airborne fraction 
actually remains constant will depend 
on the rate of C0

2 
emissions: a 

slower rate would allow additional 
dispersion into the oceans and bio
mass, while a faster rate would 
increase the airborne fraction. 

The world's oceans contain almost 
60 times as much C0

2 
as the atmos

phere, and they were originally con
sidered to be a large C0

2 
sink that 

would absorb the gas from the 
atmosphere and ultimately bury it 
within marine sediments. This does 
not now appear plausible. The com
paratively well mixed surface layer 
extends only about 100 meters below 
the ocean surface to the thermocline, 
and the amount of C0

2 
it can absorb 

is limited. Some studies show a nine 
part increase in atmospheric C0

2 
is 

required to obtain a one part increase 
in ocean (surface layer) C0

2 
concen

trations. Further, the transfer of sur
face water through the thermocline 
has a time scale measured in thou
sands of years. For example, some 
computer models assume that one 
year of atmospheric circulation is 
equivalent to 100 years circulation in 

the surface layer and 2500 years cir
culation in the deep ocean. Not 
enough is currently known about 
deep ocean circulation to refine those 
estimates further. 

Given the range of possible con
straints, the doubling period could oc
cur as late as 2000 under a limited 
growth scenario, or as early as 2025, 
assuming extrapolation of existing 
trends. The year 2050 would appear 
to be as valid as any, given present 
understanding. 

POLAR EASTERLIES 

PREVAILING 
WESTERLIES 

NORTHEAST TRADES 

SOUTHEAST TRADES 

PREVAILING WESTERLIES 

POLAR EASTERLIES @ 

POTENTIAL CLIMATIC CHANGES
THE ANTARCTIC 

Collapse of the unstable West 
Antarctic ice sheet is the primary 
concern of many climatologists. 
Much of the ice sheet lies far below 
sea level, pinned against rock forma
tions and semi-permanent ice 
shelves. Rising temperatures and the 
subsequent rise in sea level could 
break loose the ice shelves and begin 
to float the ice sheet itself, thereby 
allowing the ice sheet to '"flow" unim
peded into the ocean. If the entire 
West Antarctic ice sheet were to melt, 
a 6 meter (16 feet) increase in sea 
level could result. 

Estimates indicate that for every 
foot of vertical ocean rise, 100 to 1000 
feet of shore line would be inundated. 
A sea level rise of this magnitude 
would inundate many coastal cities, 
and the potential economic losses 
could be trillions of dollars 
world-wide. 

The social impact of a rise in sea 
level depends on the rapidity with 
which it occurs. Current thinking is 
that centuries would be required for 
collapse of the West Antarctic ice 
sheet, although the collapse of the 
North American ice sheet's central 
dome (into Hudson's Bay about 8000 

13 



BP) is thought to have occurred in POTENTIAL CLIMATIC CHANGES- decreasing precipitation extends 
less than 200 years. With proper man- AGRICULTURE, PLANT LIFE, AND through the center of the midwest' 
itoring, the warning period would be WILDLIFE corn belt, most of the Soviet corn ~ 
decades, even assuming a fast break- and in parts of Brazil and Central 
up. Whether this would allow com- The ultimate effect on agriculture Africa. (See figure 4.) The availabill 
plete use of existing structures before of a C0

2
-induced global warming is of soil nutrients and the redistribut\ 

they would have to be replaced or uncertain. Given an adequate supply of water resources may well cause 
abandoned is unknown. of nutrients and water, a C02- usable crop production to fall with 

enriched atmosphere promotes pho- C0
2
-induced temperature increase 

POTENTIAL CLIMATIC CHANGES-
tosynthesis and gives rise to faster There is some argument within the 
plant growth. In addition, many plants scientific community as to whether 

THE ARCTIC reduce their rate of water transpira- the global biomass will increase or· 

Sea ice appears to be especially 
vulnerable to increased temperatures 

~ and a modeling experiment suggests ' 

that a warming of 5°C in the Arctic 
would melt Arctic sea ice completely 
during the summer, while allowing it 
to refreeze in the winter. This would 
considerably decrease the summer 
albedo in the northern hemisphere. 

The region of permafrost would 
also retreat northward with rising @)DRIER THAN NOW 
temperatures. Whether this would 
ameliorate or exacerbate the rise in 
C0

2 
concentrations is unknown. 

Some feel that the increased range of 
certain tree species would convert 
additional atmospheric C0

2 
into bio- tion under high levels of C0

2 
(600- decrease with rising C0

2 
concentra 

mass, while others think that the dry- 1000 ppmu, or 2-3 times current tions, despite the increase in the ph 
ing and eventual oxidation of the levels), potentially reducing their sus- tosynthesis rate. 
permafrost peat beds would add an ceptibility to draught. Also, the While agriculture can adapt with 
additional C0

2 
burden. increased growing season (10 days changed crops (improved seed 

The Greenland ice sheet is not ex- per 1°C rise in average annual strains and irrigation can partially 
pected to malt for several thousand temperature) and potentially greater offset any adverse climatological 
years, even assuming elevated temperature extremes would permit changes) the reactions of natural 
temperatures. growing crops in areas that can not ecosystems would depend on the r 

I now sustain acceptable yields. of climatic change. Even assuming 
I POTENTIAL CLIMATIC CHANGES- As noted, however, the above dis- relatively slow rate of change, some: .il 

!I THE OCEANS cussion assumes adequate nutrients plant species will respond less and · 

]r 
and water. Plant life is much more others more to increases in C0

2 
con 

The strength of ocean currents sensitive to the effect of rainfall red is- centrations and temperature. As the 

I· would likely be reduced as the poles tribution than temperature change plants respond differently, other 
I', warmed relative to the tropics, primar- alone, and rainfall redistribution is organisms will respond to the basic jec 

11 ' 

ily due to reduction of temperature one of the major ramifications illuci- changes occurring within the biome lng 
extremes and winds that drive them. dated during computer modeling. As climates and vegetation move, sci 

II A 20 percent reduction in wind veloc- Most of the computer models most animals should be able to wh 

l: ity could result in a 40 percent reduc- incorporate many simplifications, follow. ex~ 

tion in ocean current velocity. This assumptions and uncertainties; most Climate induced change could, 
or 1 

I could redirect present upwelling loca- assume a non-mixing, non-circulating however, remove natural barriers an shi 
tions, disastrously affecting local ocean, and reflect a semi-realistic allow significant changes to stable fie 
economies dependent on the attend- coupling between the oceans and the biomes. Historically, the invasion of· 
ant fisheries. The pH of the surface atmosphere. Gross changes in eli- new life forms into an existing biome 
layer would be reduced (become mate may be identified, but regional has often meant the extinction of cer 
more acidic); melting of the polar ice impacts are beyond the models' tain native species. In addition, iso-
caps and the resulting infusi,on of resolution. lated ecosystems (islands, moun-
freshwater would reduce the salinity Nevertheless, many models point to tains) may not allow migration of life If~ 
of surface layers. The potential an increase in precipitation between forms. Most of this is supposition, of 
impacts on algae, fish, and estuaries the equator and 30° N latitude, and at course. There has not been enough 
is uncertain. both poles, with a significant reduc- experience with C0

2
-enriched 

tion in rainfall in bands centered at atmospheres to allow much more 

I 40° N and 5°S. The primary zone of than conjecture. 
! ' 

14 Continued on page 33. 
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AIR FORCE ROTC 

ATTENTION SCIENCE 
AND ENGINEERING 

MAJORS! 
A newly assigned scientific or engineering Air Force officer is frequently given a position as a pro

ject engineer or scientist and manager, withfull responsibility for the performance, cost, and schedul
Ing of research and development projects in a wide variety of disciplines. The Air Force engineer and 
scientist apply the analytical tools of the trade and sound judgments to influence technical decisions 
which shape the future of the Air Force. And these men and women gain the technical and management 
expertise to qualify for more responsible jobs ... either in the Air Force as career officers or in industry 
or government. 

Scientific/Engineering Scholarships: Air Force ROTC offers four-, three-, and two-year scholar
ships to qualified men and women who are majoring in selected scientific and engineering career 
fields. Each scholarship provides: 

• Full tuition · 
• Textbook reimbursement 
• $100 a month allowance (tax-free) during the school year 

If you are interested in applying for this opportunity please call (612) 373-2205, or write to: 
Department of Aerospace Studies 
Room 3 Armory 
15 Church Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 
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Friendly Service 
3 CONVENIENT CAMPUS LOCATIONS 
MAIN OFFICE: 1801 Riverside Avenue 
South 341-3505 

FAIRVIEW/ST. MARY'S OFFICE: 
606 24th Ave. S. 341-2194 

DINKYTOWN OFFICE In The Chateau: 
42513th Avenue S.E. 379-1286 
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Member: FDIC 
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active product 

market and effective 
support. 

Hyourbackgroundfocuses 
on systems software development 

including compiler and operating sys
tems development, or electrical engineering, 

we invite you to take the first step toward on-going 
professional achievement. Send a copy of your resume 

to the attention of: Elisabeth Wierum, Cray Research, Inc., 
Human Resources Dept., 1440 Northland Drive, Mendota 
Heights, MN 55120. An Equal Opportunity Employer M/F. 
Our personnel recruiters 
will be on campus Oct. ,....~ ~ ~ 
25th 8c 26th. Check with ~..-.~ T 
your placement office to 
sign up on our schedule. 
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innesota pilots 
harness the wind 

Terry Hansen 

Aeronautical engineer Paul Mac-
' designer of the human-pow-

Gossamer Condor and other in
ultralight aircraft, has 

~=~~n'"''"'~"~ some of his most recent 
.suc:ces;ses with solar-powered air-

. However, use of silicon solar 
and an electric motor is not the 

ly way to harness the sun's energy 
flight. Some Minnesota pilots have 

doing it for decades. 
It is sunlight, of course, that drives 

Earth's weather, and careful navi
in a properly-designed aircraft 

tap this inexhaustible source of 
for cross-country flights of 

hundreds of miles and altitude 
lghts to the very edge of space. 

ile Minnesota weather and geo
do not provide the conditions 

necessary for world record-breaking 
"soaring" flights, sleek, engineless 
"sailplanes" are launched here regu
larly to make the most of what we 
have. 

A couple of definitions might be 
helpful. A "sailplane" is a special type 
of glider capable of remaining aloft 
by means of rising air currents. This 
requires that it have a fairly good 
glide ratio so that the rate at which it 
descends does not exceed the rate at 
which air typically rises. This type of 
flight is called "soaring." The glide 
ratio, frequently equated with the lift
to-drag ratio or "L/D," is the best ratio 
of glide distance to altitude loss in 
still air. The space shuttle, for exam
ple, would hardly classify as a sail
plane with its rather poor UD of 
labout 5. This means it can travel only 
5 feet forward for every foot of altitute 

loss. Sailplanes have UD's within the 
range of 15 for a low-performance 
plane, to as much as 60 for extremely 
high-performance "open class" craft. 

Sailplanes are generally considered 
distinct from the increasingly popular 
hang-gliders or "ultralights." Sail
planes are Federal Aviation 
Administration-certified airplanes, 
whereas the F.A.A. makes little effort 
to certify or regulate the many ultra
lights, even though some designs are 
quite capable of soaring flight into 
F.A.A. controlled airspace. 

The two major centers of soaring 
activity in the state are the Minnesota 
Soaring Club, located at Stanton Air
port about seven miles east of North
field, and the Red Wing Soaring 
Association, located at Benson Air
port north of White Bear Lake. The 
Minnesota Soaring Club, established 

17 
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in 1959, now has about 90 members, 
while the Red Wing Soaring Associa
tion, established in 1963, has about 
82. There are probably no more than 
about 250 licensed glider pilots in the 
entire state, but many of them are 
inactive. 

A precise figure for the number of 
sailplanes in Minnesota is difficult to 
come by, but is probably about 35, 
much smaller than the number of 
pilots since the craft are generally 
jointly-owned. A wide variety of 
designs are being flown here and no 
attempt to describe them all will be 
made. Older designs are of wood and 
fabric while newer designs are com
posed of metal and/or fiberglass. 

Some modern sailplanes incorporate 
components of state-of-the-art "com
posite" aerospace materials like 
carbon-fiber for maximum strength at 
minimum weight. Sailplanes are cha
racteristically light (500 to 600 
pounds empty-weight) and have very 
long wings relative to the length of 
their fuselage. In fact, some sail
planes have wing spans of 67 feet or 
more! 

It is rare for sailplanes to be 
equipped for instrument flight condi
tions (low cloud ceilings and/or vis
ibilities), first because it is expensive 
and second, because there is no 
engine (and thus no generator) to 
power the instruments and the var-

A pilot performs his preflight 
before launch in a not·fnt"M"I<>~ 

home-built HP-13. 

A typical instrument panel in a 
ern sailplane. Instruments along 
top are, from left to right, an 
indicator and two variometers, 
calibrated in hundreds of feet per 
minute and the other calibrated in 
knots. Other instruments are the 
altimeter (lower left) which is 
at field elevation for convenience, · 
magnetic compass (center), and · 
outside air temperature gauge. 
toggle switch activates the ~ 
driven audio variometer. A radio 

ious navigation/communication 
radios needed. A simple VHF com
munication radio is more common. 
Parachutes are often worn-pri 
because of the possibility of midair 
collisions during soaring contests ' 
when the skies can be crowded wi 
the long-winged craft. Oxygen 
equipment is sometimes carried for 
flights higher than 1o;ooo feet a 
sea level where its use is recom
mended, and for beyond 12,500 feet_''"""'" 
where its use is required by F.A.A. 
regulations. 

One flight instrument, the va,;,..,Y"1.,~• 
ter, deserves a more detailed _.~,·~--n-
tion because it is a sailplane pilot's 
key guide to invisible rising air, or 



. The variometer is a highly sensi
ih'strument which indicates rate 

· mb and descent. It is generally 
"''"'•m•~·" in feet, meters or knots
-~.,.,,,..nr"' or minute. As a pilot flies 

in search of lift, he checks the 
frequently. Once lift is located, 
o is used to optimize the rate 

, ••. mb by helping to locate the 
'"'"'""'"• area of the lift. 

r~~·un<=>t'"'r" sense change in air 
Since a pilot may produce a 

indication on this instrument 
ply by moving the stick and climb
or descending, some "total 

variometers are designed to 
•nm.n"'''"'"·ta for the pilot's maneuvers 

provide more accurate data by 
lch to make decisions. In addition, 

variometers produce an audio 
Which varies in pitch as a tunc
of the rate of climb. The higher 

tone's frequency, the stronger the 
If there is no lift, no tone is pro-

. This is a safety feature as well 
a convenience, because it allows 
pilot to spend more time watching 

r other traffic while soaring. 
Four launching methods are com
nly used. First, a very few sail

employ a small engine for 
which is then shut down and 

bly folded into the fuselage to 
drag once aloft. For those 

money to burn, there is even a 
sailplane! These mota

gliders are very expensive how-

RELEASE 

STAGES OF AUTO TC'Nt 

ever, and require that the pilot obtain 
a F.A.A. rating for powered aircraft in 
addition to his glider rating. Their 
advantage is that the pilot can launch 
himself without any help. In Minne
sota, motor gliders are rare birds 
indeed. 

A second launch method is to tow 
sailplanes into the air with an auto
mobile. This is an inexpensive tech
nique but it it requires a long road or 
path to drive the car on. The third 
method is to use a powerful, high
speed winch. Both these methods 
have a serious disadvantage in that 
the sailplane can only achieve a max
imum release altitude of about 1500 
feet. This means that the pilot has 
relatively little time and horizontal 
range to find some lift before he must 
come in for a landing. Nevertheless, 
the low cost of these two methods is 
an advantage and they are popular in 
Europe. Neither of these methods is 
commonly used in Minnesota. 

The fourth method, and the one 
used most often here in the United 
States, is aerotow. This metl:lod uses 
a powered airplane such as a Piper 
Supercub to pull the sailplane aloft 
via a long rope. The major advantage 
of this method is that it allows a tow 
to much higher altitude than the auto 
row or winch methods. A danger is 
that the rope may break unexpect
edly, but pilots are taught to antici
pate and plan for such an occurrence 

ROUNDOVER 

and it is seldom a serious problem. 
Typically, sailplanes are pulled to 
around 1500-3500 feet above the 
ground before the pilot releases from 
the "tug" by pulling a small red knob. 
Upon release, the sailplane pilot must 
begin searching for lift immediately in 
order to extend his flight time or 
achieve a higher altitude. The tow 
plane then drops the rope over the 
field and lands for another launch. 

Flying under tow is a unique exper
ience-somewhat like formation fly
ing. The sailplane pilot must be care
ful not to stray too high or too low. 
During takeoff, the sailplane becomes 
airborne faster than the tug and if it 
were to climb too fast, it would pull 
the tug's tail up and force it into the 
ground. Ordinarily, only small correc
tions are needed to keep the sailplane 
in position, but in turbulent condi
tions it may become more of a chal
lenge. The tow rope system is 
designed so the rope can be released 
by the tow pilot as well as the sail
plane pilot, and the rope is designed 
to break if a certain tension is 
exceeded. 

Once in the air, the~e are three 
types of lift useful for staying there: 
ridge left, wave lift and thermal lift. 
Ridge lift is created by wind blowing 
over a low ridge or cliff. As the wind 
reaches the ridge, it is forced upward 
by the obstruction. A sailplane pilot 
can remain aloft by flying parallel to 
Continued on page 22. 19 
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The Surface Continge---=--n---=----Lt------J· 
A recent finding at the General Motors Research 
Laboratories has changed scientific thinking about 
the behavior of electrons in metal surfaces. This discovery 
provides a greater understanding of the fundamental 
physical processes involved in such surface events as 
adhesion, corrosion and catalysis. 

Surface Atomic Layer 

Electron Energy 

Figure 1: Energy distribution of electrons in 
outermost atomic layer. Shaded area indicates 
electrons in surface states. 
Figure 2: Two electron density contour maps of 
the cross-section of a Cu(JOO) surface. One map 
shows a clean copper surface (lt. gray); the other 
shows a nitrogen-covered copper surface (dk. gray). 

CONVENTIONAL scientific 
thought treats virtually all 

of the valence electrons found in 
the surface atomic layer of a 
metal as if they are free to roam 
throughout the metal's interior. 
The work of three physicists at 
the General Motors Research Lab
oratories suggests otherwise. 
Through calculations confirmed 
by experimental data, the 
theorists have shown that more 
than a quarter of the valence elec
trons in the top atomic layer of 
some metals are effectively 
trapped in the surface. The pres
ence of so many "surface state" 
electrons must be considered 
when analyzing physical and 
chemical surface phenomena, in
cluding such surface events as ox
idation leading to corrosion. 

Drs. John Smith, Jack 
and Frank Arlinghaus appl 
their theoretical analysis to' 
(100) surface of five metals: 
per, nickel, silver, rhodium 
palladium. They made bold pre 
tions concerning the percent 
of electrons in the surface ato· 
layer to be found in surface sta 
Cu(36%), Ni(23%), Ag(23 
Rh(23%) and Pd(19%). The rati 
the shaded area to the hate 
area of figure 1 gives the perc 
age for copper. . 

Electrons in surface st · 
are not only abundant, but \ 
highly localized on the surf 
Chemisorption on a metal is 
confined to the surface reg' 
Figure 2 shows what happens' 
the case of nitrogen chemisor 
on copper. The two contour m 
coincide except in the surf 
layer, where the interaction 
largely exhibited. Localization 
the interaction holds for the che 
sorption of other gases, includl 
oxygen in the initial stage 
metal oxidation. These obser 
tions led the physicists to conclu 
that surface states are import 
in chemisorption. 

One way to probe electr . 
in surfaces is to chemisorb ato' 
on a clean metal surface and lo 
for changes in photoemissi 
spectra. Such an experiment 
performed at GM for fraction 
monolayers of nitrogen, oxyg 
and sulfur on Cu(100). The do 
nant change in the photoemissi d 
spectrum was the disappearan 
of a large peak whose shape a' 



location was independent 
cu<"UJL<>v1 bed atom. It was of 
interest that the shape and 
location of this peak was 
identical to the envelope 
the surface state peaks in 

1. This suggests that sur-
state electrons play a major 

in the chemisorption process. 

HE THEORETICAL ad
vance at the heart of the dis

is the "Self-Consistent 
Orbital (SCLO) Method" for 

the Schri:idinger equation. 
new mathematical method 

devised by the GM theorists 
the classic dilemma 

by the self -consistency re
,.A,.,...A,,t The characterization of 

behavior used to com
the equation must be consis
with the behavior predicted 

the equation. In other words, 
almost needs to know the an
in order to make the calcula" 

Self-consistent solution of 
equation for a metal surface is 

exceedingly difficult by the 
· · al nature of the 

density distribution. The 
dealt with this challenge 

by ·dividing the elec-
density distribution into two 

the first part due to over
atomic density distribu
second part equaling the 

between this atomic 
and. the exact density 

One of the more stringent 
tests of the accuracy of the SCLO 
method was an angular photo
emission experiment conducted 
by Heimann et al., at the Univer
sity of Munich subsequent to pub
lication of the GM research. The 
German research team confirmed 
a prominent surface state band 
predicted by the three GM physi
cists. This was the first time a 
surface state band on a solid had 
been calculated prior to its being 
seen experimentally. The SCLO 
method makes possible something 
that could not be done before-ac
curate prediction of the actual be
havior of electrons whirling 
around nuclei at the surface of a 
metal. 

"The large body of surface 
states we found on metal sur
faces," says Dr. Smith, "may be a 
controll_ing factor in many physi
cal and chemical surface phenom
ena. By replacing conjecture with 
calculation, the new surface theo
retical methods give us the means 
to make major steps forward in 
the analysis of surface and inter· 
face properties." 

TilE 
MEN 
BEHIND 
THE 
WORK 
Drs. Smith, Gay 
and Arlinghaus 
are theorists in 
the Physics De
partment at the 
General Motors Research Labora
tories. 

John Smith (center) and 
Jack Gay (right) received doctor
ates in physics; Smith from Ohio 
State University and Gay from the 
University of Florida. Frank Ar
linghaus received his Ph.D. in 
physical chemistry from the Mas
sachusetts Institute of Technology. 

John Smith, leader of the 
GM solid state physics group, did 
postdoctoral work at the Univer
sity of California in La Jolla. He 
joined General Motors in 1972. 
Frank Arlinghaus and Jack Gay 
joined the corporation in 1964 and 
1965, respectively. 

Each member of the team 
brings to the project a different 
expertise: Smith in surface phys
ics, Gay in solid state theory, and 
Arlinghaus in bulk band structure 
calculations. 
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and upwind of the top of the ridge. 
The advantage of ridge lift is its relia
bility. In some locations it is virtually 
always present. Pilots have remained 
airborne in ridge lift for up to 60 
hours or more! The length of such a 
flight is determined by how long one 
can stay awake. Unfortunately, while 
trying to set a record, a few pilots 
have dozed-off in ridge lift-with fatal 
consequences. Minnesota has few 
convenient places where ridge lift can 
be used and therefore this type of lift 
is seldom if ever employed here. 

The second type of lift, wave lift, is 
created by high mountains combined 
with a particular vertical temperature 
profile in the overlying atmosphere. 
When a layer of stable air (tempera
ture increasing with altitude) sand
wiched between two layers of unsta
ble air (temperature decreasing with 
altitude) blows across a high moun
tain, it Gan produce a kind of standing 
wave downwind of the mountain. 
"Lee waves" of this nature produce 
the most spectacular type of lift and 
sailplane pilots have used it to 
achieve altitudes in excess of 50,000 
feet-higher than most commercial 
jet aircraft can fly. Wave lift may go as 
high as 100,000 feet, but to go much 
beyond 50,000 would require a pres
surized sailplane or a spacesuit
equipment not easily available to the 
amateur. Flying in wave lift also 
requires very warm clothing as 
temperatures may drop to 50 degrees 
below zero or less. Oxygen is manda
tory and severe turbulence can be 
encountered. As you may have 

Wave soaring. 

Ridge soaring. 

noticed, Minnesota has no moun
tains, so wave lift is not possible here. 
The most popular spots are in the 
western United States but the Appal
achian Mountains provide good wave 
lift as well. 

The third and final type of lift is 

thermal lift. This type of lift is 
when the sun heats air near the 
ground to the point where it ave 
comes surface tension and rises 
giant bubble through the cooler, 
denser air above. It's rather like a 
ing hot air balloon-without the 



dressed up with no where to go. 
usiastic pilots and their sail-

find thermals. First, a thermal may be 
marked by the presence of a puffy 
cumulus cloud created when mois
ture in the air from below condenses 
in the cooler air aloft. However, in 
some weather conditions these 
clouds may not be present and in that 
case, spinning dust devils, soaring 
hawks, geographical clues (like 
plowed fields), or even other thermal
ing sailplanes may provide some tips. 
Debris often gets sucked up by ther
mals and it's not uncommon to see 

planes congregate on the flight line at 
Stanton field while a layer of cirro-

.leaves and pieces of paper go flying 
by thousands of feet up. 

For practical purposes, thermal lift 
is the only means of staying aloft in 
Minnesota. The ground seldom gets 

;warm enough to create thermals in 
the winter, so soaring generally 
comes to a halt in the fall. During a 
typical clear summer day here, ther-

. mals may begin to form around noon 
when the temperature near the 

,ground becomes warmer than the air 
above. It is possible to accurately 

stratus clouds moves in to dash their 
hopes for good soaring conditions. 

23 
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predict when thermals will begin 
forming and how strong and high 
they will be, based on temperature 
soundings taken in the morning. But, 
like weather forecasting, it is not an 
exact science. 

Once thermal lift is found, a pilot 
circles until he has gained as much 
altitude as he wants, or until he nears 
the cloud base. Typically, a thermal
ing sailplane can gain altitude at 500 
to 1500 feet-per-minute. Some ther
mals are so strong that they threaten 
to pull a sailplane up into the clouds 
and in such a case, the best course of 
action is to leave immediately! Unless 
the pilot is instrument-rated and the 
sailplane has the proper equipment 
for flying in clouds, one should not 
follow a thermal beyond the cloud 
base. 

Even here in Minnesota, the 
strength of some thermals can be 
impressive if not frightening. There 
are days when the thermals are very 
broad and very powerful-just the 
kind of thermals that may develop 
into thunderstorms. Flying into such 
a thermal, a sailplane is literally 
blasted up into the air by a continu
ous, often pulsating, rush of air. In 
such conditions, it can require real 
effort to come down. If such ather
mal becomes a thunderhead, it may 
tower as high as 70,000 feet above 
sea level. But it would be suicide to 
fly in such strong conditions and they 
are avoided. 

Thermal lift requires some of that 
unstable air mentioned earlier-air 

A high-performance HP-13 under tow 
by a Stearman biplane. 

whose temperature decreases with al
titude. If the air temperature increases 
with altitude (a "temperature inver
sion"), air near the ground never be
comes hotter anc:l less dense than the 
air above and it just sits there. Such 
conditions are all too common here 
in Minnesota and consequently, soar
ing conditions are not as good as in 
the hotter, dryer parts of the country. 
Temperature inversions and clouds 
also limit the soarable height of ther
mals, once they form. Fair-weather 
thermals to 5,000 feet above the 
ground are considered quite good, 
and on a few days a year they may go 
higher than 12,000 feet. The official 
altitude record for a sailplane in Min
nesota is 16,000 teet above sea level 
(from a ground altitude of about 900 
feet above sea level). By comparison, 
fair weather thermals in places like 
Texas may go to 20,000 feet or so. 
You can glide a long way from nearly 
four miles up. 

Cross-country trips in a sailplane 
are possible by stopping periodically 
along the way at convenient thermals 
to regain lost altitude. Sometimes, 
thermals line up in "cloud streets" 
which one cari fly along for hundreds 
of miles without losing altitude. The 
longest flight ever made by a Minne
sota sailplane pilot was 435 miles-all 
the way to St. Louis! 

It is always possible that the ther
mals will shut o1f when the pilot is too 
far from an airport, so a potential 
landing spot must be kept in sight. 
Generally, off-field landings take 
place in farm fields and the sailplane, 
once found by a ground crew (Not 
always an easy·task!}, can then be 
taken apart and loaded on a trailer for 
the trip home. The attitude of the land 
owner toward such an unexpected 
visitor is always hard to predict. One 
may invite the pilot to dinner while 
another may angrily impound the air
plane until reimbursed for possible 
crop damage. 

Flying cross-country requires care
ful management of airspeed to con
serve precious altitude. When flying 
in rising air, one should slow down to 
the sailplane's "minimum sink" speed, 
but when in sinking air, one must 
speed up to escape. The air that rises 
in a thermal must come down some-

umar 
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lrst g 
where else and it can do so with re idi 
equal vigor. Strong sink can blee econ 
your hard-earned altitude away i' uder 
minutes! Flying into the wind req nird 
that you fly at a speed equal tot ou rr 
speed which provides the flattest 
glide angle plus half the estimate 
wind speed. Flying downwind, yo 
subtract half the estimated wind : Ho 
speed from your best glide spee oes, 
never less than minimum sink sp . No 
Since thermal strength, angle to 
wind, and wind speed vary overt 
a good pilot is always re-computi 
his best "speed to fly" so as to On 
squeeze the most from the altitud 
has. 

Weather is not the only obstacl 
the Minnesota soaring pilot. Som: 
years ago, the F.A.A. established 
special area of controlled airspac 
surrounding Minneapolis/St. Pau 
International Airport. This airspao 
known as a Terminal Control Are 
''TCA", is shaped like an upside
wedding cake and is designed to 
decrease the possibility of midair 
lisions in the heavily-congested a 
surrounding Minnesota's busiest 

skec 
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"0 
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port. To enter it, a pilot must have "V 
radios, and a radar transponder HA 
something sailplanes rarely have.1 

top layer extends from 4000 to 80 
feet above sea level and has a rad 
of 20 nautical miles. It therefore o Fr 
laps Benson Airport, placing a res ou 
tive ceiling on sailplane flight. Th a// 
F.A.A. has threatened to extend t E 

Continued on page 35. 
"Pre 
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THINGS 
f: SO SERIOUS. • • • 

Beings are the only animals 
~mbarrassed, or have a 

. to be. 
-Mark Twain 

*** 

graffiti artist: Forestry students 

Idiots! 
· graffiti artist: Engineering 

are idiots too! 
graffiti artist: Good comeback! 

must be a forestry student! 

.... 
many computer programmers 

to screw in a lightbulb? 
That's a hardware problem. 

*** 

*** 

music student: "Hey! Can 
tell me how to get to Orchestra 

It is possible to own too much. A man 
with one watch knows what time it is . 
A man with two watches is never sure. 

-Anonymous 

*** 

O.F. Krumgold has written a brilliant 
paper about certain tribes in Borneo 
that do not have a word for "no" in 
their language and consequently turn 
down requests by nodding their heads 
and saying, "I'll get back to you." 

-Woody Allen, Side Effects 

*** 

patient believes he will recover if only 
he can move to another bed. 

-Baudelaire 

*** 

Some things are so serious you can 
only joke about them. 

-Albert Einstein 

*** 

LIFE IS TOUGH DEPT.: 
I almost had to wait! 

-Remark by King Louis XIV when a 
coach he had ordered arrived just in 

time. 

No SilL~ :r SAID- PJIOTIIN 

Nt1T F'VTIJN TORPEDO$ J 
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Quips I from page 25. nile delinquents onto the antique store hung an iron 
I 

very same track in Duluth, kettle that weighed exactly 
Thi~ Issue's Quandaries bound for St. Paul at the 40 pounds. But as antiques 

frightening speed of 60 often are, it was so over-
The first intelligent entity mph. A bee, which had priced that no one would 

to deliver the correct been catching forty winks buy it. Eventually, the 

'I answers to this month's on the St. Paul train, leaves second law of thermodyna-
quandaries to the Tech- at precisely the same mics {in the form of rust) 
nolog office {Room 2, moment as the trains, and weakened its supporting 
Mechanical Engineering) flies toward Duluth at 100 chains and it fell and broke 
will get to choose its prize: mph. {Fast, isn't it?) The into four pieces. The store- l 
a free science fiction book instant it encounters the keeper, who had little else 
from Technolog's growing south-bound train, it to do since business was so 
library of recent releases. becomes frightened and slow, began to place these 
Our overworked editor had reverses course toward the various pieces on a balanc-
little time to find really ·other train. The poor bee ing scale and discovered 
tough problems this time 
and is frankly embarrassed 
to publish these, but they 
will have to do. Here they 
are: 

Quandary No. 1: Amtrak 
versus the bee 

A train starts at St. Paul 
and travels toward Duluth, 
160 miles away, with a 
speed of 40 mph. Simulta-
neously, another train is 
switched by a band of juve-

{which makes up for in that he could balance inte-
energy what it lacks in crea- gral numbers of pounds 
tivity) goes on like this until from one to forty. What was 
the two trains crash the weight of each of the 
together and put it out of its four pieces? 
misery! Assuming a straight 
track and uniform speeds *** 
for all parties, how many 
miles does the poor bee fly Do you have a special 
until it enters the promised quandary you'd like to see 
land? in Technolog? If so, notify 
Quandary No. 2: The fragile our editor immediately! • 
antique 

In the window of an 

Let the Hewlett-Packard HP-15C with its 
powerful functions and advanced 
programmability eliminate your most tedious 
calculations. 

• Matrix operations 
• Complex functions 
• Solve and Integrate 
• 448 program lines 

HP-15C ... $108.00 
• Insert/ delete editing 
• RPN logic, Continuous Memory, and 

liquid-crystal display 

(h~ 
PERSONAL 
COMPUTATION 

HIIWUTT 
DEALER PACKARD 

Minnesota Book Center (Williamson Hall) 
231 Pillsbury Dr. S.E. 
Minneapolis, MN 55455 
373-3688 
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ST YOUR KNOWLEDGE 

the 1700's, a widely
chemical theory 
for anything to be 

le, it must con-
hypothetical spirit

which 
when the material 

. What was this sub
called? 

5. Victory by the Allies in 
World War II depended 
greatly upon the successful 
cracking of Germany's 
"enigma" cipher. The Brit
ish mathematical genius 
Allan Turing designed an 
ingenious computer-like 
machine specifically for 
this task. What was this 
machine's nickname? 

6. In the Stanley Kubrick 
film, 2001: A Space Odys
sey, the space shuttle 
Orion was operated by 
what air transport 
company? 

7. Another 2001 question: 
What actor provided the 
voice of the computer, 
"HAL." 

8. And finally, one more 
from 2001: In what crater 
was the moon base at 
which Dr. Heywood Floyd 
landed? 

9. Recently, evidence has 
come to light that a giant 
meteor may have triggered 
the death of the dinosaurs. 
What land mass was pro
posed to have originated 
because of this meteor 
impact? 

10. It was once believed 
that a substance called "the 
ether" permeated all space 
and was the medium of 
electromagnetic waves. A 
crucial experiment was per
formed to detect the pre
sence of the ether and its 
results were very enlighten
ing to Albert Einstein. Who 
were the two men who per
formed it? 

Do you have any Techno
Trivia questions you'd like 
to contribute? If so, drop 
them off at the Technolog 
office. 

Trivia answers on page 35. 
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make a measurable difference as you 

Rosemount Meets the Toughest 
Specifications in Both Products 
and Opportunities 

Others may be content to stand still, but 
Rosemount's only goal is to move ahead. 
That's been our philosophy since we 
began in 1956, and why today we're a 
company that, over the past 5 years, has 
grown at a 25 percent annual rate with 
sales well over the $200 million mark ... 
and a company which can realistically 
anticipate equally steady growth in the 
future. And it's why we're known through
out the world for excellence in the design, 
manufacture and marketing of instru
mentation for measuring and controlling 
temperature and pressure in manufac
turing, power, chemical and petrochemi
cal refining, aircraft, spacecraft and 
remotely piloted vehicles. 

Meeting the tough challenges of an in
creasingly high-technology world requires 
people of ability to whom today's horizons 
are only the start of greater achievements 
in the future. And because we're the 

standard by which the others are mea
sured, we can offer opportunities of equal 
caliber in the following areas: 

• Electrical Engineering 

• Sales & Marketing Engineering 

• Systems Engineering 

• Quality Control Engineering 

• Mechanical Engineering 

• Applications Engineering 

• R&D Engineering 

• Manufacturing Engineer 

Rosemount professionals receive excel
lent salaries and a full complement of 
benefits, including profit sharing, to match .... w,pn. 

the vibrant quality of life they find in the 
Twin Cities area. Named in a recent sur
vey as one of America's top cities in over
all quality of life, Minneapolis/St. Paul 
offers year-round cultural, educational 
and recreational life which, combined 
with the opportunities Rosemount offers, 
provide the total environment for your 
personal and professional advancement. 

Discover your career potential with Rose
mount, the company oriented toward to
morrow. For more information, please 
write: 

Mark A. Finger 
College Relations 
P. 0. Box 35129 

Rosemoun;~;~:.NA 
An Equal Opportunity Employer M/F 



. Recruiting 
hedule · 

schedule is TUESDAY,OCTOBER19 TUESDAY,OCTOBER26 

. change, please Allen-Bradley Company Cray Research Incorporated (2nd Day) 

·· with I.T. placement Chevron Companies (2nd Day) Black & Veatch 
Eaton Corporation E. I. DuPont 
Monsanto Company (2nd Day) Kimberly-Clark Corporation 
Procter & Gamble Company (The) 3M Company (2nd Day) 

(2nd Day) Shell Companies (2nd Day) 
Stone & Webster Engineering Texas Instruments, Inc. (2nd Day) 

Y, OCTOBER.12 Corporation 
Incorporated WEDNESDAY, OCTOBER 27 

& U.S.A. Affiliates WEDNESDAY, OCTOBER 20 E. I. Du Pont (2nd Day) 
Power Company Air Products and Chemicals 

3M Company (3rd Day) 
Steel Company Incorporated 

Motorola Incorporated 
Incorporated Atlantic Richfield Company 

Rosemount Incorporated 
Company (The) General Mills, Inc./James Ford Bell 

Shell Companies (3rd Day) 
1. Company of California Tech. Ctr. 

Standard Oil Company (Ohio) (The) 
Monsanto Company (3rd Day) 
Menasha Corporation 
Procter & Gamble Company (The) (3rd THURSDAY,OCTOBER28 

Day) Atlantic Richfield Company (2nd visit) 
Seismograph Service Corporation Control Data Corporation 

E. I. Du Pont (3rd Day) 
THURSDAY, OCTOBER 21 3M Company (4th Day) 
Atlantic Richfield Company (2nd Day) Shell Companies (4th Day) 
Bell Laboratories Std. Oil Co. (Ohio) (The) (2nd Day) 
Boeing Company (The) (Seattle) Wisconsin Power & Light Company 
Factory Mutual Engineering 

Association FRIDAY, OCTOBER 29 
Honeywell Incorporated IBM Corporation (Coffman Memorial 
NASA/Geo. C. Marshall Flight Center Union) 

3M Company (5th Day) 
FRIDAY, OCTOBER 22 
Bell Laboratories (2nd Day) MONDAY, NOVEMBER 1 
Boeing Company (The) (2nd Day) Hercules Incorporated (PhD-ChemE) 
Honeywell Incorporated (2nd Day) Hooker Chemical Company 
Sperry Univac Semiconductor E. F. Johnson Company 

Koch Industrial Incorporated 
MONDAY, OCTOBER 25 Midland Ross/Midtex Division 
Cray Research Incorporated Shell Development Company 

Y, OCTOBER 18 Kohler Company (PhD-MechE) 
Companies 3M Company UOP Incorporated (2nd Visit) 

Corporation/Edwin Cooper Naval Weapons Center Wisconsin Public Service Corporation 
I Shell Companies 
. . Company Shell Development Company TUESDA~NOVEMBER2 
. Dept. of/Pearl Harbor Naval (PhD-ChemE) Beloit Corporation 

Texas Instruments Incorporated General Dynamics Corporation 
& Gamble Company (The) Warner Electric Brake & Clutch General Motors Corporation 
D Company Company Sperry Univac/Product Division 

29 



WEDNESDAY, NOVEMBER 3 PPG Industries Incorporated (2nd Day) The Analytic Sciences 

General Dynamics Corporation (2nd Sperry Flight Systems (TASC) 

Day) UOP Incorporated (3rd visit) Union Carbide Corporation 

General Motors Corporation (2nd Day) (PhD-ChemE) 

M/ A COM Components Company FRIDAY, NOVEMBER 12 
Signetics Corporation American Electric Power Corporation MONDAY, NOVEMBER 22 

Amoco Production Research American Cyanamid Company 1 THURSDAY, NOVEMBER 4 Boston Edison Company General Electric Company 

General Motors Corporation (3rd Day) Cargill Incorporated (2nd visit) W. R. Grace & Company 
Oscar Mayer & Company McDonnell Douglas 

FRIDAY, NOVEMBER 5 Micro Control Company 

~ Boise Cascade Corporation/Paper Minnesota Valley Engineering (2nd TUESDA~NOVEMBER23 

Group visit) American Cyanamid Company 
Minnesota Valley Engineering Monsanto Company (BS/MS Day) 
Nelson Industries Incorporated Chemistry) Champion International 
Northern States Power Co. (MN) (2nd Travenol laboratories Incorporated General Electric Company (2nd . 

visit) McDonnell Douglas 
Procter & Gamble Company (The) MONDAY, NOVEMBER 15 Day) 

(Mgmt. Sys.) Amoco Production Company/ NASA/Lewis Research Center 
Sperry Univac Defense Systems Research Ctr. Peace Corps 
Sundstrand Corporation Cargill Incorporated (3rd visit) 
United Telephone System Data General Corporation WEDNESDAY, NOVEMBER 24 · 
Wisconsin Electric Power Company Dow Chemical U.S.A. (No interviews scheduled) 

National Security Agency 
MONDAY, NOVEMBER 8 Union Carbide Corporation THURSDAY, NOVEMBER 25 
Boeing Military Airplane Company Thanksgiving Holiday 

~ Cargill Incorporated TUESDAY,NOVEMBER16 FRIDAY, NOVEMBER 26 
Detector Electronics Corporation Dow Chemical U.S.A. (2nd Day) Thanksgiving Holiday 
Harris Corporation Engelhard Industries Division 
Intel Corporation Gould Incorporated/Automatic Battery MONDAY, NOVEMBER 29 

~ Johnson Controls Incorporated Div. ADC Magnetic Controls 
Eastman Kodak Company Kaiser Aluminum and Chemical Cargill lncorporated/Processi 
Sandia labs Corporation Gearhart Industries 
Scientific-Atlanta Incorporated Radio Corporation of America (RCA) United States Air Force 
Upjohn Company (The) Union Carbide Corporation (2nd Day) 

TUESDAY, NOVEMBER 30 
TUESDAY, NOVEMBER 9 WEDNESDAY,NOVEMBER17 Dow Corning Corporation 
Amoco Research Center Amoco Chemicals Gearhart Industries, Inc. (2nd 
Commonwealth Edison Company Amoco Oil, RTE General Electric Company (Ph ColllJ 

Intel Corporation (2nd Day) Amoco Oil (Whiting) lXI labs 'I 

Eastman Kodak Company (2nd Day) Firestone Tire & Rubber Company Rockwell International 
Mobil Oil Corporation FMC Corporation United States Air Force (2nd I l 
Sandia labs (2nd Day) Hughes Aircraft Company Xerox Corporation Force 
Scientific-Atlanta, Inc. (2nd Day) National Steel Corporation beth, 
Westvaco, laurel Res. lab Northrop Corporation WEDNESDAY, DECEMBER 1 challt 

Western Electric Company Central Intelligence Agency proj~·, 
WEDNESDA~NOVEMBER10 Dow Corning Corporation (2nd 
Abbott laboratories THURSDA~NOVEMBER18 Marquip Incorporated 

engm 

Amoco Research Center (2nd Day) Advanced Micro Devices Incorporated Nekoosa Papers Incorporated 
Celanese Corporation Digital Equipment Corporation Rockwell International (2nd 
Detroit Edison Company MIT Lincoln laboratory United States Navy 
Eli Lilly and Company Pacific Gas & Electric Company 
Northstar Fire Protection Company (Eng'g.) THURSDAY, DECEMBER 2 
PPG Industries Incorporated AMF Incorporated 

FRIDAY, NOVEMBER 19 Central Intelligence Agency 
THURSDAY,NOVEMBER11 Bemis Company Incorporated Day) 
Ampex Corporation Inland Steel Company DAR COM 
Burroughs Corporation Northern States Power Co. (MN) (3rd Fruin-Colnon Corporation 
Eastman Kodak Company visit) Raychem Corporation 

(PhD-ChemE) (A.M.) Pacific Gas & Electric Company (2nd United States Navy (2nd Day) 
Eli Lilly and Company (2nd Day) Day) 
Madison Gas and Electric Company Schlumberger Well Services FRIDAY, DECEMBER 3 
Modine Manufacturing Company Sperry Univac (Salt lake City, UT) Fruin-Colnon Corporation (2nd E 
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ENGINEERING 
:TAKES ON EXCITING 

,, DIMENSIONS IN 
THE AIR FORCE. 

"Computer-generated design for investigating 
structural strengths and weaknesses, 

Developing and managing Air 
, engineering projects could 

most important, exciting 
of your life. The 

extend to virtually every 
~P~~mE~erm· frontier. 

astronautical, civil, 
electrical, mechanical and 

nuclear. Hundreds of diverse 
specialties are included in a wide 
variety of work settings. For 
example, an electrical engineer 
may work in aircraft design, 
space systems, power production, 
communications or research. 
A mechanical engineer might be 
involved in aircraft structure 
design, space vehicle launch pad 
construction, or research. 

PROJECT RESPONSIBILITY 
COMES EARLY 

IN THE AIR FORCE 

Air Force mechanical engineer inspecting 
aircraft jet engine turbine. 

Most Air Force engineers 
have complete project 
responsibility early in their 
careers. For example, a first 
lieutenant directed work on a 
new airborne electronic system 
to pinpoint radiating targets. 
Another engineer tested the jet 
engines for advanced tanker and 
cargo aircraft. 

OPPORTUNITIES 
IN THE NEW 

USAF SPACE COMMAND 

Artist's concept of the DSCS III Defense Satellite 
Communications System satellite. (USAF photo.) 

Recently, the Air Force 
formed a new Space Command. 
Its role is to pull together space 
operations and research and 
development efforts, focusing on 
the unique technological needs of 
space systems. This can be your 
opportunity to join the team that 
develops superior space systems 
as the Air Force moves into the 
twenty-first century. 

To learn more about how you 
can be part of the team, see your 
Air Force recruiter or call our 
Engineer Hotline toll free 
1-800-531-5826 (in Texas call 
1-800-292-5366). There's no 
obligation. 



In 1949, Hughes awarded its first 
fellowship. Since then, more than 4,000 men 
and women have earned advanced degrees in 
engineering and science with the help of 
Hughes fellowships - advanced degrees to 
prepare the men and women of today to meet 
tomorrow's technical challenges. 

Hughes Aircraft Company will again offer 
more than 100 new fellowships in the coming 
year for graduate study in: 

• Engineering (Electrical, Mechanical, 
Systems, Aeronautical) 

• Computer Science 
• Applied Math 
• Physics 
Just a few months from now, you could be 

working on your Master's, Engineer, or PhD 
degree - and receiving from Hughes: 

• Tuition, books, and fees 
• Educational stipend 
• Full employee benefits 
• Professional-level salary 
• Summer employment 
• Technical experience 

Total Value: $18,000 to $40,000 a year 
As a Hughes Fellow, you will gain valuable 

technical experience working summers at 
Hughes in Southern California or Tucson, 

Arizona. Work Study Fellows study at a 
nearby university while working part·time at 
Hughes. 

Full Study Fellows work at Hughes in the 
summer and study full·time during the 
regular academic year. 

The range of technical assignments 
available includes the option of the 
Engineering Rotation Program"to diversify 
your work experience. 

Fellowship Story. An invitation to advance 
your education and your career - with 
assistance from a company that is advancing 
the frontiers of technology. Write yourself in. 

>Fill out and mail the coupon, or write to: 
Hughes Aircraft Company, Corporate 
Fellowship Office, Dept. 104, Bldg. 
4006/WB?O, Culver City, California 90230. 

Creating a new world with electronics 
r------------------, 

!HUGHES! 
I I 

L------------------~ 
HUGHES AIRCRAFT COMPANY 

Proof of U.S. Citizenship Required 
Equal Opportunity Employer 

,__Write yourself in._----t_ ...... nu 

Hughes Aircraft Company, Corporate Fellowship Office, Dept.1 04, Bldg. 4006/WB?O, 
Culver City, California 90230. 

Please consider me a candidate for a Hughes Fellowship and send me the 
necessary information and materials. 

PLEASE PRINT: Name 

Address 

City State Zip 

I am interested in obtaining a ------Master's ______ Engineer degree _____ Doctorate 

in the field of:--:-:-::-=--=-:-:-:-:-::::-----------------------.,..------
DEGREES NOW HELD (OR EXPECTED) 

Bachelor's: Date __________ Field __________ School _________ _ 

Master's: Date __________ Field __________ School ----------



from page 14. 

_ ••• ,;,.,;r.tfr>rw•~rrl approach 

CO -induced tempera
is t~ burn less mined 

Harvard University study 
Americans could de-

energy consumption by 
t through conserva

without an appreciable 
standard of living. 

riot an energy reduction 
itude could be attained, 
ust perceive conservation 

r economic/environ men
before any additional 

··In fossil fuel use would 

'';.:''""+a+ir>n would also help delay 
>11n.nrARse in atmospheric C02. For

;..,,,,...,,nr~tA 10 to 20 times more 
per unit than do row crops or 

re land. Current estimates in-
at more than half of the mass 

biosphere (biomass) is located 
forests. These forests, 

are being reduced at a rate 
one percent per year. It 
difficult to reforest at a rate 
· to allow the biomass to act 

r without disrupting the 
of developing nations. 

in, the conflict turns 
ic and environmen-

· · I strategies would permit 
to the anticipated 

changes with minimum dis-
. Each strategy could be imple
individually; each should be 

present management tech
regardless of anticipated cli
hanges. 
mental environmental impacts 

. . minimized by protecting ara-
1 (prevent overgrazing, improve 

practices), improv
management strategies, 
. agrotechnology (genetic , 

, improved seed strains) and 
coastal land-use policies 

eye toward higher sea 

GLOBAL ISSUES 

Any C0
2
-induced climatic change 

would likely affect different regions in 
different ways; if current computer 
modeling is at all accurate, the de
veloped nations would be negatively 
affected, while the third world could 
benefit. There is no consensus 
among the current fossil fuel users 
concerning the extent of the problem, 
the potential liability for past C0

2 
emissions or the ability to pay for 
future mitigating actions that might 
be required. Add to this a basic mis
trust of the developed nations by the 
third world, the need for energy 
development in developing nations 
and a lack of binding international 
legal mechanisms or agreements, and 
prospects for international coopera
tion appear discouraging. It has never 
been more important, however. 

Atmospheric pollution in general, 
and the potential for C0

2
-induced 

climatic warming in particular, is not 
limited by national boundaries; it is 
truly a problem of global dimensions. 
The Organization for Economic Co
operation and Development (OECD), 
comprised of 34 member nations, in
cluding the United States and Can
ada, has promoted the "Polluter Pays 
Principal" (PPP) to deal with pollution 
problems that transcend national bor
ders. Under PPP, the cost of cleanup 
or abatement measures would be 
reflected in the first cost of the goods 

Is Earth Sick? 

You probably know that when you 
get an infection of some sort, your 
body temperature often rises in an 
attempt to make life more difficult for 
the disease-causing micro-organisms 
that you have unintentionally picked 
up. Thus, a fever, although unplea
sant for a time, actually helps your 
body recover. 

In a recent book, British scientist 
J.E. Lovelock proposed that Earth's 
chemical and geological processes 
strongly suggest that it is a stable liv
ing organism whose constituent sub
organisms act together unwittingly to 
maintain conditions within narrow 
tolerances over very long periods of 
geo-

or services rendered. Thus, the true 
social cost of a product would be 
reflected in its first purchase price; 
rather than subsidizing the social cost 
of a product by allowing short-term 
profit by individuals or companies 
and then assessing cleanup costs 
nationally or globally, the effective 
purchase price would reflect long
term social costs and provide a 
mechanism for consideration of long
term impacts by individual first users. 

An effective PPP would likely cause 
a short-term disruption in the econo
mies of producing nations as well as 
prohibit capital investment by the 
developing nations in certain tech
nologies because of suddenly higher 
costs. Also, agreement on the extent 
of liability borne by individual pro
ducers would likely entail much legal 
and scientific debate in a world where 
international economies and political 
conflicts are often resolved by armed 
warfare. The administrative mecha
nism does not yet exist to implement 
an effective PPP. 

As noted, distribution of responsi
bility for any C0

2
-induced climatic 

warming would be extraordinarily dif
ficult. Responsibility should be asso
ciated with total airborne fraction of 
C0

2 
burden, aggragated over time, 

emitted by any individual country, 
rather than a method based on cur
rent yearly emissions alone. If yearly 
emissions are used, the developing 
nations-with their growing energy 

logical time. This "Gaia hypothesis" 
says that mankind is unlikely to be 
able to perturb the Earth's atmos
phere very much before mechanisms 
beyond our control bring things back 
into line. 

If alterations of the Earth's climate 
are indeed taking place as a result of 
industrial carbon dioxide production, 
it would be consistant with Lovelock's 
hypothesis. Perhaps planet Earth is 
merely getting a fever in order to con
trol an infection: namely, the rapidly
multiplying human race. But while 
knowledge that the Earth is capable 
of taking care of itself in this way is 
interesting, it is unlikely to be of 
much consolation to the millions who 
may starve during the process! 

For some thought-provoking read
ing, see Gaia: A New Look at Life on 
Earth, by J.E. Lovelock. (Oxford Uni-
versity Press, 1979.) _ T.H. 
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needs-would be penalized for their 
use. The developed nations
responsible for most of the current 
atmospheric buildup-would be 
rewarded for reducing their already 
profligate fossil fuel use. 

A study prepared by Schware and 
Friedman analyzed the total C0

2 
air

borne fraction contributed by de
veloped/developing nations. By com
puting a range of possibilities, they 
found that, assuming an extension of 
present energy use (three percent 
annual energy use growth in de
veloped countries, seven percent in 
undeveloped), global C0

2 
levels 

would double before 2025, with 58 
percent of airborne C0

2 
contributed 

by the developed nations. Under a 
more plausible scenario (one percent 
annual energy use growth in deve
loped nations, two percent in de
veloping nations), the doubling would 
not occur until 2080. Under this sce
nario, 70 percent of the airborne frac
tion would be due to activities in the 
developed countries. 

Even this breakdown would not be 
adequate to assign responsibility on 
an intra-national or regional basis. 
Any international fund established to 
compensate nations for negative 
impacts from C0

2
-induced climatic 

changes must also confirm that dam
ages sustained were in fact caused by 
C0

2
• The natural periodicity of global 

climate could make this very difficult, 
especially over the short-term. How 
an individual nation, much less an 
individual farmer, could prove that 
the decreased rainfall experienced is· 
due to atmospheric C0

2 
is open to 

question. An associated question 
arises: should those countries whose 
climate improves pay a dividend to 
the responsible countries for the 
increased crop production? Interna
tional cooperation must improve if a 
global response to any future global 
climatic change is to be forthcoming. 

ASSUMPTIONS 

As the atmospheric C0
2 

buildup is 
a consequence of human actions, the 
preceding discussion entails certain 
assumptions about human social be
havior that may require revision as 
additional data becomes available. It 
is assumed, for example, that energy 
use will not,decrease drastically over 
the short-term. It is assumed that 
individuals respond to perceived 

needs on an economic or nationalis
tic basis, and will not modify their 
behavior to a purely moral appeal. It 
is assumed that the belief that per
petual growth provides economic 
abundance will continue unabated. It 
is also assumed that the developed 
world's reliance on technological 
solutions to environmental problems 
will continue. 

Technological fixes require a large 
short-term investment in capital to 
provide longer-term problem mitiga
tion. Although the United States has 
been somewhat effective in reducing 
certain atmospheric pollutants 
through reductions in source emis
sions, it has cost many millions of 
dollars and has reduced the competi
tive (economic) advantage for some 
industries relative to foreign 
competition. 

HUMAN PERCEPTION 

Humans adapt quickly to short
term climatic disruptions: dikes are 
built to prevent flooding; homes are 
rebuilt after hurricanes or tornados; 
farmers irrigate, change crops or 
seed varieties to compensate for 
short-term climatic aberations. These 
problems are highly visible and usu
ally transient in nature. 

In contrast, the carbon dioxide in
crease is proceeding much too slowly 
to attract individual attention. In 
competition for scarce national 
resources (and with an eye toward 
short-term gain), C0

2
-induced cli

matic change has a much lower 
social priority than the economy, 
health issues or the fear of nuclear 
annihilation. 

Scientific knowledge is.not yet firm 
enough to provide the guidance nec
essary to make valid political com
promises on the C0

2 
question. Some 

even argue that more C0
2 

should be 
pumped into the atmosphere to take 
advantage of the accelerated plant 
growth evident under enriched C0

2 

conditions. Whereas the individual is 
often systematic in evaluating and ac
cepting unknown risks, political and 
business institutions tend to respond 
to uncertainty by ignoring it when 
making decisions. Therefore, there is 
a growing need for a multi
disciplinary, inter-disciplinary 
approach to the potential C0

2
-

induced climatic change. Further, if 
empirical wisdom eventually does 

supply enough hard answers 
reduce uncertainty to the oornt.\!l~.n~rmr 
real political choices become 
there may be a possibility of 
aging a longer-term world ,,n .. , ... M, 
C0

2
-induced climatic 

provide the mechanism to 
international relationships on 
basis. 

The United States has one 
most energy intensive econ 
the world. In combination with 
Soviet Union and China, the 
States has much of the \Atnrrrr•,,._, 

reserves. While C02~induced 
warming is a global problem 
global ramifications, many of 
causal factors and several of 
ative environmental impacts 1 
occur here. We must clean up 
own house before any hope of 
cooperation will be forthco 

DISCUSSION 

As the preceding u'"''"u·"'""J'' 
cates, there is not enough 
ascertain whether an increase 
mospheric C0

2 
will be a boon 

bane to mankind. The current 
tic warming trend and nnri"hA·rn'• 

isphere cooling may be nothi 
than a naturally occurring 
ture oscillation between ... ___ ,_,,. 

Alternatively, the current 
hemisphere cooling may be 
the dusts and aerosals the 
nations are continually <>n<•w111n• 

the atmosphere; a C0
2 

bui 
be required just to maintain gl 
temperatures in the presence 
high-altitude particulates. The 

, certainty is a measured i 
atmospheric C0

2
• 

Whether or not increased 
cause disruptive climatic 
must, at the very least, be 
the possible consequences 
itive and negative) associated 
that increase; to do otherwise 
be to abandon reason and --'·""_,_v·~ 
discipline in the face of "'"'~n,,m,. 
political uncertainty. Additi 
matic understanding is requi 
improve our knowledge of 
pheric processes; this is eSJ)eCI• 
important in the polar regions 
the change would be most pro-, 
nounced. Evidence of past eli 



be analyzed to 
prior atmospheric boun

and allow calibration 
of current compu

itional research is 

be able to obey nature enough to 
command it. Only then will we be 
able to make informed, systematic 
choices for our common future. 

and on television as an exhilarating 
sport of free-spirited adventurers who 
flit silently through the cloud-tops 
with the grace of gods. While it is cer
tainly a uniquely enjoyable activity, it 
is hardly as glamorous as it is por
trayed. First of all, it is not entirely 
silent. The squeaking of controls and 
the rush of air over control surfaces 
and through vents can be quite noisy. 
More importantly, sailplanes, like 
sailboats are extremely labor
intensive. Many hours of work are 
spent on the ground for every hour in 
the air. Aircraft must be washed and 
maintained for maximum perfor
mance, they must be assembled and 
taken apart for storage and transpor
tation, they must be retrieved if they 
land off-field, and they can be expen
sive to repair if damaged. But com
pared to other types of airplanes, 
sailplanes are safe, quite easy to learn 
in, and a joy to fly once mastered. 
Despite rising costs, the growth this 
sport has enjoyed in the past 20 years 
seems destined to continue. • 

.... ~··~--,.,,ne the effects of 
concentrations and 

agriculture. Addi
monitoring is neces

an atmospheric 
to identify the occur

changes in time 
· to take mitigating action. 

pressing need, however, 
a process for the dis

and ultimate resolu
•• ,.natinn::~l conflicts. Scien-

William Hohle is a 1973 civil 
engineering graduate of Northwestern 
University. He is currently a 
journalism graduate student. 

Soaring from page 24. 

TCA outward so that it would cover 
Stanton Airport aswell, but this has 
been vocally opposed-so far with 
success. 

Soaring is often depicted in movies 

Journalism graduate student Terry 
Hansen is a private pilot with ratings 
for single-engine aircraft and gliders. 
He is still learning to fly the Tec::h
nolog editor's desk. 
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ASEE encourages 
limited enrollment 

A resolution m support of engineer
ing schools that limit or even 
decrease their enrollments to bring 
them into balance with instructional 
resources was passed unanimously 
'by the American Society for Engi
neering Education's (ASEE) Engi
neering Deans Council in order to 
protect the quality of education engi
neering undergraduates receive. 

The deans passed this resolution 
and the ASEE Board of Directors en
dorsed it during the Society's 90th 
Annual Conference at Texas A&M 
,University, Jure 20-24, 1982. 

The deans' resolution comes at a 
time when more and more young 
people are seeking admission to the 
286 U.S. engineering schools with 
accredited programs. According to 
the Engineering Manpower Commis
sion, last fall's enrollments were up 
6.2 percent over 1980, (the National 
Center for Education St~tistics 
reports that the comparable increase 
for all undergraduates was 2.6 per
cent). The increase in undergraduate 
enrollments-which in the past ten 
years have doubled-is coupled with 
an engineering faculty shortage. 
According to another recent EMC 
survey, commissioned by the Ameri
can Association of Engineering 
Societies/ASEE Engineering College 
Faculty Shortage Project, an overall 9 
percent of budgeted faculty positions 
are unfilled in the nation's public and 
private engineering schools. 

But the faculty shortage is even 
more serious than the 9 percent fig
ure indicates. "The shortage is more 
on the order of 40 to 50 percent" says 
Lionel Baldwin, dean of engineering 
at Colorado State University and 
chairman of the Engineering Deans 
Council. "The shortage is far higher 
than 9 percent if you consider 
unbudgeted positions that we need, 
but that universities will not approve 

because of tight money or, in some 
cases, an unwillingness to reallocate 
positions to growing schools away 
from ones with declining enrollments. 

Seriously concerned about the 
quality of education their students are 
receiving in already crowded class
rooms, the deans felt compelled to 
act. In part the resolution reads: "The 
Engineering Deans Council is com
mitted to maintaining the quality of 
education as our foremost priority. 
We recognize that unless resources 
can be brought into better balance 
with enrollments, the result will have 
to be a reduction of engineering 
enrollments nationwide to assure the 
level of quality we consider impera
tive. We endorse the activities of all 
schools seeking to balance enroll
ments and resources, even though 
this may lead to a decrease of new 
engineering enrollments. We urgently 
seek strong actions by universities, 
industry and various levels of 
government to ameliorate the present 
situation." 

"We consider this a positive step," 
says Baldwin. "It would be irrespon
sible to continue to dilute our efforts." 

The resolution has the broad-based 

support of engineering deans. p 
to the ASEE Conference, the res is! 
tion was sent to 240 ASEE-mem w1 
schools. No one disagreed with i p< 
document's wording. The call to' e~ 
iting enrollments also reflects a p h< 
found change in attitude among pr 
engineering deans. While medic, m 
schools view limited enrollments m 
fact of life, engineering schools hi 
traditionally kept their doors ope "~ 
whoever is qualified to enter. ·, 

Engineering is one of the few PI 
fessions that has hardly felt the ! 
recession. Just about every B.S. i\ 
engineering student who gradua' 
gets a job, and one that pays ve P 
well. The College Placement Co P 
reports that average starting sala, IE 
offers to petroleum engineers wa: 
more than $30,000. "Engineering 
schools are the bottleneck betwd e 
tens of thousands of people who rr 
want to be engineers and the job • n 
says Baldwin. v. 

The great difference in salaries ' 11 

earned by engineers in industry · 11 

those in academe, plus a decline s 
the number of Americans seekin 
Ph.D.'s in engineering, are the pr 
ary reasons for the faculty shorta 

~ 
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lND POWER AND TELEVISION 
CMED TO HAVE A FUTURE 

~~~Q,rmRn. set the Wayback 
Mtlt~mrJR tor October 

1932 ... " 

Ackerman was 
the appropriate 
movement: 

struction field were dam
aged but the wind-driven 
electric power plant 
escaped all injury. 

The Madaras Rotor 
Tower is designed by Pro
fessor Ackerman and it is 
proposed to capture the 
wind and generate electric 
power. It is entirely in the 
experimental stage of 
development as yet, but 
there is a great future for 
the machine according to 
Mr. Akerman. 

*** 

The dawn of the communi
cations revolution was vis
ible at the Minnesota State 
Fair: 

On to the television 
show, for we must see what 
a televised picture looks 
like. We'll go right up to the 
transmitter and have the 

operator explain the works. 
First there is a strong 
tungsten bulb operating on 
32 volts, and focused 
through a revolving disc. 
The light passing through 
the holes passes over the 
artist's face and scans it. A 
bank of eight caesium 
oxide photoelectric cells in 
special reflectors catches 
the light flickering from the 
face of the television artist, 
and changes it into electric 
impulses. The impulses are 
then built up through many 
stages of amplification and 
are ready to go on the air in 
much the same manner as 
sound impulses. Here at 
the fair, however, electric 
conditions would not allow 
any actual transmission 
through the air, so wires 
are used to connect the 
transmitter and receiver. 
The sound is likewise 
picked up by a microphone 

and brought by wire to an 
ordinary radio receiver. At 
the television receiver, a 
crater neon lamp changes 
the electrical impulses into 
light variations. This vary
ing light beam is focused 
by a series of lenses and 
passed through another 6Q
hole disc which revolves at 
the same speed as the 
transmission disc. This disc 
has lenses in each of the 
holes, which throws the 
beam of red light on a 
ground-glass screen two 
feet square. The audience, 
looking at the opposite side 
of the glass, sees the televi
sion image which is re
markably clear, but has a 
reddish tint. Faint dark 
lines are seen crossing the 
picture when one is near 
the screen, but at a dis
tance the television image 
is very similar to ordinary 

.•. "rocket car, the only one in the world today, was designed and constructed entirely by Sig Haugdabl, 

man who made good in the racing world. 
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talking movies. 
Well, we've had our first 

glimpse of television, and 
have decided that it's 
something more than a 
scientific curiosity. 

*** 

Lawrence Clausing, (E.E. 
'28, Aero. E. '32, Lieutenant 
J.G. U.S.N.R.) had some 
challenging suggestions for 
the military industrial 
complex: 

Some desirable character
istics are so incompatable 
of being included in one 
airplane that the thought of 
so including them seems 
ludicrous. For purpose of 
illustration, however, an 
ideal airplane should 
include all the following 
features. It should be cap
able of very high speed. It 
should be extremely stable 
and have safe flying char
acteristics, yet it should be 
as maneuverable as any 
fighting airplane. It should 
be large enough to carry at 
least three men, a large, 
powerful radio set, enough 
fuel to cross an ocean and 
return, and a heavy load of 
bombs. Machine guns 
should be mounted so no 
angle of possible attack 
would be unprotected. In 
order that it could land 
either on the deck of a car· 
rier or in the water along
side a battleship, it should 
be an amphibian airplane. 
It should be small enough 
to be able to be catapulted 
from a battleship. It should 
have a high rate of climb 
and have a high ceiling. 
Moreover, it should be 
strong enough to stand 
power dives of 10,000 feet 
or more; being able to pull 
out of the dive with bombs 
still attached and a 
full-load. 

*** 

ENGINEERING MAJORS HAVE 
ENOUGH STRESS WITHOUT 

TO WORRY ABOUT TUmON. 

Finally, John Harrison Mof
fett, an instructor in "foun
dry practice," offered a few 
-rambling observations on 
the habits of freshrrnen: 

Instead of presenting a 
· flippant and impertinent de

meanor, the average 
freshman is shy and reti
cent. This conclusion is 
based upon observations 
made in teaching a course 
in foundry practice to 
between four and five 
thousand freshmen. During 
this time, there even have 
been occasions when there 
seemed to be justification 
in reminding the "year-

If one of the angles you've been 
studying lately is a way to pay your 
tuition costs, Army ROTC would like 
to offer some sound advice. 

Apply for an Army ROTC 
scholarship. 

Recently, we set aside hundreds 
of scholarships solely for engineering 

majors like yourself. 

lings" that they are so 
young and tender and 
unsophisticated. Neverthe
less, the beginner in col
lege exemplifies the acme 
of vigor and enthusiasm. 
He is brimful of action, life 
and energy. This character
istic often has brought him 
to the realization that there 
frequently has been made a 
headlong rush into a 
sequence of thought and 
movements that ultimately 
proved to be the wrong 
procedure. As it were, the 
irrational act was commit
ted first and the thinking 
done afterwards -a rush
·ing in where angels fear to 
tread. • 

Each one covers full 
tuition, books and other 

supplies, and pays you up 
to $1,000 each school .· 

year it's in effect. 
So if the stress 

worrying about 
is bending you 
shape, get some 
cial support. Apply . 
for an Army ROTC 

scholarship today. 
For more informa

tion, contact your Pro
fessor of Military Science. 

ARMY ROTC. 
BE ALL YOU CAN 

In 1976, robots 
Mars. Now they're 
Minnesota. Read 
the next issue of 
Technolog. 
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Electronics at Kodak. 
Putting good things 

in small packages 
is one .. our specialties. 

Kodak popularized 
amateur photog
raphy when 
we mass
produced 
photo
graphic dry 
plates, leading 
to the develop
ment of cameras 
that could be held 
in your hand. More 
recently, we intro
duced the Kodak disc 
camera-a camera in 
which integrated circuits make the deci
sions, automatically, at the touch of the 
shutter release. 

Today, integrated electronic components de
signed and fabricated at Kodak are built into 
a wide variety of our cameras. But it takes 
more than the electronics in our cameras to 
plqce us among the nation's top companies in 
sales of electronics-related equipment. 

It takes innovative engineers working on 

projects 
that use a 

microcom
puter-based 

software devel
opment system 

to debug applica-
. tion programs for 
Kodak Ektaprint 

copier-duplicators. 
And the development 

of ongoing product im
provements in the Kodak Komstar 300 micro
image processor; a computer peripheral which 
uses pulsed laser beams to convert digital 
data to alphanumeric images on microfilm, at 
speeds up to 20 times faster than many ink
jet paper printers. 

If you're ready for the challenges in elec
tronics you'll find at Kodak, see a Kodak 
recruiter on your campus. 
Or send your resume to: 
Personnel Resources, f4l 
Eastman Kodak Company, I I • 

Rochester, N.Y 14650. 

Kodak. The right place. The right time. 

. An equal opportunity employer manufacturing photographic products, fibers, plastics, chemicals, and electronic equipment. Plants in Rochester, N.Y.; 
Kingsport, Tenn.; Windsor, Colo.; Longview, Tex.; Columbia, S.C.; Batesville, Ark.; and a sales force all over the U.S. . 
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IF· Y 0 U· CAN· 0 REA M·l T· Y 0 U CAN·DO·IT 

Expand the mind 
of the microchip. 

Remember when electronic 
calculators were considered 
a luxury? Well, consider this 
sign seen recently outside a 
gasoline station in Schenec
tady, New York: "Free calcu
lator with an oil change." 

That's just one sign of the 
enormous impact micro
chips have had on the way 
we do everything -from 
banking to game-playing. 

But how will we use micro
chips that are smarter, 
faster, more reliable, and 
less expensive to design? 
How will these new micro-

chips be used to improve 
systems, products, and pro
cesses? As one GE engi
neer puts it, "The sky's the 
limit!" 

That sky is replete with a 
number of integrated circuit 
concepts that GE is apply
ing right now. 

There's the custom IC, a 
chip that performs highly 
specialized functions. Tradi
tionally, creating this chip 
has been an expensive, 
time-consuming job. So 
we're working on ways to 
cut design time and cost. 

We're using computer
aided design (CAD) to 
design and simulate chips 
right on computer screens. 
We're also developing 
gate arrays, a system that 

allows you to build inexpen
sive prototype chips that 
can be "played" in systems 
before the final design is 
fixed. 

Another area that GE is 
developing is VLSl (Very 
Large Scale Integrated) 
circuits. These ICs will 
eventually squeeze one 
million transistors onto a 
single chip. 

Where will all this super 
electronic power be 
applied? GE engineering 
manager Don Paterson 
sees it this way: 

"At GE you can innovate 
from the system down to the 
chip to create ... whatever 
ignites your imagination."· 

In other words, you can 
dream it ... and do it. 

• WE BRING GOOD THINGS TO LIFE 

An equal opportunity employer. 





A new species of 
computer-controlled 
machine is emerging from 
the family tree of micro
electronic evolution. Robots 
are still somewhat of a 
novelty for the few indus
trial firms that employ them, 
but they are coming on 
strong. In this issue of 
Technolog, we explore the 
present and possible future 
of this potentially awesome 
technology. 

The robots of today are a 
far cry from the ones that 
inhabit the fantasy land of 
Hollywood, but don't 
underestimate them. They 
are beginning to listen, see, 
feel, and talk. Some people 
believe they can eventually 
learn to think-possibly bet
ter than humans. 

Whatever their future 
holds, one thing is certain; 
they have the potential to· 
change the nature of indus
trial production in some 
very fundamental ways. As 
future scientists and engi
neers, you probably know 
about these developments, 
but you may not be aware 
of what is happening 
locally. We'll try to change 
that. 

Dan Boersma toured 
several companies to show 
you the impact these 
semi-intelligent creatures 
are having here in the Twin 
Cities. Scott Otterson will 
bring you up to date on the 
University's robotics lab. 
Finally, Dan Boersma and I 
talked with Prof. Arthur 
Harkins about the social 

2 Minnesota Technolog, Fall 2, 1982 

impact of robotics-and 
other things. 

The new Civil and Min
eral Engineering Building is 
nearly complete, and 
Michael Sorensen toured it 
recently. He'll tell you how 
it looks. Faculty, staff and 

r students alike are looking 
forward to using the spa
cious underground facility. 

Were you satisfied with 
Fall I? If not, let us know 
why. We're always inter
ested in what you'd like to 
see in your magazine. 
Good luck with finals, and 
so long until winter quarter! 

Terry Hansen 
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If every tool, when ployed are left to a meager arms races. We have which could be operated by 
ordered, or even of its own welfare income? It is the already witnessed the their minds alone. Anything 
accord, could do the work position of many in the growth of the lawless inter- they wished could be 
that befits it, just as the corporate world that robots national arms industry created, just by thinking 
creations of Daedalus will not steal people's jobs, which is happy to sell its about it. But the civilization 
moved of themselves . ... they will merely increase death-dealing products to was destroyed overnight by 

productivity. But who will the highest bidder, no ques- destructive monsters 
If the weavers' shuttles benefit from that productiv- tions asked. In the hands of which unexpectedly mate-

were to weave of them- ity? Clearly, some means such organizations, auto- rialized out of the most 
selves, then there would be must be found to distribute mated factories could crank primitive and violent depths 
no need either of appren- the wealth so as to avoid out new weapons of mass of their psyches-creatures 
tices for the master workers increasing the already wide destruction more quickly from the id! 
or of slaves for the lords. gap between the rich and and secretly than ever Will we be able to com-

the poor. before. Such companies mand the new automation 
-Aristotle (384-322 BC) Some social philosophers would be even less account- technologies or will they 

have advocated a tax upon able than the current crop command us? Whichever 
The dream of ordering such automated factories of multinational arms the case, it is something we 

the world in such a way which would be deposited merchants. must all consider. As Albert 
that all our physical needs in a kind of national fund. To a large extent, modern Einstein said in a 1931 
are provided for automat- Rather than simply spend- technological civilization is address to the California 
ically has ancient origins. ing this money, as is done driven by primitive psycho- Institute of Technology, 
But never in recorded his- today, it could be loaned logical forces of fear and "Concern for man himself 
tory has it appeared so out to organizations cap- aggression. (It is estimated and his fate must always 
close to realization as it able of returning interest on that over 400,000 of the form the chief interest of all 
does today. Inexpensive the loan. This would stimu- world's best engineers and technical endeavors, con-
computer technology has late innovation and new scientists are now cern for the great unsolved 
made industrial robots and industry. The interest employed in the manufac- problems of the organiza-
computer-aided-design and returned would then be ture of weapons.) What will tion of labor and the distri-
manufacturing systems paid out to everyone in the the world be like when bution of goods-in order 
(CAD/CAM) practical. In country, thus assuring all a teams of engineers are no that the creations of our 
the not too distant future, minimum income. This longer needed to design mind shall be a blessing 
totally automated factories would free people from the such weapons, when peo- and not a curse to mankind. 
seem likely to emerge. Only need to work at something pie are no longer required Never forget this in the 
a handful of engineers and they consider unpleasant, to build them, when any midst of your diagrams and 
technicians may be and allow them to work at well-heeled tyrant or fanati- equations." II 
required to design and pro- something they really cal political group can har-
duce new products. enjoy, if they decided to ness the power of an auto-

This rapidly-materializing work at all. The problem mated arms factory? 
dream portends serious with this utopian scheme, The whole idea brings to 
problems as well as bene- as pointed out in Kurt Von- mind the classic 1950's 
fits for industrial societies. negut's novel, Player Piano, science fiction movie, For-
Will the enormous wealth is that most people might bidden Planet, in which 
that will flow from auto- find life boring and mean- intelligent beings had 
mated factories accumulate ingless without work! created the means to free 
in the hands of a relatively Another problem with themselves from the con-
few owners and stock- automated factories is the straints imposed by their 
holders while the expand- potential they hold for physical bodies. A colossal 
ing ranks of the unem- accelerating the world's machine was invented 
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University of Minnesota room 131 Physics at 4:00 Topics: Introduction to those interested. 
President C. Peter Magrath PM. Coffee and tea will be techniques for automat-
has spoken out against fed- served. ically describing visual 
eral government restrictions data. Tools for image The University Gallery 
on university research, November 17 analysis. Models of (located on the third and 
according to the trade jour- general-purpose vision fourth floors of Northrop 
nal Aviation Week & Space Douglas Osheroff of systems. Sensor-based Auditorium) will be present-
Technology. Speaking be- Bell Laboratories will robots. Other ing an exhibition of archi-
fore a special panel of the talk about "Nuclear applications. tectural photography dur-
National Academy of Magnetic Order in Solid ing winter quarter. The 
Sciences, Magrath said, Helium." exhibit, entitled "Heydrich 
"Restricting the free flow of 

December 1 
CSci 8511 Advanced Blessing: Architectural Pho-

information among scien- Concepts in Artificial tography, 1930-1981," will 
tists and engineers would 

Walter Weymann of 
Intelligence-Expert Sys- be on display from Febru-

alter fundamentally the sys- tems/MIS 8850 sec. 3 ary 1 through March 13. 
tem that produced the 

the University physics 
Management Information 

scientific and technological 
department will speak on Systems (register under For more information on 

lead that the government is 
a subject yet to be either course number) this and other exhibits 

now trying to protect and 
determined. 

scheduled throughout the 
leave us with nothing to 

DecemberS 
Offered: Spring year, contact the gallery 

protect in the very near 1983 Thurs. 2:45-5:00 office at 373-3424 or 
future." 

Roberta Humphreys of 
376-3638. 

Magrath said the school's Instructors: William 
fundamental mission is 

the University of Minne- Thompson and Paul 
teaching, research and pub-

sota will talk about Johnson Japan is considering "Revelations from the 
lie service. "Neither our 

Most Massive Stars." Topics covered: Problem 
development of a lunar 

faculty nor our administra- spacecraft that could be 
tors were hired to imple- and knowledge repre-

launched by the country's 
ment government security sentation. Planning. 

H-1 rocket launcher. The 
actions," he said. Two special, graduate- Heuristics. Expert sys-

craft would be sent into 
The panel found that the 

level courses in artificial terns. Knowledge acqui-
lunar orbit to survey physi-

vast majority of university 
intelligence are being sition. Applications in 

cal and chemical 
research programs should 

offered by the University engineering, education, 
properties. 

have no restrictions. 
Computer Science Depart- and medicine. 

Recently, U.S. intelligence 
ment. Both courses will Work on the proposed 

community officials have 
concentrate on state-of-the- For more information mission was carried out by 

threatened to censor Amer-
art research topics. The contact: Japan's National Aerospace 

ican scientific research that 
courses are: Laboratory and NASDA, the 

could be of use to potential William Thompson, 373- national Japanese space 

enemy countries, if scien-
CSci 8599 Non-numeric 0135 or 373-0132 development agency. 

tists don't start doing it 
Computation-Computer Paul Johnson, 376-3184 The 1,430 lb. orbiter would 

themselves. 
Vision or 376-2530 use remote sensing tech-

niques and could conduct its 
Offered: Winter mission in three phases: 
1983 Tues., Thurs., determining lunar gravita-

The School of Physics 3:15-4:30. Minnesota Technolog tiona! harmonics, mapping 
and Astronomy is sponsor- has undergone a house- the lunar surface, and mak-
ing the following series of Instructor: William cleaning and free back ing more detailed observa-
open lectures to be held in Thompson issues are now available to tions of specific surface 
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features. 
Scientific instruments for 

the orbiter could include a 
gamma ray spectrometer, a 
flourescent x-ray spectrome
ter, a reflectance spectrome
ter, a spectra-stereo imager, 
a magnetometer, and a 
radar altimeter. 

In recent years, the 
Europeans and Japanese 
have begun to take an 
increasing interest in inter
planetary space explora
tion. Meanwhile, the U.S. 
Jet Propulsion Lab, once 
the clear leader in space 
research, has nearly gone 
out of business as a result 
of budget cutbacks. The 
research facility is expected 
to be doing less space 
exploration and more mil
itary research under its new 
director, a former Air Force 
officer. 

Interested in earth
sheltered buildings? Well, 
have we got a deal for you! 
On Tues., Nov. 30, Lester 
Shen will be speaking on "A 
Simplified Thermal Analysis 
of Earth-Sheltered Build
ings Using a Fourier Series 
Boundary Method." The 
talk will be from 2:15 to 3 
p.m. in room 113 of the 
Space Science Center. 
Refreshments will be 
available. 

Prof. Jefferson W. Tester 
of Massachusetts Institute 
of Technology's Chemical 
Engineering Dept. will be 
presenting a seminar on 
"Heat Recovery from Man
made Geothermal Reser
voirs" on Tues., Nov. 23 in 
Room 240 Amundson Hall. 
The seminar is one of a ser
ies of Tuesday seminars 
offered by the Dept. of 
Chemical Engineering and 
Materials Science. 

Mayor George Latimer 
and District Heating Devel-
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opment Company (DHDC) 
President Hans Nyman 
announced in October that 
the hot water district heat
ing project reached and 
surpassed its Sept. 30 cus
tomer commitment goal 
and was on its way to bond 
sale and system construc
tion this year. 

As of Oct. 1 , over 137 
megawatts of customers 
had signed contracts for 

the heating service-15 
megawatts over the tar
geted goal for that date. 
"We're extremely pleased 
with this response," said 
Latimer. "District heating 
will not only save custo
mers' money but will signif
icantly enhance our city's 
economic climate." 

The St. Paul system was 
conceived as part of a Twin 
Cities District Heating Plan 

which may eventually con
nect much of the metropoli
tan area. Starting from 
downtown, the St. Paul sys
tem is expected to expand 
to adjacent areas as soon 
as economically feasible. 
Because of St. Paul's lead
ership role in the hot water 
district heating field, it was 
chosen as the site for a 
national district heating 
conference held in October. 

Ill 

If one of the angles you've been 
studying lately is a way to pay your 
tuition costs, Army ROTC would like 
to offer some sound advice. 

Apply for an Army ROTC 
scholarship. 

Recently, we set aside hundreds 
of scholarships solely for engineering 

majors like yourself 
Each one covers full 

tuition, books and other 
supplies, and pays you up 

to $1,000 each school 
year it's in effect. 

So if the stress of 
worrying about tuition 
is bending you out of 
shape, get some finan~ 
cial support. Apply 
for-an Army ROTC 

scholarship today. 
For more informa

tion, contact your Pro~ 
fessor of Military Science. 

ARMY ROTC .. 
BE ALL YOU CAN BL 



Computer-generated design for investigating 
structural strengths and weaknesses. 

Developing and managing Air 
Force engineering projects could 
be the most important, exciting 
challenge of your life. The 
projects extend to virtually every 
engineering frontier. 

8 CAREER FIELDS 
FOR ENGINEERS 

Air Force electrical engineer studying aircraft 
electrical power supply system. 

Engineering opportunities in 
the Air Force include these 
eight career areas: aeronautical, 
aerospace, architectural, 

astronautical, civil, 
electrical, mechanical and 

nuclear. Hundreds of diverse 
specialties are included in a wide 
variety of work settings. For 
example, an electrical engineer 
may work in aircraft design, 
space systems, power production, 
communications or research. 
A mechanical engineer might be 
involved in aircraft structure 
design, space vehicle launch pad 
construction, or research. 

PROJECT RESPONSIBILITY 
COMES EARLY 

IN THE AIR FORCE 

Air Force mechanical engineer inspecting 
aircraft jet engine turbine. 

Most Air Force engineers 
have complete project 
responsibility early in their 
careers. For example, a first 
lieutenant directed work on a 
new airborne electronic system 
to pinpoint radiating targets. 
Another engineer tested the jet 
engines for advanced tanker and 
cargo aircraft. 

OPPORTUNITIES 
IN THE NEW 

USAF SPACE COMMAND 

Artist's concept of the DSCS III Defense Satellite 
Communications System satellite. (USAF photo.) 

Recently, the Air Force 
formed a new Space Command. 
Its role is to pull together space 
operations and research and 
development efforts, focusing on 
the unique technological needs of 
space systems. This can be your 
opportunity to join the team that 
develops superior space systems 
as the Air Force moves into the 
twenty-first century. 

To learn more about how you 
can be part of the team, see your 
Air Force recruiter or call our 
Engineer Hotline toll free 
1-800-531-5826 (in Texas call 
1-800-292-5366). There's no 
obligation. 
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By Dan Boornma and Terry Hansen 

By the time you read this, GCA PaR 
Systems will have their twentieth 
robot manipulator model on the 
market, Ford Motor Company will be 
using robot truck welders on a St. 
Paul assembly line, and Honeywell 
will have robots that can manipulate 
objects based on what the robots 
·~see." Minnesota companies are work
ing on this new technology right now. 
In this article, we hope to give you an 
idea of what these companies are 
attempting to do, and why. _ 

Ford Motor Company in St. Paul 
has several robots that perform about 
one-quarter of the spot welds on the 
average truck body. This company 
has a lot of practical experience with 
robot maintenance and knows what to 
do and what not to do with their iron
collar workers. 

At Honeywell, University of Minne
sota students are carrying out 
research at the Production Technol
ogy Laboratory on how to automate 
in-house production lines with robots. 
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Computerized vision systems are 
being developed to analyze the posi
tions and orientations of component 
parts. These vision systems will tell 
the robot control programs what is in 
a robot's field of vision. The robot can 
then be instructed to get a certain 
"generic part" and manipulate it as 
required. 

Finally, GCA PaR Systems, a com
pany that got started right here in St. 
Paul, is now one of the most expe
rienced robot design firms in the 
world. Much of their design expe
rience comes from involvement in the 
nuclear industry which needed to 
transport toxic materials around reli
ably. But lately, they have begun 
making more conventional industrial 
manipulators for a "changing 
industrial climate." 

There are several reasons for the 
upswing in robotics. The computa
tional power of micro-computers has 
increased, and the cost of the com
puters and other interfacing electron
ics has dropped. (Interfacing electron
ics bridge the gap between software 

routines and hardware control.) 
Meanwhile, the price of labor has 
increased greatly over the last thirty 
years. This trend appears likely to 
continue, so pressure to reduce the 
cost of labor per product will increase. 
Computer-aided-design and 
computer-aided-manufacturing (CAD/ 
CAM) holds the potential for revolu
tionizing the design process so prod
ucts can be designed faster and 
with less labor. In the future, CAD/ 
CAM may make it possible for you to 
design your own car at a home termi
nal using Ford design computers. 
Once you settle on a particular design 
and pay the bill, the automated fac
tory would build your custom
designed car. In factory lingo, it would 
be "a batch of one!" 

Ford Motor Company 

At Ford Motor Company's assembly 
plant on the Mississippi River, they 
think they have a better idea. By now, 
Ford is probably manufacturing trucks 
with the help of fifteen robots. We 



interviewed AI Boegeman who is in 
charge of maintenance and is respon
sible for programming the Ford 
robots. 

We began by looking at the spot 
welding fixtures along the assembly 
line. These pre-robot-era welders 
allow workmen to load pre-formed 
pieces of sheet metal into a fixture. 
When everything has been positioned, 
the person in charge of the fixture 
pushes the weld switch, triggering a 
series of processes: One process 
clamps the material into place, 
another charges the arc welder's 
capacitors, and another causes the 
welding prongs to close on the metal. 
When this is done, the capacitors dis
charge, causing the metal to be 
welded. Then the machine runs 
somewhat in the reverse sequence 
and the process is finished. A worker 
then removes the welded metal and 
repeats the entire operation. 

Examination of this situation reveals 
five major systems (Robot Theory 
1101 ): People supervising the opera
tion, material being processed, metal 

Photo/ Terry Hansen 

levers or links that apply forces to the 
product, servos that propel the links in 
some defined way, and finally, some 
sort of electronic control system that 
tells the servos to move, senses when 
movement is complete, and tells the 
servos to stop. 

Using the welding fixture is fast, 
accurate, and very inexpensive. How
ever, it only allows one overall combi
nation of welds to be performed at a 
time and requires a lot of retooling if 
tr8 combination and placement of 
vvelds needs to be changed. Another 
problem with this "fixture respot weld
ing" is that, after trucks are nearly 
assembled, they are very difficult to 
move into fixtures for further 
processing. 

Up until now, major component 
welding (where the cab is con
structed, the box is formed and the 
front firewall installed) was done by 
skilled welders. This is changing. 
Boegeman said, "Robots are being 
plugged into the assembly line where 
some of the easier gun welds are at. 
Generally, there is an overall techno!-

At Honeywell, University graduate 
student Chuck Raymond uses a 
"teach pendant" to instruct a Uni
mation Puma robot which is equipped 
with a Machine Intelligence Corp. 
vision system. 

ogy increase-more automation for 
the assembly line, which means fewer 
hourly workers." 

As for the expected pay-back time 
for the robots, Boegeman said, "In 
about 2.5 years, each robot will have 
paid for itself." 

The first robot welding station at 
Ford is known as "Snow White and 
her seven dwarves." It actually con
sists of one Unimation 4000 robot, 
called Festis, and seven Cincinnati 
Milacron hydraulically-controlled 
robots. As we talked, AI executed a 
test program that warms up the robots 
for 30 minutes before they are used to 
do any welding. The manipulators can 
move a 50-pound weight and push at 
a specific point with a force of 5 
pounds, over and over, all day. But, 
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like many humans, they can't start 
work "cold." Boegeman explained, "If 
we try to start the operation right 
away, we can get a lot of bad welds 
on the trucks. That can mean big 
losses. Sometimes a robot starts mak
ing too many mistakes and we'll have 
to replace it with someone from 
another line in the plant. When you 
look up, you can see regular weld 
guns suspended from the ceiling." 
The longest a robot has been out of 
operation was one week this last 
summer, he said. 

"A couple of common sense things 
we have learned in using robots is to 
set up test runs before we ever start 
using them on the assembly lines, and 
to make sure that there are enough 
trained people on all three shifts to 
repair or to reprogram these robots," 
Boegeman said. "It's not too bad once 
you get the hang of it, but if no one is 
around, I'll get called in the middle of 
the night. Another important consid
eration when working around these 
machines is that the only way they 
(the robots) know if something is 
going wrong is if someone hits the 
emergency stop switches that are 
scattered around all of the robot work 
stations." The system can be stopped 
in other ways as well. 

Festis performs two jobs. One is 
welding reinforcing pieces of sheet 
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Each of the dwarves has its own 
"controller" which contains control 
electronics and software. To instruct 
the robot, the operator must go to the 
controller and update that robot's set 
of control instructions. Then he can 
test it to see if the new program is 
going to execute the way he expects it 
to. 

When the truck cab has been posi
tioned in the weld fixture correctly, 
the limit switches on the fixture tell 
the programmable logic controller or 
(PLC) that everything has been posi
tioned correctly. The PLC is the high
est level of control for the robots. It is 
simply a computer simulation of a 
latch ladder control network inside 
a little custom microprocessor. PLC's 
also control all the other regular 

A Cincinnati Milacron robot is one of 
Ford's "seven dwarves." 

weld fixtures around the plant. When 
the cab is positioned correctly, the 
PLC will tell a particular robot to start 
its set of control instructions. When 
the weld operation is done, the Mi Ia
cron will inform the PLC and the PLC 
will turn on the conveyer to move the 
cab to its next fixture where, basically, 
the same thing will happen again. 

metal onto torque boxes, and the 
other is to set up the floor pan loader 
(a device that sets up parts for the 
next welding operation). The seven 
dwarves (Cincinnati Milacrons) are 
programmed to spot weld the door 
frames into place or weld together the 
rear of the cab. 

Each robot has a "task" or process 
it performs. The task is at a "station." 
All the robots here at Ford are in a 
"work cell." Later, when Ford has 
more work cells, the operation will be 
called a cell or work center. 

Air Force ROTC plus your college degree adds up to 
a commission as an Air Force officer. While you're still 
in college our two-, three-, and four-year scholarships 
can offset the high cost of tuition, fees and books. And 
you can receive $100 per month for living expenses. 

We're looking for young men and women who are 
working toward degrees in science and engineering 
areas. We have a very special future for you. As an Air 
Force officer you'll work at the forefront of technology 
with modern equipment and support. You'll make the 
most of your degree and lay the groundwork for the 
future. 

For yourself and vour future, find out more about our 
formula for your future. Find out more about Air Force 
ROTC. Contact: 



Honeywell, Inc. 

Honeywell is developing a robotics 
lab in Golden Valley. They call it the 
Production Technology Lab or "PTL." 
Students from the University of Min
nesota began working there this year 
on projects like part presentation, 
application of vision systems, Unima
tion Puma robot programming, an 
acoustic "safety fence" and robot 
welding. The lab is one large, well
lighted room with robot work stations 
positioned along the walls. There are 
five work stations, some with robots, 
some with vision systems, and one 
with both. The one with both is the 
first statior visible as one walks into 
the lab. This is the project of Chuck 
Raymond who is a mechanical engi
neering graduate student here at the 
University. 

Chuck's station consists of a Puma 
robot manipulator and a small solid
state camera located just above the 
worK station. The camera is con
nected into a Machine Intelligence 
Corporation vision system. This odd 
combination allows the Puma to pick 
up objects in its work space and make 
decisions about what shou-ld be done 
with the object based on what the 
vision system "sees." 

The first thing the robot does is 
command the vision system to take a 
picture of the work area. All it really 
sees are white tape "arrows" that 
Chuck has put on each part. The tape 
arrows are necessary because vision 
systems, as yet, have not evolved 
much beyond the point of recognizing 
edges on objects of high contrast. 
Only the outlines of the arrows are vis
ible on the MIC vision system screen. 

Next, the vision system picks out 
one of the arrows and determines its 
orientation. This, in turn, corresponds 
to the orientation of the part to which 
the arrow is attached. After the part 
has been identified, the vision system 
tells the robot controller what the 
part's coordinates are. Then the robot 
control program makes a decision on 
how best to reach for, and grab the 
part. If another part is in the way, it 
uses a makeshift pencil-eraser 
bumper to move the part into a more 
accessible position. After the part is 
"bumped," the vision system performs 
the same process all over again. Then 
the program re-checks to see if the 
part is accessible yet. If it is, it will 
instruct the manipulator arm to go 

pick up the part. 
When the robot is instructed to 

move, a whole series of events must 
occur in order to get the required 
motion from the arm. To program 
these events, Unimation t,~ses a pro
gram control language called VAL. 
VAL looks a lot like BASIC, the pro
gramming language that many of you 
have used for programming an Apple 
or TRS80. The only real difference is 
that VAL contains additional state
ments that communicate with robot 
1/0 (input/output) ports and allow for 
communications with devices like the 
MIC vision system. 

The "business end" of a Cincinnati 
Milacron welding robot. 

When you want the robot to move, 
you can say: go to the position in 
space 100mm, 250mm, 180mm, 30 
deg, 180deg, 10 deg and close the 
Pneumatic gripper. "This spacial ref
erence system is known to robotic 
engineers as the "X-Y-Z-0-A-T and 
gripper position." X-Y-Z is a reference 
to a point in space with respect to the 
base of the Puma. 0-A-T is the orien
tation, or the way the gripper or tool 
at the end of the manipulator is going 
to approach the defined X-Y-Z point. 

For any move, there is a starting 
point and a completion, or goal point. 
The joints and links of the robot must 

be computer modeled throughout the 
move. The Puma control system 
breaks the move up into a series of 
interpolated-point moves that make it 
possible to move the manipulator very 
smoothly along a certain path. As the 
robot moves along a point-to-point 
path, each point is generated every 20 
milliseconds. What the computer must 
do while the robot is moving, is calcu
late the next position of the robot 
before the machine gets to that point. 
Otherwise, the movement will begin to 
get jerky. What the computer is doing 
is executing a model of the robot and 
trying to figure out what the proper 
angles of the arm should be in order 
to approach each point correctly. 

Robots, like every other critter on 
earth, are given a kind of classification 
scheme. Manipulators can be con
structed with links, joints, extendable 
links, and end effectors. The manipu
lator can be simulated on a screen, 
fixed to a table so it can operate in its 
work space, rolled around on wheels, 
or attached to a Viking Mars lander. 
However, in industry, a manipulator is 
described in terms of how many 
degrees of freedom it has. The Puma 
that Chuck Raymond is using has six 
degrees of freedom. Basically, what 
that says is that it can rotate the whole 
manipulator arm in six ways: from the 
base (that's one), the shoulder can 
pitch up and down (that's two), the 
elbow can pitch up and down (that's 
three), the wrist can also pitch up and 
down (that's four), it can also rotate 
(that's five), and finally, the end effec
tor can rotate (that's six). If you like, 
the end effector can also open and 
close. The standard for industry right 
now is about five or six degrees of 
freedom. Such manipulators can cost 
anywhere between $1 ,000 and 
$100,000. "The system I'm using is 
$40,000 for the Puma and its con
troller and $35,000 for the vision sys
tem," Chuck explained. 

The next table in the lab had two 
Puma robots. Keith Betz, the lab's 
head engineer, was watching a sys
tem assemble microswitches. A 
manipulator located parts for the 
switch and did some pre-assembly of 
the parts. The other manipulator was 
getting extra pieces and adding the 
pre-assembled part into a final 
assembling machine. "Here we are 
demonstrating the simultaneous 
operation of two robots for a particu
lar process," Betz said. 

Minnesota Technolog, Fall 2, 1982 13 



Another robotized process under 
development was electrode cleaning. 
First, a manipulator would pick up 
electrodes and place them in a deter
gent bath. Then it would rinse them in 
deionized water, put them in a caustic 
solution bath, then in deionized water 
again, and finally, dry them with ni
trogen gas. 

A test welding operation employed a 
Hitachi robot with an Automatix robot 
controller. Honeywell has since devel
oped a sonar fence that will shut 
the robot down if someone walks into 
sound beams surrounding the work 
cell area. 

A Unimation Puma lifts and moves a 
generic part. 

Kurt Boiler, an undergraduate elec
trical engineering student, helped 
build this system. Paul Sjolund, a 
graduate student in M.E., is working 
with Reza Vossoughi on software for a 
Puma robot which will enable it to 
pick an object off a moving conveyer 
belt. Finally, Bill Mcintosh is using a 
General Electric vision system to 
check for flawed sheet metal screws 
and faulty Printed Circuit boards. 

GCA PaR Systems, Inc. 

One of the most experienced robot
ics design companies in the United 
States is GCA PaR Systems, Inc. This 
company has worked mainly with the 
nuclear industry for the last twenty 
years. They've developed manipula
tors that pick up dangerous material 
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A Unimation Puma manipulator waits 
in the alignment position, while its 
Machine Intelligence Corp. vision sys-

and dispose of it, or move uranium 
fuel rods around inside of reactors, all 
by remote control. But in the last four 
years, GCA PaR has moved into 
computerized manipulation, or 
robotics. 

Joe Zscofsky, who gave us a tour of 
PaR said, "Ford, Rockwell Interna
tional, Northrop Aviation, and GM are 
a few (companies) we are talking to 
right now." 

Asked what kind of robotics exper
tise those companies are looking for, 
he said, "Well, for example, Ford 
Motor Company is thinking about 
using our machines to install instru
ment panels in some of their '83 and 
'84 car models. Rockwell would like to 
use our new XR6 robot for some 
hazardous high temperature parts 
movement and the Air Force would 

tem looks things over. The robot's 
"eye" is the small solid-state television 
camera on the overhead arm. 

like to use robots for replacing turbine 
blades on jet engines." Szcofsky said 
PaR's customer's accountants gener
ally insist on payback times of two 
years or less. 

As we walked into plant number 
three, we began to talk about some of 
PaR's newer robots that are pro
grammed and tested in a "high bay." 
"The way most companies have gone 
in terms of building robots is that for 
each robot, there is going to be a 
separate controller. When robots have 
to work with each other they wi II talk 
to each other over interconnection 
lines," Zscofsky explained. 

The company builds some of its 
own robots and imports others from 
Japan. PaR buys one brand of robot 
for $18,000, then programs and modi
fies it for a particular task for between 



$42,000 and $50,000, depending on 
whether the purchasing company 
wants options such as programmable 
straight-line motion. 

Zscofsky showed us the robot test 
area in which five manipulators were 
being run through a series of move
ment tests. There, four and five 
degree-of-freedom manipulators were 
being run by a technician. The tech
nician would start the test sequence 
on each of the robot controllers, and 
let the sequence run for several hours. 

How much force could the manipu
lators deliver? "A lot," Zscofsky said, 
"for example, the XR6 can lift between 
350 and 2500 lbs. This P800 that we 
are looking at can, in worst cases, 
pick up 66 lbs. The configuration of 
the arm is the determining factor. The 
further you have to reach out, the less 
you can pick up." 

We also got to see the operation of 
a"teach pendant," a device which the 
technician uses to control the manipu
lator. The pendant can be carried over 
to the robot and used to make it move 
according to commands programmed 
in via switches. 

We walked over to the robot and 
tried to push it in the opposite direc
tion to which it was traveling. We 
could barely stop it. "You can see that 
manipulators do provide a lot of force 
very precisely," Zscofsky said. "But 
they must be taught, or programmed, 
exactly what to do." 

Robot safety is beginning to 
become an important field. The 
machines will move regardless of 
whether you are in the way or not. 
Zscofsky said, "Not much thought has 
gone into making robots safe for peo
ple to work around yet. In Japan, sev
eral people have gotten complacent 
while working with these machines 
and have gotten killed." 

Some other safety problem exam
ples he gave involved robot welding 
machines without protective shielding. 
Plant managers neglect installing 
shielding when visitors come, and that 
has caused some problems. Zscofsky 
will publish a paper on this subject in 
the March issue of the journal 
Robotics. 

GCA PaR Systems is now owned 
by GCA Corp., located in Massachu
setts. GCA bought PaR about three 
years ago in order to expand into the 
robotics field. GCA is interested in 
developing factory automation. They 
are planning to employ a technique 

Photo/Tom Bengtson 

A tough hombre. The PaR XR6 can lift 
2500 pounds. 

called "computer integrated manu
facturing" or "CIM," which is a branch 
of CAD/CAM. In the future, it is 
expected that whole plants could be 
automated to manufacture many 
types of products without having to 
shut down and re-tool. "We are inter
ested here in integrating other types 
of sensors into robot control system 
like sight and tactile (touch) sensory 
data," Zscofsky explained. GCA 
industrial systems group is bringing 
together ideas from each of GCA's 
subgroups. 

Margaret A. Eastwood is director of 
GCA's integrated factory controls 
group. She received her Ph.D. in arti
ficial intelligence from Washington 
University. She and 60 others are 
attempting to develop a way of 
representing concepts as symbols 
and automating them. This process of 
computer automated symbols has 
been called "artificial intelligence" by 
computer scientists. GCA hopes to 
implement this in its new computer 
integrated manufacturing design. 
Zscofsky said, "Potentially, these 
types of plants could allow a consu
mer to design and build a custom 
product for himself. The plant compu
ter would see the product line as a 
batch of one." • 

Dan Boorsma is a research assistant 
in the Mechanical Engineering robot
ics lab. Dan is also a student board 
member of the Minnesota Public 
Interest Research Group {MPIRG). 

Journalism graduate student Terry 
Hansen is editor of Minnesota 
Technolog. 
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In this issue of Technolog, we've 
made a very modest attempt to de
scribe how robotics is being developed 
and applied here at the University, 
and in a few local companies. But the 
most interesting and important inqui
ries we made had to do with the social 
impact of this emerging technology. 
To do that, we spent a morning with 
"futurist" Prof. Arthur Harkins. During 
our two-hour interview, a wide variety 
of current social concerns were 
touched upon, and you may find 
some of his comments controversial 
as well as interesting. 

Harkins is Associate Professor in 
the Dept. of Educational Policy and 
Administration and the Dept. of Soci
ology, Director of a graduate program 
in future cultural and educational sys
tems, and co-president of Anticipatory 
Sciences Inc. (ASI) of Minneapolis. 
(ASI is a research and consulting firm 
that advises on future technology, 
design, impact, application, cultural 
and societal impact, and alternative 
futures for business, education, and 
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society.) He is author or co-author of 
books on topics ranging from lunar 
colonization to urban American Indi
ans. He is also a former U.S. Air Force 
officer. 

A year ago, Harkins made an off
hand prediction that people will be 
marrying robots by the year 2000, a 
comment that precipitated consider
able media attention. He said his main 
interest in robots is from an anthropo
logical perspective rather than that of 
a research and development engineer. 
What follows is an edited version of 
our conversation. 

Technolog: Do you regret making that 
remark (about people marrying 
robots)? 

Harkins: Sometimes I've regretted it 
from the standpoint of my time. From 
the standpoint of the trends tied to the 
joining together of AI (Artificial Intelli
gence) and high-tech robotry, I 
haven't regretted it a bit. (Robots are 
becoming more human.) There's a 

' similar trend with humans. Humans 
are becoming more cyborg-like all the 
time. 

Technolog: You see that in science 
fiction movies where the robots are 
more human than the people. 

Harkins: Exactly. Humans are becom
ing "buses." You just plug in more 
nonbiological parts and what we're 
seeing is a dovetailing. The first 
household robots will be essentially 
vacuum cleaners rolling around on 
wheels, or the first household "play
mate" robots will be nothing more 
than advanced versions of inflatable 
dolls moved around on wheel chairs. 
Clearly we're building smarter and 
smarter and more and more adroit 
motion systems, and at the same time, 
humans are beginning to take on 
some of the same technology in their 
own repair activities. Soon, I think, 
we'll put them in as amplifiers rather 
than just repair devices. 

Technolog: With the exception of 

I 



' specialized robots like the Viking Mars 
Lander and so on, most robots today 
are of the industrial variety. Are they 
already having an important impact 
on society even in their current, rela
tively primitive form? 

Harkins: I think humans, by and large, 
welcome the robot. They see the 
robot as a partner. Of course, these 
are mostly upper middle class, techni
cal/professional Japanese, German, 
American, French, and Scandinavian 
people, and mostly male. 

The overall social system in the 
United States is adapting to robots 
rather poorly. Of course, what do we 
have for robot imagery? We have 
Frankenstein. 

Technolog: It appears that we will be 
developing totally automated factories 
which combine computer-aided
design and manufacturing technology 
with industrial robots and run entire 
factories with a handful of people. 
Many people are very afraid of what 
this portends, particularly those who 

• 
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are not technically skilled ... 

Harkins: They should be, in the short 
run. In the long run, they don't need 
to be ... because I think the chances 
are very good that these advances in 
technology will be at least indirectly 
beneficial to these people. If they 
cannot (use) the technology them
selves, they will at least benefit from 
the increase in the economic effi
ciency of the society. 

Technolog: The problem may be that 
a totally automated factory might 
concentrate a lot of wealth in the 
hands of a relatively few stockholders 
while the majority of people who don't 
own stock would be left out. How 
would we redistribute wealth? 

Harkins: It depends on how you view 
the cost of the automated factories. 
Suppose you make an automatic fac
tory that reproduces itself, and I just 
let it sit there and run and just pour in 
raw materials. And suddenly I have 
200 factories when six months ago, I 

r k n 
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had one. This is an organic model of 
industrialization and what it could 
mean is that we could have micro
factories, mini-factories, and mega
factories located all over the planet, 
owned by small investors and middle 

·and large investors. 

Technolog: Kurt Vonnegut, has writ
ten a book called Player Piano in 
which he portrays a world somewhat 
like we've been talking about. It wasn't 
a very encouraging picture. What do 
you think of that book? 

Harkins: Vonnegut's overall impact on 
the people I know who read (him) and 
take him seriously is very negative. 
Vonnegut breeds a kind of withdrawal 
from the future in people. To put it as 
bluntly as I am able, Vonnegut is 
doing a disservice. He has a right to 
publish whatever he wants, but he's 
doing a disservice to people's imagery 
of the future. There's nothing uplifting 
and joyous about Vonnegut that I can 
recall. 

s 
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Technolog: So many of the problems 
we've had with technology in the past, 
such as nuclear weapons and so 
on ... 

Harkins: That's not a problem! 

Technolog: It's a potentially very 
serious problem. 

Harkins: Oh my goodness gracious 
sakes alive! If you outlawed nuclear 
weapons today and destroyed all of 
them, the chances are that the Soviet 
Union would find it very 
advantageous to take Alaska 
immediately. What could 
we do about it? They might 
take all of Western Europe in six 
months. What could we possibly do 
about that? Nothing. If you took away 
nuclear weapons, the Chinese would 
pose a major threat to the Soviet 
Union. The Chinese would take India. 
What nuclear weapons represent is a 
symbolic indication that all-out war is 
highly questionable. 

Technolog: There seem to be a lot of 
people in the Reagan administration 
that don't believe that, at least judging 
by the way they talk. 

Harkins: Well, they're talking tough. 
The Soviet Union understands tough 
talk. The Soviets are remarkable peo
ple. They are also a people who are 
very frightened by the West. They've 
been beaten by the Japanese in war. 
They were beaten by Napoleon. They 
were terribly hurt by Hitler. They've 
lost much of their growth potential by 
war. The Soviet Union does not start 
wars. Nuclear weapons offer (us) a 
platform of mutual terror upon which 
(we) can all stand as equals. 

Technolog: Would you describe (the) 
Minuteman (missile) as one of the 
first robot systems? 

Harkins: Well, I think the first robot 
system was the automatic human 
being who doesn't question orders. 
But actually, the cruise missile is a 
better example. 

Technolog: Minuteman was the first 
attempt at making a very automated 
system and trying to plug people into 
it. What do you think about 
Minuteman? 
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Harkins: I don't think of Minuteman as 
a robot system. A robot makes ... its 
own decisions. We have to distinguish 
between a remotely-controlled system 
and a self-controlled system. The 
Minuteman, once launched, is essen
tially a projectile which makes minor 
changes or major changes in its tra
jectory according to various "deci
sions." I think cruise missiles are a 
whole order of magnitude different. 
The best cruise missiles are really 
self-deciding systems. They may have 
a goal, (for example) to reach an air
port in Afganistan and pepper it with 
cluster bombs to destroy a runway so 
the Soviets can't land any heavy 
aircraft. 

Technolog: Terrorist groups or even 
individuals could "kidnap" a cruise 
missile and set it off toward New York 
City ... 

Harkins: That's true. But the most 
important technology that has fallen 
into the hands of many millions of 

drive 280Z's and they have marvelous 
hand-held televisions and cameras 
and they don't think of that as tech
nology. Technology is simply algo
rithms to get things done. If you have 
nuclear weapons, you have to invent 
social algorithms to keep them from 
being used. This is what we've done; 
we have not used nuclear weapons in 
37 years. 

Technolog:There's little question that 
technology has improved our lives 
substantially, but it has also magnified 
the amount of power a small group of 
individuals can wield. For example, a 
small group could build a nuclear 
bomb and spirit it into New York. That 
still seems to be a very serious 
problem. 

Harkins: Let's turn it around a bit. 
Suppose I'm flying a space shuttle, 
and on board I have a satellite with a 
very heavy plutonium core in it, and I 
decide to send the whole payload 
right into the center of Leningrad. 

A (1Ef , fROM NOW Wf~RE NO 
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people today is antitechnology sen
timent. Anyone, given the right psy
chological energy and resources, 
could produce advanced versions of 
the cruise missile in almost any coun
try. Human beings are highly creative. 
The question is how do you deal with 
the results of that creativity? Many 
millions of Americans are turned off 
on technology. At the same time they 

Now, I'm using an atomic weapon, I'm 
a deranged shuttle captain. What's the 
difference? 

Technolog: Wouldn't that tend to 
support the antitechnologist's whole 
view? 

Harkins: It would, but the point is, it's 
not bad technology. The hardware 



isn't the problem. The peopleware is 
the problem. 

Technolog: That's right. The thing 
that technology does is to magnify the 
problems that people already have. 
Without advanced technology they're 
relatively powerless. 

Harkins: It also magnifies the oppor
tunities that people have. 

Technolog: For good and bad. 

Harkins: I think the nuclear "threat" is 
just one of many, many threats that 
are brought about by technological 
accomplishment. But I would point 
out that technologies are essentially 
algorithmic. They are very much 
software-like. So we have to figure out 
technologies not to use nuclear weap
ons and to prevent, within the limits 
of our laws and so on, a captain of a 
space shuttle from putting a nuclear 
device in the middle of Leningrad. 

Technolog: Do you think we're 
sophisticated enough to do that? 

Harkins: We have to be. Therefore, we 
will be. 

Technolog: That sounds like your phi
losophy or your definition of what life 
is. 

Harkins: Life is adaptive or it fails. 

Technolog: Civilizations do fail, they 
do collapse, historically. 

Harkins: Civilizations also build out of 
the ashes of previous ones. The point 
is, humans must not quake or retreat 
in the face of their own accomplish
ments. They must learn to accept these 
accomplishments as real and shape 
how these accomplishments are 
employed in the future. 

Technolog: Perhaps the fear that 
people have of technology is a kind of 
sense that we're not quite capable of 
handling our technological creations 
at this point. 

Harkins: I think that there has been a 
philosophy of incompetence perpe
trated on the folk in the U.S. in the last 
20 years. Much of this has been dis
guised as humanist in nature. It is not. 

What we've been doing is reducing 
people's self confidence under the 
guise of a kind of superior morality. If 
the morality that we are professing is 
superior, then certainly it will include 
competence to handle our own weap
ons systems. 

Technolog: Could you give an exam
ple of that? 

Harkins: Yes. The nuclear freeze. It's a 
waste of time. Nobody's going to 
freeze the production of nuclear weap
ons! What is more important is the 
design of social systems such that the 
nuclear weapons become superfluous 
and even dangerous from the stand
point of far larger goals than war. One 
of those could be economic coopera
tion between the U.S. and the Soviet 
Union. Or it could be population 

social education in engineering 
schools? 

Harkins: I see no evidence of that. 

Technolog: Will we, in the near 
future? 

Harkins: I've been invited to give a 
paper for the AAAS (American Asso
ciation for the Advancement of 
Science) plenary session in April or 
May in Detroit on the education of 
future engineers. I'm going to propose 
that engineers be trained in cybernet
ics and heavily in the history and phi
losophy of science and technology, 
East and West. Also, that for the most 
part, their fumbling with calculators 
should be eliminated. They should be 
working with the state-of-the-art 
automatic CAD/CAM systems. They 

,.-----------------------------~~--------------. 

maintenance or reduction. Or it could 
be cleaning up the biosphere or send
ing robots to the nearest 50 star sys
tems within 20 years. 

I do a lot of work with engineers, 
and engineers are not educated in 
social technology. For that matter, 
most humanities students are not. 

Technolog: Do you see any evidence 
that we're trying to incorporate more 

should have an understanding of the 
logic of mathematics and not be 
forced into endless repetition of the 
mathematical process. 

The problem is, and now we come 
back to our earlier discussion, engi
neers are the ones building the 
bombs. Engineers are the ones who 

Continued on page 2,2 
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By Scott Otterson 

University researchers are on the 
cutting edge of robotics technology. 
The robotics lab (180 M.E.), a sub
division of the Mechanical Engineer
ing Department, is headed by Prof. 
Max Donath, and is searching for 
ways to improve robots used in manu
facturing, design, and biomedical 
areas. 

Although some work is being done 
on the design and construction of 
robots, the main thrust of the lab is in 
the direction of improving and coor
dinating existing designs. For exam
ple, instead of custom building an 
ultrasonic sensor for robot imaging, 
engineers at the lab wired the mass
produced rangefinder of a Polaroid 
auto-focus camera to their own cir
cuitry. Instead of building robots from 
the ground up, Donath and his asso
ciates use existing models, concern
ing themselves with "hand-eye" coor
dination computer programs. Says 
Donath, "We are actually designing 
and building a unit, although that is 
not where I think we're going to make 
any impact. I think industry has more 
and better resources for actually 
building the machines." In other 
words, the lab concentrates its efforts 
where they will count. 

One effort that has counted is the 
lab's CAD (computer-assisted-design) 
program for hydraulics. As the pro-
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II 
gram stands, an engineer can enter 
specifications and component choices 
for a hydraulic system design into a 
computer which will be able to simu
late the design's performance. The 
long range goal is an artificial intelli
gence computer-automated design 
program, into which the engineer 
types specifications, and is then inter
rogated by the computer if clarifica
tion or more information is needed. 
Then the computer creates a design, 
checks back with the engineer for 
approval, and, if the design is ac
ceptable, feeds commands to tool
making machines and/or robots. 
Ultimately, products will be designed 
and manufactured totally by 
machines, with humans acting 
as overseers. 

Other topics being pursued at the 
lab run the gamut from computer 
science to electrical engineering, not 
surprising in the hybrid field of robot
ics where, "to do anything, you have 
to have a background in mechanical, 
a background in electrical, a back
ground in computers, and you have to 
sort of meld all of these." Some of the 
other projects at the lab involve robot 
sensing and safety, new types of 
multi-fingered, multi-jointed robot 
grippers (most present-day commer
cial grippers aren't much more than 
motorized vises), and robot 
navigation. 

But Donath feels that, " ... the most 
exciting and fulfilling area is biomedi
cal." With the help of pressure sensors 
and an in-house developed laser posi
tion scanner, Donath and associates 
from various departments including 
the medical school are analyzing 
normal walking patterns and the 
accompanying control signals trans
mitted from the brain to muscles. The 
hope is that the group's efforts will 
help produce a machine that can 
duplicate these signals, electrically 
stimulating the muscles of a person 
with spinal cord injuries, enabling him 
or her to walk again. The problem is 
coming up with a mathematical model 
for the signals and brain/machine 
communications. Unfortunately, 
" ... funding is minimal so progress is 
minimal. The two are related propor
tionately," said Donath. 

Fortunately, this is not the case for 
the lab in general. Large corporations 
make money and equipment dona
tions, and the lab has just taken deliv
ery of a new computer. And these, 
combined with much creative energy, 
keep the research productive, the lab 
functional, and the professors and 
students who work there very busy. II 

Scott Otterson is a junior in electrical 
engineering. Scott was asked to wire 
a few words together for this issue 
just a couple weeks before deadline, 
and he delivered-on time and within 
budget 
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By Michael Sorensen 

Construction of the new under
ground Civil/Mineral Engineering 
Building is nearly complete, and 
members of the CE department are 
preparing for the move. Over winter 
break about two-thirds of the faculty 
will relocate, though classes will not 
meet in the building until the middle 
of winter quarter. To acquaint stu
dents with this unique structure, 
Technolog presents a brief tour of the 
new Civil/Mineral Engineering 
Building. 

The building is divided into two dis
tinct sections: the "public" end on the 
west, near Architecture, and the labo
ratory/faculty end to the east, toward 
Cooke Hall. The public end contains 
all the classrooms, the department 
offices, the student lounge and study 
areas, and the student organization 
room. The laboratory end holds all 
faculty offices, the graduate student 
lounge, and all laboratories. The pub
lic end is founded on 50 feet of glacial 
till which overlies a 30-foot thick 
limestone formation, through which 
the lab end has been excavated. The 
bottom floor of the lab end lies 102 
feet below ground level, providing 
space for four floors of laboratories. 
The public end lies 20 feet below 
ground level. 

The seven classrooms open off of a 
circular lobby on the far west end of 
the building. Skylights brighten the 
lobby, and benches around the 
perimeter provide students a place to 
wait while the classrooms empty out. 
The rooms are carpeted and each 
holds 90 students. A tunnel on the 
southwest side of the classroom com
plex leads to the Architecture and 
Space Science buildings. 

East of the classrooms are the stu
dent lounge and study rooms. These 
areas are carpeted, the study room 
provided with carrels, the lounge with 
tables, chairs, and lockers. There may 
be a problem with the layout of this 
area, as the lounge and study room 
are separated by a narrow corridor, 
and neither area is walled. Glass pan
els will be installed if noise from the 
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lounge interferes with those in the 
study room. 

Further to the east is the depart
ment computer room, beyond which 
lies the deep laboratory section. 
A spiral staircase plummets 102 feet 
to the bottom floor. If you are out of 
shape, don't worry; the elevator bank 
is located near this main stairway. 

Above the lounge and computer 
room are the department offices. 
These are located near the main 
entrance to the building. East of the 
department offices, on the top two 
floors of the lab section, are the 
faculty offices. Most open off of a 
single corridor on each level, and 
many overlook a rectangular court
yard that runs the length of the south 
wall of the lab end. 

Below and to the north of the 
faculty offices is the first floor of 
laboratories. A large south-facing 
window (directly above the faculty 
offices) provides much of the light 
here, and a mirror adjacent to a north 
side window reflects more sunlight 

into the lab. Vertical pipes containing 
water will be heated by the sun 
through the south window and will 
help reduce the heating load on the 
building. 

The first floor lab is the lowest level 
above a 30-foot layer of limestone. 
Below the limestone is the St. Peter 
sandstone, into which the bottom two 
floors of the lab end have been exca
vated. One can see where the layer of 
limestone begins and ends by taking 
the back staircase along the east wall 
of the building. The limestone juts out 
into the stairwells and a three inch 
layer of concrete has been applied. 

No forced air ventilation is required 
for the lower floor, although the 
hoods in each laboratory must be 
vented. The temperature is quite com
fortable, despite the lack of a forced
air heating or cooling system. 

The bottom floor of the lab complex 
is only a few feet above the perma
nent water table established by the 
Mississippi River. This water table is 
liable to fluctuate, so a well point has 
been installed to draw it down in the 
vicinity of the building if necessary. 

The sandstone into which the bot
tom floors are mined may be viewed 
through a lighted window in the 
northwest corner of the bottom floor. 
Yellowish bands of oxidized iron are 
present in the soft rock, and marks 
from bulldozer teeth are visible as 
well. 

Sunlight is brought down to this 
northwest corner via a heliostat 
located in the tower on the northwest 
corner of the roof. A periscope, 
through which a person over 100 feet 
below ground level can have an actual 
view of the campus directly west of 
the building, is located in the same 
area. An additional 10,000 square feet 
of space has been mined out of the 
bottom floor to provide for future 
expansion. • 
Michael Sorensen is majoring in 
mathematics. If he solves equations as 
well as he writes, he may be worth 
knowing. 
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profess no emotional or ethical in
volvement in that process. They're 
simply employees. They have no 
sense of what they're doing or they 
refuse to acknowledge what they're 
doing. It's not that they're doing 
something wrong. I'm not saying that. 
I'm saying that if a curriculum doesn't 
include ethics, then there's something 
wrong here, because many of us will 
go out and produce cluster bombs 
and so on, and assume that this is just 
a small part of a great clockwork uni
verse and what possible impact could 
it have? 

Finally, I'd say engineers need 
involvement in philosophy of design, 
and that basically means design 
science. This is basically an ecologi
cal kind of thinking. It would encour
age people to ask questions (about 
what they want to do). 

Technolog: That seems to be an 
excellent idea, but many people in 
engineering schools today might ran
kle at that. How can you overcome 
that opposition? 

Harkins: Sociological studies indicate 
that engineers tend to rank relatively 
low on interest in matters of the ethi
cal kind and tend to be less "liberal" 
than other kinds of faculties. That is 
not to criticize them. It is simply to say 
that engineering tends to select differ
ent kinds of personalities than other 
kinds of fields. Our best chance to 
improve things in engineering schools 
is to adopt as much teaching automa
tion as we possibly can. Within ten 
years, much of (the work) that is now 
in the hands of engineers will be in 
the hands of people with expert sys
tems. In other words, I'll be able to 
redesign this house simply by inter
acting with an expert system (via my 
computer terminal). Currently we 
misuse human potential by using 
thousands of engineers to do things 
that we already know how to auto
mate. Engineering schools could be 
the sources of a vast turnaround in 
the American conception of technol
ogy. Let's face it, the benefit of the 
past ten years is that we've become 
much more sensitive to the hidden 
negative effects of high technology. 
This is a tremendous advance. 

Technolog: Many of the problems of 
our society appear to derive from the 
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fact that people in power, people 
mainly interested in profit, seem 
to care very little about the impact of 
what they do. Bob Dylan said the "the 
masters make the rules, for the wise 
men and the fools." Is it really possi
ble to educate those kinds of people? 
In other words, is education a force 
politically? 

Harkins: Well, I know a lot of those 
people, and they would be embar
rassed to be called masters. (There is 
a great deal of unfair and inaccurate 

stereotyping of captains of industry.) 
Most of them are weak men, they 
have their problems, their psychologi
cal difficulties, most of them love their 
families, they couldn't bear to see any 
of their people hurt. But their defini
tion of people may be somewhat more 
circumscribed in some cases. People, 
to them, are the people who like what 
they're doing and who are close to 
them. They may have a certain detach
ment from hundreds of millions of 
others who don't fit the right criteria. 
That is also true of religious people. 
Human beings have a way of cir
cumscribing the scope of their ethical 
thought and behavior. If you want to 
bring captains of industry into a frame 
of reference that they can understand 
and that involves an increase in ethi
cal sophistication of their behavior, 
you've got to create markets for them. 
They have to see that selling things 
other than weapons would be a good 
idea. 

Technolog: How can we convince 
them of that? 

Harkins: You've got to design the sys
tems that they can patent, construct, 
and sell for a profit. 

Technolog: Engineers do? 

Harkins: Yes. For example, closed
system agriculture for the third world, 
really effective forms of birth control 
that do not have side effects, new 
ways of filtering water and so on. 

Technoiog: The problem is that engi
neers are rarely in a position of power 
to be able to make decisions as to 
how (research) money should be 
allocated. 

Harkins: I'm quite aware of that. I'm 
also aware that many of the people 
who run big companies are engineers 
who have become executive-level 
people. 

Technolog: To change the subject a 
bit, do you believe that in the near 
future we will be able to create think
ing machines of equal or superior 
intelligence to humans? 

Harkins: Yes. The near future being 
eight to ten years. It is being worked 
on. 

Technolog: There are some who say it 
is philosophically dangerous to 
extrapolate (current R & D) out to 
such an extreme conclusion. (Some 
scientists) maintain that there is a dis
tinct difference between the brain, the 
hardware, and the mind that operates 
it. 

Harkins: That may be. I don't worry 
;:1bout that. What I worry about is the 
question of equivalence in function. 
What we'll be doing is just incremen
tally building AI. 

Technolog: There are a few character
istics that seem to separate human 
beings from computers. For example, 
we can reproduce. Computers can't 
do that yet. 

Harkins: Oh, that's no problem. All 
you do is simply build a robotized fac
tory that will reproduce itself or re
produce the components that go 
through it. The Japanese already have 
a robot factory that reproduces 
robots. 

Technolog: But that's sort of extrapo
lating into the future. There's a certain 
danger in doing that, isn't there? 

Harkins: Why? If the Japanese are 

Continued on page 24 



How good is your knowl
edge of science and tech
nology, both fact and fic
tion? This issue's questions 
are less obscure than last 
time, but they're still tough. 
Good Luck. 

1. Isaac Newton discovered 
that light could be broken 
up into a spectrum of 
colors by means of a prism. 
He rater applied this knowl
edge in a way that more or 
less transcended a major 
optical limitation of existing 
telescopes. What was the 
optical defect he 
overcame? 

2. In 1908, an explosion 
with a power equal to about 
30 megatons of TNT, pos
sibly caused by a comet 
impact, devastated a large 
area of Siberia. Who was 
the first scientist to reach 
and investigate the explo
sion site? 

3. The "stealth bomber" 
has been in existence since 
the late 1950's. What for
merly top-secret reconnais
sance aircraft was designed 
to steal undetected into for
eign air space? 

4. When choosing between 
two plausible scientific 
hypotheses proposed to 
explain a given phenom
enon, it has been said that 
the simplest one should be 
selected. What is this prin
cipal called? 

The origin of the interga
lactic spacecraft that 
landed last year near Willi
amson Hall has yet to be 
determined. Analysis by 

5. Who founded quantum 
theory? 

6. A famous suspension 
bridge in Washington state 
tore itself to pieces because 
it began to swing in the 
wind at its resonant fre
quency. What was its 
name? 

7. Attention Trekies: "The 
Trouble With Tribbles" was 
one of the most popular 
Star Trek programs. Who 
wrote the Tribbles script? 

University metallurgist Ruth 
Enium indicates it is com
posed of a material closely 
resembling tuna fish cans. 
"While we may never 

8. Where was the first prim
itive uranium fission reactor 
built? 

9. Apollo 13 barely made it 
back to Earth after a near
fatal explosion in the ser
vice module. What were the 
names of the three astro
nauts on board that ill-fated 
mission? 

10. While we're on the sub
ject of Apollo 13, aside from 
the name of the mission, 

determine where it came 
from, whoever built the 
sophisticated vehicle was 
obviously into recycling," 
she commented. 

can you give at least one 
more reason why those 
who fear the number 13 
would derive little comfort 
from the history of that 
space mission? 

Do you have an interest
ing technotrivia question 
you'd like to suggest? Drop 
it off at room 2, Mechanical 
Engineering. A source must 
be supplied for all 
questions. • 
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already building robots with other 
robots, that's not extrapolation, that's 
a fact. 

Technolog: That's a far cry from 
reproduction. The robots would have 
to go out and mine the minerals, and 
so on. 

Harkins: Oh, that's no problem. The 
people who are working on advanced 
lunar and martian settlements are, in 
some cases, proposing to send out 
totally self-reproducing factory 

Technolog: All the different organisms 
on the planet are in a symbiotic 
relationship ... 

Harkins: You could say that. Where's 
your evidence? Are humans in symbi
otic relationship with this planet? I 
would say not. I would say that 
human beings are dominating this 
planet, reshaping it, manipulating it. 

Technolog: You could also say, for 
example, that humans are like a bac
terial infection in your body, and that 
they can only grow to a certain point 

00 WE' HAVE TO GET MARRIED~ C..OUL.D JJT 
WE JUST LIVE TO(ftTUER ~ 

systems. 

Technolog: Will robots join the United 
Auto Workers? 

Harkins: AI robots could be argued 
into joining the UAW in some cases. 
When we do get to AI, we will be con
fronting our possible successors. 

Technolog: So we're creating the next 
generation of intelligence, in your 
view? 

Harkins: Yes. 
Minnesota Technolog, Fall 2, 1982 

and then the mechanisms of the body 
will briAg things back into check. 

Harkins: That's elevation of the con
cept of mother nature to a godlike 
level! The old S-curve tends to work 
with dumb systems. If you have a 
blight or a parasitic element enter an 
ecology, there's a tendency for an 
S-curve to be followed. It eats up all 
its food, for example, and declines 
sharply. The position of hegemony 
destroys its own future. It doesn't 
know that, we do. We know we've got 
to stop having so goddamned many 
kids. 

Technolog: We know it, but are we 
doing anything? 

Harkins: Well, yes! But it's spotty. 
There are countries like China des
perately-trying to cut population but 
not very successfully by our stan
dards. There are countries like the 
United States where the upper middle 
class has virtually ZPG (zero popula
tion growth). 

Technolog: There are also countries 
like Mexico ... 

Harkins: I know! I know! And there are 
also churches, like the Catholic 
Church, of which I used to be a 
member, and I swear that the thing 
that the Pope could do to help 
humanity more than anything else is 
to help humanity stop breeding so 
much, especially in the poor coun
tries. Do you think he's going to do it? 
It would be one of the two or three 
major things that would destroy the 
Catholic Church, so he's probably not 
going to do it. Again, you're talking 
about social technologies. 

If you want to make engineers 
become a (powerful) force in this 
whole business, you've got to re-train 
them, you've got to re-educate them, 
and there's a whole new school of 
curricula for the post-facto education 
of engineers and for the education of 
engineers who are still in school. And 
it's there (and has been pioneered by) 
guys like Samuel Florman (author of 
The Existential Pleasures of Engineer
ing) and "Bucky'' Fuller. They both 
have the same things to say. That 
there is no difference in the design 
context between hardware engineer
ing and software engineering. They all 
operate with the same principles. II 



An astronaut had just 
returned from a journey to 
a newly-discovered planet 
orbiting a distant star. After 
coming out of hyperspace, 
he landed his spacecraft 
and climbed down the 
stairs to meet a swarm of 
interested reporters. Sud
denly one of them spoke 
up. "How about it? Is there 
any life there?" she asked. 

"Well," the astronaut re
plied, "there's a little life on 
Friday night, but it's really 
pretty dead during the 
week." 

In the future, everyone 
will be world-famous for fif
teen minutes. 

-Andy Warhol 

One day, a citizen of 
Warsaw, Poland decided to 
go shopping. He needed 
some fish, some shoes, and 
a hat. Upon arriving at the 
fish market, he discover13d 
that a very long line had 
formed. After waiting his 
turn, he finally reached the 
end of the line only to dis
cover that all the fish were 
sold. 

Next he went to the shoe 
store. Another line had 
formed. After waiting for 15 
minutes, he finally reached 
the end of the line. There 
was one pair left but unfor
tunately, they were 
women's shoes. 

NO ONE ~li~ Wmt THE 
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Finally, he went to the hat 
store where there was 
another long line. Waiting 
in this line produced similar 
negative results. Frustrated 
and infuriated, he yelled, 
"This is the last straw! I'm 
tired of this! I'm going to 
shoot the General!" With 
that, he stole a gun and ran 
to the General's headquar
ters only to find there were 
thirty people almady in line 
ahead of him. 

Q: How do you tell a beagle 
from a bagel? 

A: If you bite into it and it 
barks, it's a beagle. 

It is a far, far better thing 
to have a firm anchor in 
nonsense than to put out 
on the troubled seas of 
thought. 

-John Kenneth Galbraith 

Some advice on acting: 

Talk low, talk slow, and 
don't say too much. 

-John Wayne 

Just know your lines and 
don't bump into the 
furniture. 

-Spencer Tracy 

A heart patient was 
wheeled into the operating 
room in such serious condi
tion that the doctors 
decided the only way to 
save him was by means of a 
heart transplant. Fortu
nately, (or unfortunately, 
depending on one's per
spective) a man by the name 
of Fonda had just died in an 
adjacent operating room 
and since he had a donor 
card, the doctors decided 
to use his heart for the 
transplant. The operation 
was a success. 

After he had recovered 
from the operation, the 
patient was being advised 
on how to conduct his life 
so as to minimize the pos
sibility of his new heart 
being rejected. "I suppose 
I'll have to take it easy as far 
as sex goes," he said to the 
doctor. 

"On the contrary," the 
doctor rep I ied. "Sexual 
activity actually stimulates 
the biochemistry of your 
new heart in such a way as 
to decrease the chances of 
rejection. In fact, if you 
were to avoid sex, your new 
heart would become more 
biochemically similar to its 
former owner. Or, to put it 
another way," he explained, 
"abstinence makes the 
heart grow Fonda." 

Continued on page 30 
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000000000000000000000 ooThe friendly computeroo 

0 Full-size typewriter keyboard 
0 Upper/lower case letters & 65 graphic 

characters 
0 BASIC language 
0 4 programmable function ke,ys 

plug-in program cartridges 
0 Complete range of low-priced modular 

accessories. 

The VIC 20 is designed so everyone in the 
family can operate it with ease and confi
dence. First-time computerists can write 
their first program within 15 minutes. 
Yet, the VIC 20 can be expanded to meet 
the most sopHisticated needs of experienced 
programmers and hobbyists. 

cornmo ore oooooooooooooooooooooooooooooooo 

If you're a civil, aeronautical or electrical engineer, you should be aware of the opportunity to 
practice your skills as an Air Force Officer. You'll work with the most sophisticated equipment in the 

world and you'll tackle projects of national priority. Projects that plant you firmly in the exciting 
mainstream of the state-of-the-art. Plus, consider these additional benefits: 

o One of the finest compensation and employment packages in the nation. 

o Graduate education opportunities that can be paid in full by the Air Force while 
you continue to draw pay as an officer. 

Completion of our three month officer training program will qualify you 
for a commission as an Air Force engineer. See your Air Force 

Recruiter today- he'll give you the details. 

CONTACT: CAPT. BOB ALWELL 
(612) 331-8216 
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1. The problem of ch ro- sance aircraft was designed 
matic aberation, caused by with a very low radar cross-
different colors being section, electronic counter-
refracted at different angles measures and special 
in glass, was solved by communications equipment 
Newton's reflector tele- to enable it to escape 
scope. Source: Stephen F. detection by radar. A 
Mason, A History of the stealth bomber derivative of 
Sciences, (New York: Col- the SR-71 was first pro-
lier, 1962), p. 212. posed to the Air Force back 

in January, 1961! (For all 
2. Leonid Kulik was first to we know, they've already 
investigate. He reached the built it.) Source: Clarence L. 
site only after a lengthy and Johnson, The Blackbird 
difficult search in the hos- Story, Popular Mechanics, 
tile Siberian wilderness. July 1982. 
Source: John Baxter & 
Thomas Atkins, The Fire 4. The principal is known 
Came By, (New York: as "Ockham's razor" after 
Warner, 1976). William of Ockham (1295-

1349). Source: Mason, A 
3. According to Clarence History of the Sciences, 
"Kelly" Johnson, former p. 118. 
head of the Lockheed 
"Skunk Works" design 5. Max Planck. Source: 
group, the SR-71 "black Mason, A History of the 
bird" supersonic reconnais- Sciences, pp. 550-551. 
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6. The Tacoma Narrows p. 156. 
bridge was destroyed when 
the wind caused it to swing 9. The astronauts were 
at its resonant frequency Fred Haise, Jim Lovell and 
even after the wind had Jack Swigert. 
stopped. Source: The //Ius-
trated Encyclopedia of 10. Apollo 13 was launched 
Science and Technology, at 1313 Houston time and 
(New York: Exeter, 1979) the near-disasterous explo-
p. 333. sion took place on April 13, 

1970! Weird, isn't it? 
7. David Gerrald, a young 
science fiction fan, wrote Scores: 
the Tribbles script. Source: 
David Gerrald, The Trouble 0-1 Where have you been 
With Tribbles, (New York: all these years? 
Ballantine, 1973) 2-3 Average. 

4-6 It's nice to run into 
8. The first uranium reactor someone who reads. 
was constructed by Enrico 7-8 Are you sure you 
Fermi below the grand- didn't cheat? 
stands of Stagg field at the 9-10 Impossible! 1111 
University of Chicago. 
Source: Robert Jungk, 
Brighter than a Thousand 
Suns, (New York: Harcourt 
Brace Jovanovich, 1958) :sJaMSUV i:?!A!..IJ. -OlH.paJ. 
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This issue's historical 
gems are taken from 
both the November and 
December 1932 Techno
logs. (Technolog was a 
monthly in those days.) 
Once again, many current 
issues are seen to be mere 
echos of the past. 

The city of St. Paul was 
trying to improve its image 

1 with a $15 million program. 
One component of the 
ambitious project was a 
new skyscraper: 

Towering over St. Paul's 
loop, 261 feet above the 
sidewalk, stands the new 
St. Paul City Hall and Ram
sey County Court House. A 
structure of beauty and 
durability, this newest and 
most imposing of St. Paul's 
buildings represents also a 
feat of modern structural 
engineering. The elaborate 
interior and exterior have 
been built from materials 
brought from practically 
every corner of the globe. 

But a lobby statue of an 
American Indian god of 
peace was an object of 
controversy: 

A statue is to be erected 
in the concourse of the new 
St. Paul Court House which 
will, in all probability, be the 
subject of much discussion. 
It is interesting to note that, 
though the competition was 
for a war memorial, the best 
design submitted, one by 
Carl Milles, the great Swed
ish sculptor, was a monu-

ment to peace. Another 
contradiction, according to 
Prof. S. Chatwood Burton 
of the architectural faculty, 
is that, while likely to be the 
greatest piece of work done 
in this country in modern 
times, it will be the least 
understood and the most 
hated. 

Radio broadcasting 
appears to have held the 
same fascination in 1932 as 
does video technology 
today. Several stories de
scribed new developments. 
weco had just increased 
its transmitter power from 
5,000 to 50,000 watts: 

The present installation 
represents the last word in 
modern super power 
broadcasting stations. 
There is nothing in the 
country at the present time 
in regular broadcast 
equipment and installation 
that exceeds in power, 
excels in effectiveness in 
modulating this power, or 
in the quality of output of 
this plant. However, a page 
or more of superlatives 
extolling the merits of this 
or any other similar installa
tion does not have the dol
lar and cents value of the 
actual results. Proof of the 
worth of this $190,000 
installation in putting out a 

satisfactory signal within 
the recognized service 
range of a transmitter of 
this power and at distant 
points is shown by tests 
and by the receipts of 
communications from lis
teners within this area and 
of several hundred letters 
from listeners in distant 
points such as in New Zea
land, Australia, Hawaii and 
the Philippines. 

What is now University of 
Minnesota radio K UOM 
(770 kilohertz) was then 
under a different call sign 
and on a different 
frequency: 

WLB, the University 
broadcasting station, is on 
the air with interesting pro
grams nearly every day, 
with Bill Gibson and Burton 
Powell taking tricks at the 
"mike." WLB divides time 
with KFMX, WRHM, and 
WCAL on a frequency of 
1250 kilocycles. The trans
mitter, remotely controlled 
from the studios in the 
Electrical Engineering 
Building, is located over on 
the other side of University 
Farm. The two towers sup
porting the antenna each 
carry a red signal light to 
stave off any stray aero.,. 
nautical engineers who may 
be coming along on one of 
their first solo flights. 

Today, President Reagan 
is reluctant to help the Rus
sians build the Siberian 
natural gas pipeline. But in 
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1932, helping the Soviet In addition to providing dimes, quarters, or half meaning of social fraterni-

Union develop its resources an annual yearly output of dollars. ties from the perspective of 

seemed more acceptable. 2,500,000,000 kilowatt a working man: 

An article in the November hours of electrical energy, It is obvious that police 
1932 Technolog described the dam and sluice provide suppression will not stop Connected with a great 

a project in which American a means by which ocean ;the slot machine racket any many large social fraterni-

engineering talent played a going ships can pass the 
I 

more than it can stop the ties is a lot of hooey that a 

key part: formerly impassable rapids I; sale of liquor or the com- great many men get sick 
of the Dnieper. mission of crime. If, on the and tired of after a while. I 

A memorial to American other hand, people will real- have observed that the 

engineering skills and inge- Do you think video ize that they cannot beat ardor connected with a lot 

nuity, and a symbol of the games are a menace to the machines, and will of meaningless Greek sym-

progress of the Soviet society? An article refuse to be fleeced of their bois starts to wear off about 

Union stands Dneprostroy, reprinted from Scientific money, the machines will three or four years away 

Russia's newest bid for American warned Tech- gradually disappear as they from the campus, just as an 

world-wide recognition. nolog readers of a danger- become unprofitable. If you alumnus progresses to a 

Dneprostroy is the world's ous entertainment device: like to see the wheels go point where College 

largest hydro-electric 'round, read silly "fortunes," Humor, rolled socks, and 

development, and is the Of the many clever de- and have a machine collect anything more than an arm 

stepping stope for the vices which have been a toll of at least 25 percent band at football games 

opening of a huge new created for the purpose of of the money that you put gives him a pain in the 

industrial area in southern separating the gullible from into it, go on and play. But stummick. 

Russia. their money, probably the take our word for it, backed 
most widely distributed and by our own studies, and 

The project is located on simplest to operate is the those of the New York 
the Dnieper River 200 miles so-called "slot machine" of Police Department, that in 
from the Black Sea, in the the general type illustrated the long run "You Can't That's all unti/1933! II 
southwestern part of Rus- here. These are to be found Beat 'Em." 
sia. When the entire project in more or less open opera-
has been developed, it will tion throughout the country Funny, that's how I feel 
consist of an industrial cen- in small stores, barber about "Asteroids." 
ter housing 16 million peo- shops, restaurants and-
pie, and rivaling in richness s-h-h-h-h-speakeasies, and Finally, Paul Nelson, a 
the great Mississippi valley are variously designed to 1926 electrical engineering 
of our own country. be played with nickels, graduate reflected on the 

tion be and which student 
QUIPS AND QUANDARIES: should he ask? 

This issue's quandary: As usual, the first intelli-
gent entity to materialize in 

Well, contrary to my expec- the Technolog office with 
tations, I still haven't had the correct answer will get 
time to come up with some to chose a science fiction 
really tough problems. So book as his/her/its prize. 
the following one will have Good luck! 
to do: 

A freshman is attempting to 
Have any really good 

find his class in the new 
puzzles? See our editor 

Civil/Mineral Engineering 
immediately! 

building and comes to a Glenn Gruner, a senior in 

forked hallway. There are industrial engineering, is 

two students at the fork, now the proud owner of a 
one of whom always lies new science fiction book 

while the other always tells because he turned in the 

the truth. The freshman, correct answers to last 

being a rather poor judge of issue's quandaries in record 

character, doesn't know time. Glenn picked Stephen 

which is which. He may ask R. Donaldson's The One 

one of the students only Tree as his prize, proving 
Werner Heisenberg may have been here! l one question to find his that he has good taste as 

way. What must his ques- wen as a quick mind! iii 
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Most copper is found deep under~ 
ground. But the Bell System's 995 
million miles of copper cable have 
tons of it above and below ground. 
That copper provides vital circuit 
paths to transmit customer voice, 
data and video signals for today's 
Information Age needs. 

And Luis Castellanos, seven 
years out of undergraduate school, 
supervises one of the groups that 
helps Bell System companies "mine" 
all that copper. He works with one of 
the largest computer hardware and 
software systems in th.eworld-the 
Trunks Integrated Record Keeping 
System (TIRKS), Every day it 
"mines" the vast Bell network for 
available circuits and equipment. As 
a result of efficient use of network 
facilities, the Hell System saves 
millions by eliminating the need for 
certain capital expenditures. 

liiiJ 

I 

Plus, there's more to TIRKS than 
"mining copper." It also configures 
circuits and assigns components 
needed for each circuit path. That 
allows Bell companies to respond 
faster to customer requests for com
plex services like video and data 
transmission. Employees are more 
productive too, because TIRKS 
helps them set up circuits and fore
cast facility needs. 

Before TlRKS was available, 
keeping track of communications 
circuits and facilities required enor
mous amounts of paperwork and 
manual calculation. Every day, the 
average Bell System company 
handles orders involving 1500 
circuits and up to 7500 individual 
components associated with them. 
Each detail has to be specified 
and accounted for. 

Now, thanks to people like Luis, 
Tl RKS keeps track of all that infor
mation instantaneously using com
puters. Information isup-to~ate.lt's 
instantly available. And it's more 
accurate. 

According to computer scientists 
like Luis, the benefits from TJRKS 

r 

are just beginning. He b~lieves that, 
as more computer hardware and 
software systems like TfRKS 
interact, new benefits for customers 
may be possible, as well as 
additional productivity increases 
for employees. 

Luis joined Bell Labs with a 8$. 
in computer science from Pratt In
stitute. Under a company-spon
sored graduate study program, he 
attended Stevens Institute of Tech~ 
nology for his M$. incompvter 
science. At the same time, he 
worked part-time assuming respon~ 
sibility for a large piece of TIRKS 
software. Working with design 
teams; he gained valuable insight 
from experienced members. Now, 
his technical. performance has 
earned him a promotion to 
supervisor; 

If you're interested in similar 
challenging em ployrnentopportu n
itiesat Bell Labs, write: 
Bell Laboratories 
Room HL-!JF-238 
600 M(JUntain Avenue 
Murray Hill, New Jersey 07974 

An equal opportunity employer. 
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There was a time when most 
robots earned their livelihoods 
in comic books and science 
fiction films. 

Today, they're spraying, 
welding, painting, and process
ing parts at manufacturing 
plants around the world. 

Necessity has caused this 
amazing leap from fantasy to 
factory. 

The world wants long-lasting, 
high quality products, now. 
And robots fit perfectly into this 
scheme of things: They can 

make those products- quickly, 
easily and accurately. 

What kinds of robots? There 
is GE's Allegro,'M for one. 
It can position a part to within 
1/1000th of an inch-or about% 
the thickness of the paper this 
article is printed on. Or there's 
GP 132 (shown here). This 
loader, unloader, packer, 
stacker and welder- can lift 
and maneuver 132 pounds with 
no trouble at all. 

So what's left for me to teach 
robots? You might ask. Consid
er this glimpse into the future 
by Dr. Roland W. Schmitt, head 
of GE corporate research and 
development: 

"One of the big frontiers 
ahead of us is putting the 
robot's nervous system 
together with some senses-

like vision, or touch, or the abil
ity to sense heat or cold. That 
can give you an adaptive robot, 
one that can sense how well it's 
doing its job and make the 
adjustments needed to do that 
job better." 

That's a tall order. And one 
we'll be expecting you to fill. 
With foresight, talent, imagina
tion- all the things that robots 
have yet to learn. 

WE BRING GOOD THINGS TO LIFE 

An equal opportunity employer. 
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Politics is a dirty word to In this issue of 
many. It's easy to forget Technolog, industrial 
about it and focus on the engineering senior Larry 
difficult-enough task of LaPorte offers his view of 
simply earning a living. the policy-making process 

Unfortunately, one can't as seen from Washington, 
escape quite so easily. By D.C. Larry had the unique 
resigning ourselves to opportunity to participate in Editor I.T. Board of Publications 

becoming obedient a program that combined Terry Hansen KentS. Christensen (Pres.) 

taxpayers, we allow others engineering with practical Sonja Premack (Vice Pres.) 

less technically astute to policy-making experience. Business manager Brett Troyer (Treas.) 

determine how our It's something we should all Steve Sigel Wendy Petschauer (Sec.) 

hard-earned tax dollars are know more about. Roger Janczak 

spent. The resu Its of Elsewhere in this issue, Advertising Pete Marsnik 

political apathy come back Frank Mangan will describe Barb Gross Julie Richardson 

to haunt us as military some of the instruments Lance Haag 

boondoggles, warped University of Minnesota Contributing writers 

scientific research priorities, astronomers are using to Marcia Bjornerud 

and failure to keep up explore "the final frontier." Lawrence R. LaPorte Production 

technologically with the Former Technolog Editor Pete Marsnik Scott Ciliske 

rest of the world. Pete Marsnik spent last Frank Mangan Kay Kirscht 

Budget cuts have to be summer in "the real world" Mike Pateyuk Meribeth Nordloef 

made. The question now is: and lived to tell about it! It Mike Pateyuk 

Are they being made in the wasn't so bad after all. Read 
best places? his report on Hutchinson 

Does it make sense to Technology, Inc. Illustrators Faculty advisor 

spend tens of billions on As you walk above those Scott Ciliske Dr. John N. Clausen 

high-tech military hardware layers of geological history 
(some of which even recorded in the banks of 
Pentagon officials doubt is the Mississippi, do you ever 

$10.00 per year, $1.75 per single 
useful) when we don't even wonder what they have to Minnesota Technolog is pub- issue. Advertising rates available 
know how to make a color say? A recently published lished six times yearly: twice dur- upon request of editor or business 

television that can compete book from University of ing the fall, winter, and spring aca- manager. Opinions expressed in 

in world markets? Is it Minnesota Press may 
demic quarters respectively. Minnesota Technolog are not 
Editorial offices: Room 2, Meehan- necessarily those of the University 

rational to attempt to answer your questions. ical Engineering Building, 111 of Minnesota, the Institute of 

protect oil supplies located Marcia Bjornerud will tell Church Street S.E., University of Technology, the Board of Publica-
Minnesota, Minneapolis, MN tions, or the editor. All fiction or 

half way around the world you about it. 55455. Telephone (612) 373-3298. semi-fiction appearing in Minne-

in politically unstable Feeling creative? Enter Entered as second class mail at sota Technolog must not be 

countries when we could Technolog's science fiction 
Minneapolis, MN 55455. Postmas- construed to represent actual per-
ter send change of address to edi- sons living, dead, or in suspended 

use that money to become writing contest! Or, if you torial office. Printer: Greenhaven animation. Copyright 1983 by the 

energy independent? prefer more factual writing, Printing, 1611 N.E. Polk Ave., Min- Institute of Technology Board of 

These are questions that, there's still time to get in on 
neapolis, MN 55413. Telephone Publications. All rights reserved. 
(612) 778-8696. National advertis- No part of this magazine may law-

as future engineers and the remaining issues of ing representative: Littei-Murray- fully or ethically be reproduced in 

scientists, we must ask Technolog. Getting Barnhill, Inc., 1328 Broadway, New any way without the written con-
York, NY 10001. Telephone (212) sent of the editor. Standard-form 

ourselves. If we don't, we'll published can make a 736-1119. Publisher: Institute bibliographic credit should be 

still be a first-rate military difference when job of Technology Board of Publi- included on approved reproduc-

power. We'll just be a hunting time arrives. 
cations, Room 305, Aeronautical tions. Printed in the U.S.A. This 
Engineering Building, 111 Church publication is filled as tightly as 

second-rate economic one. St. S.E., University of Minnesota, practicable by modern editorial 

~~ 
Minneapolis, MN 55455. Minnesota machinery. If lost, drop in any 
Techno/og is a founding member mailbox. It will protect you from 
of Engineering College Magazines the weather until the mailman 

Terry Hansen Editor Associated. Subscription rates: comes. 
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University of Minnesota 90 percent of doctorates in encourage awareness of ested. No, you don't have to 
chemical and mechanical the fields surveyed. tech no logy-based take notes and there won't 
engineering faculty The report can be industry's contribution to a be any test. 
received high marks in a obtained for $10.95 from strong Minnesota economy. 
survey of universities offer- the National Academy Also on the Council's 
ing doctoral programs. Press, 2101 Constitution agenda is the development 
Measured purely in terms of Ave. N.W., Washington, of a case statement for Mary Fagerson, a gradu-
scholarly reputation, Uni- D.C. 20418. industry and public ate student in the Univer-
versity chemical engineer- investment in higher sity's School of Architec-
ing ranked first and education focusing on the ture and Landscape Archi-
mechanical engineering University of Minnesota, tecture was awarded a prize 
ranked fourth. The Minnesota High and the development of of $175 in November from 

The study, which was not Technology Council, an legislation to promote the West Central Regional 
an attempt to find the "best' outgrowth of the Institute of funding for an electrical Council of the Association 
schools, used 16 criteria to Technology Advisory engineering building, of Collegiate Schools of 
assess program quality, Council (ITAC), has biotechnology center, Architecture. 
including characteristics of recently been established microelectronics center, 
graduates, faculty quality, citing "deficiencies in productivity center, and Mary's submission to the 
library size, research sup- human resource faculty and equipment 1982 Student Research 
port, and program size. development, technology improvements in the Twin Competition was entitled, 
Four basic types of engi- innovation and general Cities. "Energy Efficient Housing 
neering programs were sur- awareness of the role of -Michael Pateyuk in a Minnesota Climate: A 
veyed: chemical, civil, elec- technology-intensive Statistical Analysis of 98 
trical, and mechanical. industry in Minnesota." Houses from a Designer's 

Measured by scholarly Comprised of executives The Society of Physics Viewpoint." 
reputation alone, the top from 60 corporations and Students is offering the fol-
schools were the University institutions, including E.F. lowing lectures for the first 
of Minnesota (chemical), Johnson Company half of winter quarter: 
the University of California President and Council Applications are being 
at Berkeley (civil), and the Chairman Richard E. Jan.25 taken for the 1983 
Massachusetts Institute of Horner, their mission is to Woodward-Clyde Fellow-
Technology (electrical and "promote and establish an Prof. Lawrence Rudnick will ship awarded by the Ameri-
mechanical). environment in Minnesota answer the question we've can Consulting Engineers 

The two-year study was favorable to the creation all been asking, with his talk Council (ACEC) to gradu-
carried out by the Confer- and growth of on, "Why the Universe Is ate students intending to 
ence Board of Associated technology-intensive the Way It Is." Rudnick will become consulting engi-
Research Councils com- industry." speak in Physics 210 at neers in the applied earth 
posed of the American To accomplish their 2:15p.m. sciences field. Contributed 
Council of Learned Soci- mission, the Council will by Woodward-Clyde Con-
eties, the American Council attempt to identify the Feb.8 sultants, the fellowship pro-
on Education, the National needs, both information vides $4,000 for each of two 
Research Council, and the and human resource, of Prof. Roger Stuewer will academic years, full tuition 
Social Science Research Minnesota's technology- speak about "The Origin of and fees, and up to $1 ,500 
Council. The study based corporations, Wave/Particle Duality," at in thesis and research 
reviewed 2,700 graduate improve the environment 12:15 p.m. in Physics 131. costs. 
programs in 32 disciplines and facilities, statewide, for 
at 228 universities. These technology and human These lectures are free Applicants must have 
combined f)rograms award resource development, and and open to anyone inter- undergraduate civil engi-
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neering or geology 
degrees, become an engi
neer in applied earth sci
ences, and have demon
strated civic responsibility 
and community 
involvement. 

To apply, send a personal 
resume and university 
address, a description of 
extracurricular activities, a 
certified grade transcript, a 
description of interest in 
applied earth sciences and 
consulting engineering, and 
recommendations from a 
dean, department head or 
advisor, and a major course 
professor, to: 

Woodward-Clyde Fellow
ship Award Committee 

American Consulting 
Engineers Council 

1015 15th Street, N.W., 
Suite 802 
Washington, D.C. 20005 

Applications are due to 
ACEC by March 15, 1983. 

The University Gallery 
(located on the third and 
fourth floors of Northrop 
Auditorium) will be present
ing an exhibition of archi
tectural photography dur
ing winter quarter. The 
exhibit, entitled "Heydrich 
Blessing: Architectural Pho
tography, 1930-1981,"will 
be on display from Febru
ary 1 through March 13. 

For more information on 
this and other gallery ex
hibits scheduled through
out the year, contact the 
gallery office at 373-3424 or 
376-3638. 

Cray Research, Inc., 
announced in November 
that it shipped its 50th 
"supercomputer." The 
CRAY-1S system was pur
chased by Los Alamos 
National Laboratories, 
which coincidentally, pur-
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chased Cray's first super
computer in 1976. The 
machine has a four-million 
word capacity and can exe
cute from 20 to 60 million 
operations per second. 

The Tokyo District Court 
ruled in Dec. that computer 
programs come under the 

protection of the copyright 
law, according to a report 
from the Associated Press. 

I NG Enterprises, a Japa
nese video game manufac
turer, was ordered to pay 
Taito Corp. the equivalent 
of $2,200 in damages for 
copying software for a 
game called "Space In
vaders Part II." 

Bryce Crawford, Jr., prof. 
of chemistry, and Margaret 
Davis, prof. of ecology and 
behavioral biology, were 
chosen as regents profes
sors last quarter. The title is 
the highest faculty honor 
and includes a $5,000 
annual stipend. Ill 

If one of the angles you've been 
studying lately is a way to pay your 
tuition costs, Army ROTC would like 
to offer some sound advice. 

Apply for an Army ROTC 
scholarship. 

Recently, we set aside hundreds 
of scholarships solely for engineering 

majors like yourself. 
Each one covers full 

tuition, books and other 
supplies, and pays you up 

to $1,000 each school 
year it's in effect. 

So if the stress of 
worrying about tuition 
is bending you out of 
shape, get some finan~ 
cial support. Apply 
for an Army ROTC 

scholarship today. 
For more informa~ 

tion, contact vour Pro~ 
fessor of Military Science. 

ARMY ROTC .. 
IE ALL YOU CAN IE .. 



5 BmCGB: iogenes was searching 
for an honest man !9 Ia 15 

18 IVingstone R m !5 

ay, e t 
Editor Ia Ia m 

blications is searching for a hno 

Yes, you too may be a part of history! The I.T. Board of Publications is taking applications for Technolog Editor for the 1983-1984 
school year. The ideal candidate should be literate, witty, hard-working, persevering, patient, inquisitive, creative, knowledgeable, 
wise, firm when necessary, generous, and kind to department secretaries. (No past editor has possessed these characteristics, but 

you could be the first!) 
Applicants must be full-time University of Minnesota students. Preference will be given to I. T. students. The chosen applicant will 
receive all necessary training by working with this year's editor on the Spring 1 & 2 issues. This is an excellent opportunity to gain 
practical communication experience--impressive to a prospective employer. 

For more information, contact Terry Hansen (373-3298) or send resume and writing samples to: 

Technolog Editor Position 
I.T. Board of Publications 
Room 2, Mechanical Engineering 
111 Church Street 
University of Minnesota 55455 

Ia :$1 



By lawrence R.laPorte 

I was both excited and afraid after 
stepping off the plane at Washington, 
D.C.'s National Airport last summer. I 
had be@n one of the fortunate 15 
third-year engineering students from 
around the country chosen to partici
pate in the Washington Internships for 
Students of Engineering (WISE) pro
gram. At the tender age of 21, it was 
my first extended period away from 
home. 

With money from a National 
Science Foundation grant and various 
engineering societies, the WISE pro
gram completed its third year with 
interns spending ten weeks in our 
nation's capital examining how federal 
government policies and programs 

8 Minnesota Technolog, Winter 1, 1983 

affect the engineering profession. At 
the time, it was a little hard to imagine 
what engineering and public pdlicy 
had in common. However, the WISE 
program represented a chance to 
pump excitement into what I per
ceived as a sometimes monotonous 
and tedious profession. 

George Washington University facil
ities in the District of Columbia were 
used for the program. We were 
housed in a dormitory three blocks 
from "Ron and Nancy's place" on 
Pennsylvania Avenue. In addition to 
the prime location, we also received 
credit from the University of Washing
ton in Seattle. Our faculty member-in
residence, F. Karl Willenbrock, has an 
extensive background in public ser
vice and is now the prestigious Cecil 

li 
1m 

I 
H. Green professor of engineering at 
Southern Methodist University in Dal
las. His enormous experience with the 
Washington scene provided us with 
outstanding insight into the federal 
establishment. 

The program's Washington location 
is crucial, since it enables students to 
observe relevant government activities 
at first hand. Congressional and 
administrative agency hearings and 
other policy meetings were attended. 
In addition to examining documents 
which record the public policy pro
cess, we were able to hear and ques
tion some of the major participants 
involved with making and implement
ing public policy. Frequently, these 
individuals were senators and repre
sentatives who had introduced legisla-



tion affecting the affairs of the science 
and technology community. 

The program's first several weeks 
were spent examining science and 
technology and its significance to the 
United States and our federal 
government. The increasing impor
tance of science and technology, 
including basic research, was viewed 
from a historical perspective. In the 
70's, it was widely believed the federal 
government's role in science and 
technology was to subsidize univer
sity research. 

Today, however, the government 
has responded to the effects of tech
nological advances by creating sev
eral new executive branch agencies 
and Congress has reorganized its 
committee structure to be much more 
responsive to the effects of science 
and technology. This has come at a 
time when society is becoming 
increasingly fearful of technology 
resulting in increased use of regula
tions and standards by these agen
cies. Over-regulation is a critical con
cern today, however. With the 
creation of groups like the Congres
sional Research Service, which pro
vide a generally non-technically 
trained Congress with information 
and advice, we can begin to see an 
increased understanding of technol
ogy by our elected representatives. It 
is hoped this will lead to a greater 
understanding of the technology 
explosion not only in Washington but 
also at home. 

The public policy role of profes
sional societies like ASME, SAE, IEEE, 
and trade associations, corporations, 
and other organizations which repre
sent the interests of engineers, were 
also considered. During the ten 
weeks, I became alarmingly aware of 
the inability of the engineering com
munity to mobilize into one unified 
voice. Often, two different profes
sional societies will take opposing 
sides on an issue, resulting in a gen
eral ineffectiveness to influence legis
lation. This, along with the apathy of 
engineers as a whole toward public 
policy, is creating a situation where 
policies are drafted without the engi
neering community having a measur
able influence. In fact, Sen. Harrison 
Schmidt (R-N.M.) suggests this inef
fectiveness is a major cause for our 
nation's downfall in certain segments 
of the world economy. One solution, 
he states, is to rebalance the research 

It took more than just engineering 
skills to send two Viking landers to 
Mars. 

and development relationships 
between industry, government and 
universities. 

The second part of the course was 
the selection of topics for detailed 
study. Each student selected a spe
cific project which dealt with a major 
engineering problem that had a signif
icant public policy aspect. After 
research and investigation, each stu
dent wrote a case study examining 
both the engineering and public pol
icy questions involved. Ideas for 
topics came from supporting engineer
ing societies, federal employees, and 
our faculty member. A wide range of 
topics were chosen including regula
tory agency actions, federal programs, 
federally-funded university and indus
try programs, and even legislation still 
under consideration by Congress. 

In order to write a case study prop
erly, we had to read numerous 
reports, attend Congressional hear
ings, visit federal agencies, interview 
members of Congress and their staffs, 
and meet with industry officials. The 
next step in an unbiased manner was 
to present the story. It is important for 
the student reading the case to have a 
clear understanding of the problems 
confronting engineer(s). Each case, if 
accepted into the American Society 

for Engineering Education (ASEE) 
Case Study Library, would be avail
able for classroom use. Case studies, 
widely used in law and medical 
schools, are a new vehicle to help 
students learn how a particular engi
neering problem was solved, while 
also exposing them to its public policy 
aspect. It is believed this approach will 
help sensitize future scientists and 
engineers to the importance of public 
policy, so vital to the future of our 
profession. 

In addition to our group meetings 
with Prof. Willenbrock, our Washing
ton experience was enriched by other 
guest speakers. Ray Thornton, presi
dent of Arkansas State University and 
a former three-term congressman, 
enlightened us with some advice he 
had received from another congress
man during his first term in office. 
With an eloquent southern drawl, he 
said that if legislation affects your 
state economically you must vote 
from your pocketbook or you'll be 
voted out of office in the next election. 
If, however, the legislation is a non
economic concern, you can then vote 
with your heart. For this reason, tech
nology suffers badly at the hands of 
Congress. Frequently, technical deci
sions are made not on the basis of 
technical merit but on the basis of 
emotional viewpoints that constituents 
relay to their elected representatives. 
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This is why engineers and scientists 
must be concerned with how the rest 
of the world perceives their 
professions. 

excitement of science to the public in 
an understandable way. 

and technology was eminently justifi
able. Keyworth, reflecting the position 
of the present administration, says the 

AAAS Colloquium economy takes a higher priority and 
Of particular importance in giving the best environment for science and 

the students insight into the operation technology research is a sound econ-
of the federal government in the omy. A short-term interpretation of 
science and technology arena was this position is this: dwindling federal 
our ability to attend the two-day col- funds while the Reagan Administra-

Other interesting speakers were Wil
liam Cary, executive officer of the 
American Association for the 
Advancement of Science (AAAS) and 
the publisher of Science, and Dr. 
Philip Abelson, editor of the maga- loquium on the federal R&D Budget tion is in office means fewer research 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ grnn~.w~chleads~fuwerm~aroh 

" ...... it is very evident that the federal 
govemment is moving away from subsidiz-
ing universi research and shifti toward 
more milita R&D .. '' 

z;ine. Science takes a hard look at 
technological advances and gives de
cisive opinions on its effects. Carey 
said that Margaret Mead, former 
executive officer of AAAS, would take 
a month off each year and spend the 
time on a deserted island with only 
food, water, and twelve monthly 
issues of Science so she could catch 
up on her reading. 

The New York Times publishes a 
science section every Tuesday to 
keep the public informed as well (as 
to sell newspapers). The New York 
Times and Science are two examples 
of publications that can bring the 
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sponsored by the AAAS. These 
annual seminars are based on analy
sis of the federal R&D budget under 
consideration by Congress and are 
carried out by the staff of the AAAS 
with the help of several engineering 
societies. Speakers at the event 
included the presidential science 
advisors of both the Reagan and Car
ter Administrations. These two men, 
George Keyworth and Frank Press, 
have different ideas concerning the 
size and make-up of the Federal R&D 
budget. 

During the Carter years, Press said 
that priority support for U.S. science 

assistantships for graduate students. 
Since changes in next year's budget 
are based on appropriations this year, 
what we do now will have a great 
impact on the level of funding in years 
to come. 

Other speakers included two sena-
tors and a member of the House of 
Representatives active in science and 
technology affairs, the directors of 
independent research laboratories, as 
well as members of the Office of 
Management and Budget (OMS) and 
the General Accounting Office 
(GAO). The OMS and the GAO 
represent an enormous amount of 
executive branch power to allocate 
funds. Congress may set the level of 
funding but it's the executive branch 
agencies that distribute the money. 

After hearing the formal presenta
tions and meeting with the speakers 
and other colloquium participants, it is 
very evident that the federal govern-



ment is moving away from subsidizing 
university research and shifting 
toward more military R&D. The slack 
in university funding has to be taken 
up by private industry in the form of 
university/industry cooperative 
agreements if we are to remain strong 
in basic research. Many believe aca
demic freedom will be sacrificed if 
industry is allowed to meddle in uni
versity actions. However, this is not 
necessarily the case. Proven univer
sity/industry cooperative projects at 
MIT, Stanford, and other universities 
have led to success with both sides 
applauding the results. 

WISE as a Whole 
The WISE program has a number of 

characteristics which make it 
extremely valuable to engineering 
students. The 1982 WISE interns 
shared two significant traits: interest 
in engineering and enthusiasm for 
broadening our horizons. Undergrad
uate academic programs in engineer
ing can be characterized as essen
tially vertical in nature; that is, 
students learn to become increasingly 
proficient in the various aspects of a 
single discipline or task. In the WISE 
program, however, the students are 
assigned tasks that are essentially 
horizontal in nature. We were asked to 
observe engineering and society from 
a public policy standpoint. It is this 
type of learning that we must inject 
into undergraduate programs for all 
engineering students if we are to 
become a political force in the future. 
We must learn how public policies are 
determined by Congress and how 
federal agencies implement these pol
icies through creation of programs. 
We must learn how special interest 
groups participate through various 
lobbying processes in their attempts 
to influence legislation or determine 
public policy. 

Perhaps the most valuable resource 
we have is that of the engineering 
societies. By observing first-hand the 
contributions of engineering profes
sional societies to the profession and 
the public, it is evident that participa
tion by all engineers is important. The 
value, importance, and potential use 
of these organizations is something 
the entire profession must come to 
appreciate. 

In retrospect, the WISE program 
was a rewarding intellectual task, not 
to mention an extremely fun expe-

Washington is full of surprises. While 
several WISE interns played Frisbee 
near the White House, a helicopter 
carrying Israel's Prime Minister 

rience. The work involved in creating 
a 40 to 50-page case study at times 
seemed insurmountable but was 
made palatable by the fourteen other 
interns. One final quote seems 
appropriate. It has stuck in my head 
since I first heard it one night at the 
AAAS colloquium. Sen. Paul Tsongas 
(0-Mass.) says that science and engi
neering shouldn't complain when 
things go wrong for it at the hands of 

Menachem Begin and Secretary of 
State Alexander Haig suddenly 
dropped in. They showed no interest 
in Frisbee, however. 

the federal government, because the 
truth is, "science and engineering 
prefer to be apolitical in a system that 
rewards political skills." 

From all I have seen and heard 
while in Washington, I would have to 
agree.ll 

lawrence R. Laporte is an industrial 
engineering senior. 

"Science and engineering prefer to be 
apolitical in a system that rewards litical 
skillsm" 
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I 
By Frank Mangan 

In 1609, a mathematician in Padua, 
Italy built a device that was immediately 
seen for its military value, the ability to 
bring into view sails of invading fleets, 
two hours before they could be seen 
with the naked eye. For this discovery, 
the government of Venice rewarded 
Galileo by doubling his salary. Galileo 
then pointed his telescope at a star and 
revolutionized the science of 
astronomy. 

With his telescope, Galileo was able 
to see roughly 50,000 stars where only 
5,000 were visible to the naked eye 
before. Galileo's instrument was the 
forerunner of refraction telescopes 
which employ a prism lense to focus 
the image. A 23-year-old student at 
Cambridge University, Isaac Newton, 
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developed a second principle of 
telescope construction, the reflection 
telescope, which uses a mirror to focus 
rays of light. With improving tech
nologies, the reflecting telescope has 
become the mainstay of twentieth 
century telescopes. The most pub
licized reflecting telescope is Mount 
Palomar's 200-inch telescope whose 
reflecting mirror required 11 years of 
construction to achieve the necessary 
tolerances of within a millionth of an 
inch. 

Modern astronomers rarely look 
through a telescope. Instead, a 
photographic plate is placed at the 
telescope's focal point and the image is 
photographed. In the case of Mourit 
Palomar, an image is intensified by a 
factor of 100, thereby converting the 
telescope into the equivalent of a 
2000-inch instrument. 

II 

I 
Kitt Peak National Observatory. 

Most of the information astronomers 
gather about stars is achieved by 
breaking up starlight into separate 
wavelengths and measuring the 
intensity of light at each wavelength. 
Like the elements on earth, each 
element in the star radiates a 
characteristic pattern of wavelengths. 
By separating starlight into its 
individual wavelengths, one can 
determine which elements are in the 
star, the amount of each element in any 
particular star, the star's temperature, 
and how fast the star is moving through 
space. 

The device which separates light into 
wavelengths, called a spectroscope, is 
mounted on the end of the telescope 
and produces wavelength images as 



gray and black lines on a photographic 
plate. With this device, astronomers are 
able to determine the physical 
properties of celestial bodies. 
Twentieth-century advances in 
spectrum analysis have shaped the 
modern concept of astronomy called 
astrophysics. 

Optical Astronomy 

The visible starlight seen through a 
telescope is electromagnetic radiation 
that comprises a frequency band 

between 7.5 x 10(14) cycles per second 
(cps) and 4.3 x 10(14) cps. The eye's 
retina is sensitive to this frequency 
band because these frequencies pass 
readily through the earth's atmosphere, 
unlike frequencies in the infrared and 
ultraviolet regions. But visible light is 
only a part of the range of electro
magnetic frequencies that comprise the 
electromagnetic spectrum. A star 
radiates electromagnetic waves 
stretching across the entire spectrum 
from infinitely short wave lengths to 
infinitely long ones. Star temperature 

The 60-inch Mt. Lemmon observatory 
telescope near Tucson, Ariz. 

Mt. Lemmon Observatory 

determines its wavelength; the hotter 
the object, the shorter the wavelength. 
Other types of electromagnetic 
radiation which astronomers utilize are 
ultraviolet, infrared, x-ray, and radio 
waves. 

As astronomical research continues 
to probe more elusive objects, 
University of Minnesota astronomers 
have had to travel off cam pus to use 
more sensitive detectors such as the 
158-inch Mayall Telescope at the Kitt 
Peak National Observatory near 
Tucson, Ariz. and the Cerro Tololo 
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Observatory in Chile. There are now 
some 13 full-time astronomers at the 
University, each pursuing some avenue 
of research; nearly 5,000 students study 
astronomy in one of 32 courses offered. 

Assoc. Prof. Roberta Humphreys is 
currently engaged in research seeking 
the brightest red and blue stars in the 
M101 galaxy. A device called the 
Automated Plate Scanner, originally 
built by Control Data, and being 
refined under a grant from the 
National Science Foundation, is 
utilized in this research. 

"These stars are distance indicators," 
Humphreys explained. "If you can 
identify a certain class of red star in 
another galaxy then you know 
automatically how bright it is, and 
therefore, it means you can determine 
the distance to the galaxy which is very 
important to modern astronomy. It's 
very important that we can measure the 
distance to galaxies because a lot of 
what we understand about the universe 
depends on knowing how far away the 
galaxy is." 

lnfared Astronomy 

In 1963, an infrared detector was 
invented that heralded the development 
of infrared astronomy. Extremely 
responsive to even the faintest trace of 
heat radiation, the infrared detector, 
when placed at the focus of a telescope 

The O'Brien Observatory near Marine
on-St. Croix. 
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The O'Brien Observatory's 30-inch 
Schmidt telescope. 

and in front of a photographic plate, 
yields faint infrared spectra from distant 
stars and galaxies. 

In 1969, University of Minnesota 
professors Edward Nye, Wayne Stein 
and Nick Wolfe established the O'Brien 
Observatory, a 30-inch telescope 
instrumented for infrared observations 
at Marine-on-St. Croix. The University 
also established the Mount Lemmon 
observatory in conjunction with the 

University of California at San Diego. At 
an altitude of 2776 meters near Tucson, 
Arizona, the 60-inch reflecting 
telescope occupies one of the best sites 
in the country for infrared and optical 
work. 

Water vapor is a serious source of 
opacity at infrared wavelengths, but 
~uring the cold Minnesota winter days, 
the amount of water vapor drops to 
values comparable with the best 
high-altitude sites. 

The tools available to infrared 
astronomers now include high altitude 
aircraft and national observatories such 
as NASA's infrared telescope facility 
located at Mauna Kea in Hawaii. 
Infrared research by professors Nye 
and Stein has revealed many sources in 
the sky connecting stars and nebulae 
with radiating dust grains. 

Nye's research has followed comets 
in infrared in order to analyze the 
physical properties that might reveal 
their interstellar origins. 

Utraviolet Astronomy 

Most of the ultraviolet spectrum 
does not penetrate to the earth's 
surface. In 1968, the telescopic 
satellite Copernicus was launched 
containing ultraviolet instruments. It 
discovered the presence of deuterium 
between the stars and thus 
contributed to speculations 
concerning cosmic densities and the 
expansion of the Universe. 



On January 26, 1978, NASA 
launched the International Ultraviolet 
Explorer (IUE), a joint effort with the 
United Kingdom's Science and 
Engineering Research Council 
(SERC), and the European Space 
Agency (ESA), to obtain ultraviolet 
spectra of astronomical objects. The 
IUE is a three-axis stabilized space
craft able to point almost anywhere 
on the celestial sphere. The ultraviolet 
spectrograph is relayed to the ground 
by the spacecraft's telemetry system, 
recorded in the ground computer, and 
displayed on the observer display 
console. 

The IUE is used by Assoc. Prof. Kris 
Davidson for ultraviolet observations 
and recently played a key role in his 
studies of a southern hemisphere star 
named Eta Carinae which is located in 
an inner spiral arm of the Milky Way 
galaxy called the Carina nebula. Eta 
Carinae is an immense star, roughly 
200 times the size of the sun and 
radiates five million times its power. 

Apart from its size, Eta Carinae is 
distinguished by its peculiar behavior. 
It appeared as a very bright star 150 

years ago, yet within 20 years it 
almost faded from view. "This didn't fit 
any pattern which was known," 
Davidson said. "Exploding stars such 
as novae and supernovae flash on and 
off within a year; they don't stay bright 
for ten years." 

It was determined the star had shot 
out the equivalent of one solar mass 
150 years ago and as the dust 
particles condensed, the star 
suddenly faded due to the particles 
blocking light. The particles absorbed 
energy which is strongly reradiated so 
as to make this star one of the 
strongest infrared sources. Davidson 
took a spectrum of the cloud of gas 
and immediately discerned something 
unusual about it. 

"It was different in that there were 
no lines of carbon and oxygen," he 
said. "The emission spectrum of an 
ordinary gaseous nebula has bright 
oxygen and carbon lines. Eta Carinae 
did not. It had bright nitrogen lines in 
their place ... an indication of the 
carbon-nitrogen cycle." 

Davidson's research has been 
pertinent to recent astronomical 

The Cerro Tololo Inter-American 
Observatory in Chile. 

theories concerning massive stars and 
mixing and also suggests that Eta 
Carinae is a highly evolved star that 
has become unstable. It is losing 
mass at a rapid rate and is close to 
becoming the next supernova. 

Radio Astronomy 

This is the 50th anniversary of the 
birth of radio astronomy, another tool 
that has grown into a major branch of 
observational astronomy. Like light 
waves, radio waves pass freely 
through the earth's atmosphere, but 
unlike light waves, a radio wave can 
pass freely through a cloud of cosmic 
dust allowing astronomers to use 
them to see through the dust in space 
in the same way air traffic controllers 
use radar waves to see through 
clouds. 

Another important advantage of 
radio astronomy is that we can see 

Continued on page 28 
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Exhaust dispersion near a roadway is influenced by the 
turbulence and heat generated by moving vehicles. Findings 
at the General Motors Research Laboratories have provided 
a new understanding of the dispersion process. 

Tracer Concentrations 
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Downwind 

Distance from the road (m) 

Figure 1: Observed (solid lines) and predicted 
(dashed lines) tracer concentrations near ground 
level as a function of distance from the edge of 
the road. Black lines indicate the case in which 
the wind is perpendicular to the road; gray lines, 
when the wind is nearly parallel to the road and 
opposing the upwind-lane traffic. 

Figure 2: This representation of a roadway 
viewed from above shows the location of large 
uortices formed by local wind shear when the 
wind opposes the upwind-lane traffic. 

By USING the conservation
of-mass equation, one can 

describe the dispersion of gaseous 
molecules in the atmosphere. The 
equation includes terms for advec
tion, diffusion, sources and sinks. 
Advection is the transport of air 
parcels by the mean wind; diffusion 
is due mainly to turbulent mixing. 
But the equation is useful only if we 
have information about the wind 
and temperature fields in the atmo
sphere. Specifically, our ability to 
predict vehicular exhaust concen
trations near a road depends on 
knowledge of the effects of vehicles 
on these fields. 

The conservation-of-mass 
equation for the mean concentra
tion of any species, C, is 

ac + L il(U ~l = 2: ~ { K ac ) + So + Si 
ilt i axi l,j ilxi !J ilxj 

Local rate Advt'ction Diffusion 
of change 

where U i is the mean wind velocity 
and K ii is the eddy diffusivity ten
sor. This equation applies when the 
length scale of mixing is small 
compared to that of the variation of 
the mean concentration. Near a 
road, this condition is met if the 
averaging time for the concentra
tion and wind velocity is much 
longer than the time interval of ve
hicular passage. For a straight 
roadway, a long averaging time 
allows one to assume spatial uni
forn1ity in the direction parallel to 
the road, and to ignore the spatial 
derivatives in that direction. 

The input information forK ii 
and the mean crossroad and verti
cal wind components near a road
way became available as a result of 
a large-scale experiment con
ducted by the General Motors 
Research Laboratories. The ex
periment has provided an under
standing of the influence of moving 
vehicles on mechanical turbulence 
and buoyancy near a roadway. Dr. 
David Chock was responsible for 
the design of the experiment and 
the analysis of the data. The experi
ment, which duplicated a heavily 
traveled, level roadway, was con
ducted under meterological condi
tions minimizing dispersion. 

Moving vehicles affect the 
mean crossroad and vertical wind 
components in the following ways. 
Vehicles act as an obstacle to the 
mean wind, causing it to slow and 
move upward as it approaches the 
vehicles and downward as it leaves 
the road. In addition, vehicles re
lease heat, which causes a net up
ward motion. It was established 
that the increase in the mean verti
cal wind component due to the ex
haust heat was (B/U):' where U is 
the crossroad wind component. 



The buoyancy flux, B, is propor
tional to the heat emission rate of 
the vehicles. 

Moving vehicles also en
hance both turbulence intensity 
and mixing.Ib determine how this 
modifies the eddy diffusivity ten
sor, Kij, Dr. Chock invoked a "sec
ond-order closure" assumption, 
which relates eddy diffusivity to 
Reynolds stresses and the gra
dients of mean wind velocity and 
mean temperature. Eddy diffusiv
ity was assumed to be the sum of 
ambient and traffic contributions. 
To determine the traffic contribu
tion, the length scale of the traffic
induced turbulence was assumed 
to be comparable to vehicle 
height -1.5 m. 

USING THE vast data base 
compiled during the experi

ment, Dr. Chock was able to spec
ify K ij and the mean crossroad and 
vertical wind components, and 
solve the equation numerically. Tb 
test the model, half-hour measure
ments of a tracer gas were used to 
map out experimentally the ex
haust dispersion under various me
teorological conditions. The case 
where the wind speed is low and the 
wind direction is nearly perpendic
ular to the roadway is represented 
by the black lines in Figure 1. Both 
the model and the experiment show 
the same dispersion pattern. The 
peak concentration is on the clown
wind roadside. 

When the wind is nearly par
allel to the road, the situation is 
much more complicated. Figure 2 
shows that when the wind and 
traffic flow on the upwind lanes op
pose each other, a high shear re
gion occurs immediately upwind of 

the first traffic lane. When the wind 
and traffl.c are in the same direc
tion, the high shear region occurs 
in the median of the road. In these 
high shear regions, large eddies are 
generated and turbulent mixing is 
intense. The gray lines in Figure 1 
show a comparison of the model's 
predictions with the tracer data for 
the case illustrated by Figure 2. 
Notice that the peak concentration 
can actually occur on the upwind 
roadside, due to the exhaust trans
port by these large eddies. Dr. 
Chock's model is the first to predict 
this occurrence. 

Under all combinations of 
wind speeds and djrections, the 
predictions based on the model 
compare favorably with the mea
sured tracer concentrations. There 
is little systematic bias with respect 
to wind direction. 

"In light of this new model, 
exhaust dispersion near a roadway 
can now be predicted with reliabil
ity," says Dr. Chock. "This is of 
importance for environmentally 
sound road planning, and opens the 
door to the investigation of disper
sion on city streets, where the pres
ence of tall structures introduces 
even further complexity." 

THE 
MAN 
BEHIND 
THE~ 
W()RK 
Dr. David Chock 
is a Senior Staff 
Research Scien
tist in the En
vironmental 
Science Department at the General 
Motors I{esearch Laboratories. 

Dr. Chock received his Ph.D. 
in Chemical Physics from the Uni
versity of Chicago. His thesis con
cerned the quantum mechanics of 
molecules and molecular crystals. 
As a Postdoctoral Fellow at the 
Free University of Brussels, he did 
research work on the dynamics of 
critical phenomena. He did addi
tional postdoctoral work in the 
fields of solid-state physics and fluid 
dynamics. 

Dr. Chock joined the cor
poration in 1972. He is leader of the 
GM atmospheric modeling group. 
His current research interests in
c I ucle the phenomena of atmo
spheric -transport and reactions, 
and the statistical study of time
series data. 

MARK OF EXCEllENCE 



By Pete Marsnik 

Standard question: You're going to 
be a chemical engineer? Great! What 
will you do? 

Standard response: Well ... 
uh ... you know ... uh, make a lot 
of money, I guess. 

That conversation happens all too 
often at the University of Minnesota, 
as well as at hundreds of other uni
versities across the nation, and not 
only in the discipline of chemical 
engineering. This writer found himself 
repeating the standard response all 
too often, even after asking himself 
the standard question. 

However, in the summer of 1982, I 
found an answer to the question, after 
being hired for the summer by Hutch
inson Technology Incorporated (HTI). 
HTI (Hutchinson, Minnesota) manu
factures precision components for 
high technology industries. Hutchinson 
is located about 60 miles west of the 
Twin Cities. It just clears the popula
tion requirement to have a MeDon
aids, a Hardee's, a Dairy Queen and 
an A & W, of course, two theaters plus 
a drive-in, and two shopping malls, 
but it's still too small for a Perkin's. 
There are three sets of traffic signals 
in town, as "Hutch" is the crossroads 
of three major highways, as well as 
the home of the Mcleod County Fair
grounds. Disputably, it's the social 
hub of central Minnesota. If you still 
don't have a picture, the population 
sign reads 9,244. 

My summer job was to be a chemi
cal engineer, and work on controlling 
the primary manufacturing process, 
which is photoetching. After a few 
weeks of breaking in, I began sitting 
in on the trouble-shooting meetings, 
offering opinions on problems when 
asked. This eventually led to my doing 
much of the testing and work on the 
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major process problems of the com
pany. The work was almost all practi
cal rather than theoretical (I didn't 
solve one second-order differential 
equation all summer!), and the expe
rience I gained is invaluable in giving 
me a taste of industry. 

To understand what photoetching 
is all about, let's follow a component 
called a suspension spring through 
the process. Suspensions are just one 
of the hundreds of components 

Small enough for the eye of a needle, 
yet made of three layers of meta/lam
inated in register, this probe is used 
for testing integrated circuits. 

manufactured at HTI. First, a defini
tion of photoetching is in order. In a 
sentence, photoetching is the process 
of reproducing patterns by transfer
ring an image photographically to 
resist-coated metal, then chemically 
removing the metal unprotected by 
photoresist. In addition to photoetch
ing, HTI also uses other processes in 
preparing customer components, 
such as laminating, forming, shearing, 

Ill 

I 
machining, electroplating, laser weld
ing, and precision coating. 

A better picture of photoetching 
comes to mind if it is considered in 
four steps: Photo-image preparation, 
which is generation of the compo
nent's likeness on a photo-negative 
backed with glass. Metal Preparation, 
which consists of thoroughly clean
ing, then coating the metal with a 
light-sensitive liquid called photore
sist, which as the name implies, re
sists the chemical etchant. Exposing, 
which makes use of ultraviolet light to 
photographically transfer the likeness 
of the photo-image to the photoresist
covered metal. The unwanted photo
resist is developed away. Finally, Etch
ing consists of removing all the metal 
not protected by the photoresist, with 
a chemical etchant. 

Generation of the photo-image be
gins with a blueprint or drawing, usu
ally supplied by the customer. This is 
used as the pattern to transfer the 
likeness of the component to the 
metal. The art department technicians 
use dimensions from the blueprint 
and convert them into measurements 
appropriate for the photoetching 
process. 

The normal size of the components 
is so small that it would be too expen
sive to manufacture them one at a 
time. In order to make the photoetch
ing process more economical and 
efficient, a picture of the negative is 
reproduced many times and arranged 
side by side on a glass photo-image, 
resulting in hundreds of single com
ponent images. 

Generation of the photo-image is 
only required upon the initial order of 
a component. It is reusable, but can 
be damaged beyond repair by 
scratches, cracks, and pinholes. 
These defects can be caused by lint 
trapped between the photo-image and 



the metal during exposure. When a 
photo-image can't be touched up and 
still maintain the integrity of the 
image, it must be redone. 

Preparation of the metal begins with 
a coil of metal that may weigh up to 
1 ,000 pounds. The metal is inspected 
by quality control for assurance that it 
meets HTI and customer specifica
tions. The coil is then cut into sheets 
that accommodate the size of the 
photo-image. The sheets are then 
punched with holes at one end for 
hanging during cleaning and coating 
later. 

The sheets of metal must be thor
oughly cleaned, to assure adhesion of 
the photoresist. Specific cleaning pro
cesses are required for each type of 
metal etched. This ranges from hand 
scrubbing, to using a conveyorized 
cleaning machine. 

The tiniest speck of contaminate, 
which could be an oily area or a piece 
of dirt, can cause the photoresist to 
flake and will destroy the fine detail of 
the components. Because of this, the 
metal must be surgically clean and 
should be handled only with gloves. 
The metal sheets are moved into the 
Class 100 Clean Room for further 
processing (100 particles/ m3 ). 

In order to make the sheet light
sensitive so the likeness of the com-

ponent can be transferred from the 
photo-image to the metal, a coating of 
material called photoresist must be 
applied. 

There are two basic types of photo
resist, positive and negative. Both are 
employed at Hutchinson Technology. 

With positive resist, any areas 
struck by ultraviolet light are broken 
down during exposure and removed 
during developing. It is used where 
fine detail or multi-exposures are 
required. 

Negative resist, on the other hand, 
reacts in just the opposite way. When 
it is struck by light, it forms a strong 
bond which remains after developing. 
Negative resist is used for the deepest 
etching demands. 

The application of resist differs for 
positive and negative. Positive resist 
may be applied in three ways. Whirl or 
spin coating is used for chrome-on
glass and metals which require 
medium thicknesses, and dip coating, 
which is most common at HTI, is used 
for anything needing medium to thick 
coatings. All these procedures require 
the coating to be baked dry. 

The negative resist comes as a dry 
film and is applied with a hot-roll lam
inator. It has the advantage of 
increased durability, which permits 
deeper etching for thicker metals. 

However, the trade-off is poor photo
graphic resolution, preventing its use 
on finer detailed components. 

The coated metal is light-sensitive 
and ready for contact with the photo
image and transfer of the pattern dur
ing exposure. 

Transferring the pattern from the 
photo-image to the light-sensitive 
photoresist-coated metal is accomp
lished with high-intensity ultraviolet 
light. With positive resist, the light
sensitive coating is only affected 
where ultraviolet light is allowed 
through the clear areas of the photo
image. In order to reproduce the 
exact image, it is imperative that inti
mate contact is made between the 
metal and the photo-image. This is 
attained by means of a vacuum. By 
enclosing the photo-image and the 
metal in a clear vinyl envelope backed 
with glass, and subjecting it to the 
vacuum, the photo-image and the 
metal are held securely in place. 

The entire envelope is exposed to 
ultraviolet light. If the metal is to be 
etched from both sides, two photo
images are required, with the metal 
sandwiched between them. 

Setting the proper exposure time is 
critical to assure proper size and 

Continued on page 26 

The Air Force has openings for young men and women majoring in 
selected science and engineering fields. Like Aeronautical, Aerospace, 
General and Electrical Engineering, Mathematics, Physics and Com
puter Technology. 

To help prepare for one of these, Air Force ROTC offers two and 
four-year programs of study which will defray some of your college 
costs. 

After completion of the AFROTC requirement, and upon your 
graduation, you'll be commissioned an officer in the Air Force. Then 
comes responsibility, experience in your specialty with some of the 
best people and facilities in the world, and a mission with a purpose. 
You'll get excellent starting salary, medical and dental care, 30 days 
vacation with pay beginning your first year, and more. 

Look into the Air Force ROTC program right away. See what's in it 
for you. See how you can serve your country in return. 

Minnesota Techno/og, Winter 1, 1983 19 



!I 

I 
Richard W. Ojakangas and 
Charles L. Matsch 

f 

University of Minnesota Press, 255 pp. 
Softbound, $16.95 
Hardbound, $39.50 

By Marcia Bjomerud 

Anyone who attended the sixth 
grade in Minnesota has at least a ru
dimentary knowledge of the state's 
history. Most Minnesotans recognize 
names like Father Hennepin, James J. 
Hill, Ole Rolvaag, and Sinclair Lewis 
as those of characters from long-gone 
eras in the state's distant past. A sub
stantially smaller proportion of the 
population: however, is knowledge
able about the true Native Minne
sotans who inhabited this region cen
turies before it was overrun by Scan
dinavians. And very few Minnesota 
residents give much thought to what 
their state was like before, say, 4000 
years ago. Yet Minnesota's history 
spans not 4000, but 4000-million 
years; the last four millenia represent 
only an incredibly tiny fraction of 
Minnesota's existence. The 99.9999 
percent of the state's life story never 
discussed in history texts is the sub
ject of a new book, Minnesota Geol
ogy, by two professors of geology at 
the University of Minnesota-Duluth. 
Richard W. Ojakangas and Charles L. 
Matsch have put together a readable 
volume which will be enjoyed by all 
Minnesotans, geologists and non
geologists alike. 

The vastness of the subject matter 
means that such a book is necessarily 
dense, and the authors have done a 
remarkable job of condensing 
volumes of geologic background 
information into synoptic form. In a 
single chapter called "The Briefing", 
Ojakangas and Matsch manage to 
cover the highlights of mineralogy, 
petrology, paleontology, geomor-
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phology, and structural geology. It 
was a bit disconcerting, frankly, to 
see all of plate tectonic theory neatly 
summarized in two and a half 
columns, but the authors mean only 
to provide the reader with enough 
background to make the rest of the 
book understandable. Their chapter
long short-course in geology serves 

this purpose well. 

II 

II 

Throughout the rest of the volume, 
Ojakangas and Matsch are careful to 
avoid technical terms and concepts 
which have not first been defined or 
described. At the same time, their nar
rative never sounds simplistic or con
descending. The tone is cheerfully 
conversational-the authors clearly 



want to share information with the 
reader, not lecture him. The book is 
full of incidental tidbits like the ety
mologies of Minnesota place names. 
("Mesabi," for example, means "giant" 
in Chippewa, and "Itasca" comes from 
veritas caput, Latin for "true head.") 
These little extras, in combination 
with the clarity and informality of the 
text, make the book easy and interest
ing to read. 

Supplementing the strong text is a 
wide variety of well-chosen graphics. 
The book's maps, cross sections, 
stratigraphic columns, and schematic 
drawings all help the reader systema
tize and assimilate the- information in 
the narrative. And the photographs in 
Minnesota's Geology are themselves 
worth the price of the book. They 
range from turn-of-the-century views 
of Duluth to hilarious, ill-composed 
snapshots from family albums; from 
typical geology field work pictures 
with the ubiquitous rock hammer to 
splendid full-color scenes like the 
photograph of Minnehaha Falls which 
graces the book's cover. My favorite 
shot is that of a weary field geologist 
basking in the sun, sprawled out on a 
huge, rounded protrusion of bedrock. 
The caption notes only that the 
glacially-carved structure is called a 
whaleback. The sheer diversity of the 
photographs and illustrations 
included in Minnesota's Geology 
reflect the thoroughness and thought
fulness with which the book was 
compiled. 

The book's organizational structure 
is another of its strong points. Oja
kangas and Matsch offer the reader 
three different perspectives on the 
geology of Minnesota: First, a chrono
logical account of geologic events; 
second, a review of the state's mineral 
resources; and finally, a region-by
region summary of Minnesota's rocks 
and topography. This three-pronged 
approach guarantees that the book 
will contain something for everyone. 

The historical section is perfect for 
the reader interested in a specific 
period of Minnesota's past. The for
mation of the Ely Greenstone in early 
Precambrian times, the reigns of sea 
creatures like trilobites and cephalo
pods during the Paleozoic era, and the 
extent of glacial Lake Agassiz in the 
early Quaternery period are all chroni
cled in this tour through geologic 
time. The section on Minnesota's 
mineral wealth focuses, of course, on 

2 

3 

How a lake is converted to a peat bog 
by progressive growth of plants from 
its margins toward the center. (From 
Minnesota's Geology). 

iron ore. But Ojakangas and Matsch 
also discuss Minnesota's lesser
known reserves of copper, nickel, 
zinc, uranium, gold, and vanadium, 
and they devote several pages to 
more mundane but equally important 
resources like clay, sand, granite, 
gravel, and peat. At the close of the 
minerals section, the authors observe 
that rich soil and abundant water, 
rather than metallic ores, may be 
Minnesota's most valuable riches. 

The chapters which explore the 
geology of specific regions within the 
state will probably prove most popular 
with readers. Here there are descrip-

• • • ·- 0 .. 
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tions and pictures of familiar roadcuts 
and favorite picnic spots and camp
grounds. After reading this section of 
the book, one is certain to look with 
new awareness and appreciation at 
the metamorphosed rocks at Jay 
Cooke State Park, the glacially
sculpted landscape near Marshall, and 
even the banks of the Mississippi 
below the Washington Avenue bridge. 

It should be noted that Minnesota's 
Geology is neither a revision of nor a 
replacement for the venerable Minne
sota's Rocks and Waters, published 
by the University of Minnesota Press 
in 1954. Ojakangas and Matsch them
selves state in the preface to Minneso
ta's Geology that their book is 
intended to complement the older 

Continued on page 28 
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Test your knowledge of 
science and technology, 
both fact and fiction, with 
this issue's trivia questions: 

1. What was the name of 
the planet where rebel sol
diers had taken refuge at the 
opening of "The Empire 
Strikes Back?" 

2. Biological weapons 
proved to have little military 
utility and the United States 
renounced use of them in 
1969. Prior to this, where 
were the two secret 
research facilities that 
worked on them? 

3. Billions of dollars were 
spent to retrieve lunar rock 
samples, and scientists 
would like very much to get 
samples from Mars as well. 
But we may only have to 
travel a few thousand miles 
to get them. Why? 

4. Mount St. Helens is fa
mous for the damage it did. 
But only about a year ago, 
another North American 
volcano spewed 10 times as 
much dust into the atmos
phere as did St. Helens. 
What is its name? 

5. The Deep Space Net
work (DSN) allows NASA 
to communicate with 
spacecraft at interplanetary 
distances. It is operated by 
the Jet Propulsion Labora
tory in Pasadena and con
sists of three receiver/ 
transmitter stations located 

"What do you mean E .. T .. phoned home?" 

strategically around the and the date and time of 9. In 1928, Friedrich Wohler 
globe. Where are they? the observation. To what synthesized an organic 

effect is this observational compound, thus becoming 
6. In order to obtain an error due? the founder of a new branch 
accuracy of better than 20 of chemistry. What was the 
arc seconds, all observa- 7. During the second cen- compound he created? 
tions of stars must be cor- tury, Ptolemy compiled a 
rected to eliminate an error famous, highly-regarded 10. Speaking of organic 
due to motion of the treatise on science. The chemistry, what was the 
observer. The motion of the Arabs gave it a name. What name of the famous LSD 
Earth about the Sun and was it? chemist that helped the 
the rotation of the Earth 1960's West Coast counter-
must be considered. The 8. During the evening culture elite feed their 
magnitude of correction hours, long-distance recep- heads? 
depends upon the celestial tion in the A.M. broadcast 
coordinates of the star, the band improves significantly. Technotrivia answers on 
position of the observer, Why? page 30 
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Q: What causes pieces of 
toast to fly out of a toaster 
when they're done? 

A: Toastergeists! 

Progress was alright; it only 
went on too long. 

-James Thurber 

A computer science 
instructor was explaining 
the operation of a floppy 
disk drive to his students. 

"The read/write head of 
the disk drive moves over 
the spinning disk until it 
encounters the right infor
mation," he explained. "This 
process is known as 'seek
ing' information. It is partic
ularly important that the 
disk isn't new or erased," he 
cautioned, "because, on a 
clear disk, you can seek 
forever." 

BE BOX 

I 
Bigger wbirls have little 
whirls, 
That feed on their velocity; 
And little whirls have lesser 
whirls, 
And so on to viscosity. 

-Lewis Richardson 

Man: "Hello my boy. And 
what's your dog's name?" 

Boy: "I don't know. We call 
him Rover." 

This issue's quandary: 

At last! A brave soul ven
tured into the Technolog 
office with a guandary sug
gestion. I've been taunting 
you for two issues now and 
only one person has 
gathered the courage to 
come forth with a contribu
tion. Is it apathy or fear that 
holds people back? I may 
never know. 

Whichever the case, the 
following quandary was 
submitted by Jim Homan, a 
chemical engineering 
junior: 

Three friends, all logic 
students, were leaving class 
one day after taking a quiz. 
Noticing that all three had 
managed to smear some 
ink on their foreheads, the 
instructor stopped them. 
Since he knew the three 
friends were bright, he 
decided to trip them up 
with an apparently unsolv
able problem. 

"I noticed that at least 
one of you has ink on his 
forehead," the instructor 
commented. "If one of you 
can look at the other two 
and then tell me if you have 
ink on your own forehead, 
I'll give that person ten 
dollars." 

The three students, 
Albert, Barbara, and Char
lie, just stood and looked at 

each other for quite some 
time. Finally, Albert spoke 
up and the instructor had to 
pay him. How did Albert 
know he had ink on his 
forehead? 

As usual, the first intelli
gent entity to materialize in 
the Technolog office with 
the correct answer will get 
to chose a science fiction 
book or a coveted "Do I.T. 
with an engineer" t-shirt as 
his/her/its prize. Good luck! 

FaU II quandary solution: 
The freshman should ask 
either student which way 
the other would tell him to 
go, and then he should go 
down the opposite hall. 

Although there were sev
eral others hot on his heels, 
the answer was first turned 
in by Greg Davis who 
selected The Elfstones of 
Shannara by Terry Brooks 
as his prize. • 

By Scott Ciliske 
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Photoetching from 119 

image clarity on the metal. Exposure 
and development times are dependent 
on each other and careful adjustment 
of each is important for a stable 
process. 

When developing has been com
pleted, the sheets are ready to be 
etched. Etching is the removal of all 
metal not protected by the photore
sist, using a chemical etchant. The 
etching machines have automated 
controls to monitor the level and qual
ity of the etchant, keeping it constant. 
Temperature and spraying pressure 
are also automatically controlled for 
stability. 

Etching technicians remove a test 
sheet from the rinsing module at the 
end of the etcher and measure the 
critical dimensions with a microscope 
to be certain the etcher controls have 
been properly set. Also, critical 
dimensions are measured periodically 
on the remaining sheets to assure 
consistent quality. The metal sheets, 
which now have actual components 
where there were only images before, 
are sent to stripping to remove the 
photoresist. 

Quality control technicians measure 
dimensions on the stripped parts. 
They also do a visual inspection look
ing for pits where etchant has pene
trated through cracks or chips in the 
photoresist. Pits barely visible to the 
naked eye cannot be tolerated on 
many of the manufactured 
components. 

After photoresist removal, the com
ponents are very clean, because the 
customer requires very clean compo
nents for their subsequent operations. 
In order to maintain this cleanliness, 
components must be handled from 
this point on with white gloves to pre
vent contamination from fingerprints. 

How important is quality? Very. A 
quality product is one which meets 
the customer's quality requirements 
and expectations. When speaking 
about services, quality expectations 
dominate. The key word in this para
graph is customer. If the customer is 
not satisfied, the company will lose 
business. 

Most of HTI's customers are in the 
computer peripheral industry. They 
make printers and memory storage 
devices that attach to mainframe 
computers used worldwide. 

Hutchinson Technology lncorpo-
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rated was born Hutchinson Industrial 
Corporation in 1965, a brainchild of 
two men in their mid-twenties, Jeff 
Green and Jon Geiss. While Geiss has 
left HTI, Green is now the chief exec
utive officer. 

When Green and Geiss began in 
1965, HIC was a far cry from the cur
rent modern industrial complex on the 
east side of Hutchinson, just off high
way 7. Instead, It was in an old build
ing still called the "chicken coop," 

Uniformity and cleanliness are neces
sary for these suspensions. Used in 
disc memories, they hold heads only 
ten-millionths of an inch above rotat-

where they developed an etcher, with 
hopes to sell it. However, once they 
discovered the market for etchers was 
not what they had hoped, they 
decided to use the etcher to make 
components for sale. 

By the early 70's, they had decided 
what the company was going to be, 
and decided to construct a new build
ing. "After all," explained Wayne For
tun, vice-president of operations, 
"customers had no faith we would 
deliver. We looked like a garage 
shop." 

But things were slow to begin with. 
This meant no capital to invest, which 
meant things were slow, which meant 
there was no capital to invest, which 

meant things were slow, which meant 
... Finally, an industrial revenue bond 
funded the first expansion, which was 
the new building. Also, orders from 
CDC and Medtronics got things roll
ing, and by 1975, HIC closed the year 
at $2.25 million and was flourishing 
with a whopping 92 employees. 

1982 saw the name change to 
Hutchinson Technology Incorporated, 
to better convey the type of work done 
(i.e., manufacture quality precision 

ing magnetic discs. A particle of salt 
from a fingerprint would be an unac
ceptable contaminant on these 
components. 

components for high technology 
industries rather than sell tractors to 
corn farmers). Also, sales approached 
$15 million profit. The current 330 
employees is an all-time high which 
promises to grow. 

But how much of a future is there at 
HTI? Some industry critics believe 
that as the computer world develops, 
photoetching as a means of produc
ing components will become obso!ete 
in the very near future. 

Not so, argues Fortun. "I don't see 
that they (photoetched mechanical 
components) will be obsolete," he 
explains. 'They've said tape drives 
would be obsolete for seven years 
with the advance of disc drives." But, 



he noted, tape drives are still around, 
as strong as ever. "I think we're many 
years away from mechanical compo
nents being phased out." 

The reason can be summed up in 
one word. Interconnect. As long as 
machines communicate with 
numbers, and human beings com
municate with words, there will be a 
demand for interconnects (that is, 
something to convert the machine's 
language into something humans will 
understand, and vice versa). 

Almost all HTI products are for 
interconnects in some way. For 
example, the suspension spring is an 
interconnect between the magnetic 
disc and the read/write head. Without 
it, the tons of information that can be 
stored on discs would be useless, and 
the discs would be nothing more than 
polyester frisbees. And not very good 
ones at that. 

Just as interconnects have devel
oped over the years, HTI has grown 
and changed with the electronics 
industry into a photoetching and 
assembly house, with the parts 
becoming more complex every day. 
To keep up with the demand for 
change, enter the engineering 
department. There are nearly 40 engi
neering types at HTI, although they 
don't all have engineering degrees. 
However, HTI is quite selective, and 
each engineer is well-trained. 

In fact, engineering isn't the only 
selective department. Whether they 
are hired to sweep the floor, answer 
the phone, operate a machine, or 
design an advanced component, HTI 
is selective. This dedication to quality 
gives Hutchinson Technology Incor
porated a company-wide feeling of 
pride. 

Granted, life in Hutchinson is far 

from nirvana, but it's nowhere near 
the other end of the spectrum either. 
In the words of industrial engineer 
and supervisor of the process and 
industrial engineering group (my 
boss), Gary Reetz, "I moved back to 
Minnesota (from Omaha) because I 
love cold winters, high taxes, and 
mosquitoes. It's a beautiful state." 
Seriously, Reetz will agree with most 
at HTI that, "It's a good company to 
work for. The people are generally 
happy and get along with each other, 
which makes for good working 
conditions." 

In Fortun's words, "They're an 
exceptional crew." B 

Fonner Technolog Editor Pete Mars
nik majored in chemical engineering 
and is currently attempting to synthe
size a job. 
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Minnesota's Geology from 21 

volume, written by the late George 
Schwartz and the late George Thiel. 
The new book differs from the old one 
in at least two respects. First, Minne
sota's Geology is much richer in pho
tographs and illustrations than its 
predecessor, thanks to tremendous 
advances in printing techniques since 
1954. Second, the younger volume 
places the geology of Minnesota into 
the global framework of plate tectonic 
theory, which was not fully developed 
until the mid-1960's. Minnesota's 
Geology augments and updates 
information contained in Minnesota's 
Rocks and Waters; conversely, the 
older book adds the dimension of his
torical depth to the younger one. 
Each volume is enriched by the exis
tence of the other. 

Minnesota's Geology is a thought
fully written book, full of humor and 
wisdom. It sparks in the reader an odd 
sort of pride in being from a region 
which has some of the oldest rocks in 

Astronomy from 15 

farther into space with radio 
telescopes than we can with optical 
telescopes. Radio telescopes can 
detect galaxies at least twice as far 
away as the faintest and most distant 
galaxies observable with an optical 
telescope. 

The radio telescope uses an 
antenna plus a radio receiver as a 
receiving device. Thus, the radio 
"image" is captured electronically, and 

Technolog neglected to give proper 
credit to Arehitecture student 
lawrence Ko for his superb 
illustration in our Fall 2 issue. Ko 
created the cover design as well as 
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If you think the winters are bad now, 
you should have been here 16,000 
years ago. Extent of glacial ice during 
the last (Wisconsin) glaciation of 
North America. (From Minnesota's 
Geology). 

the "image" is magnified and 
recorded. 

The prime tool of the radio 
astronomer is the National Radio 
Astronomy Observatory's Very Large 
Array (VLA), a $78 million facility 
consisting of 27 individual antennas 
located in an ancient lake bed at 7000 
ft. elevation near Socorro, New 
Mexico. To make high resolution 
radio maps, Asst. Prof. Lawrence 
Rudnick uses this facility to study 

the center spread art for the Arthur 
Harkins interview. He has also 
contributed many illustrations to the 
Minnesota Daily. 

the world. At the same time, the book 
humbles the reader by leaving him 
with a sense of the vastness of geo
logic time; against a backdrop of 4 bil
lion years, days, months, years, and 
even lifetimes seem trifling and incon
sequential. The purpose of the book, 
however, is not to minimize the impor
tance of human beings in the grand 
sche~e of things, but to understand 
the landscapes which ultimately have 
shaped Minnesotan cultures and life
styles. Many attempts have been made 
to define Minnesota; most have 
focused on sociological, psychologi
cal, or political topics. But Minneso
ta's Geology is about what 
Minnesota-in the most fundamental 
sense-really is. II 

Marcia Bjomerud is a geophysics 
senior. 

distant radio galaxies first discovered 
20 years ago. 

"When you look up in the sky with a 
radio telescope, you see a very 
different class of objects, you don't 
see stars," said Rudnick. "Perhaps 10 
percent of the quasars are strong 
radio objects, and myself and other 
researchers attempt to have some 
impact on the question: Why do 
certain subgroups of quasars.put out 
a very large amount of radio 
emissions?" 

A New Tool 

A planned space shuttle launch in 
mid-1985 will carry the Large Space 
Telescope. Prof. Wayne Stein stated 
that the University of Minnesota 
Astronomy Department hopes to have 
some design input on the telescope. 
The telescope will focus on planetary 
and interstellar objects and will arrive 
in space just prior to the arrival of 
Hailey's comet, due to pass by in 
1986.lli 

frank Mangan is a graduate student 
in the Technical Communication 
Program. 



Happy new year! It is 
now January, 1933 and 
the economic situation is 
showing little sign of 
improving. Sound famil
iar? While engineering 
students generally 
emerge from their four 
years or so of mental toil 
with some of the most 
marketable job skills of 
all university graduates, 
job hunting prospects 
still strike terror into the 
hearts of many. If you 
think things are bad 
today, just read the 
comments of Maurice 
Dwight Bell (M.E. '07), 
then president of the 
Engineer's Club of Min
neapolis, in an article 
entitled, "The Situation 
Confronting a 1933 
Engineering Graduate." 
Bell listed a few ques
tions he thought might 
be on the minds of engi
neering students in those 
grim economic times. 

Have I done wisely in 
selecting engineering for 
my vocation? Have these 
four years of expensive 
training been wasted? 
Am I any better off than 
the other fellow who 
went to work after high 
school, and now 
happens to have a job? 
Are there too many 
engineers? Is the profes
sion getting so crowded 
that there will be work in 
the future only at starva
tion wages? Should I 
have taken different sub
jects in my course? 

.. 

/ 
tfi .... 

it ever conrne to this? 

Should I have had less 
shop work, fewer techni
cal subjects, and more 
general training in busi
ness? What is the posi
tion of an engineer in a 
major depression? What 
chance is there for me, a 
new graduate in a few 
months, to compete with 
other engineers? 

Bell went on to assure 
his readers that things 
would improve, that the 
class of 1933 would 
make history. He was 
right-in a matter of 
years, World War II was 

under way and the 
demand for engineers hit 
the ceiling. 

Bell also advised engi
neers to soil their hands 
with the dirty business of 
politics: 

In the present depres
sion, with the study that 
has been given to all 
sorts of proposed reme
dies, whether by 
government aid in con
struction or in finance, or 
in private business, 
engineers have found it 
necessary to come out of 
their modest retirement 

as professional men, and 
to study politics, if not to 
get into it. While it may 
not be to their liking, it 
seems to be an estab
lished fact, that they 
must continue to do this. 
As individuals and 
through their technical 
societies and associa
tions, their voices must 
be heard and their influ
ence felt, to present their 
intelligent opinions to the 
public, and to help 
determine the policies of 
the people. Otherwise, it 
is certain that these poli
cies will be determined, 
and the money of the 
people spent, by those 
less well informed, but 
more vocal and determined 
to be heard. 

Technolog Editor Laddy 
Markus appeared to take 
Bell's advice seriously as 
his opening comments 
indicate: 

The administration has 
again turned its attention to 
our engineering campus, 
with the result that we will 
no longer be able to run 
over to the electrical build
ing and obtain, for a few 
cents, all the milk we want. 
Now we must eat our 
sandwiches as best we can, 
whether they are dry or not, 
and ponder upon the fact 
that our university allows 
magazine salesmen of all 
kinds within its buildings, 
but objects when someone 
wishes to perform a real 
service to engineers by 

• 
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Technotrivia the Earth. This cloud may 7. The work was known as Score: 
Answers: be altering our weather. "the Almagest." Source: 

(And the Pollution Control Van Nostrand's Scientific 0-1 Where have you been 
1. The ice planet Hoth. Agency hasn't said a damn Encyclopedia, p. 97. all these years? 
Outdoor scenes were thing!) Source: Mexico vol- 2-3 Average. 
filmed on the Hardanger- cano could disrupt weather 4-6 It's nice to run into 
jokulen Glacier in Norway. in northern hemisphere, 8. Long-distance A.M. someone who reads. 
Source: "The Photography New Scientist, July 8, 1982. broadcast reception is poor 7-8 Are you sure you 
of The Empire Strikes in the day because of an didn't cheat? 
Back." American Cinema- 5. The three DSN facilities effect known as "D-Iayer 9-10 What's your name, 
tographer, June 1980. are located in the Mohave absorption." The ionos- Dr. Who? 

desert at Goldstone, Cali- phere, composed of four Correction: Due to a type-
2. Biological weapons fornia; near Madrid, Spain; major layers {D, E, F1, and setting error, Technotrivia 
research was carried out at and near Canberra, Austra- F2), changes considerably question no. 3 in the Fall 2 
Fort Detrick, Md. and Pine lia. Each consists of two 26- at night when solar radia- issue was incorrect. (The 
Bluff, Ark. Source: Matthew meter steerable antennas tion is no longer present to stealth bomber certainly did 
S. Meselson, Chemical and and a single 64-meter sustain it. The D-layer, not exist in the late 1950's 
Biological Weapons, Scien- steerable dish, along with which tends to absorb at as stated!) The question 
tific American, May 1980. associated transmitting, A.M. broadcast frequencies should have been as 

receiving, tracking and sig- during the day, returns to a follows: 
3. A 17.5 lb. rock sample nal processing equipment. neutral state at night, allow-
believed to be from Mars Source: David Morrison, ing the higher, less dense 3. The "stealth bomber" 
was discovered recently in Voyages to Saturn, NASA layers to refract A.M. sig- has been touted in the 
Antarctica. It appears that it SP-451, 1982. nals back to Earth. Source: popular press as a new 
may have been blasted into The Radio Amateur's technological development, 
space by an oblique meteo- Handbook. but stealth technology has 
rite impact and eventually 6. The error is called "aber- been in existence since the 
found its way to Earth after ration of light" and is late 1950's. What formerly 
traveling in space for mil- caused by the apparent 9. Urea. Source: Stephen F. top-secret reconnaissance 
lions of years. Source: shift in position of an object Mason, A History of the aircraft was designed to 
Craig Covault, Analysis due to motion of the Sciences, (New York:Col- steal undetected into for-
Points to Meteorite Coming observer. The amount of lier, 1962), p. 459. eign air space? (Answer: 
From Mars, Aviation Week correction depends on the The SR-71 "Black Bird.") 
& Space Technology, Nov. ratio of the speed of the 
29, 1982. observer to the speed of 10. Owsley. Source: Tom Do you have an interest-

light. Source: Van Nos- Wolfe, The Electric Kool- ing technotrivia question 
4. El Chichon in Mexico trand's Scientific Ency- Aid Acid Test, (New York: you'd like to suggest? Drop 
erupted in March and April clopedia, 5th ed., Douglas Bantam, 1968). Or, The it off at room 2, mechanical 
last year, spewing out 10 M. Considine, ed., (New Maestro of LSD, in The Six- engineering. A source must 
million tons of sulfur diox- York:Van Nostrand Rein- ties, (New York:Random be supplied for all 
ide in a cloud that circled hold, 1976), p. 2. House, 1977). questions. 11!1 
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Naval ROTC pays off in a number of ways. First, of course, it 
leads to a commission as an Ensign in the Navy. 

It can also help pay your way through college. After two 
years in the Naval ROTC College Program, every student 
receives $100 a month living allowance for ten months each 

year, during his junior and senior years. In addition, he has 
the opportunity to qualify for a full scholarship-tuition, fees, 
books, plus expenses-up to a total of $10,000. 

For more information, speak to the Professor of Naval 
Science on campus. 

Give us a call, or· just stop by 

Lt. Rob Wilson 
203 Armory Building 
U of M 
Mpls., MN 55455 
373-2230 



IF· Y 0 U· CAN· 0 REAM· IT· Y 0 U CAN·DO·IT 

Remember when electronic 
calculators were considered 
a luxury? Well, consider this 
sign seen recently outside a 
gasoline station in Schenec
tady, New York: "Free calcu
lator with an oil change." 

That's just one sign of the 
enormous impact micro
chips have had on the way 
we do everything- from 
banking to game-playing. 

But how will we use micro
chips that are smarter, 
faster, more reliable, and 
less expensive to design? 
How will these new micro-

chips be used to improve 
systems, products, and pro
cesses? As one GE engi
neer puts it, "The sky's the 
limit!" 

That sky is replete with a 
number of integrated circuit 
concepts that GE is apply
ing right now. 

There's the custom IC, a 
chip that performs highly 
specialized functions. Tradi
tionally, creating this chip 
has been an expensive, 
time-consuming job. So 
we're working on ways to 
cut design time and cost. 

We're using computer
aided design (CAD)-to 
design and simulate chips 
right on computer screens. 
We're also developing 
gate arrays, a system that 

allows you to build inexpen
sive prototype chips that 
can be "played" in systems 
before the final design is 
fixed. 

Another area that GE is 
developing is VLSI (Very 
Large Scale Integrated) 
circuits. These ICs will 
eventually squeeze one 
million transistors onto a 
single chip. 

Where will all this super 
electronic power be 
applied? GE engineering 
manager Don Paterson 
sees it this way: 

"At GE you can innovate 
from the system down to the 
chip to create ... whatever 
ignites your imagination." 

In other words, you can 
dream it ... and do it. 

WE BRING GOOD THINGS TO LIFE 

An equal opportunity employer 
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Someone once said that 
human beings want to be 
deceived and the age we 
live in provides ample 
evidence to support that 
assertion. Public relations 
firms polish and nurture 
the glossy images of 
corporate giants, 
propaganda ministers paint 
rosy pictures of their 
countries' assets,' 
politicians' scandalous 
behavior disappears in 
effective verbal fog banks,' 
Pentagon officials promise 
security in return for 
ever-larger budgets, and 
advertisement offer 
countless other seductive 
fantasies-all for a price, of 
course. Illusion: It's a 
market they can't glut. 

Sometimes the illusions 
that surround us are not at 
all obvious and sometimes 
they are completely 
transparent. We may be 
guided unknowingly down 
the garden path, or we may 
allow ourselves to be led 
astray. One place where 
we actively seek out 
fantasy and illusion is the 
movie theater, where 
special effects experts have 
created countless 
profitable conjuring tricks 
to delight or terrify the 
millions. 

Over the next few years, 
advances in computer and 
video-tape technology will 
transform the movie
making business in some 
astounding ways. The 
Disney film, Tron, was a 
glimpse of things to come, 
but"we ain't seen nothin' 
yet." In this issue, Vincent 
Kiernan provides us with a 

look at one software 
company's new fusion of 
art and technology. 

And speaking of 
illusions, do you think 
Technolog is a big-budget 
magazine written .by an 
·elite corps of literary 
snobs? That's one fantasy 
you'll leave behind if you 
read my guided tour of 
our operation. 

Are the foresters 
laughing at us? Michele M. 
Gauthier provides some 
justification for that vision 
in her story on the 
economics of wood
burning stoves. 

Will computer chips 
eventually out-think 
humans, or is that too, an 
illusion? Satya Vishnu 
Prasad explores how the 
little buggers are stealing 
our minds in his article on 
artificial intelligence 
research. 

Finally, don't forget all 
the other goodies we've 
prepared for you. With all 
the stress and strain of I.T. 
classwork, you deserve 
some escape now 
and then. 

Terry Hansen 

Editor 
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We're McDonnell Douglas-one of the world's leaders in fast 
moving, exciting fields ... military and commercial aircraft, 
missiles, spacecraft, electronics, automation and health 
services. 
And we're looking for people who are looking for the oppor
tunity to put what they've learned to work-people like you. 
What we offer is a wide variety of advanced technical pro
jects and a chance to get involved, really involved, in pro
grams on the leading edge of technology. 

So, if you're an engineer or computer specialist who wants a 
job with real responsibility, sign up at your Placement Office 
for an interview. 
We'll be on campus: 

FEBRUARY 22 AND 23, 1983 

An equal opportunity employer 
U.S. Citizenship required 



The Chemical following lectures for the Feb.23 University at University 
Engineering Dept. has first half of winter quarter. Park will speak on "Ignition 
received a $375,000 Lectures are held in A. Leggett of the University and Burnout 
donation from Economics Physics 131 from 12:15 to of Sussex will speak on a Characteristics of 
Laboratories, Inc. The 1:00. topic yet to be announced. Pulverized Coal 
money is to be provided in and Wood." 
$75,000 amounts over a Feb.22 Mar. 2 
5-year period. Mar. 9 

According to Prof. Eckard Muenck of the Gray Herman Feshbach of the 
Arnold Fredrickson, the Freshwater Biological Massachusetts Institute of Hiroshi Higuchi, Assistant 
money wi II be used to Institute will speak on Technology will speak on a Prof. in the Dept. of 
expand the existing "Living and Breathing: topic yet to be announced. Aerospace Engineering 
biotechnology program by Structure and Magnetism ·and Mechanics at the 
hiring an additional faculty of some Biomolecules." These talks are free and University of Minnesota will 
member, supporting the 

March 8 
open to anyone. speak on "Skin Friction 

work of graduate students, Measurement in 
and purchasing related 

Prof. Roger Jones, author 
Three-dimensional 

equipment and supplies. Turbulent Flows." 
of a recent book, Physics 

The following 
as Metaphor, will speak on 

Mechanical Engineering The Chemical "Physics and 
Consciousness." Prof. 

seminars have been Engineering and Materials 
If you're planning to 

Jones offers an interesting 
scheduled for the second Science Dept. has 

make something out of 
non-traditional perspective 

half of winter quarter. All announced the following 
magnesium, you may want 

on what science has to tell 
will be held in M.E. Room seminars for the second 

to consider entering Dow 108 with overflow in M.E. half of winter quarter. 
Chemical's second annual us. 

Room 202. Lectures begin Lectures are held in 
design contest for 

These lectures are free 
at 3:15 PM. Coffee and Amundson Hall room 240 

undergraduate engineering 
and open to anyone 

donuts will be served in at 1:15 to 2:00. 
students. Prizes totalling 

interested. 
Room 202 after the lecture: 

$3,500 will be awarded to 
Feb. 16 Feb. 15 

six students for an 
innovative and functional 

Richard Skalak, Assoc. Prof. David W. Lynch of 
design, idea or concept 

The School of Physics Prof. and Director of the Iowa State University's 
that effectively uses 

and Astronomy is Underground Space Center Dept. of Physics will speak 
magnesium or magnesium 

sponsoring the following at the University of on "Eiectroreflectance at 
alloy. Deadline for entries is 

colloquiums in Room 131 Minnesota will speak on Metal-electrolyte 
May 1, 1983. For further 

Physics at 4:00PM. (Coffee "Engineering Problems Interfaces." 
information, write: Dow 

and tea are served at 3:30 Associated with the 
Chemical Magnesium 

PM in Room 130 Physics.): Greater Uses of Feb.22 
Design Contest, c/o 

Underground Space." 
Geltzer & Co., 1700 

Feb. 16 Dr. Robert M. Busche of 
Broadway, New York, N.Y. 

Mar. 2 E. I. duPont de Neumours 
10019 

Henry H. Barschall of the and Co. will speak on 

University of Wisconsin at James J. Reuther, Assistant "Chemicals from 

Madison will speak on Prof. in the Dept. of Renewable Resources: 

The Society of Physics "Reminiscences of the Mechanical Engineering at Opportunities for 

Students is offering the Early Days of Fission." Pennsylvania State Bioengineering Research." 
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Mar.1 

Prof. Yakov Rabkin of the 
University of Montreal will 
speak on the "Impact of 
Science and Technology: 
Diffusion of Infrared 
Spectroscopy into 
Chemical Research." 

Mar. 8 

Prof. Christie J. Geankoplis 
of the Dept. of Chemical 
Engineering at Ohio State 
University will speak on 
"The New and Old in 
Mass Transfer." 

The Control Science and 
Dynamical Systems Center 
has announced the 
following seminars to be 
held in M.E. Room 102 
at 2:15PM: 

Feb.17 

S. Zak of the Electrical 
Engineering Dept. will 
speak on "Minimal 
Realizations of Two
dimensional Systems." 

Feb.24 

Abbas Emami-Naeini of 
Systems Control 
Technology, Inc., will speak 
on "Computation of 
Transmission Zeros of 
Linear Multivariable 
Systems." 

Mar.3 

G. Verghese of M.I.Ts 
Dept. of Electrical 
Engineering will speak on 
"Selective Modal 
Analysis-Large Linear 
Motors." 

Seminars will be 
presented with I ive 
interaction on the UNITE 
TV system. 

A new, free catalog of 
1 ,000 popular U.S. 
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government publications is 
now available from the U.S. 
Government Printing 
Office. The sales catalog 
lists books, posters and 
magazines on subjects 
ranging from small-scale 
agriculture to space 
exploration. To obtain the 
catalog, write: New Free 
Catalog, U.S. Government 
Printing Office, 
Washington, D.C., 20402. 

"The mechanical hand of 
the future will be able to roll 
a screw between its fingers 
and sense, by touch, which 
end is which," says Danny 
Hillis of Massachusetts 
Institute of Technology's 
Artificial Intelligence 
Laboratory. 

Many projects are cur
rently underway to develop 
various types of vision sen
sors for robotic devices, but 

little work has been done 
on providing robots with a 
sense of touch. While vision 
can be used to identify 
iarge objects, small objects 
sometimes present identifi
cation problems. 

"Recognition of fasteners 
and determination of their 
position and orientation 
when they are grasped by a 
manipulator is an ~mportant 
industrial problem," Hillis 

If one of the angles you've been 
studying lately is a way to pay your 
tuition costs, Army ROTC would like 
to offer some sound advice. 

Apply for an Army ROTC 
scholarship. 

Recently, we set aside hundreds 
of scholarships solely for engineering 

majors like yourself. 
Each one covers full 

tuition, books and other 
supplies, and pays you up 

to $1,000 each school 
year it's in effect. 

So if the stress of 
worrying about tuition 
is bending you out of 
shape, get some finan
cial support. Apply 
for an Army ROTC 

scholarship today. 
For more informa

tion, contact your Pro
fessor of Military Science. 

ARMYROTC.a 
BE ALL YOU CAN BE .. 



said at a November meeting on the two surfaces meet The final step was to graph needle and com par-
of the American Society of are the touch sensors. determine whether the ing the vibrations produced 
Mechanical Engineers. The two conducting lay- object could roll. as the needle slides over 

"It is also a problem that ers are separated by a non- The sensor then com- the surface. 
is unlikely to be solved by conducting layer composed pared its findings with a Thermal conductivity 
machine vision because the either of nylon mesh mate- description of the possible could distinguish between 
hand obscures the object rial, or for a smaller, more objects tested. For example, two metals that have the 
and because forces can not dense sensor network, a a dowel pin is long, has no same texture, because dif-
be seen," Hillis added. fine film of spray lacquer. bumps or depressions and ferent metals conduct heat 

A sensor, which Hillis The non-conducting layer will roll, while a machine at different rates. This could 
designed, was intended as serves as a separator, so screw iS long, has a bump, be done by comparing the 
part of a tendon-actuated that the conducting layers and rolls. conductivity of the metal to 
mechanical finger, similar only meet when pressure is "In the future, tactile a sensor not touching the 
in size and range of motion applied. recognition programs will surface. 
to a human index finger. The sensor tested in this have much more complex The final area where 
The device, which has 256 application used a lacquer and more precise represen- research is needed is coor-
.tactile sensors and fits on separator and had slightly tations of tactile images," dinating multiple tactile pic-
the tip of a finger, is fewer electronic touch sen- Hillis said. tures into one global pic-
rugged, flexible and has a sors than would be found in He also indicated that ture on the object. "This is 
skin-like texture. the human finger tip. there are three areas of probably the most useful 

The touch sensor is research that need to be next step in tactile process-
composed of three layers. The objects identified investigated: texture recog- ing," Hillis said. 
The bottom layer is a were limited to machine nition, thermal conductivity, "The first real-world 
printed circuit board with screws, set screws, flat and the ability to construct applications of tactile sens-
parallel conducting lines washers, lock washers, a touch picture of an object ing will not be in recogniz-
etched on its surface. The dowel pins, and cotter pins. that is larger than the sen- ing objects that fit on the tip 
top layer is a sheet of con- The sensor determined sor area by rubbing the of the finger, but rather in 
ductive silicone rubber which object was being sensor across the object. orienting known objects 
which also conducts in only tested in three tests. First, it Texture recognition grasped with an entire 
one direction. The two lay- determined general shape, would enable the sensor to hand. This will require 
ers are oriented so the i.e., was the object round or distinguish between paper coordinating images from 
direction of conduction of long? Next, it determined if and glass. This is probably multiple sensors," Hillis 
the two respective layers is there were any bumbs or best accomplished by using explained.~!~ 

perpendicular. The points depressions in the object. a device similar to a phono-
where the conducting lines 
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We are now taking applications for the 1983-84 Technolog business manager. 
This position is open to any full-time student of the University of Minnesota, but IT 

students are preferred. 
This position is an excellent chance to gain hands-on experience in marketing and 

communication, and to make contacts with industry. You will also be representing IT 
students to industry and other engineering colleges' magazines in the country. 

$300.00 per quarter is not a lot, but it beats flipping burgers. 
For more information, contact Terry Hansen (373-3298), or leave a resume and a letter 

of application at Room 2, Mechanical Engineering. 



II 
By Vincent Kiernan 

Mickey Mouse, move over! 
Animation has been overtaken by the 
computer revolution. The computer 
has begun to replace the pen and pad 
as the medium for expressing an 
animator's creativity, and one of the 
frontrunning companies in this 
movement is Digital Productions of 
Los Angeles. 

Although computer animation is 
not new-it frequently appears in 
television advertising-until recently 
most computer animation lacked a 
certain quality of realism. The viewer 
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could easily tell that the footage was 
animated, not real. Digital 
Productions has changed all that with 
a process it calls Digital Scene 
Simulation. President John Whitney 
Jr. describes it as "a process for 
creating realistic-looking computer
generated images, using state of the 
art hardware and software, coupled 
with top design talent." 

And the results can be impressive. 
The company's first major project 
was assisting in the planning for the 
science fiction movie Tron, released 
by Walt Disney Productions last 
summer. 53 minutes of that 96-minute 

''Tower and Sphere," a computer
graphic composition for a 1982 
Siggraph brochure cover. (Digital 
Scene Simulation by Digital 
Productions © Copyright 1983. 
All Rights Reserved.) 

film consisted entirely of computer
generated animation; the 
backgrounds for most of the rest of 
the movie were computer-generated 
as well. 

Currently, Digital Productions is 
creating original simulation footage 



for a new action-adventure movie 
by Lorimar Productions titled 
Starfighters. According to Whitney, 
Starfighters will exhibit the most 
extensive and realistic use yet of 
computer animation in a feature film: 
"Starfighters will achieve the next 

level of realism beyond Tron in 
computer-generated special effects 
for feature films. Digital Productions 
will produce simulated scenes which 
suspend the audience's ability to tell 
the difference between live action 
intercut with photographically 
realistic computer simulation." 

For a scene to be "photographically 
realistic," a viewer must be unable to 
tell by picture quality alone whether 
the scene was produced by computer 
simulation. This requires that the 
resolution of the simulated image be 
at least as good as the resolution of 
the photographic film which will 
transmit the simulated image. To 
meet this goal, Digital Scene 
Simulation can produce images with 
a resolution of 4000 by 6000 lines, 
and with complexities of one million 
polygons. Digital Productions claims 
that such images have the highest 
resolution ever achieved. 

This level of detail comes neither 
easily nor cheaply. Producing high
resolution simulated images that 
move is such a computationally 
intensive task that the company uses 
a $6.5 million Cray-1S/1000 
supercomputer, manufactured by 
Cray Research of Minneapolis. The 
Cray-1 S/1000 performs more than 

This may look like a photo of a Fuji 
cassette, but it was really generated 
by computer for use in a television 
commercial. At least, that's what 

The Cray computer is but one part 
of a network of equipment in Digital 
Productions' labs which produces 
simulation film directly from 
information stored in the computer. 
This eliminates most of the traditional 
animator's equipment, such as 
cameras, and allows the simulations 
to be produced quickly and easily. 

"The computer has un to replace the pen 
and d as the medium for expressing an 
animator's creativi " 

140 million calculations per second; 
Digital Productions' Gray was the first 
computer to be used exclusively for 
graphics applications. But even this 
number-crunching ability is 
insufficient! Late this year, Digital 
Productions will replace its Cray-
1 S/1000 with the first production 
model of the new, $12.6 million Cray 
X-MP/22 supercomputer. This new 
supercomputer works much faster 
than the Cray-1 S, and can execute 
400 million floating point operations 
in one second. 

A supercomputer is only as good 
as its programming, so Digital 
Productions had to develop software 
which would permit the computer to 
mass-produce high quality 
simulations. Th_e company plans to 
market this software, as well as 
another advanced three-dimensional 
graphics package it developed for 
Digital Equipment Corporation's VAX 
computer line, early this year. 

The final ingredient in Digital 
Production's winning formula is 
personnel. The firm, formed only in 

we've been told! (Digital Scene 
Simulation by Digital Productions 
© Copyright 1983. 
All Rights Reserved.) 

1981, currently has a staff of about 40; 
its five-year development plan calls 
for a staff of 200 by 1986. "The 
potency of this facility as a 
filmmaking tool will naturally attract 
the best creative talent," Whitney 
predicts. 

Whitney himself falls into the 
category of "creative talent." The son 
of an experimental filmmaker, he has 
long worked in the field of computer
generated imagery. He has been 
connected with almost every major 
development in the field, and was 
nominated in 1973 for an Academy 
Award for his work on the movie 
Westworld. 

Gary Demos, Whitney's partner and 
co-founder of Digital Productions, is 
responsible for writing the firm's 
sophisticated software. He is the 
coauthor of two patents for digital 
signal processing, and helped 
develop the three-dimensional data 
input software that saw application 
on NASA's Space Shuttle. 

Digital Production's hardware, 
software, and personnel combine to 
give the firm the ability to produce 
realistic computer-generated 
simulations. In fact, in quality the 
computer imagery surpasses 
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"traditional" simulations, according to 
Whitney. Resolution of images, 
precision of shading, the complexity 
of detail are all superior in the 
computer simulations. "And as every 
day goes by, we get better and better 
at what we're doing,' Whitney adds. 

He predicts that the company's 
techniques will make computer 
simulation affordable for many new 
applications. The company's ability to 
efficiently utilize its facilities will 
enable it to produce simulations at a 
competitive price, and a client will be 
able to vary the cost by varying the 
amount of detail in the simulation. 
"The customer will control the costs 
by controlling the creative aspect, 
delivering a far more realistic-looking 
product for less," Whitney said. 

Although many people, recalling 
Tron, may associate computerized 
simulations with science fiction, 
Whitney believes that simulators must 
avoid that stereotype. "It would be the 
kiss of death," he said. "We don't 

A scene called "Gray Tower #1." 
(Digital Scene Simulation by Digital 
Productions © Copyright 1983. 
All Rights Reserved.) 
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want to get locked into any one 
genre. If this thing is going to survive, 
it's going to have to show itself able 
to do all sorts of things." 

And eventually, it will be powerful 
enough to "do all sorts of things," he 
predicts: love stories, adventure 
stories, travel stories. "My goal is to 
simulate the mundane, because the 
mundane-the everyday-is the 
hardest to do," he said. 

picture and television projects. 
As well as simulating objects both 

real and unreal, computer simulations 
may also prove useful as an efficient 
man-computer interface, Demos 
argues. "Computers, as they are 
today, can be converted for much 
more natural kinds of 
communication, and one of the steps 
in doing that is to have them create 
imagery in a form that we can 

"For a scene to be ica realistic,' 
a viewer must be unable to tell picture quality 
alone whether the scene was produced by 
computer simulationm" 

The potential uses of this 
technology are vast. Digital 
Productions plans to market its 
services on a per-job basis for motion 
picture and television entertainment 
projects, military, scientific and 
medical research and development, 
and industrial applications such as 
seismic re_search, oil exploration and 
architectural design. In addition to 
Starfighters, Digital Production~ is also 
involved in independent negotiations 
for several additional major motion 

understand so that it will mean 
something to us. A lot of the large 
computers are being used to figure 
out gas flow, airfoil design, and other 
structural things. There is something 
physical involved, but they are still 
coming out with just numbers or 
plots. But if the computer came up 
with a picture of what you were 
interested in seeing, that would be 
much more natural. It would be like 

Continued on page 36 
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WE CALL IT NAVY ROTC 

Naval ROTC pays off in a number of ways. First, of course, it 
leads to a commission as an Ensign in the Navy. 

It can also help pay your way through college. After two 
years in the Naval ROTC College Program, every student 
receives $100 a month living allowance for ten months each 

year, during his junior and senior years. In addition, he has 
the opportunity to qualify for a full scholarship-tuition, fees, 
books, plus expenses-up to a total of $10,000. 

For more information, speak to the Professor of Naval 
Science on campus. 

Give us a call, or just stop by 

Lt. Rob Wilson 
203 Armory Building 
U of M 
Mpls,., MN 55455 
373-2230 
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By Terry Hansen 

Twice each quarter, the array of 
racks and boxes scattered throughout 
the various LT. buildings fills up 
mysteriously with new Technolog 
magazines. If you're reading this, the 
chances are excellent that you've 
picked up this issue at one of these 
distribution points. Perhaps you look 
forward to the appearance of the 
latest issue, or maybe you regard it 
with disgust, reading only the jokes 
and cartoons and then tossing it in 
the trash-or worse! 

Whatever the case, you may admit 
to a certain degree of curiosity about 
this publication. Why does it exist? 
Who pays for it? Where does it come 
from? How do you get to (or how can 
you avoid) working for it? 
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From my experience as editor, very 
few I.T. students know the answers to 
these questions, so I decided it might 
be worthwhile to take you on a 
guided tour; a sort of inside look at 
Technolog's operation, strengths and 
weaknesses as seen through the eyes 
of one of the many editors it has had 
over its 62-year history. 

Yes, Techno-Log, as it was known 
in those days, was born in 1920, long 
before the age of pocket calculators 
and space shuttles. But I won't 
attempt to recap its entire history, 
because aside from improvements in 
design and printing methods, today's 
Technolog serves the same purpose 
as it did in the 20's: to provide a 
source of valuable news and 
information and a vehicle for I.T. 
undergraduates to develop their 

• 
• 

communication skills. 
Technolog is one of three I.T. 

student publications, the other two 
being the /. T. Connection newsletter, 
edited this year by Meribeth Nordloef, 
and the I.T. Continuum yearbook, 
edited by Lee Atchison. All three are 
published by the I.T. Board of 
Publications, a group of students and 
one faculty member which makes 
hiring, organizational and financial 
decisions. Dr. John Clausen takes 
time out from his many other duties 
as undergraduate advisor to serve as 
faculty advisor to the Board. 

All undergraduate students 
currently pay a quarterly fee of $1.50 
to support Technolog and the 
Connection. Of this, $1.30 goes to 
support Technolog and $.20 goes to 
the Connection. Continuum is 



self-supporting. 
Unlike the Connection, the cost of 

Technolog is borne largely by outside 
advertising. Technolog is a founding 
member of the Engineering College 
Magazines Association (ECMA), a 
national organization of magazine3 
similar in purpose to Technolog. 
ECMA has a national advertising 
representative in New York City, 
Littei-Murray-Barnhill, Inc., which 
sells ads to national corporations 
interested in recruiting engineers and 
scientists. Additional revenue comes 
from ads sold locally by our current 
Advertising Manager, Barb Gross, 
and also by our Business Manager, 
Steve Sigel. 

The amount of advertising sold is 
very important since it determines 
how large each issue of Technolog 
can be. We use a ratio of roughly one 
ad to three pages of editorial copy. 
For example, eight pages of ads 
would permit a 32-page issue at 
about break-even cost. We don't 
necessarily stick to this ratio. 
Sometimes we lose money and 
sometimes we make a few bucks, but 
overall, we're a nonprofit organization. 
(Sometimes too nonprofit for our own 
good.) Extras like glossy paper and 
"four-color" covers add significantly 
to the cost of an issue. Four-color 
printing (named for the three primary 
color and black inks used) is much 
more expensive than a two-color 
cover, so four-color covers are used 
only when advertising revenue is 
more than adequate. 

As with any complex enterprise, 
good planning is essential. There is 
a long lead time between the 
conception of an issue and its 
availability. Three months or more 
may elapse between the time an issue 
is begun to the time it becomes 
available to you. The job of editor is 
largely one of management and 
coordination. All necessary materials 
must be at the right place at the right 
time in the production cycle. In fact, 
the process is very similar to an 
industrial process such as a chemical 
plant, only instead of making 
polyethylene or gasoline, we're 
synthesizing a magazine! 

There is no real magic behind the 
process, but there are some real 
problems. To better appreciate them, 
let's consider the process of 
producing a typical issue. 

The first step is to begin the "long 
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lead-time items." In other words, 
writers have to be located and story 
ideas have to be assigned to them. If 
you think I have an ample supply of 
writers banging on the door to 
contribute to Technolog, you are 
quite mistaken. God knows I've tried, 
but locating I.T. undergraduate 
writers has proven to be a real 
challenge. Out of a student body 
numbering in the thousands, only 
half a dozen or so have come forth! 

There are probably many reasons 
for this. Students may be too 
intimidated to stop in, they may be 
too busy with classes, they may be 
commuters that live in fear of missing 
that last bus back to the far-flung 
suburbs or who prefer to hang out 
with their old high school chums 
instead of making new friends at LT., 
or they may not realize that 
Technolog is open to them. Whatever 
the case, it is unfortunate, because 
outside activities like Technolog can 
take the routine out of life and help 
prospective employers separate the 
wheat from the chaff when it comes 
time for job interviews. 

Once writers are located, story 
ideas must be assigned. Because it is 
difficult to come up with original 
ideas, it gives an editor a warm 
feeling when someone comes in with 
a fresh story idea of his own. 
(Unfortunately, this seldom happens.) 
Assignments must be appropriate for 
the skills of the writer and care must 
be taken to impress upon him or her 
the vital importance of meeting 
deadlines. Realistically, however, 
writers generally miss their deadlines 
and a wise editor should always 
assign more articles than will be 
needed. Finding out one or two days 
after deadline that a writer has not yet 
begun a story is an all-too-common 
experience. 

Simultaneous with the assignment 
of writers may be the assignment of 
photographers. Ideally, photos should 
be processed and a "proofsheet" 
available by the story deadline, but a 
great deal more delay can be 
tolerated here. 

Assuming that stories are assigned, 
the next step is to begin collecting 
news items, jokes, cartoons or other 
material to go into the various regular 
departments such as Log Ledger, 
Technotrivia, etc. It is up to the editor 
to decide which departments to carry. 
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I have been writing the departments 
this year with the aid of my trusty 
Heathkit H-89 computer which 
doubles as a word processor. It would 
be less of a strain if more students 
would volunteer to write a column or 
editorial. Technolog cannot afford to 
pay salaries for a large staff however, 
so there are constraints on what can 
be accomplished in that way. Also, I 
admit to a serious, but common, 
managerial problem: fear of 
delegating responsibility. 

Generally, writing articles and 
departments will take the staff 
anywhere from three weeks to two 
months. Once all the "copy" arrives, it 
must be "copy edited." This involves 
weeding out all the spelling and 
grammar errors, making it conform to 
some kind of style (consistent 
capitalization, abbreviation, etc.), and 
possibly rearranging awkward words 
and phrases for increased clarity. 
This is a very time-consuming task. 
At least two people should work on it 
so they can catch each other's errors. 
When the copy is edited, it must be 
marked up for typesetting, i.e., the 
typesetter must be told what style of 

The very first Techno-Log rolled off 
the press in 1920. 

Acquisition of a small computer 
would be a great leap forward for 
Technolog 's staff. Here, a Heathkit 
H-89 emulates a word-processing 
system. Recognize the story? 
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type should be used, how wide the 
columns should be, and how much 
space should be used between lines. 
All headlines; photo captions, and a 
seemingly infinite number of other 
typesetting details must also be 
prepared at this time. 

Our current typesetter is a 
company called deRuyter-Nelson 
Publications, Inc. The copy is hand
delivered to them and they enter it 
into their computerized typesetter, 
coding it appropriately for the 
specified type size and style. It is then 
printed with a light beam on sheets of 
photographic paper. This "photo
typesetting" process takes about 
three days. It must be inspected 
carefully upon return to us for any 
new errors that may have been 
introduced in this process and the 
required corrections then com
municated to them. Corrections come 
back in about two days. 

It would save much time and 
money if our copy could be written 
and edited on a word processor and 
transmitted electronically via phone 
line to the typesetter. This way, copy 
would only have to be typed once 

Need some art? It's probably in 
here somewhere. 

.I<EEP DOOR ClOSED 
If door is left 

OPEN 

All of the 

OARK 

instead of twice. For this reason 1 
have stressed the utility of obtai~ing a 
microcomputer such as the one 1 am 
using now to write this story. I expect 
that more and more students will be 
using word processors in the future 
and thus, most articles will be in the 
form of digital data when they are 
turned in to the editor. A computer 
would also be very useful for our 
mailing list and accounting. For the 
time being, however, this project 
remains a pipe dream. 

Once type has been set, I measure 
the physical length of each story to 
determine how much space it will 

take up in the magazine. Since I know 
how long the magazine will be from 
the amount of advertising, I can begin 
to "lay out" the pages and determine 
how large the photos, cartoons and 
other artwork should be. Additional 
art may be commissioned from Scott 
Ciliske or Lawrence Ko, two I.T. 
students who have contributed their 
talents to this year's issues. Photos 
are selected and sent out for printing. 
Additional captions may be required 
from the typesetter. 

Laying out the magazine is a tricky 
project, rather like solving an 
equation with many unknowns. If you 
take a look at the way this magazine 
is put together, you will see that the 
total number of pages must be in 
multiples of four. This is because it 
consists of 11 by 17-inch sheets of 
paper with two pages printed per 
side. What this means is that any 
decision about the number of pages 
will probably leave us with too much 
or too little space for the amount of 
material available. The departments 
and stories must be stretched or 
squeezed accordingly so no large 
blanks are left. This is done by 
altering the size and number of 
photos and by the use of enlarged 
quotes and white space. If you write a 



story for Technolog and it doesn't get 
the kind of treatment you would have 
liked, that may be a reason. 

Sometimes disaster strikes. An ad 
fails to appear after the magazine has 
been designed and a full page is left 
open. Remember the page 28 "photo
funny" of the satellite in Fall II? 
That page was supposed to be a U.S. 
Navy ad! 

The next major step is "keylining" 
or "production." Keylining consists of 
actually preparing the magazine for 
the printer. This is where everything 
comes together. All the typeset copy 
must be cut into strips of appropriate 
length to be pasted into place 
(actually we use beeswax) on the 
designated pages. Glossy photo
graphs must be turned into "screened 
prints" of the appropriate dimensions. 
Cartoons and headlines must be 
photographically reduced or enlarged 
to fit. Ads which did not arrive in the 
correct shape or size must be 
re-keylined or reduced. Virtually 
thousands of small items must be 
carefully fitted into their proper 
places on large cardboard sheets. 

Glossy photographic prints cannot 

be used for the keylines because 
printing is an all or nothing process 
(either ink is printed or it isn't). If you 
tried to print a glossy photo, you'd 
wind up with a very high-contrast 
reproduction. To get varying shades 
of grey, the photo must be re-shot 
through a special screen onto 
another piece of photographic paper. 

Continued on page 28 

Over 85 individual pieces had to be 
assembled to complete this keyline 
for the Fall 2 issue. Typical tools and 
supplies include a T-square, 
decorator tape, strips of type, 
completed art and photos, 
burnishing stick, x-acto knife, 
scissors, lighter fluid for melting 
wax when changes are required, 
and non-reproducing pen. 
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By Satya Vishnu Prasad 

The appearance on earth of a non
human entity with intelligence 
approaching or exceeding that of 
mankind's would rank with the most 
significant events in history. While 
human beings can't possibly imagine 
the full consequences, the effects on 
technology, science, economics, 
warfare-indeed, on the whole 
intellectual and sociological 
development of mankind-would 
undoubtedly be momentous. 

Digital electronic computers were 
invented to automate one of the 
essential kinds of mental operation: 
sequential, repetitive, logical 
calculations which are performed 
today with increasing ease and 
consistent accuracy. But during the 
past couple of decades, a new branch 
of science called Artificial Intelligence 
(AI) has been trying to automate 

ill 

I I i 
another kind of thinking, one that 
humans perform so naturally as to 
make it, perhaps, the distinguishing 
trait of our species. This kind of 
thinking assimilates an immense 
amount of knowledge, arranges it into 
abstract categories and exploits it for 
generalization and analogy. In its 
highest manifestation, we call it 
imagination and creativity. Such a 
tireless and invincible thinking 
machine would make possible the 
invention of new scientific theories, 
discover unsuspected relation? 
between human or natural events and 
act as a storehouse of creative and 
imaginative insights. 

Developing such a computer 
science technique that mimics the 
working of the human brain has been 
an abandoned dream and a 
questionable concern for the 
scientist. As a result, research 
institutions have tended to view AI as 

My insurance company? 
Why do you want to 
know that HAL? 
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a radical fringe of computer science. 
Nevertheless, AI researchers continue 
their work primarily at Massachusetts 
Institute of Technology (MIT), 
Carnegie-Mellon University (the 
alma-mater of AI), and Stanford 
University, funded mostly by the 
Dept. of Defense. The research 
emphasis at these centers is the 
development of AI systems whose 
thinking and problem-solving ability 
is patterned after human cognitive 
(perception) processes. 

Some commercial organizations 
are beginning to understand the value 
and importance of this new field of 
computer science and evidence of 
this can be seen on two fronts: First, a 
growing number of companies, 
including Digital Equipment, Texas 
Instruments, Xerox, Schlumberger, 
Hewlett Packard, and General Motors 
are engaged in substantial research 
and have contributed significantly to 



this age-old infatuation. Even IBM, 
which has derided what it considered 
the non-inspiring proposition that 
computers might ever think, is now in 
the game. Second, widening areas of 
practical application ranging from 
early to advanced stages have been 
emerging. Some of these early 
applications are: 

Consultancy through expert systems: 

Computers as expert systems can 
act as intelligent patient assistants, 
and provide professional consulting, 
advice and decision-making in 
specialized areas of expertise. For 
instance, a program called "Xcon" 
helps Digital Equipment Corp. select 
computer systems to meet customer 
needs at the lowest possible cost. 

Automatic calculators: 

In the past, AI was used to perform 
computations. It could also 
manipulate other symbols just as 
easily as numbers. The early thinking 
machines based on ON/OFF 
switching helped in encoding data to 
represent description of geometric 
forms, musical notes or alphabets. 

Artificial senses: 

With progress in AI, a computer 
was made to act as a semi-expert 
system to rapidly sort through siqnals 
coming from cameras and other 
sensors to identify images and 
sounds, reacting instantly to them. 
Such systems were basically tailored 
for rudimentary applications in 
robotic arms and in military 
surveillance. 

At the threshold of emerging new 

technology and the developing 
science of AI, initial real-world 
applications are now beginning to 

develop in three forms: 

Image processing or computer vision: 

These include systems that can 
serve as eyes for industrial robots or 
surveillance satellites and perform 
grueling inspection jobs on the 

A likely side-effect of these 
developments would be the rapid 
spread of the computing language, 
Lisp, the priest-lingua of AI research. 
Its efficiency is particularly obvious in 
handling symbols such as in English 
words and phrases. Lisp is used in 
linking symbols into concepts for 
cognitive analysis of available facts, a 
process known in computer jargon as 
front chaining or back chaining, 

"The human memory is just not big enough to deal 
with the modern medical knowledge base .. " 

assembly line. Vision systems 
promise to make production 
machines more "intelligent," that is, 
more adaptable, flexible, and 
autonomous. Meanwhile, image 
processing helps in performing 
astounding feats of machine mobility: 
navigation, acrobatics, tracking and 
attack-not to mention vision and 
communication. 

Natural language programs: 

Included here are system programs 
that can closely comprehend and 
obey orders in everyday English. 
Over the long term, the basic aim is 
to create systems that can program 
themselves. We may be far away from 
such an advanced stage now, but 
continuing progress is being made in 
both research and development. For 
example, "Psi," a system developed 
by Dr. Cordell Green and his 
colleagues at Stanford University and 
Palo Alto's Kestrel Institute, has 
composed and developed computer 
programs based on plain English. 

depending on its flow and direction. 
Another noticeable feature of Lisp is 
that it can be used to develop itself, 
besides developing other programs. 
Contributing their share to this 
advancement are Symbolic, Inc., of 
Cambridge, Mass., and Lisp Machine, 
Inc., of Culver City, Cal., both of 
which have sprung up to manufacture 
a small computer based on an MIT 
design. Xerox and Hewlett Packard 
are working with MIT on a machine 
that will handle an even more 
sophisticated version of Lisp. 

Expert or knowledge-based systems: 

One of the central concerns of 
Artificial Intelligence is expressing 
knowledge and reasoning with it. 
Knowledge-based systems have their 
application in calculating "primitives" 
(the most fundamental process 
performed by a computer), static 
analysis, producing plans and 

Continued on page 26 
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The mn 
The first comprehensive explanation of electrochemical activity 
during the plating of chromium has recently been formulated at 
the General Motors Research Laboratories. This understanding 
has aided in transforming chromium plating into a highly 
efficient, high-speed operation. 

Complex Coneentration 

0 0 

0 
II 

o~H~o-s-o-

11 II ll 8 
-o-Cr-0-Cr-0-Cr -OH 

~ ~ ~ 9 
0 0 0-H>H<H>O-S-0-

11 

l 
0 

u 
-5 
15 

1 
u ~~------~~rn~l/1--------~ 

H"CrO,!H,SO, Ratio 

Figure 1: The electroactive complex and a 
theoretical plot of its concentration as a function 
of chromic arid to sulfuric acid ratio. 

Figure 2: The electroactive complex diffuses from 
the bulk electrolyte solution (A) through the 
diffusion layer (B) to the Helmholtz double layer 
(C) to be discharged as metallic chromium (D) on 
the cathode (E) surface. 
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DaR MANY industrial applica-1.-, tions, chromium coatings of 
more than 0.2 mil thickness are 
required for wear and corrosion 
resistance. But the conventional 
method of plating chromium is 
neither fast nor efficient. Nor, un
til the recent work of a G M 
researcher, had the steps involved 
in the century-old plating process 
been explained in detail. Through 
a combination of theory and 
experiment, Dr. James Hoare has 
devised the first comprehensive 
mechanism for chromium plating. 
This increased understanding has 
helped electrochemists at the Gen
eral Motors Research Laboratories 
develop a system that plates chro
mium sixty times faster than the 
conventional method, while 
improving energy-efficiency by a 
factor of three. 

The electrolyte for plating is 

@ 
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(4 

(f! 

a chromic acid solution which 
contains various chromate ions: 
chromate, dichromate and 
trichromate. From a series of 
steady-state polarization experi
ments, Dr. Hoare concluded that 
trichromate is the ion important in 
chromium deposition. 

Sulfuric acid has been recog
nized as essential to chromium 
plating and has been assumed by 
some to be a catalyst for the proc
ess. In this strongly acidic solu
tion, sulfate should be mostly 
present as the bisulfate ion (HS04)-. 

Dr. Hoare found, contrary to 
expectations, that the addition of 
sulfuric acid to the plating bath 
decreased the conductivity of the 
solution. 

Combining these findings 
with the results of previous inves
tigations, Dr. Hoare concluded that 
the electroactive species was a 
trichromate-bisulfate complex (see 
Figure 1). From equilibrium con
siderations, he theorized that the 
maximum concentration of this 
species occurred at a 100-to-1 chro
mic acid/sulfuric acid ratio. The 
observation that the maximum rate 
of chromium deposition also 
occurred at this ratio supports the 
conclusion that this trichromate
bisulfate complex is the electroac
tive species. 

During the plating process, 
the complex diffuses from the bulk 
solution toward the cathode (see 
Figure 2). Electron transport takes 
place by quantum mechanical tun
neling through the potential 
energy barrier of the Helmholtz 
double layer and the unprotected 
chromium in the complex (Cr atom 



on the left in Figure 1) loses elec
tons by successive steps, going 
from CrH to Cr+ 2. Decomposition 
of the resulting chromous dichro
mate complex takes place by acid 
hydrolysis to form a chromous
oxybisulfate complex: 

() 
+ II 
Cr-O~H~O-S-0-

11 

() 

The positive end of this com
plex is adsorbed onto the cathode 
surface. Electrons are transferred 
from the cathode to the adsorbed 
chromium ion, forming metallic 
chromium and regenerating the 
(HS04r ion. Thus, Dr. Hoare's 
mechanism explains how sulfuric 
acid, in the form of the bisulfate 
ion, participates in the plating 
process. 

IT HAS long been known that 
chromium cannot be plated 

from a solution when initially pres
ent as Cr +:3 because of the forma
tion of the stable aquo complex, 
[Cr(H20) 6] +:l. Yet chromium can be 
plated when initially present as 
Cr +6 even though it must pass 
through the Cr+:3state before being 
deposited. Dr. Hoare's mechanism 
handles this paradox by explaining 
that the chromium ion being 
deposited (on the left in Figure 1) is 
protected by the rest of the complex 
as it passes through the Cr+:J state, 
so that the stable aquo complex 
cannot form. 

The diffusion of the elec
troactive complex apparently con
trols the rate of the process, so that 

shortening the diffusion path 
increases the speed of chromium 
deposition. A high rate of relative 
motion between the electrolyte and 
the cathode will shorten the path. 
This can be accomplished by rapid 
flow or by agitation of the elec
trolyte. 

Dr. Hoare found that the rate 
of chromium deposition increased 
with electrolyte flow until the proc
ess was no longer diffusion-con
trolled. He also found that the use 
of dilute electrolyte significantly 
increased plating efficiency. 

"This project is an excellent 
example," says Dr. Hoare, "of how 
basic research and engineering 
principles can be combined to 
develop a new, successful process. 
Now, we'd like to take on the chal
lenge of plating successfully from 
Cr+:l, which would be an even more 
efficient way to provide corrosion 
and wear resistance." 

THE 
MAN 
BEHIND 
THE 
W()RK 
Dr. James Hoare 
is a Research 
Fellow at the 
General Motors 
Research Lab
oratories. He is a member of the 
Electrochemistry Department. 

Dr. Hoare served as an elec
tronics technician in the U.S. Navy 
during the Second World War. In 
1949, he received his Ph.D. in phys
ical chemistry from the Catholic 
University of America. After an 
assistant professorship at Trinity 
College in Washington, D.C., he 
joined the US Naval Research Lab
oratory as a physical chemist. He 
became a staff member at General 
Motors in 1960. 

Dr. Hoare's sustaining inter
est has been in electrochemical 
kinetics and the mechanisms of 
electrode processes. He is best 
known to the scientific community 
for his basic studies of hydrogen 
and oxygen electrode mechanisms. 
His book, The Electrochemistry of 
Oxygen, published in 1968, is con
sidered a work of primary impor
tance to the field. In addition to his 
work on chromium plating, he is 
responsible for the fundamental 
research that helped make elec
trochemical machining a precision 
process. 



I 
By Michele M. Gauthier 

'Tis the season of snow and cold. 
Winter is upon us again and brings us 
many joys. It brings us endless 
hockey, downhill sledding and cross
country skiing. It lets us build 
snowmen, throw snowballs and 
celebrate holidays. It also brings us 
stalled cars, closed schools and high 
fuel bills; things that Minnesotans 
seem to tolerate with an annual 
stoicism that has become legendary 
to the rest of the country. 

Minnesota's average winter 
temperature is logged in the almanac 
in the teens, but every now and then 
(and much too often for most people) 
the weather ignores the statistics and 
drops well below zero. The winter of 
1982 set new records for all-time 
lows. The month of January alone 
had 22 days when the temperature 
was below zero. On January 16, the 
mercury dropped to minus 23 
degrees Fahrenheit. 

It is this situation, combined with 
the high cost of fuel and recent 
energy shortages, that have brought 
about a renewed interest in heating 
with wood. Over 200,000 wood
burning stoves were sold in 1973 
following the oil embargo. This 
represents a four-fold increase in 
stove sales from previous years. 
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According to the U.S. Forest Service, 
over 1.5 million stoves were sold in 
the period from July 1979 to July 
1980, while a 1980 Gallup Poll 
estimates that 7 percent of U.S. 
households have functioning wood 
stoves. 

Wood as a heating fuel has many 
advantages, one of which is its 
relative abundance. Larry Gay, author 
of The Complete Book of Heating 
with Wood, said in 197 4 that fuel wood 
supplies were adequate to heat at 

renewability. Entire forests can be 
grown in one human generation while 
fossil fuels require thousands of years 
for formation, a requirement that 
makes their supply virtually finite. 

A third advantage of wood is the 
cost. Wood has a 500,000-year history 
as a fuel supply and was not 
surpassed by coal as the major heat 
source until the 1800s. Natural gas 
and oil supplanted coal as the fuels of 
choice following World War I. Until 
recently, it was more economical to 

"According to the U.SB Forest Service, over 1 a5 
million wood ... burning stoves were sold in the period 
from July 1979 to July 1980 ... " 

least half of all U.S. homes without 
depleting the nation's forests. The 
Federal Office of Technology 
Assessment (OTA) estimates that 
wood could supply between 10 and 
20 percent of the country's energy 
needs in the year 2000. Minnesota 
has over 13,000,000 acres of 
commercial forests and few natural 
supplies of fossil fuels. The cost of 
importing such energy sources could 
be greatly reduced by relying on local 
wood supplies. 

A second advantage of wood is its 

heat with electricity or natural gas 
and oil. Many of us still remember the 
old Northern States Power slogan 
which proclaimed that "electricity is 
penny cheap." 

One of the most common heating 
fuels used in Minnesota today is 
natural gas. A comparison of natural 
gas with wood figures obtained from 
the University of Minnesota Dept. of 
Agriculture Extension Service's 1980 
Guide, Heating the Home with Wood, 
and Minnegasco shows the two fuels 
to be comparable in cost. Natural gas 



has a heating efficiency of about 70 
percent. This means that of all the 
potential energy or British Thermal 
Units (BTUs) available in gas, 70 
percent is converted to useful heat. 
Wood stoves have only about a 50 to 
55 percent efficiency. This number 
varies with the quality of the stove 
and can be much less, but not much 
higher. The cost of natural gas is 
about $4.54 per 1000 cubic feet of 
gas. 1430 cubic feet of gas are 
required to produce one million 
available BTUs. and therefore, gas 
costs about $6.49 per million BTUs. 

It takes .071 cords of white oak to 
produce one million available BTUs. 
(A cord of wood is equivalent to 128 
cubic feet. Minnesota statute 239.33 
states the definition of a cord as "an 
orderly pile of wood occupying a 
space of 4 feet by 4 feet by 8 feet, and 
consists of 4-foot-long logs.") So 
comparatively, one cord of white oak 
would have to cost less than $91.40 to 
be cost-effective. A couple of quick 
phone calls revealed that the average 

cost of a cord of wood in the Twin 
Cities area is $158. However, this 
cost would be considerably lower if 
one were to collect the wood rather 
than pay someone else to do it. 

A comparison of wood with 
electricity is even more encouraging. 
Electricity has a 100 percent heating 
efficiency. A call to Northern States 
Power showed that electricity is 
priced at $.0522/Kilowatt Hour 
(KWH). The cost per million BTUs is 
$15.30 (293 KWH yields 1 million 
BTUs). Again using white oak, 1 cord 
would have to cost $215.50 or more 
before it becomes less cost-effective 
than electricity. 

Wood burning could be even 
cheaper if the efficiency of the wood 
stove could be increased. Wood stove 
efficiency is measured in terms of the 
ability of the appliance to extract heat 
from the wood and supply it to the 
house. The greatest efficiency of 
wood stoves is about 55 percent. 
Higher claims have been made, but 
not documented. Quite often, 

efficiencies are less because of 
mechanical failures or improper 
usage. 

It is the properties of wood itself 
and how it burns that cause much of 
the problem. Wood is composed 
chiefly of carbon, hydrogen and 
oxygen in the forms of cellulose, 
lignin and water. Other constituents 
include sulfur, nitrogen and ash. 

There are four stages in wood 
burning. The first stage is evaporation 
of the water contained in the wood. 
Even with careful drying, wood is 
approximately 20 percent water. The 
initial low temperatures of the fire 
drive out this water and allow the 
second stage of pyrolysis to occur. 
Pyrolysis is the chemical breakdown 
of the constituents of the wood. It 
begins at 540° F. The cellulose and 
lignin are broken down to produce 
gases, tars and charcoal. These early 
stages of pyrolysis are anaerobic. 
Oxygen is excluded from the fire by 
escape of water vapor and carbon 
dioxide from the wood. Oxygen is 
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needed in the combustion, or third 
stage. This occurs between 1,000 and 
1,200° F. Oxygen combines with the 
gases to ignite them and produce 
heat. This process is self-feeding in 
that as temperatures increase, more 
gases are burned, which in turn raises 
the temperature further. 

The final stage is burning of the 
charcoal caused by exposure to 
oxygen. It is estimated that over one
half of the wood's heat potential is 
contained in the charcoal. Charcoal 
burns slowly and evenly and is most 
efficient at temperatures above 300° F. 

All of these burning stages can be 
enhanced by proper fire building, a 
technique known to every Boy Scout. 
First, a layer of tinder is put down. 
Tinder can be paper, twigs or birch 
bark; any material that lights easily 
and burns intensely. Kindling is 
placed on top of this in a lattice 
structure that can support the logs, 
but doesn't quench the burning 
tinder. Logs are then laid on the 
kindling in such a manner as to 
create spaces between the materials. 
These spaces allow oxygen to enter 
throughout the fire and help 
concentrate the heat between the 
wood. 

Now that the fire is going, the next 
problem becomes one of extracting 
the heat and supplying it to the 
house. 

One of the most inefficient 
methods of burning wood also 
happens to be the most common, the 
outside wall fireplace. This structure 
is built in a manner which exhausts 
over 50 percent of the heating value 
of the wood out the chimney. 

Benjamin Franklin was one of the 
first to recognize this situation and 
attempt to remedy it. In 17 40, Franklin 
designed the "Pennsylvanian 
Fireplace." Franklin's stove consisted 
of an open-face box. He knew that 
the stove's potential efficiency would 
be lowered by the open face, yet 
Franklin preferred to view his fire. He 
made modifications of the opening 
which helped contribute to the 
estimated 30 percent efficiency that 
early Franklin stoves were boasted to 
have. Franklin developed sliding 
grooved sides which would minimize 
the draft created by an open fire. 

Franklin also sealed the joints of 
the cast iron stove. He believed that 
this attempt at airtightness would 
eliminate additional drafts. This 
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A standard cord of wood consists of 
an orderly pile of 4-foot-long logs 
occupying a space 4 feet by 4 feet by 

characteristic has been passed down 
and today the most efficient stoves 
are airtight. 

In 1771 Franklin developed a more 
advanced approach to wood burning 
and thus he became the father of the 
down drafting theory. 

In the common updraft stove, 
volatile gases that are potential heat 
sources are carried out through the 
chimney and lost if the fire is hot 
enough. If the fire temperature is 
below 1000° F., the gases do not 
combust and they enter the chimney 
to form creosote, a tar-based 
precipitate. 

Creosote is one of the major 
drawbacks of heating with wood. It is 
highly flammable and contains the 
corrosive formic and acetic acids. 
Creosote deposits are virtually 
unpreventable, but can be minimized 
through hot fires, a good supply of 
oxygen, proper cleaning of the flue 
and down drafting. 

8 feet. When cut into firewood, the 
dimensions may be slightly smaller. 

In down drafting, the volatile gases 
are carried downward toward the fire 
where heat from the coals burns them 
more completely. In modern down 
drafters, often the primary air used to 
feed the fire is heated in a down draft 
to create a much hotter fire to begin 
with. 

There were some drawbacks with 
Franklin's down draft stove, one of 
which was the problem of back 
puffing caused during refueling. One 
solution to keep the smoke out of the 
room was to open the draft of the 
stove a few minutes before reloading 
in order to heat the chimney and 
draw the smoke out. 

In a conventional downdraft, the 
preheated primary air helps maintain 
a 2000° F. temperature in the coal 
bed, thus decreasing the amount of 
creosote formation. 

An additional modification 
recommended by Franklin and 
adopted by the Scandinavians is the 



use of stove baffles to increase the 
length of time volatile gases are in the 
stove, thus increasing their 
combustion. A typical baffle is 
the S-shaped pattern found in 
Norwegian stoves. 

Once a stove is efficiently burning 
the fuel supply, the last problem 
becomes distributing the heat 
throughout the home. There are three 
basic methods used to accomplish 
this. 

The first of these methods is the 
use of floor registers. Hot air rises, as 
all elementary school children know, 
because it is being displaced by 
falling cold air. Control of this 
cyclical nature of air through cold air 
ducts and floor registers will 
efficiently heat a home provided the 

proper stove has been installed, it has 
been located correctly and the house 
is insulated. 

The second method should be 
applied if floor registers do not 
sufficiently heat a home. Further 
ductwork or chimneys may be used. 
A hood must be built over the stove 
which traps the warm air rising from 
the surtace. Horizontal ducts running 
from the hood to the floor registers 
will then heat the home. 

The third method is thermostatic 
control with a mechanical blower. 
Again, this method is to be used only 
if the first two have failed. 

Heating with wood is not pertect 
and isn't for everyone. Those who 
prefer to ignore their energy source 
except for once a month when the bill 

arrives would not appreciate the 
savings of a wood stove. For a wood 
stove requires that the owner gather 
and store wood, maintain the fire on a 
daily basis, and exert more effort than 
merely turning the thermostat. But as 
the snow falls, it is comforting to 
know that Minnesotans have a choice 
and can look to their own natural 
resources for an alternative. II 

Michele M. Gauthier is a journalism 
graduate student. She does not heat 
with wood. 
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executing them, generating defensive 
moves as in chess games, quiesence 
search, and answering questions and 
analyzing problems upon its failure. 

All the knowledge that they 
possess is laboriously supplied by 
human experts. The computer does 
not learn by itself. In short, expert 
systems are a fall-out of a computer's 
ability to remember things and try out 
numerous combinations. Researchers 
are beginning to employ AI 
techniques to assist in design 
processes, diagnosing diseases, 
making decisions under pressure, 
making rapid judgements during 
malfunctioning and emulating many 
of the most important processes of 
human thought. 

The origin of expert systems was 
primarily to lessen the gap between 
human and non-human mental 
activity. These knowledge-based 
systems are particularly well suited for 
circumstances in which alternatives 
are many, theories are uncertain, data 
incomplete and conclusions likely to 
be expressed as unquantifiable 
likelihoods. These are circumstances 
in which most humans make their 
important decisions. 

One application is in the area of 
medical diagnosing, an area that has 
gotten a lot of attention from expert 
system designers. A few influential 
examples include "Mycin," which was 
originally developed at Stanford to 
diagnose certain blood infections, 
and "Puff," another program that 
helps diagnose lung problems. 
Although restricted to these narrow 
fields, the two systems are already 
approaching the reliability of their 
human counterparts. Decisions made 
by Puff were so accurate that the 
doctors at Pacific Medic81 Center in 

As hardware continues to get smaller 
and cheaper, new opportunities are 
opening up for Artificial Intelligence 
and other software advances. 
Transistors and other elements on 
this experimental microelectronic 
circuit are as small as one micron, or 
about one-fiftieth the thickness of the 
human hair. (Photo courtesy of 
General Electric.) 
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San Francisco where it is in regular 
use, sign 85% of Puff's reports 
without change. Yet there is still 
concern for its 15% unreliability. 

Perhaps this was taken care of by 
the most advanced medical system, 
"CADUCEUS," developed at the 
University of Pittsburg by Dr. John D. 
Myers and Harry E. Pople, Jr. 
CADUCEUS can diagnose unrelated 
diseases, unlike others which are 
built for a particular type of disorder. 
This system, according to Dr. Myers 
uses sophisticated reasoning 
processes that gradually converge on 
a solution and request more 
information as it is needed. 

In mining, one expert system called 
"Prospector," helps locate minerals. 
Developed at SRI, it asks questions 
about a region's geological 
formations and then gives advice on 
where minerals are likely to be found. 
Last year, Prospector predicted the 
location of a molybdenum deposit in 
Washington State worth millions of 
dollars. 

The performance of expert systems 
depends on the quality of the elusive 
knowledge that has been put into the 
system. AI researchers often spend 
years picking the brains of experts, 
trying to extract and structure an 
expert's knowledge and program it 

into the computer. The more bits of 
knowledge that they transfer, the 
better the expert system becomes. 
MIT Prof. Randall Davis puts it this 
way: "Knowledge is the gist of the 
intelligence systems." "The human 
memory is just not big enough to deal 
with the modern medical knowledge 
base," says Dr. Myers. 

AI researchers predict that the 
handful of expert systems that are in 
use will be joined by others. IBM is 
testing a maintenance expert system 
at one of its facilities. Other 
companies which are intending to 
join this rat-race are Xerox, Texas 
Instruments, and ICI Public, Ltd., in 
Britain. Xerox's VLSI circuit design 
department is intending to mechanize 
and propagate its knowledge. Xerox, 
in coordination with Stanford and 
Fairchild, is working on a chip design 
system called "Palladia." It will check 
an engineer's design for mistakes, 
suggest new designs of its own, and 
explain the tradeoff between various 
designs. Further from 
commercialization is IBM's "Epistle," 
a system that reads mail and informs 
the recipient of the important parts. 
Hewlett Packard hopes to develop an 
intelligent electronic mail system that 
could not only forward messages but 
also generate its own messages, 

monitor responses, and coordinate 
manager's schedules. Researchers at 
Carnegie-Mellon University and 
Machine Intelligence Corp. are 
working on a "computerized 
foreman" that will minimize inventory 
and production bottlenecks on the 
factory floor. 

Eventually, of course, the machines 
will become creative. But as in the 
past, human beings assure 
themselves that no matter how 
proficient the machines become in 
various fields, they will still never be 
able to exhibit real and authentic 
creativity. But contemporary history
and psychological experiments
amply demonstrate that the more 
grave human problems turn out to be, 
the less rational our response. In 
addition, there is the high order of 
patience and purpose the machines 
possess which surpasses in 
intelligence that of humans. Perhaps 
a time will come when they will tell us 
the difference between right and 
wrong, spirit and soul, and even teach 
us the meaning of our 
accomplishments. Until then, it is 
mankind that prevails. Ill 

Satya Vishnu Prasad is a graduate 
student in computer science who 
recently moved to a warmer climate. 
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Department of Aerospace Studies 
Room 3 Armory 
15 Church Street S.E. 
University of Minnesota 
Minneapolis, Minnesota 55455 
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The screen breaks up the original 
"continuous tone" photo into many 
tiny dots of varying sizes. These can 
be thought of as digital pixels on 
a computer screen. The size and 
number of these dots determines how 
much ink is laid down and therefore, 
how dark the printed picture is. 

MaKmg screened prints is more an 
art than a science, and a black art at 
that! We use an antiquated "stat 
camera" called "Fred" located in our 
newly-remodeled dark room in Room 
2, M.E. Fred allows us to reduce 
photos down to 50 percent of the 
original, or enlarge them up to 200 
percent, at one stroke. I have gotten 
considerably better at this than 
I was during Fall 1 production, 
when no one was around to show me 
the ropes. 

Once the keylines are complete, 
they must be checked carefully for 
any errors that may have crept in 
during production. When the 
production process (which takes 
about three to four long days) is 
finished, the completed keylines are 
carried to Greenhaven Printing where 
they are photographed to make 
printing plates. The printing process 
takes about two weeks and the 
finished Technologs are delivered to 
the loading dock behind the Electrical 
Engineering Building where they are 
transported by coolies (like me) to 
their distribution points. 

Photo/"Mean" Ed 
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It's important to keep in mind that 
during the middle of the year, about 
three Technolog issues are in 
the works at the same time. This, 
combined with a heavy load of class 
work, tends to keep the editor rather 
busy! This is why potential writers 
must take the initiative and drop 
in periodically to find out 
what's happening. 

Although Technologs keep rolling 
off the press more or less on time, 
serious problems cloud the pub
lication's future. The weakened 
economy has meant fewer ads and 
therefore, less income. Since we can't 
afford to pay a large staff and few 
volunteers have come forth, many 
lower-priority (but ultimately 
essential) projects get ignored. 

One of the most important of these 
is record keeping. We need a better 
system of files for old advertisements, 
art work and photos, and better 
documentation of production 
procedures so if the editor dies of 
bleeding ulcers, Technolog won't die 
with him. Also, miscellaneous 
correspondence from such diverse 
sources as Russian technical 
librarians to the U.S. Post Office must 
be attended to. (We get very few 
letters about editorial content, 
unfortunately.) A bad documentation 
system may not be disastrous 
immediately, but it will eat away at an 
organization like cancer. Once again, 
a computer could help solve some of 
these problems by storing easily-

updated information with a minimum 
of tedious paper work. 

Looking back through old issues of 
Technolog, as I do when writing the 
"50 Years Ago" column, I am always 
struck by the large number of 
students that worked on the pub
lication in those days. They really 
had an impressive staff! I wonder 
why? Was it because I. T. was smaller 
and less impersonal? Was it because 
the typical course load was easier? 
Could they afford to pay more? Or 
were people simply less materialistic 
than they are today and therefore 
willing to work for something other 
than money? 

Whatever the explanation, I believe 
that if Technolog is to survive, it will 
be because someone is willmg to 
work on it for reasons other than 
money. Each year, we get news that 
two or three other engineering 
college magazines like Technolog 
have folded. The story is always the 
same: rising costs and shrink-
ing budgets. 

Next year, a new editor will take 
over and he or she will need your 
help. I hope that some of you reading 
this will appreciate the unique 
opportunity that Technolog 
represents and lend a hand. Your 
efforts may not have a major impact 
on your bank statement, but I am 
certain that other, less short-sighted 
rewards will come your way as a 
result. After all, in the final analysis, 
nothing material survives. It is the 
process of living and what it teaches 
us that is important. 8 

After handing over the editor's desk 
to a suitable protege, Terry Hansen 
hopes to become a lighthouse keeper 
on an uninhabited South Sea island. 

Business Manager Steve Sigel and I 
take a hard look at the budget for an 
upcoming issue. 
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NAVY OPPORTUNITY 
INFORMATION CENTER 
P.O. Box 5000, Clifton, NJ 07015 

W196 

0 Please send me more information about becom
ing an officer in the Nuclear Navy. (0N) 

Name--~~--------~---=~------~--------------
First (Please Print) Last 

Address ---------------------Apt. #--------------
City _________ State ______ ZiP·-----

Age ____ tCollege/University ____________________ _ 

:j:Year in College ____________ + G PA.------------------

Phone Number------~.,.-------------------=--------,-(Area Code) Best Time to Call 
This is for general recruitment information. You do not have to furnish any 
of the information requested. Of course, the more we know, the more we 
can help to determine the kinds of Navy positions for which you qualify. 



Test your knowledge of 
science and technology, 
with this issue's 
challenging trivia questions: 

1. While orbiting the sun, 
small particles of a few 
centimeters or so and 
smaller encounter "drag" 
due to outward bound solar 
photons striking them on 
their leading edges. This 
drag causes them to slow 
down gradually and spiral 
inward toward the sun. 
What is this effect called? 

2. When a computer or 
other piece of equipment 
fails, we say it has a "bug." 
What is the origin of that 
term? 

3. A particular type of 
nickel-iron meteorite, 
known as an octahedrite, 
exhibits an interesting 
pattern of interlocking 
crystals when cut, polished, 
and etched with acid. What 
is this pattern called? 

4. Rocket-powered 
Kamikaze suicide aircraft 
had a devastating effect on 
United States ships in 
World War II. Although 
guidance systems of the 
time were primitive, two 
surface-to-air missile 
programs were begun to 
provide a defense against 
the Kamikazes. What were 
these two missiles called? 

5. Toward the end of 
World War II, pilots on both 

I 

According to the computer, you've got a "hold" due to an unpaid 1976 Muncie, 
Indiana parking ticket. You'll have to get that cleared up before you can register. 

sides of the conflict began proportional to the square sailing expedition. What 
to witness strange balls of of its radius. What is this was its name? 

light and disk-shaped "law" called? 
objects which followed 10. What is the NATO 
them on combat missions. codename for the powerful 
American pilots gave these 7. In the 1960's, MiG-25 interceptor which a 
entities a nickname. What geologists attempted to Soviet defector flew to 
was it? drill through the earth's Japan in September, 1976? 

crust to obtain a sample of 
6. Particles falling under the "mantle." What was this 

the influence of gravity drilling project called? 
through a gas or liquid Do you have any 
eventually reach a terminal 8. What were two of the interesting technotrivia 
velocity at which point no major contributions to questions you'd like to 
further acceleration takes cartography made by the suggest? Drop them off at 
place. This principle has Greek mathematician room 2, Mechanical 
been described in a Eratosthenes (ca. Engineering. A source 
mathematical relationship I 250 B.C.)? must be supplied for all 
which says: for spherical I questions. 
particles of varying size but 9. The science of deep-
of the same density falling sea research is generally 
through a fluid, the fall regarded as having been Technotrivia answers 
velocity of each particle is started with a 19th-century on page 34 
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5Btil enes was searching 
for an honest man 9 til til 

rm evingstone 9 9 til 
of tions is searching for a hno/1 

Yes, you too may be a part of history! The I.T. Board of Publications is taking applications for Technolog Editor for the 1983-1984 
school year. The ideal candidate should be literate, witty, hard-working, persevering, patient, inquisitive, creative, knowledgeable, 
wise, firm when necessary, generous, and kind to department secretaries. (No past editor has possessed these characteristics, but 
you could be the first!) 
Applicants must be full-time University of Minnesota students. Preference will be given to I. T. students. The chosen applicant will 
receive all necessary training by working with this year's editor on the Spring 1 & 2 issues. This is an excellent opportunity to gain 
practical communication experience-impressive to a prospective employer. 

For more information, contact Terry Hansen (373-3298) or send resume and writing samples to: 

Technolog Editor Position 
I.T. Board of Publications 
Room 2, Mechanical Engineering 
111 Church Street 
University of Minnesota 55455 

: $1 
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Year by year we are 
becoming better equipped 
to accomplish the things 
we are striving for. 

But what are we actually 
striving for? 

-Bertrand de Jouvenel 

I am the fast-digesting 
sneat. 

First you're in my teeth, 
Now you're in my stomach, 
Now you're back out on the 

street. 

-Anon. 

The following jokes were 
submitted by a local 
branch of the militant 
Native Iowan's Cultural 
Defense League (NICOL) 
in response to the recent 
and continuing deluge of 
anti-Iowa sentiment 
and propaganda: 

It seems that the vltimate 
"user-friendly" computer is 
now on the market. It can 
adjust its level of 
sophistication accordingly 
when the user supplies it 
with his or her 10. 

In a recent consumer test 
of the new product, a user 
typed in an 10 of 160. 

"Very good," the 
computer responded. "Do 
you think that the late 
piano sonatas of 
Beethoven are a more 
profound expression of 
the human spirit than 
the love sonnets 
of William Shakespeare?" 

"Wow! That's neat!" the 
user replied. Then he typed 
in another 10, this time 120. 

"Do you think that Walter 
Mondale will be able to fill 
the charisma vacuum left 
by Teddy Kennedy when 
Teddy quit the race 
for the 1984 Democratic 
nomination?" the 
computer asked. 

When we last left our heroes, they 

"What a fantastic 
machine!" the user said. 
Then he tried an 10 of 85. 

"How 'bout them Vikes?" 
the machine responded. 

-adapted from 
Donald Kaul's column, 

"Over the Coffee," in 
The Des Moines Register. 

One day, when God was 
busy creating a batch of 
Scandinavians, he 
discovered that he had 
enough parts to make most 
of them, but was short 
5,000 personalities. "What 
will I do with these 5,000?" 
he wondered. 

Finally, an angel spoke 
up. "Just send them to 
Minnesota," the angel 
suggested. "No one there 
will know the difference." 

Iowans do have a sense 

BEB X had just crashed on a planet resembling Iowa . .. 

of humor. It has been 
reported that a television 
program on gardening 
carried by an Iowa City 
station is called, "Weed It 
and Reap." 

(The remaining jokes 
have nothing to do 
with Iowa.) 

An American spy had 
been captured in a hostile 
country and thrown into 
prison where he was 
tortured mercilessly for 
several weeks and then 
tossed into a cold, gloomy 
cell with a British spy. 

"Why the devil didn't 
you take your cyanide 
capsules?" the British 
agent asked. 

"I did," the American 
responded. "But nothing 
happened. The guards later 
told me they'd been laced 
with Extra-Strength 
Tylenol!" 

By ott Ciliske 
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TechnotrMa Answers: 
Widmanstaetten pattern, 6. The relationship is The Challenger, a 226-foot, 

1. The Poynting- after Count Alois von known as "Stokes' Law of 2,300-ton steam corvette 
Robertson effect clears the Widmanstaetten, director of Settling Velocities." Source: under the direction of Sir 
solar system of small the Imperial Porcelain Karl K. Turekian, Oceans, C. Wyville Thomson, 
particles. It was first Works in Vienna and (Englewood Cliffs: covered 68,890 nautical 
predicted by the British discoverer of the pattern in Prentice-Hall, Inc., 1968), miles, made 492 deep 
physicist Poynting (1903) a 1808 meteorite. Source: p. 24. soundings and 133 
and was later amended by William K. Hartmann, dredgings, and obtained 
the American physicist Moons and Planets: An 7. The drilling project was data from 362 
Robertson (1937) to take Introduction to Planetary called Project MOHOLE. It oceanographic stations. 
relativity into account. Science, (Belmont: was unsuccessful. Source: Source: Introduction to 
Source: William K. Wadsworth, 1972), pp. David A. Ross, Introduction Oceanography, pp. 35-36. 
Hartmann,Moonsand 200-201. to Oceanography, (New 
Planets: An Introduction to 1 York: Appleton-Century- 10. The MiG-25 is known 
Planetary Science, 4. The rockets were Crofts, 1970), pp. 37-39. as the "Foxbat." It began 
(Belmont: Wadsworth, called "Lark" and "Little flying in about 1964 and 
1972), pp. 52-53. Joe." Neither program was 8. Eratosthenes has a top speed of about 

a success. Source: Werner determined the 2100 miles per hour. 
2. According to one von Braun and Frederick I. circumference of the earth Source: Bill Sweetman and 

version, the term "bug" was Ordway Ill, History of with great precision by Bill Gunston, Soviet Air 
coined when an early Rocketry and Space Travel, measuring the sun's angle Power, (New York: 
computer, ENIAC, failed (New York: Thomas Y. at Alexandria when he Crescent, 1978), pp. 
without warning. Crowell Co., 1969), p. 98. knew the sun was overhead 130-131. 
Technicians later at Aswan. His value of 
discovered that a moth had 5. The "objects" were 24,500 miles compares well 
been caught and killed in called "too-fighters," after with the current value of Score: 
one of its electro- a pun on the French word 24,860 miles. He also made 0-1 Where have you been mechanical relays, thus for fire (feu) appeared in a very accurate map of the all these years? causing EN lAC to halt. the popular comic strip known world. Source: 2-3 Average. This moth was the original Smokey Stover: "Where Introduction to 4-6 Why aren't you computer bug! Source: there's too, there's fire." Oceanography, pp. 31-32. writing for Technolog? Jacques Vallee, Con- Source: David Michael 

7-8 Are you sure you fessions of a Computer Jacobs, The UFO 9. The science of deep- didn't cheat? Scientist, Popular Controversy in America, sea research is generally 9-10 What's your name, Computing, Feb. 1983. {Bloomington: Indiana regarded as having been Dr. Who?g 
University Press, 1975), started with the Challenger 

3. The pattern is called a p. 35. Expedition (1872-1876). 
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Computer-generated design for investigating 
structural strengths and weaknesses. 

Developing and managing Air 
Force engineering projects could 
be the most important, exciting 
challenge of your life. The 
projects extend to virtually every 
engineering frontier. 

8 CAREER FIELDS 
fOR ENGINEERS 

Air Force electrical engineer studying aircraft 
electrical power supply system. 

Engineering opportunities in 
the Air Force include these 
eight career areas: aeronautical, 
aerospace, architectural, 

astronautical, civil, 
electrical, mechanical and 

nuclear. Hundreds of diverse 
specialties are included in a wide 
variety of work settings. For 
example, an electrical engineer 
may work in aircraft design, 
space systems, power production, 
communications or research. 
A mechanical engineer might be 
involved in aircraft structure 
design, space vehicle launch pad 
construction, or research. 

PROJECT RESPONSIBILITY 
COMES EARLY 

IN THE AIR FORCE 

Air Force mechanical engineer inspecting 
aircraft jet engine turbine. 

Most Air Force engineers 
have complete project 
responsibility early in their 
careers. For example, a first 
lieutenant directed work on a 
new airborne electronic system 
to pinpoint radiating targets. 
Another engineer tested the jet 
engines for advanced tanker and 
cargo aircraft. 

OPPORTUNITIES 
IN THE NEW 

USAF SPACE COMMAND 

Artist's concept of the DSCS III Defense Satellite 
Communications System satellite. (USAF photo.) 

Recently, the Air Force 
formed a new Space Command. 
Its role is to pull together space 
operations and research and 
development efforts, focusing on 
the unique technological needs of 
space systems. This can be your 
opportunity to join the team that 
develops superior space systems 
as the Air Force moves into the 
twenty-first century. 

To learn more about how you 
can be part of the team, see your 
Air Force recruiter or call our 
Engineer Hotline toll free 
1-800-531-5826 (in Texas call 
1-800-292-5366). There's no 
obligation. 



Supercomputers from 10 

communicating with a scientist who 
could also paint you a picture." 

Demos also believes that the digital 
scene simulation process can benefit 
society as a whole, due to its ability to 
create pictures of objects that are 
now physically impossible to see. "It 
will be very difficult to keep up with 
the society that's coming up for us, 
with all its incredible intricacy and 
technology, unless we have better 
access to information. I can't imagine 
a computer like ours existing without 
the higher education of the people 
who worked on it, and without the 
sophisticated tools needed to 
maintain it. In general, the whole 
society supports that one machine's 
existence, and also supports the 
intelligence of the people who allow it 
to exist." 

Whitney also believes that 
computer simulation will be a benefit 
to society. He dismisses worries that 
computer simulation will eliminate 
jobs in the entertainment industry by 
arguing that computer simulation will 
create as many jobs as it eliminates. 
"We're not out to take anyone's job 
away," he said. 

And as to worries that computer 
simulation will somehow reduce the 
significance of human actors and 
thus de-personalize the media, 
Whitney agrees that the character of 
the media may change in some 
fashion, but refuses to speculate that 
the change will be a negative one. 
"That's the subject of wild 
speculation, and speculations are 
always wrong," he says. 

"Reality is always more interesting, 
anyway," he adds. Unless, of course, 
he can simulate it.1111 

Journalism graduate student Vincent 
Kiernan holds a bachelor's degree in 
computer science from Cornell 
University. As far as we can tell, 
he's not a product of Digital 
Scene Simulation. 
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Some scholar once 
remarked that "the only 
thing we learn from history 
is that people never learn 
from history." As I browse 
50-year-old Technologs in 
search of interesting items 
for this column, the truth of 
this observation is brought 
home to me with force. 
I. T. curricula are often 
criticized for being too 
narrow in scope and, as a 
result, graduates are said to 
emerge technically skilled 
but not truly educated. 
The following student 
commentary from the 
March 1933 Technolog 
proves this is hardly a 
new issue. 

During ordinary times 
when everything runs 
smoothly along in its 
conventional manner, the 
engineering student, busy 
in his technical studies, is 
content to ignore the 
activities of the rest of the 
world. During the last few 
weeks, an unusual 
condition has arisen. 
Everyone has been 
disturbed by the financial 
crisis which has involved 
our country. When the 
banks close and financial 
difficulties inconvenience 
the engineering student, he 
confusedly looks around 
and wonders "Why?" He is 
dimly aware of what is 
going on, but does not 
understand it. It is then that 
he is envious of the fellow 
who happens to have taken 
some economics courses 

Lnxuriow; serviee on a huge air litwr 

and can intelligently 
discuss the matter at hand, 
and know what to do and 
when, if there is need for 
any individual action. 

Thus it is with many 
things in our lives; 
occasions often arise when 
knowledge of the essentials 
of business, law, and the 
finer arts are necessary. 
These should be studied by 
all, but most engineering 
students unfortunately 
neglect them. It is a great 
cost-that of sacrificing 
these studies so that we 
may become specialized 
technical men, 
undoubtedly very valuable 
in that one field of work, 
but worthless in any other. 
That is the price we pay to 
become engineers. But is !t 

necessary? Why does not 
the engineering course 
broaden and require some 
of the essential non
technical courses in its 
program-(and) thereby 
turn out not only good 
engineers, but good meni 

However, rather than 
sacrifice some technical 
course work to provide 
engineering students with a 
broader education, Dean 
0. M. Leland advised 
students to spend an 
additional year in school: 

The far-sighted student 
who is able to give five 
years instead of four to his 
course is indeed fortunate. 
He can so distribute his 
required work through the 
five years as to afford him 

the opportunity to carry a 
program of elective 
courses beginning with the 
sophomore year. In 
particular, he will profit by 
courses in economics, 
finance, government, 
business, and industrial 
management, and it should 
be a source of lasting 
enjoyment to take some 
short courses in those 
sciences which he did not 
take in high school, such 
as geology, biology, 
physiology, astronomy, and 
psychology, and, perhaps, 
some art appreciation and 
music. Cultural breadth 
involves some familiarity 
with many subjects-a 
smattering perhaps-rather 
than much knowledge 
limited to a single subject. 

Dean Leland went on to 
say that a five-year degree 
should not be made a 
requirement because it 
would be expensive and 
unnecessary. 

Largely as a result of 
deregulation, the airline 
industry has had to 
navigate through some 
turbulent financial times 
recently, and more efficient 
aircraft such as the new 
Boeing 757 and 767 
transports are now testing 
their wings in this uncertain 
climate. But fifty years ago, 
the airline industry was still 
struggling to get off the 
ground-and stay there. A 
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relatively new company depending on which side of rapid strides forward when Elsewhere in Technolog, 
called Northwest Airways the beam he wanders, and it has advanced from a true aviation pioneer was 
was expanding its routes in knowing on which side nothing four years ago, to a reported to have met with 
the midwest and Henry B. each signal is, he heads business that operates as disaster at the hands of an 
Pittelkow (Aero E. '31) back across the signal until many schedules a day as I. T. student: 
reviewed its short history he again reaches the most railroads do. From a 
for Techno log readers. monotone which then business employing two Dave Mosco.vitz showed 
Night flying had become indicates that he has once ships and two pilots in decided skill in bat killing 
practical with the more headed on his true 1926, it has advanced- the other day, and the 
introduction of two-way course. The transmitters for advanced to a point where result of his forry into the 
radio, lighted airways, and this beam are efficient over it has twenty-five ships in morgue back of the 
radio navigation beacons, an airway for about 250 daily use, twenty-five active Ventilation room in E.E. 
the operation of which miles after which distance pilots to man those ships, was tacked out for several 
Pittelkow described: the spread becomes too four co-pilots to attend to days upon the Techno-Log 

great and the curvature of the comfort of the traveler bulletin board. Many were 
The transmitter transmits the earth causes the beam in route, office and the students who found 

two beams simultaneously, to carry away from the business staffs close to the time to stop a few minutes 
one an "A" signal and the ordinary channel of flight. two hundred mark, and to study a real, honest-to-
other an "N" signal in Accordingly, transmitters where it flys approximately goodness mouse with 
ordinary code. When the have been already installed 4,500 miles a day, nearly wings at close range. 
pilot is on the true course at Chicago, Milwaukee, and 1000 of which are now at 
the two signals overlap Minneapolis; and the one at night and with passengers. If they'd studied it rather 
forming a continuous Fargo is now under Verily then air than killed it, they might 
monotone which is construction. transportation is have learned the concept 
interrupted every thirty expanding, and verily the of another useful aviation 
seconds with the Pittelkow went on to United States are just as technology: radar! 
identification signal of the summarize the state of inexorably shrinking. 
beam. However, if he strays commercial air travel Twenty-four hours coast to See you spring quarter. Iii 
during a bad fog or storm in 1933: coast, twelve hours border 
to one side or the other, he to border-once an 
picks up the clear code Verily air transportation impossibBLty, then a dream, 
signal of "A" or "N" in the northwest has made now an actuality. 

If you're a civil. aeronautical or electrical engineer, you should be aware of the opportunity to 
practice your skills as an Air Force Officer. You'll work with the most sophisticated equipment in the 

world and you'll tackle projects of national priority. Projects that plant you firmly in the exciting 
mainstream of the state-of-the-art. Plus, consider these additional benefits: 

® One of the finest compensation and employment packages in the nation. 

® Graduate education opportunities that can be paid in full by the Air Force while 
you continue to draw pay as an officer. 

Completion of our three month officer training program will qualify you 
for a commission as an Air Force engineer. See your Air Force 

Recruiter today- he'll give you the details. 

CONTACT: CAPT. BOB AlWEll 
(612) 331-8216 
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There was a time when most 
robots earned their livelihoods 
in comic books and science 
fiction films. 

Today, they're spraying, 
welding, painting, and process
ing parts at manufacturing 
plants around the world. 

Necessity has caused this 
amazing leap from fantasy to 
factory. 

The world wants long-lasting, 
high quality products, now. 
And robots fit perfectly into this 
scheme of things: They can 

make those products- quickly, 
easily and accurately. 

What kinds of robots? There 
is GE's Allegro,™ for one. 
It can position a part to within 
1 /1000th of an inch- or about V4 
the thickness of the paper this 
article is printed on. Or there's 
GP 132 (shown here). This 
loader, unloader, packer, 
stacker and welder- can lift 
and maneuver 132 pounds with 
no trouble at all. 

So what's lett for me to teach 
robots? You might ask. Consid
er this glimpse into the future 
by Dr. Roland W. Schmitt, head 
of GE corporate research and 
development: 

"One of the big frontiers 
ahead of us is putting the 
robot's nervous system 
together with some senses -

like vision, or touch, or the abil
ity to sense heat or cold. That 
can give you an adaptive robot, 
one that can sense how well it's 
doing its job and make the 
adjustments needed to do that 
job better." 

That's a tall order. And one 
we'll be expecting you to fill. 
With foresight, talent, imagina
tion- all the things that robots 
have yet to learn. 

WE BRING GOOD THINGS TO LIFE 

An equal opportunity employer. 
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An extraterrestrial is Aside from Earth, one those found on Mars. Conference. The annual 

being studied here at the place where volcanic Analysis of nitrogen gas event is held in Houston, 
University of Minnesota. activity was taking place isotopes could provide Texas and is sponsored by 
The question is, where did about a billion years ago is further evidence for a NASA and the American 
it come from? Mars. Most other planetary Martian origin and this is Geophysical Union. By the 

The extraterrestrial in bodies have been where Pepin's research time you read this, 
question bears no geologically dead for much team comes in. scientists attending the 
resemblance to the one longer. In addition, "The Martian atmosphere conference may know 
created by Steven chemical and mineralogical has very odd nitrogen in it," the results. 
Spielberg, however. It looks analyses of the strange Pepin explained. Because 
more like a chunk of meteorites yield results of the fairly weak Martian -T.H. 
cooled basaltic lava that similar to those returned by gravity, nitrogen has 
has seen better days. Some the Viking Mars landers. been escaping from its 
scientists think it may be a Despite this evidence for atmosphere over the years. 
meteorite that originated a Martian origin, it was In so doing, the heavier of Mechanical Engineering 
on the surface of Mars and unclear how a rock could two isotopes has had a graduate student Alan 
physics Prof. Robert Pepin have been torn loose from greater tendency to remain Hauser has been selected 
is helping to resolve the surface of that planet ·behind, and this has as Technolog Editor for the 
the question. with enough velocity to resulted in a unique 1983-84 school year. Alan 

The particular meteorite penetrate its atmosphere atmospheric ratio. If Pepin will be spending part of 
Pepin is studying is one of and escape its relatively finds such a nitrogen spring quarter learning the 
several found on the strong gravity. The isotope ratio in the ropes. Students interested 
Antarctic ice cap in 1979. apparent existence of large Antarctic meteorite, it in working on Technolog 
Antarctica is an especially amounts of ice trapped could be critical evidence next year are invited to 
good place for meteorite beneath the Martian for a Martian origin. contact him at our office, 
hunting because glacial surface may provide the Of the original 17 Room 2, M.E. 
flows carry the fallen answer. If a large meteorite pounds, only three 50-
stones toward the margins struck Mars with enough milligram samples are 
of that continent energy, it could cause a b~ing studied by Pepin and The Society of Physics 

and, in some areas, steam explosion powerful his team. "That's all we Students has announced the 

concentrate them in enough to hurtle fragments need," he explained. "We following spring quarter 

remarkable numbers. of surface rocks away can do fine analyses on lectures to be held in Room 

Scientists think a few of from the planet. These those three 50-milligram 170 Physics on Wednesdays 

these meteorites must have fragments could then have samples." at 12:15 PM: 

a different origin from their traveled in space for many According to Pepin, the 
more common cousins millions of years before nitrogen isotope analysis April 20 
because of the meteorite's encountering the earth's they can perform here is 
unique age and chemistry. gravitational field. unique. "Our lab technique "The Physics of Destruction," 

The 17 -pound Antarctic The Antarctic meteorite is the only one currently in will be the topic of a talk by 

meteorite now being being studied does appear existence that can do this," Dr. Marvin Marshak. 

studied is one of these. It to have been subjected to a he said. 
appears to have solidified major shock, because it When interviewed early May4 
just about one billion years contains bits of melted last month, Pepin and his 
ago, much later than rock in the form of glass. team were trying to obtain Dr. Erwin Marquit will speak 

almost all other meteorites, Trapped inside this glass preliminary results in time on "The Origins of 

which are about 4 billion are samples of noble gases for the mid-March Lunar Fundamental Concepts in 

years old or more. in ratios very similar to and Planetary Science Physics." 
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May18 

Dr. Robert Pepin will talk 
about "The Early History of 
the Solar System." 

June 1 

Dr. Ken Heller will speak on 
"Quarks: The Fundamental 
Constituents of Matter?" 

* * * 

Biotechnology is the 
focus of this year's 
Technology and Society 
Assessment Program 
sponsored by Tau Beta Pi. 
The program will be held at 
Coffman Union on the 
afternoon of Tuesday, May 
17. The half-day program 
will bring together industry, 
government, faculty, and 
students for an in-depth 
conversation about 
biotechnology. Pre
registration is required. 
Registration forms will be 
available at the beginning 
of spring quarter in I.T. 
offices and in 105 
Lind Hall. 

* * * 

The University of 
Minnesota Computer 
Center (UCC) has received 
a color graphic-image film 
recorder donated by 
DICOMED Corp. The D48C 
recorder will be used in 
conjunction with the 
University's Cray-1 
"supercomputer" to record 
graphic or animated 
simulation images on film. 

The new D48C recorder 
will be located at UCC's 
Lauderdale facility, along 
with the Center's other 
major computer systems. 
This will allow high
speed intermachine 
communications needed 
for graphics and 
image-processing. 

The new film recorder 
joins the Center's other 
graphics equipment, 
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including a DICOMED D47 
Color Film Recorder, a 
DICOMED D57 Digitizer, 
pen plotters, electrostatic 
plotters and color monitors. 

The D48, D47, D57, and 
other UCC graphics 
hardware will be connected 
to the DEC VAX 11/780 
system. The VAX will be 
connected to the CDC 
CYBER and CRA Y 
mainframes using an 
existing Network Systems 

Hyperchannel network. 
VAX to CRAYaccess will 
be through VAX station 
software which UCC 
experts hoped to have 
in place by the end of 
March, 1983. 

Possible D48C film 
recorder applications 
include recording Physics 
Dept. stellar atmosphere 
simulation results, output 
of processed Landsat 
satellite images for Middle 

East archeological site 
explorations, and output of 
Chemical Engineering 
chemical process models 
involving fluid droplets. 

The University Computer 
Center is chartered to 
provide research and 
instructional computing 
services to the University's 
academic community. It 
has a full-time staff of 
120 people.& 

If one of the angles you've been 
studying lately is a way to pay your 
tuition costs, Army ROTC would like 
to offer some sound advice. 

Apply for an Army ROTC 
scholarship. 

Recently, we set aside hundreds 
of scholarships solely for engineering 

majors like yourself. 
Each one covers full 

tuition, books and other 
supplies, and pays you up 

to $1,000 each school 
year it's in effect. 

So if the stress of 
worrying about tuition 
is bending you out of 
shape, get some finan
cial support. Apply 
for an Army ROTC 

scholarship today. 
For more informa

tion, contact your Pro
fessor of Military Science. 

ARMY~ 
BE ALL lOU CAN Ill 
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& All HP calculators use the exclusive RPN logic system, 
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system for solving complex problems. 

e Hewlett-Packard's Excellence by Design assures you of 
quality construction. 

" Continuous Memory, found in all HP "C" calculators, 
saves your programs and data when the calculator is 
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We have the right calculator 
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$108.00 

$120.00 

The calculator you choose makes a difference. The right 
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or engineering, we have a Hewlett-Packard professional 
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By Kyle Fairchild 

"By far the greatest obstacle to the 
progress of science, and to the 
undertaking of new tasks is found in 
this: that men despair and think 
things impossible." 

-Sir Francis Bacon (1620) 

The need for technological 
innovation in this country and indeed, 
the entire world, is reaching crisis 
proportions. To guarantee a 
reasonably comfortable existence for 
everyone, without a substantial 
decrease in the quality of life for 
those fortunate enough to be born in 
the developed world, we need to 
make certain changes in the 
development, allocation, and uses of 
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our all-too-finite resources. Planning 
for the development and use of 
resources is one definition of 
"engineering." This constitutes the 
"art" of engineering. The choices 
engineers make will determine our 
own future and the future of society. 
Technology must afford society with 
the ability to do more with less, a 
concept Buckminster Fuller calls 
"ephemeralization." 

More and more scientists and 
engineers are assuming responsibility 
for the directions of technological 
development and innovation. This 
article discusses these ideas, within 
the context of the serious problem of 
urban mass transit in both the United 
States and the rest of the world. 

A PRT system operating in a 
downtown area. Elevated track avoids 
interference with pedestrian or street 
traffic. 

Without adequate distribution of 
goods and services, as well as 
opportunity for individual mobility, 
society as we know it could not exist. 
Understandably a significant portion 
of our resources is dedicated to the 
maintenance of our transportation 
system, in particular, our energy 
resources. The engineering question 
arises as to how these resources can 
be used most effectively. 

Mechanical Engineering Prof. J. 
Edward Anderson has been thinking 
about these concepts for 15 years. 



Instead of immediately trying to 
develop hardware for new transit 
systems, as was done at other 
universities, Dr. Anderson decided 
that it would be more appropriate to 
focus attention on the development 
and understanding of the entire 
system concept, in a broader sense, 
and analyze how transportation 
systems fit into the overall fabric of 
society. He hoped that this 
perspective would lead him to a feel 
for the necessary qualities of an 
optimum transist system. This article 
focuses on that type of system. 

An urban transportation system 
should optimize basically three 
dimensions: the needs and 
conveniences of the user, the 

minimization of environmental 
impact, and cost effectivenes. 
Obviously, the entire concept of an 
optimum mass transit system cannot 
be described in this short article. 
Many specifics will have to be 
glossed over. However, an enormous 
amount of thought and work has gone 
in to every aspect discussed here. 

For ease of presentation, the general 
characteristics of an optimum urban 
transit system will be presented first. 
Then, it will be shown why each of 
these characteristics are part of the 
system. This, of course, is just the 
opposite of how this system was 
developed, or for that matter, how 
any engineering concept should be 
developed. The engineer is given or 
defines the parameters to be 

optimized first, and seeks the solution 
based on those assumptions and 
priorities later. 

This urban mass transit system has 
been called Personal Rapid Transit 
(PRT) and consists of the following: 

-Automated system 
-Three-person vehicles 
-Narrow, minimum weight, elevated 
guideway 
-Off-line stations 
-On-demand, nonstop services 
-Linear electric motors 
-On-board switching 
-On-board redundancy and failure 
monitoring 

Now, let's consider the three 
dimensions that were optimized: 
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1. THE NEEDS AND 
CONVENIENCES OF THE USER 

No matter how well a transportation 
system fulfills other objectives, it is 
useless unless people want to use it. 
This is a major problem with 
conventional urban mass transit. The 
service is generally inconvenient for 
most people. For a system to be 
optimally received by passengers, it 
must have: 

-Little or no wait 
-Dependability 
-Low travel time 
-Comfort 
-Safety 
-Security 

2. MINIMIZATION OF 
ENVIRONMENTAL IMPACT 

The community using the transit 
system is typically very concerned 
about the impact it will have on 
people's daily lives. Communities 
hope for as little impact as possible. 
The most important of these desires 
are: 
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-Minimum land use 
-Minimum noise 
-Minimum pollution 
-Minimum visual impact 

Also of concern is the impact of the 
related industries servicing such a 
system. These would include the 
energy generation and distribution 
facilities as well as storage, 
maintenance, and control facilities. 
Certainly of no small significance are 
the effects on employment of 
community members within the 
transportation organization and 
associated industries. 

3. COST EFFECTIVENESS 

This seems to be the largest barrier 
to new developments in urban 
transportation. One need only look 
to the recent past to see the 
embarrassing list of unsuccessful 
new transit systems. This has left a 
bad taste in the mouths of many 
decision-makers and caused them to 
reassess the practicality of new 
systems. It also supplies additional 
ammunition to those individuals and 

Mechanical Engineering Prof. J. 
Edward Anderson holds a scale 

~ model of a PRT vehicle. The vehicle's 
~ undercarriage fits inside the guide rail. 
~ The vehicle and rail together comprise 
~ a linear electric motor which provides 
~ the necessary thrust. When the 
~ vehicle arrives at a fork in the rail, 

small switching wheels hold it to one 
side or the other, depending on which 
route the user has selected. 

industries that have a particular 
vested interest in maintaining 
conventional systems. These failures 
were caused by a tendency to build 
systems immediately, without 
adequately assessing all of the vast 
technological, social, and economic 
considerations. The economic factors 
that must be met are: 

-Adequate capacity 
-Low cost per trip 
-Low energy consumption 
-Reliability 
-Profitability (without subsidization) 

These fifteen parameters then, typify 
objectives that the optimum transit 
system must meet. The following 
eight characteristics of the PRT 
concept wi II be shown to meet these 
objectives. 

AUTOMATED SYSTEM. About 80% 
of the total operating costs of a 
conventional urban transportation 
system are due to drivers' wages. This 
necessitates the use of very large 
vehicles in order to amortize this 
expense over as large a number of 
seats as possible. Thus, the actual 
cost per seat is brought within 
realistic limits. Larger vehicles mean 
fewer total numbers of vehicles in 
force, so trips have to be scheduled 
to provide adequate service. 
Unfortunately, this can mean long, 
cold waits for people since schedules 
can be quite difficult to meet, due to 
traffic. It also means many 
intermediate stops resulting in, on the 
average, three times as long to travel 
by bus as by car. Finally, it means 
very limited service in most 
low-density areas. AH this is far too 
inconvenient for the great majority of 
people who drive instead, causing far 
greater problems for the community 
and the environment. 



The only answer is automated 
systems. Many people balk at the 
idea of so many drivers out of work. 
One must keep in mind however, that 
this type of system does not descend 
on a city overnight. Single lines or 
loops are built to begin with, and 
others added when deemed 
necessary and feasible. A decrease in 
drivers is accomplished more by 
attrition than by mass layoffs. 

THREE PERSON VEHICLES. With 
automated systems, it's no longer 
necessary to have very large vehicles. 
Studies by the "Lea Transit 
Compendium," among others, have 
shown that the overall weight of an 
empty vehicle, per unit capacity, is 
relatively constant Since energy 
costs are related to vehicle weight, 
the energy costs to move any size 
vehicle per unit capacity is 
approximately the same. Therefore, 
we can build any size vehicle we 
chose, without economic tradeoffs. 
Many small vehicles allow a much 
lighter and more flexible guideway, 
since many small cars more evenly 
distribute weight over a guideway 
than a single, large vehicle. Small 
vehicles also provide the passenger 
with the convenience of using a 
vehicle when he is ready, instead of 
subordinating him to a prescribed 
schedule. 

Interior of a PRT station. 

NARROW, MINIMUM WEIGHT, 
ELEVATED GUIDEWAY. This is 
probably the single greatest problem 
with new urban transit systems. Many 
developers insist on a wide trough 
guideway, similar to a normal 
roadway. If located at ground level, 
this requires an exclusive roadway 
with its associated large land use 
requirements. It is also subjected to 
the nuances of normal road traffic 
(stoplights, etc.). If elevated, this large 
structural mass necessitates a very 

significant financial expenditure to 
guarantee a guideway of sufficient 
strength and stiffness. Use of an 
elevated and narrow, minimum 
weight guideway, similar to a 
monorail, eliminates or minimizes 
these requirements. Current research 
strives to minimize the weight even 
further, without compromising 
structural integrity. This leads to a 
lower system cost-per-mile, further 
sweetening the economic pot. 

A 55-mph urban-suburban trunk line 
showing a freight module in transit. 
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An energy-efficient, high-speed, 
inter-city version capable of moving 
more than 3600 seats per hour (20 
seats per vehicle) at speeds up to 180 
mph. 

OFF-LINE STATIONS. Significant 
energy is wasted by conventional 
transportation by repeated starts and 
stops. Kinetic energy is thrown away, 
in the form of heat, every time a 
vehicle stops for a stoplight or stop 
sign. This, combined with the energy 
wasted while just idling at a light, 
comprises an enormous amount of 
wasted fuel, as you can appreciate by 
considering the number of stoplights 
in America! In the most efficient 
system, the kinetic energy investment 
would need to be made only once. 
This would mean no intermediate 
stops, a feature possible only with 
off-line stations. So, if the vehicle in 
front of you wants to stop at a station 
before your destination, it s~mply 
pulls off the main track, onto the side 
track, much the same as an 
automobile pulls off the freeway onto 
an exit ramp. Or course, this offers 
considerable benefit to the passenger 
as well, since it takes considerably 
less time to reach a destination. 
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ON-DEMAND, NONSTOP SERVICE. 
The above considerations have 
shown that on-demand, nonstop 
service offers the best economic 
advantages. It also offers the best 
service to the passenger. Less time 
wasted by a vehicle is less time 
wasted by the passenger and less 
energy wasted by the system. 

LINEAR ELECTRIC MOTORS. This 
represents a significant advancement 
in the propulsion of urban mass 
transit systems. A motor element on 
board the vehicle generates a 
traveling magnetic field which 
induces eddy currents in a reaction 
rail in the track. These interact with 
the magnetic field to produce thrust 
on the vehicle. These motors have no 
moving parts and run on non
polluting electricity. They are also 
very efficient. It has been determined, 
using very nominal assumptions, that 
a PAT system will have the equivalent 
energy usage of an automobile 
system getting about 85 miles per 
gallon. The linear electric motor is 
also the quietest type of motor 
available. 

ON-BOARD SWITCHING. Generally, 
from an engineering standpoint, the 
fewer moving parts, the better. This is 
particularly true of a PAT system. The 
supporting wheels, as well as special 
lateral wheels used for switching, are 
attached to the vehicle, but are 
located inside the guideway itself. 
Switching from the main line to the 
off-line station ramp, for example, will 
be accomplished by activating the 
switching wheels to hold the vehicle 
to one side of the track or the other. 
The track itself has no moving parts, 
thus minimizing track weight, cost, 
and complexity. 

ON-BOARD REDUNDANCY AND 
FAILURE MONITORING. Due to the 
availability of very inexpensive and 
very reliable microprocessors, each 
vehicle will in effect be a "smart" 
machine. To assure the continuous 
safe and efficient operation of the 
vehicle, a significant portion of 
system monitoring will be done by 
the vehicle itself. A substantial level of 
redundancy concerning critical 
subsystems is also possible. All this is 
achieved for a small fraction of the 
overall vehicle cost. 

Continued on page 26 



Computer-generated design for investigating 
structural strengths and weaknesses. 

Developing and managing Air 
Force engineering projects could 
be the most important, exciting 
challenge of your life. The 
projects extend to virtually every 
engineering frontier. 

8 CAREER fiELDS 
FOR ENGINEERS 

Air Force electrical engineer studying aircraft 
electrical power supply system. 

Engineering opportunities in 
the Air Force include these 
eight career areas: aeronautical, 
aerospace, architectural, 

astronautical, civil, 
electrical, mechanical and 

nuclear. Hundreds of diverse 
specialties are included in a wide 
variety of work settings. For 
example, an electrical engineer 
may work in aircraft design, 
space systems, power production, 
communications or research. 
A mechanical engineer might be 
involved in aircraft structure 
design, space vehicle launch pad 
construction, or research. 

PROJECT RESPONSIBILITY 
COMES EARLY 

IN THE AIR FORCE 

Air Force mechanical engineer inspecting 
aircraft jet engine turbine. 

Most Air Force engineers 
have complete project 
responsibility early in their 
careers. For example, a first 
lieutenant directed work on a 
new airborne electronic system 
to pinpoint radiating targets. 
Another engineer tested the jet 
engines for advanced tanker and 
cargo aircraft. 

OPPORTUNITIES 
IN THE NEW 

USAF SPACE COMMAND 

Artist's concept of the DSCS III Defense Satellite 
Communications System satellite. (USAF photo.) 

Recently, the Air Force 
formed a new Space Command. 
Its role is to pull together space 
operations and research and 
development efforts, focusing on 
the unique technological needs of 
space systems. This can be your 
opportunity to join the team that 
develops superior space systems 
as the Air Force moves into the 
twenty-first century. 

To learn more about how you 
can be part of the team, see your 
Air Force recruiter or call our 
Engineer Hotline toll free 
1-800-531-5826 (in Texas call 
1-800-292-5366). There's no 
obligation. 
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By Michael Andregg 

Looking at the nuts and bolts of 
PAT (Personal Rapid Transit) design, 
one sees nothing very radical, much 
less revolutionary. Virtually all of 
PAT's parts are standard items, with a 
few new twists in switching, guideway 
design, and fancy linear-induction 
motors. Looking at the parts, the 
skeptic would conclude that PAT is 
just another monorail system; pretty, 
new, but hardly revolutionary, and 
probably destined for the dust bin 
that has swallowed so many other 
transit system designs. 

If one looks at total system 
performance, however, radical 
contrasts emerge which distinguish 
PAT from all other existing systems. 
Costs of construction, operation, and 
maintenance should be one-third or 
less compared to conventional transit 
systems. Demand-responsive service 
emerges; a truly radical advance in 
customer service. Who ever heard of 
a public transit system with no 
schedules to remember, no wait for 
vehicles, and non-stop, private rides 
from your entry station to any other 
station on the net-all for less cost 
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than any private vehicle more 
sophisticated than a bicycle? One 
main PRT line is able to carry the 
equivalent passenger load of a four
lane freeway, using less than one
twentieth as much land. That's a 
radical performance characteristic of 
particular interest to urban planners. 

ti 

energy, and materials reflect 
something even more dramatic. They 
reflect an intense and sustained 
desire on the part of one engineer to 
address global problems holistically. 
The man to whom I refer chose to 
look at human problems as a whole, 
and seeing them, to exercise his 

"When PRT matures, it will transform 
transportation and therefore, the very design 
of urban areas .. " 

Now, if all these claims are true, we 
clearly have the sort of synergy that 
makes systems analysts drool. The 
whole of PRT is much greater than 
the sum of its parts. And the 
interrelationships among those parts 
are even more important than the 
parts themselves. PRT is a superb 
example of how a seminal system 
concept can reorder essentially 
standard off-the-shelf parts, to result 
in a radical increase in system 
performance. 

Such radical increases in 
performance per unit cost in dollars, 

considerable skills to address the 
whole human problem of security in 
our terribly fragile age as thoroughly 
as he could. How contrary to the 
popular tradition of specialization 
which is so narrow you could slice a 
pion with minds so carefully honed! 

Prof. J. Edward Anderson saw that 
national security requires more than 
merely better missile guidance 
systems (which he designed for 
Honeywell for many years). He saw 
that real security lies in addressing 
the causes of war (like resource 
competition) as well as in deterring 



the outbreak of war through military 
might. He saw that even if war were 
to be magically abolished, our 
national welfare would mean nothing 
if the major resource and economic 
trends of this age were not 
addressed. How unusual for a 
technologist to pass up the easy buck 
offered to the common herd for 
short-term ends, and instead, to 
pursue a mission requiring long-term 
effort devoted to the common 
welfare, and indifferent to the fads of 
government contracting. How novel 
for an engineer to rely only on his 
own skills, to strike out on a new 
course, knowing that "the system" he 
was trained in would not support 
such innovation for years, if ever. 
The genesis of PRT reflects a 
revolutionary departure from the 
standard course of career 
development. 

This is not meant to imply that 
technologists are merely slavish 
servants to the system, nor that 
engineers are generally indifferent to 
social welfare. I do mean to stress 
how unusual it is for a practicing 
applied scientist to step outside of the 
existing reward system, and move 
contrary to prevailing trends. It is 
rareness cubed for one person to 
strike out in new directions and 
succeed by breaking through to 
create what may well become a 
whole new industry. It happens that 
commitment to long-term, general 
welfare was essential for Dr. 
Anderson's personal success. It's an 
example we might all reflect on. 

When PRT matures, it will 
transform transportation and 
therefore, the very design of urban 
areas. Roughly one-half of all modern 
urban landscapes is devoted to the 
private automobile. Yet, the PRT can 
do the same job using a tiny fraction 

"The cruel truth is that fossil fuels In 
general, and oil in particular, are distinctly 
finite, and even with conservation, increased 
drilling, advanced recovery techniques, 
synfuels and alternative fuels de~vel4opnn~en 
the odds are very long indeed inst ate 
use of gasoline for general transportation in 
America by 2010 .. '' 

of the space. How atypical it is for 
a private engineer to take on such 
giants as General Motors, Exxon, et 
al., to propose a simple solution to a 
universal problem, a solution whose 
only real defect is the challenge it 
poses to a host of old vested ways of 
doing things. How rare it is to see 
short-term parochial interests. We'll 
see if Exxon gets him, or GM, or 
the Teamsters, or the insurance 
companies. (PRT's don't have 
accidents, you see. There goes 
another multi-billion dollar 
industry we don't need.) 

Now, if you're a fan of Exxon, et al., 
be assured that I mean no harm to 
either them or you. All I want is to 
give my child a decent chance to live 
as long as I have. Failure to address 
the real problems of humankind will 
compromise that goal. My worry in 
this context is that some accountant 
somewhere will see that someone's 
quarterly profit would decline if 
society retools to survive the long-run 
challenges before us, and that this 
accountant might arrange to buy out 
and bury this competition which is 
absolutely essential for survival over 
the long term. 

What, dear Reader, do you expect 
to do 30 to 40 years from now (when 
you'd like to be 50 or 60 and looking 
forward to a lazy retirement) when 
there really, truly, will not be enough 
oil left for people to waste carting 
their individual carcasses around? I 
encourage those rosy-cheeked souls 
who consider this a non-problem, to 
examine Exxon's projections, or 
Saudi Arabia's or Jim Johnson's 
(Director of Technology and Public 
Policy for I.T.). The cruel truth is that 
fossil fuels in general, and oil in 
particular, are distinctly finite, and 
even with conservation, increased 
drilling, advanced recovery 
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"In order to make it to 2010 in anything 
approaching a happy condition, we must 
accomplish revolutionary changes in both 
the habits and the physical apparatus of our 
entire civilization .. " 
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techniques, synfuels and alternative 
fuels development, the odds are very 
long indeed against private use of 
gasoline for general transportation in 
America by 2010. Actually, if you look 
at the projections I referred to, you'll 
realize how lucky we'll be if we make 
it to 2010. 

In fact, in order to make it to 2010 
in anything approaching a happy 
condition, we must accomplish 
revolutionary changes in both the 
habits and the physical apparatus of 
our entire civilization. Put another 
way, we have before us a choice of 
futures. Several interrelated global 
trends, if not altered by us, promise 
collapse of advanced civilization in 
any of several ways. It may be 
catastrophic, as in nuclear war, or 
gradual but sustained, as in 
exhaustion of critical resources 
without adequate replacement. 
General economic collapse, or failure 
of the international monetary system 
is another prospect. Deterioration of 
global biological assets is already so 
advanced as to g'ive the world's 
biologists ulcers. Agricultural land is 
eroding, turning to desert, and being 
reduced by urban sprawl at alarming 
rates. Fisheries production has 
already begun to decline (the peak 
was in 1978) due to overharvesting 
and pollution. Forests are being cut 
.down at a rate equal to one-half the 
area of California each year, with 
consequencesthatgofarbeyond 
shortages of redwood for hot tubs. 
Biological diversity, the very stuff of 
life in terms of food production gains 
and new drug breakthroughs, is 
being reduced at epidemic rates. All 
of these trends, as well as the 
derivative trend of increasing 
violence, could get far worse as the 
human population doubles over the 
next 41 years (or tries to). 

The blunt truth is that if we wish to 
survive, much less thrive, to the year 
2010, we will have to accomplish 
several miracles. PAT is a fine 
example of the kind of breakthroughs 
we must achieve. Transportation is 
partly a luxury for the citizens of an 
affluent society, but it is also a vital 
requirement. Any technology which 
promises to accomplish an essential 
social task more efficiently than 
before, buys us more margin. The 
energy and materials efficiency of 
PAT is at least as important as its cost 
efficiency. We will need all the margin 
of time, energy, materials, and money 
that we can get, because many more 
breakthroughs must occur over this 
same period, if we are to survive the 
great transition before us. 

A closing observation: PAT is not a 
very sexy technology. It hasn't the 
flash or glitter of a space shuttle, or 
an F-15, or an MX missile. It lacks 
many of the attributes which attract 
high technologists. It also lacks 
whatever it takes to attract the large
scale development funding which it 
deserves because of its social utility. 
And yet, our national security is every 
bit as much at risk today from failure 
to accomplish the critical 
infrastructure changes needed to 
help us survive the resource crunch, 
as it is from foreign armies. In the 
end, we face a developing global 
crisis which has many fronts, and we 
will suffer just as surely if we fail 
to deal with any major element of 
that crisis. 

PAT is a sterling example of a 
piece of the whole answer to this 
great challenge. It is the essence of 
appropriate technology-advanced 
systems design leading to the 
optimally simple system which 
accomplishes a critical task far better 
than before. 



So finally, the largest implication of 
the PRT is that the ideals and goals 
behind its creation may help 
stimulate a generation of our 
brightest minds to realize the majesty 
of the awesome time we live in, and 
the urgency of the survival challenges 
before our kind. If you realize this, and 
if you strive to solve these common 
problems, we will see a revolution in 
our time, and we will see you 
generate the many other miracles we 
so desperately need to survive. If you 
choose instead, to follow the old, 
short-sighted ways, we will reap 
instead the fruit of ignorance and an 
arrogance which knows not how 
fragile our existence is. Good luck, all 
you engineers! My kids are counting 
on you! a 

Michael Andregg teaches speclaUym 
designed Interdisciplinary courses 
including M.E. 5402-5403, "Ecology, 
Technology and Society." He holds a 
doctorate In genetics and currently is 
studying global problems and war. 

Autobark Industries, Inc., 
has introduced an 
innovative mechanical 
barking dog for use in 
domestic security 
applications. The 
"Pneumo-Canine Mark I," 
shown here on the test 
stand, can accurately 
simulate a variety of 

threatening dog-like noises 
guaranteed to strike terror 
into the heart of any 
potential intruder. When 
equipped with optional 
mechanical legs and any of 
a range of convincing 
synthetic dog fur 
costumes, Pneumo-Canine 
will actually patrol your 

house and garden while 
emitting sounds ranging 
from ominous low
frequency growls, 
to menacing, ultra
high-decibel barks. 
Circle 114 on the 
Reader Service Card. 

The Air Force has openings for young men and women majoring in 
selected science and engineering fields. Like Aeronautical, Aerospace, 
General and Electrical Engineering, Mathematics, Physics and Com· 
puter Technology. 

To help prepare for one of these, Air Force ROTC offers two and 
four-year programs of study which will defray some of your college 
costs. 

After completion of the AFROTC requirement, and upon your 
graduation, you'll be commissioned an officer in the Air Force. Then 
comes responsibility, experience in your specialty with some of the 
best people and facilities in the world, and a mission with a purpose. 
You'll get excellent starting salary, medical and dental care, 30 days 
vacation with pay beginning your first year, and more. 

Look into the Air Force ROTC program right away. See what's in it 
for you. See how you can serve your country in return. 

Department of Aerospace Studies 
Room 3 Armory 
15 Church Street S.IE. 
University of Minnesota 
Minneapolis, Minnesota 55455 

(612) 373-2205 
(612) 373·2206 
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By Meribeth Nordloef 

By the time this magazine goes to 
press, the space shuttle Challenger 
may finally have been launched, 
though a couple months behind 
schedule. The sponsor for this flight 
is the National Aeronautics and 
Space Administration (NASA) which 
funds hundreds of space missions 
similar in complexity but less well 
known. One of these lesser-known 
experiments was recently completed 
at the University of Minnesota under 
the direction of Physics Prof. Paul J. 

18 Minnesota Technolog, Spring 1, 1983 

• 
I 

• 
I 

I 

Kellogg. The Unified Radio and 
Plasma Wave Experiment has been 
sent to join other space experiments 
which together, make up the 
International Solar Polar Mission 
spacecraft, now awaiting the start of 
its 1986 journey. 

Wait! The Solar Polar what? That 
was my reaction when I first heard of 
this mission. But after writing this 
article and seeing how physics, 
astronomy, and electronics were 
brought together in one experiment, I 
have high regard for an electronic 
experiment package which is the size 

I 

of a shoe box and cost over one 
million dollars to produce. 

The International Solar Polar 
Mission (ISPM) was designed to 
investigate the three-dimensional 
structure of the solar wind (atomic 
particles flowing outward from the 
Sun) and to study the solar corona 
(the Sun's outer, extended 
atmosphere) from above the Sun's 
polar areas. The original ISPM plan 
included two spacecraft: one 
provided by NASA and the other by 
the European Space Agency (ESA). 
Both craft were to carry 



Path of the International Solar Polar 
Spacecraft once it leaves earth orbit. 

approximately the same types of 
experiments so their data could be 
checked against each other as the 
two vehicles traveled over opposite 
poles of the Sun. According to the 
original plan, it would have been 
possible to construct a three
dimensional or "stereoscopic" picture 
of the solar corona. However, with the 
Reagan administration's unilateral 
cancellation of the U.S. half of the 
ISPM, these ideas had to be shelved 
and planning had to continue with 
just the ESA spacecraft alone. Since 
Prof. Kellogg was involved with the 
ESA spacecraft, his experiment was 
not directly affected. 

What is unique about this mission 
is the planned trajectory of the 
spacecraft. After launch from the 
space shuttle, it will fly to Jupiter and 
be flung by that planet's gravity, 
which is 2.74 times as strong as that 
of Earth, out of the ecliptic plane and 
up and over the Sun's pole. The 
ecliptic plane is defined by the 
apparent orbits of the planets about 
the Sun. The voyage is expected to 
take approximately 15 months to 
reach Jupiter and 2 years, 3 months 
to return to the vicinity of the Sun. 

Up until now, most space missions 
have operated within the ecliptic 
plane and any data collected has 
been representative of that area of 
space. The few missions that have 
flown just outside the plane have 
sparked the interests of scientists to 
learn more about how conditions in 
the interplanetary medium differ in 
that area. With the ISPM mission, 
scientists hope to gain valuable 
information on the solar wind and the 
Sun's corona outside the ecliptic 
plane. 

The solar wind is composed of 
charged particles that stream out of 
coronal "holes" in the Sun. These 
holes are caused by characteristics of 
the Sun's magnetic field which 
extends outward into space. These 
regions also generate large amounts 

Prof. Kellogg (left, standing) with 
team members Steven J. Monson, 
senior scientist (right, standing), and 
Bob Howard, manager of electronics. 
Not pictured is Keith Goetz, software 
expert. 
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of x-ray radiation. The gaseous 
mixture of slow and fast moving 
charged particles is often referred to 
as "plasma." (No, it has nothing to do 
with blood.) The coronal holes 
appear to be fairly constant features 
of the Sun's poles and emit constant 
streams of high-speed plasma. This 
idea will be tested by the ISPM by 
taking measurements from above the 
pole. Up until now, conclusions about 
the solar wind outside the ecliptic 
plane had to be inferred from the 
observed behavior of comets' tails. 

The ISPM spacecraft will carry a 
total of ten experiments, some of 
which will study the physical state of 
the magnetic fields and high-energy 
particles at different distances from 
the ecliptic plane. Other instruments 
will record the solar wind and its 
variation with ecliptic latitude, and the 
Sun's corona. The data collected by 
the experiments will be radioed back 
to Earth where it will be received by 
one of the six Deep Space Network 
antennas operated by the Jet 
Propulsion Laboratory. 

One experiment aboard the ISPM is 
the Unified Radio and Plasma Wave 
Experiment. This experiment was 
designed by Prof. Kellogg in 
collaboration with the Goddard 
Space Flight Center and the Paris 
Observatory. The experiment is 
nicknamed "STO," for the first three 
letters of the principal investigator's 
last name. (Robert G. Stone of 
Goddard Space Flight Center.) Its 
purpose is to collect data on the 
large-scale structure of the solar wind 
and the dynamic properties that make 
up its microstructure. In addition, it 
will allow study of plasma microscale 
behavior as a function of latitude 
and time. 

The instrumentation for this 
experiment consists of an antenna 
system and a receiving system. The 
antenna system is composed of three 
antennas: a 100-meter dipole, an 
8-meter monopole, and a magnetic 
search coil. Each electric monopole 
will be equipped with a preamplifier 
to drive the low-impedance cables 
which connect to the main 
electronics package. 

The receiving system is composed 
of four frequency elements. This is 
necessary because of the wide 
frequency range of solar wind 
phenomena to be studied. The four 
elements include the Radio 
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Figure 1. Frequency coverage of the for the ESA International Solar Polar 
four-element experiment constructed Mission. 

Frequency Receiver, the Plasma 
Frequency Receiver, the Fast 
Envelope Sampler, and the Waveform 
Analyzer. The frequency range and 
resolution of each element is shown 
in Figure 1. 

Radio Frequency Receiver 
The Radio Frequency Receiver, 

operating over a frequency range of 5 
kilohertz (kHz) to 1 megahertz (MHz), 
is designed with a very high 
sensitivity within a narrow bandwidth 
necessary for radio tracking. The 
observing range of this instrument is 
in two intervals. The upper band is 
covered in ten frequency steps from 
30 kHz to 1 MHz with a bandwidth of 
3 kHz, and the lower band is covered 
in six frequency steps from 5 to 30 
kHz with a bandwidth of 0.5 kHz. 

Plasma Frequency Receiver 
The design approach taken for 

microscale observations of the solar 
wind satisfies the scientific need for 
high resolution in both frequency and 
time. Good frequency resolution in 
the range of 0.8 to 30kHz is provided 
by the Plasma Frequency Receiver 
which consists of a step-tuned filter 
covering the frequency range in 32 
contiguous intervals with bandwidth 

overlap at -6 dB levels. A frequency 
overlap with the Radio Frequency 
Receiver over the 5 to 30 kHz range is 
provided due to the plasma wave 
research requirements of continuous 
frequency coverage, and also, for the 
redundancy check this system offers. 

Fast Envelope Sampler 
The Fast Envelope Sampler, 

comprised of two decade filters which 
can be shifted between two 
overlapping frequency ranges, 
provides high time resolution in 
approximately the same frequency 
space as the Plasma Frequency 
Receiver. With a frequency range of 
0.2 to 60 kHz, the Fast Envelope 
Sampler is designed to capture 
transient (short-term) events over 
four possible commandable decade 
ranges. Waveforms received in two of 
these ranges will be simultaneously 
detected, digitized at sampling rates 
up to 1 kHz, and stored in 24K bits of 
digital memory. 

Wavefonn Analyzer 
The Waveform Analyzer, which 

covers a frequency range from DC to 
500 kHz, will operate in two ranges. 
The upper range will use a 256-point 
Fast Fourier Transform (FFT) 



According to current plans, the 
International Solar Polar Mission will 
be carried into space aboard a space 
shuttle sometime in 1986. 

microprocessor. FFT uses the 
techniques of spectral analysis 
employing Fourier Transforms. Prior 
to digitization into 8 bits, the analog 
signals pass through a 1 kHz low
pass filter which cuts out the high 
frequencies to eliminate "aliasing" (a 
phenomenon in which a signal is not 
sampled at a sufficiently high rate), 
and then through a microprocessor 
gain-selectable amplifier to achieve 
the best resolution for each time 
span. In the lower range, a 256-point 
FFT microprocessor is also used. 
After passing through a low-pass 
filter, the signal is digitized into 12 
bits. Through these measurements, 
quantitative information describing 
the physics of solar wind kinetic 
processes can be gathered. 

For the amount of electronics 
involved, the size of the experiment is 
quite small. It is about the size of a 
shoe box with a weight of 
approximately 5.8 kilograms (12.8 
pounds). Total power required is 6.6 
watts. Because this mission is 
designed for deep space, several 
precautions had to be taken. First, all 
components in the experiment were iii 

specially made to be radiation ~ 
resistant since the intense radiation in ~ 
space represents a serious threat to ~ 
the operation of each experiment in 1 
the spacecraft. Second, due to the ~ 
high sensitivity of the on-board field 
receivers, the space craft had to be 
constructed so it would not generate 
radio frequency noise which could 
interfere with the operation of these 
sensitive experiments. Supposedly, 
both precautions had been taken, but 
by accident, many of the components 
turned out to be non-radiation proof 
and they will ultimately have to be 
replaced by specially manufactured 
ones. 

As of last September, Prof. Kellogg 
and his associates had finished with 
their contribution to the ISPM 
spacecraft. After working on the 
project since 197 4, they now must 

Continued on page 2'6 

Preamplifiers for the three electronic 
receiving antennas. 
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Test your knowledge of 
science and technology, 
fact and fiction, with this 
issue's challenging trivia 
questions: 

1. While scientists tend to 
regard the world as 
understood in its essential 
details, bizarre events 
which appear to have no 
easy explanation continue 
to occur. Showers of frogs 
and fishes, poltergeist 
phenomena, and 
appearances of mystery 
animals are just a few 
strange phenomena which 
continue to challenge the 
rational world view so 
popular today. These 
transient phenomena have 
been given a name after the 
man who devoted himself 
to collecting reports 
about them. What are 
they called? 

2. When the Apollo 12 
lunar module Intrepid 
landed on the moon, it was 
just 600 feet from another 
American spacecraft that 
had arrived years earlier. 
What was this spacecraft's 
name? 

3. While in training, the 
Apollo astronauts had 
the luxury of their own 
personal jet planes. 
They used them for 
transportation, training, 
and just plain fun. What 
type of aircraft did 
they use? 

... So one day I got sick of trying to find a parking spot 
at the "U," so I ... 

4. Bordering the shores of 
the continents are 
submarine terraces known 
as continental shelves. 
These relatively shallow 
areas of sea floor cover 
approximately one-sixth 
of the world. How were 
they created? 

5. What influential 13th
century English scholar 
argued against basing 
one's opinions on fallible 
authorities and customs, 
and instead advocated use 
of the experimental 
technique as a means of 
discovering reliable 
knowledge? 

6. In the Stanley Kubrick 
film, A Clockwork Orange, 
the main character, Alex, 

was treated with an 
experimental "Serum 114." 
In which one of Kubrick's 
other films did this same 
cryptic numeral appear? 

7. In 1960, the American 
radio astronomer Frank D. 
Drake undertook an 
attempt to detect radio 
signals from possible extra
terrestrial civilizations near 
the stars Tau Ceti and 
Epsilon Eridani. What was 
this project dubbed? 

8. Herman Hollerith, well
known for his use of 
punched cards as a means 
of storing and analyzing 
data, developed a kind of 
data processing system in 
the 19th-century. What was 
it for? 

9. Radar, which, as we all 
know, comes from the 
words "Radio Detection 
and Ranging," was of 
critical importance during 
the battle of Britain. What 
British scientist suggested 
the idea in the first place? 

10. If you stare up into the 
clear twilight sky for 
several minutes, a faint, 
yellowish, hourglass
shaped image about four 
degrees long and 
sandwiched between a pair 
of blue "clouds" may 
become apparent. What is 
this image called and how 
is it produced? (Hint: The 
long axis of the image 
points toward the sun.) 

Technotrivia answers 
on page 28 
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c: 
By Scott Otterson ~ 

~ 
0 "Eh? What's that? Speak up sonny, 

I CAN'T HEAR YOU!" 
It will happen to many of us. With 

age, hearing loss seems inevitable. 
Despite great advances in medicine, 
doctors still haven't found a way to 
prevent hearing deterioration. You 
can find a quiet work place, you can 
avoid loud music, you can wear ear 
plugs, but statistics show that close 
to half of retirement-age Americans 
will suffer from auditory impairment. 
So until scientists find a way to cure 
the basic causes of hearing loss, 
many of us will have to rely 
on electronic hearing aids. 
Unfortunately, today's hearing aids 
are far from perfect. Fortunately, 
researchers like Jim Holte, University 
associate prof. of electrical 
engineering, are refining the 
technology, expanding the 
boundaries of knowledge, and 
ultimately, making life a little better 
for the hearing-impaired. 

In order to understand Holte's 
research, it is helpful to have some 
background on hearing and hearing 
aids. The ear works like this: Sound 
waves, which are rapidly-oscillating 
areas of high and low air pressure 
similar to the crests and troughs of 
water waves, pass through the pinna 
(the external part of the ear) and into 
the auditory canal. In the canal, the 
waves are distorted and modified in a 
complicated manner as they reflect 
off its walls and interfere with each 
other. At the end of the canal, the 
waves vibrate the ear drum which is 
connected by three of the smallest 
bones in the body-collectively called 
the ossicular chain-to the cochlea. 
The cochlea is a complex of fluid
filled tubes that transmits the now 
greatly-modified sound waves to the 
brain in the form of nerve impulses. 
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An injury, deformity, or disease in any 
one of these delicate components 
could cause a hearing impairment. 
Some common causes of hearing 
loss are calcified or mispositioned 
bones in the ossicular chain, or 
lesions (injuries) in the cochlea. 

Until the age of electronics, 
a common remedy for hearing 
impairment was the ear trumpet, a 
quaint device that magnified sound 
mechanically on the same principle 
as the megaphone. Being about as 
effective at sound amplification as the 
paper megaphones passed out at 
football games, however, the ear 
trumpet was no savior and the hard
of-hearing were just plain out of luck. 
In about 1900, engineers perfected 
a battery-powered electrical hearing 
aid with a carbon mike. The 1920's 
saw the incorporation of vacuum 
tubes into these devices. 

With the invention of the transistor, 
the common man saw a major 
improvement in hearing aids. The 
transistor's small size and relatively 
low power consumption allowed 

Ill 

I 

Dave Preeves, Vice President of 
Engineering at Starkey Laboratories 
(left) and Associate Prof. of Electrical 
Engineering Jim Holte discuss a joint 
project. 

engineers to design compact, analog 
audio amplifiers that selectively 
boosted the sound frequencies that, 
at normal levels, are imperceptible to 
the hearing-impaired. If the subject 
couldn't hear high frequencies, 
as is common among the elderly, 
the device could make the high 
frequencies louder. 

This is the present level of hearing 
aid technology and there is ample 
room for improvement. As it turns 
out, simply "turning up the treble" 
works fine for some types of hearing 
loss but there are still a lot of people 
who can crank their hearing aids up 
to rock-concert levels and still not 
understand certain spoken words. To 
them, what was once barely audible 
mumbo-jumbo may now be merely 
painfully loud mumbo-jumbo. The 
reason for this is that the ear 



significantly modifies and processes 
sound as it codes it into nerve 
impulses for transmission to the 
brain. Then the brain itself interprets 
the sound. When part of the ear or 
possibly the brain malfunctions, the 
manner in which the defective part 
processes sound may be changed. 
Consequently, the final interpretation 
of speech patterns may be incorrect 
and turning up the treble just makes for 
a louder misinterpretation. 

This is one area of Holte's research. 
By mathematically modeling the 
various parts of the ear, he is studying 
its sound processing techniques. For 
example, he models the auditory canal, 
the cochlea, and the external 
connection to the hearing aid as a 
series of tubes of varying cross
section. With a better understanding of 
how each part of the ear modifies 
sound, he has a better chance of 
designing a device that can 
compensate when a particular part of 
the ear malfunctions. Holte also hopes 
to get a better idea of where the 
intelligibility of sound lies, that is, what 
the essential features of a complicated 
waveform are that make us understand 
it. Closely linked to the question of 
intelligibility is the area of speech 
synthesis. Features of a circuit that can 
simulate speech may suggest design 
parameters for a circuit that will 
recognize speech and will reproduce it 
in such a way that the ear will hear 
it properly. 

To this end, Holte is experimenting 
with the signal processing capabilities 
of the Intel 2920, a general-purpose 
microprocessor chip used for, among 
other things, computer modem 
hookups. His research is especially 
significant because, unlike all present 
hearing aid designs which use analog 
circuitry, the device he hopes to 
produce will take advantage of the 

enormous flexibility that digital 
microprocessors possess. Using the 
chip's ability to perform over a million 
mathematical operations per second, 
Holte programs it to cut out and alter 
parts of sound waveforms. These new 
waveforms are then tested on hearing
impaired subjects. 

One aspect of hearing that he is 
using this technique to study is the 
effect of time delay introduced by both 
the hearing aid electronics and the ear 
itself. More specifically, he is studying 
the theory that different time delays for 
different frequency ranges may have a 
significant effect on intelligibility. For 
example, it may be that defects in the 
hearing system either delay or speed 
up the processing of various frequency 
ranges, thus altering the sequence in 
which the brain processes sound. The 
result would be something like 
switching the lines around in a 
computer program; "garbage in yields 
garbage out," and the brain would 
perceive speech as a garbled jumble of 
sounds. Holte is quick to point out, 
however, that this is speculation and 

OUTER EAR 

that some researchers believe the ear 
is "phase insensitive." 

Holte also is finding ways to solve 
more conventional hearing aid 
problems. The high-pitched whistle that 
frequently plagues hearing aid users is 
a result of an audio "feedback loop." 
Since the hearing aid's microphone is 
only a few millimeters from its speaker, 
it picks up its own output and amplifies 
it and then picks up the yet louder 
output and amplifies it and ... Ouch! 
The hearing aid user's ear is blasted 
with the same irritating screech often 
heard in high school auditoriums. 
Digital processing techniques can help 
remove this painful gremlin. 

Another improvement that digital 
processing can provide involves a 
"Catch 22" created by aging. As people 
get older, their sensitivity to high 
frequencies increases, in other words, 
the sound pressure threshold below 
which high frequencies become 
inaudible is much higher. The obvious 
solution is to amplify the high 

Diagram of the Human ear. 

MIDDLE EAR INNER EAR 
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frequencies. The catch is that as we 
age, the pain threshold for high 
frequencies decreases. So, an 
acceptable signal must fit between 
ever-constricting limits. While 
present-day hearing aids can modify 
sounds so that they fit between these 
limits, digital processing allows much 
more flexibility than analog circuitry in 
fine tuning critical frequencies for 
optimum perception. 

None of the work now being carried 
out with digital hearing aids would be 
possible were it not for a close 
relationship with industry. Holte 
receives both theoretical and practical 
support from Starkey Laboratories, 
a Twin Cities-based company that, to 
Holte, is "really more like another 
academic department." He and Dave 
Preeves, Starkey Vice President for 
Engineering, share equipment and 
.ideas in a collegial relationship. 
Interestingly, Preeves is now finishing 
his Ph.D. at the University, so he is in 
one sense a colleague, and in another, 
a student. 

Holte's signal processing expertise 
has led him on surprising research 
tangents. Besides contributing 
to hearing aid research, he is 
cooperating with scientists at the 
University's corrosion lab in the study 
of the metal-electrolyte interface, he 
is working with neurologists to 
improve nerve impulse detection 
amplifiers, and, in conjunction with 
doctors and veterinarians, he is 
tinkering with the idea that digitally 
processing the sounds created by 
malfunctioning joints may provide a 
new diagnostic capability unattainable 
with x-rays. Although Holte expects 
that all of his research will yield 
devices of practical significance, he 
approaches the possibility of a dead 
end with a philosophical attitude. "I'll 
think to myself, maybe you can and 
maybe you can't, so you spend five 
years of your life working at it and 
deciding," says the undaunted 
professor. "That's what research 
is about." II 

ScoH OHernon is a junior In electrical 
engineering. ScoH's last contribution 
to Technolog was a report on the 
robotics lab In our Fan 2 Issue. 
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PRTfrom 12 

The question may arise as to why it 
has taken so long for PRT to come 
forward when the ideas have been 
around for years. The reasons lie in 
two areas: government bureaucracy 
and, ironically, the transit 
professionals themselves. Convincing 
government transit authorities of the 
feasibility of PRT systems has been 
very difficult. No significant 
improvements in public 
transportation have been made in 
many years. Transit professionals 
understand the conventional train, 
bus, or streetcar, and tend to be 
extremely suspicious of any new 
forms of transportation. It is indeed 
unfortunate that many of these 
professionals seem to be mentally 
locked into conventional means of 
transportation and are totally 
unwilling to consider any others, 
without substantial public pressure. 
At the outset, in fact, they are far 
more likely to try to kill a new idea 
than to promote it. Their convictions 
are further fueled by the ill-conceived 
debacles of the past. And even when 
professionals begin to understand the 
overwhelming advantages, an 
election brings in a new set of 
politicians and subsequent new 
transit officials! Nevertheless, PAT 
will not be arrested, in spite of the 
long delay. Actually, these many 
years have given time to further refine 

Solar Polar from 21 

wait for the new target launch date of 
the ISPM, currently scheduled for 
sometime in 1986. The original target 
date for the launch was Feb. 3, 1983. 
However, since ISPM is to be 
launched using a space shuttle which 
has had numerous technical 
problems and now has a long 
backlog of payloads, the original date 
has been pushed back. ESA has been 
very patient with NASA's problems 
even though ISPM may be put into 
cold storage until a space shuttle or 
empty payload space becomes 
available. The U.S. space shuttle will 
be the future launch vehicle for 
sate II ites and other payloads, as well 
as the ISPM, but as things stand, 

PRT techniques and technology until 
today, when PRT has truly come 
of age. 

The Institute of Technology has 
made a strong commitment to PRT 
development. I.T. Dean Roger Staehle 
and others recognize the enormous 
opportunities this system offers to 
both the University and the 
community. It represents a major new 
industry to the Twin Cities area, not 
unlike Boeing's relationship to 
Seattle. It could even initiate a 
marked shift in national priorities. It 
also has the interesting feature of 
bridging all engineering departments. 
Many departments are particularly 
enthusiastic about their possible 
involvement. Additionally, it offers 
significant promise for the individual 
engineer. A new industry needs 
people, intelligent, capable people, 
concerned about the future of 
humankind, as well as their own. That 
is the challenge of technology. That 
is why we are here. II 

Kyle Fairchild is a graduate student in 
Aeronautical Engineering. For more 
information about the PRT system, 
contact Kyle at 373-2178. 

Editor's Note: A PRT /appropriate 
technology student group may be 
forming in the near future. Watch for 
further developments in the 
I. T. Connection. 

there are too many satellites and too 
few space shuttles to close the delay 
gap. II 

Electrical Engineering student 
Merlbeth Nordloef is editor of the I. T. 
Connection newsletter. 



I know some people feel Engineers are scientists 
that marriage, as an who can walk and chew 
institution is dying out. But gum at the same time. 
I disagree and the point -Gene Roddenberry, 
was driven home to me Star Trek producer 
rather forcefully not long 
ago by a letter I received 
which said, "Darling! I love Engineering . .. is the art of 
you and I cannot live doing that well with one 
without you! Marry me or dollar, which any bungler 
I will kill myself!" can do with two after 

Well, I was a little a fashion. 
disturbed at that until I -Arthur Mellon Wellington 
took another look at the Economic Theory of the 
envelope and discovered Location of Railways, 1900 
it was addressed to 
"occupant." 

-Tom Lehrer I have yet to see any 
That Was The Week problem, however 

That Was complicated, which, when 
looked at in the right way, 
did not become still more 

God casts the die, not complicated. 
the dice. -Poul Anderson 

-Albert Einstein .... ,. 

God not only plays dice, Everything is funny as long 
He also throws the dice as it is happening to some-
where they cannot be seen. body else. 

-Stephen Hawking 
-Will Rodgers 

BE BOX 

When asked upon his 
arrival in Europe, what 
he thought of Western 
civilization, Mohandas K. 
Ghandi is said to have 
replied, "I think it would be 
an excellent idea." 

There are two kinds of 
people in this world: Those 
who put people in two 
kinds of categories and 
those who don't. 

-anonymous 

* * * 

I wouldn't want to belong to 
any club that would accept 
me as a member. 

-Groucho Marx 

Well, if I called the wrong 
number, why did you 
answer the 'phone? 

-James Thurber, in a New 
Yorker cartoon caption. 

CAN You SEUEVE 
IT? 800 PARSR5 
fROM OOME AND 

WI: c;g Rli'P£D OFf 

J 

This issue's quandary: 
Albert, Brunhilda, and 

Christopher spent spring 
break crossing the Great 
Corn Desert (located just 
to the south of Minnesota). 
They did not use the same 
route but each divided his 
or her journey into three 
stages, doing the first by 
Harley Davidson, the 
second by Volkswagen, 
and the third by foot. 

Albert went from P to Q, 
then from Q to R, then 
from R to S. Brunhilda's 
route was T to Q, Q to W, 
W toY. Christopher chose 
U to Q, Q to V, V to X. All 
these nine stages are of 
different length. One 
student had the longest 
Harley Davidson ride, 
another the longest 
Volkswagen ride, and the 
third walked the furthest. 
One had the shortest 
Harley Davidson ride, 
another the shortest 

Continued on page 30 

By Scott Ciliske 
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Technotrivia 
Answers: 

1. These events are known 
as "Fortean Phenomena" 
after Charles Fort (1874-
1932). Fort spent a lifetime 
collecting reports of bizarre 
events and published them 
in a series of four books: 
The Book of the Damned 
(1919); New Lands (1923); 
Lo! (1931); and Wild 
Talents (1932). His books 
have been collected into 
one volume by the Fortean 
Society and published as 
The Books of Charles Fort 
(1941) and later reprinted 
as The Complete Books of 
Charles Fort (1974). 
Source: John Michell & 
Robert J.M. Richard, 
Phenomena: A Book of 
Wonders, (New York: 
Pantheon Books, 1977). 

2. The spacecraft was 
Surveyor Ill which had 
been sent to test the 
surface of the moon in 
April, 1967. Its landing 
rockets had failed to shut 
off at the right time and 
consequently, it had made 
a rough landing inside a 
650-foot crater in the 
eastern part of the Sea of 
Clouds. Source: Edgar M. 
Cortright, editor, Apollo 
Expeditions to the Moon, 
(Washington: National 
Aeronautics and Space 
Administration, 1975), 
pp. 90, 224-225. 

3. The astronauts flew 
twin-engined, two-place 
T-38 jet trainers. Source: 
Cortright, Apollo 
Expeditions to the 
Moon, p. 161. 

4. According to a 1970 
oceanography text, no one 
simple theory can account 
for the formation of the 
continental shelves. They 
appear to have been 
created by a combination 
of interacting processes 
including wave erosion, 

ocean currents, and 
buildup of sediment. The 
fact that the continental 
shelves were once above 
sea level may also have 
contributed to their current 
shape. Source: David A. 
Ross, Introduction to 
Oceanography, (New York: 
Appleton-Century-Crofts, 
1970), pp. 261-270. 

5. Roger Bacon (1214-
1294), a Franciscan of 
Oxford university was a 
major proponent of the 
scientific method. Through 
the experimental study of 
science, Bacon argued, 
man would one day be able 
to construct self-propelled 
boats and land carriages, 
and submarines and flying 
machines. For these ideas 
he was reprimanded and 
placed under surveillance. 
Source: Stephan F. Mason, 
A History of the Sciences, 
(New York: Collier, 1979), 
pp. 114-115. 

6. The numeral appeared 
earlier in Kubrick's film, Dr. 
Strange/ave. An electronic 
device in Slim Pickens' 
8-'52 bomber, known as the 
"CRM 114," was destroyed 

MON 
31VS 

NO 

by a Russian nuclear blast, 
thus preventing reception 
of the Pentagon's recall 
code and precipitating the 
end of the world. Source: 
Alexander Walker, Stanley 
Kubrick Directs, (New 
York: Harcourt Brace 
Jovanovich, Inc., 1972), 
pp. 291-292. 

7. The project was 
nicknamed "Project Ozma," 
after the queen of the land 
of Oz, in Frank Baum's 
series of children's stories. 
Source: I.S. Shklovskii and 
Carl Sagan, Intelligent Life 
in the Universe, (New York: 
Dell Publishing Co., 1966), 
pp. 391-392. 

8. Hollerith developed a 
device he called a "census 
machine," for use in 
compiling the 1890 U.S. 
census. The task took only 
two and one-half years! (In 
1880, it had taken seven 
and one-half years.) 
Hollerith eventually left the 
census bureau and formed 
a company that later 
became part of I.B.M. 
Source: J. Mack Adams & 
Douglas H. Haden, Social 
Effects of Computer Use 

f:86l 't 6UfldS '60fOUL{061 "8JOS8UUfl/lJ 

and Misuse, (New York: 
John Wiley & Sons, 1976), 
pp. 27-29. 

9. The development of 
radar in Britain arose from 
a suggestion by Sir Robert 
Watson-Watt who had been 
carrying out research on 
the ionosphere. Watson
Watt used pulsed radio 
signals to measure the 
height of ionospheric 
layers and recognized that 
the same principles could 
be used to detect distant 
aircraft. The concept was 
rapidly developed into a 
chain of early warning 
radar stations on the coast 
of England, just in time for 
World War II. Source: The 
Illustrated Encyclopedia of 
Science and Technology, 
(New York: Exeter Books, 
1979), p. 394. 

10. The image is known in 
optics as "Haidinger's 
brush." It is caused by the 
human eye's ability to 
detect polarized ·fight! 
Source: Guy Murchie, The 
Seven Mysteries of Life, 
(Boston: Houghton Mifflin 
Company, 1981), pp. 
185-186. Ill 



It is at this time of year 
that one begins to regain 
an appreciation of 
Minnesota's selling points. 
With the coming of spring 
it becomes practical to 
undertake long walks 
without risking death or 
frostbite, liquid water is 
seen more and more 
frequently in its natural 
habitat, and the differences 
between the sexes become 
increasingly apparent. 
Politicians recognize the 
importance of advertising 
Minnesota's attributes to 
attract economic benefits 
to the state. In the depths 
of the great depression, 
this need was even more 
urgent. In the Apri/1933 
Techno-Log, Assistant 
Prof. of Mathematics 
Roderick W. Siler informed 
readers of an attempt to 
sell the benefits of 
Minnesota to those 
attending the Century of 
Progress Exposition then 
underway in Chicago: 

In attempting to sell the 
state to World Fair visitors 
by persuading them to 
route their vacation tours 
through our land of lakes, 
by convincing them to 
invest in our industries, or 
in some other fashion 
interesting them in 
Minnesota, the "salesmen" 
have provided for huge 
panoramas to tell the story 
of our great mines, forests, 
waterways, and other 
advantages in the state. 
They have also planned a 

AND \su\PPER DANCE/ 
10 P. Ma TIL CLOSING-

\ / 

DICK L ~~ / 
NEW 14 ~IECE B~·ND/ 

SPARKLE,\ D,ASH, ~0~ I 

LIFE, THE\ LA/:?TO BE 

Minimum 
Charge 
s1oo 

miniature reproduction of 
Itasca Park, a concave 
picture which effects an 
unusual perspective 
view ... 

As one enters the exhibit 
from the upper level 
entrance, he stands on the 
balcony of a typical 
Minnesota resort hotel. He 
walks down a stairway 
against a backdrop 

No advance in 
prices for food 
or beverages. 

picturing the Superior 
National Forest spreading 
away for miles with 
treetops, lakes and even a 
waterfall in the vista. In 
each corner of the room 
the visitor sees a diorama 
or niche illustrating 
recreational and business 
opportunities in Minnesota. 

Until the nation's 
economy improved, 
however, it appeared likely 
that graduating engineers 
would have a great deal of 
time on their hands. I. T. 
Dean Leland advised them 
to take good advantage 
of it: 

In this period of 
depression, many 
engineers, as well as other 
professional men, are 
partially or wholly 
unemployed so that they 
have considerable leisure 
time. It is important that 
they take advantage of this 
condition to engage in 
systematic reading and 
study, both in preparation 
for a return of industrial 
activity, and to broaden 
their cultural horizons. 

The subjects of study are 
of less importance than the 
study itself. The main 
objective should be to 
maintain one's mental 
agility and keenness and so 
avoid becoming dull and 
rusty from lack of exercise 
both mental and physical. 
For an engineer, a review 
of some of his college 
textbooks is frequently 
interesting and helpful. 
Problems of all kinds afford 
valuable exercise. Many 
men are reading books on 
economics, government, 
industrial management, 
cost analysis and similar 
subjects relating to 
engineering administration. 
Modern world history 
affords a useful diversion. 
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The unemployed engineer As one enters the one and two, don't be bushes. One yearns to 
will be fortunate if he building on the evening of greatly worried. A stroll through the colorful 
can associate himself the show, his presence, mechanical thinker located Greenhouse and spend a 
with a group of other men although he may not even nearby can give you the dreamy hour in the lovely 
who are interested in be aware of it, is being correct sum, and help you wild flower garden. 
professional matters to counted by a fool proof with many of your other Perchance one may even 
form a discussion class. electric counter. After troubles. get a touch of spring fever 
His college training and entering the building and neglect a few classes 
professional experience the guest will become If "the marvels of merely to waste an 
may provide a background so interested in his electricity" were not afternoon walking 
for service as a leader or surroundings that he will enough distraction, there aimlessly along the river 
teacher of classes for forget everything but the was always the Minnesota bank. There are many 
young men who also are wonders and marvels of spring: spots on the campus where 
temporarily without electricity which he sees one can find pleasure in 
employment. Certainly no portrayed. A completely Even the engineer-stoic just doing nothing but 
one should waste his time new and different "house of though he is-feels a absorbing the beauty of 
in bewailing his misfortune. mystery" will give you quickening of the pulse nature. This is a valuable 

cause to doubt your sanity. when the "Aprille with his pastime if not indulged in 
Electrical engineering The exhibits in this branch shoures soote" comes too freely, for everyone 

students weren't wasting will actually make cold around. The spring brings should cultivate in himself 
their time. They were hard chills run up and down and with it a rejuvenating an appreciation of nature. 
at work on the "Tenth back and forth across atmosphere that 
Biennial Electric Show" your spine. After this unmistakenly sets one's An appreciation of Saint 
which was designed to experience, perhaps you internal mechanism Patrick, patron saint 
dazzle University visitors had better test out your operating at an abnormally of engineers was on 
with the wonders of mentality by using the lie high rate of speed. One the minds of others 
electricity: detector. If the lie detector notices that the campus as Engineer's Day 

indicates that you do not really is quite a· beautiful approached.Butone 
know the correct sum of spot with its innumerable Techno-Log writer warned 

freshly budding trees and students to keep it clean: 

Quips and Quandaries Solutions to the winter to figure out that she had to There are many ways in 
quarter quandaries: have ink on her own fore- which every engineer can 

Volkswagen ride, and the head if Albert did not. But be of great help. First, 
third walked least. In fact, Winter 1: Barbara couldn't, so Albert every organized group 
Albert had the shortest concluded that he must should begin to make their 
Harley Davidson ride or the Mechanical engineering have ink on his own fore- plans for a float in the 
longest Volkswagen ride senior Richard O'Brien head! Simple, eh? parade. An early start on 
or both. turned in the correct. this will eliminate the last 

It is further from P to W answer to this one and was minute rushes, and will 
via Q than from U to A via rewarded appropriately. Winter 2: enable each group to make 
Q but not so far as from Richard chose the science their plans carefully and 
Tto Vvia Q. fiction book, Fuzzy Bones, Officers of Technolog's get their ideas in on time. 

Who walked furthest? by William Tuning. prestigious armadillo There is one thing to bear 
fanciers subcommittee in mind, engineers are 

(Adapted, rewritten, and Albert's reasoning was as exchanged positions as gentlemen through and 
just generally altered follows: Suppose I don't follows: Amble: President through, and as such it is 
somewhat from a version in have ink on my forehead. to Treasurer; Bumble: hoped that the loyal 
Martin Hollis' column in Then Barbara would see Secretary to Vice- engineers will design their 
New Scientist.) one forehead with ink President; Crumble: floats accordingly. As 

(Charlie's) and one without Organizer to President; students of a great 
As usual, the first (Albert's). If that were the Dimwit: Vice-President to university we are judged by 

intelligent entity to case, Barbara would realize Organizer; and Eggfrith: the general public from 
materialize in the that she has ink on her Treasurer to Secretary. what we do outside the 
Technolog office with the forehead. This is because if classroom, and it is quite 
correct answer will get to Barbara hypothesized that Industrial engineering evident that we cannot 
chose a science fiction she did not have ink on her senior Glenn Gruner impress the outsiders by 
book or a coveted "Do I.T. forehead, and saw that displayed super-human cluttering up our parade 
with an engineer" t-shirt Albert did not, Charlie talent by solving this one with a mess of vulgarity. 
as his/her/its prize. would immediately know in record time. That makes 
Good luck! that he had ink on his fore- the second one for Glenn Thank goodness the 

head. Albert realized that this year! How does he engineering students of 
Barbara was smart enough do it? II 1983 are more mature fa 
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IF· Y 0 U· CAN· 0 REAM· IT· Y 0 U CAN·DO·IT 

Remember when electronic 
calculators were considered 
a luxury? Well, consider this 
sign seen recently outside a 
gasoline station in Schenec
tady, New York: "Free calcu
lator with an oil change." 

That's just one sign of the 
enormous impact micro
chips have had on the way 
we do everything- .from 
banking to game-playing. 

But how will we use micro
chips that are smarter, 
faster, more reliable, and 
less expensive to design! 
How will these new micro-

chips be used to improve 
systems, products, and pro
cesses! As one GE engi
neer puts it, "The sky's the 
limit!'' 

That sky is replete with a 
number of integrated circuit 
concepts that GE is apply
Ing right now. 

There's the custom IC, a 
chip that performs highly 
specialized functions. Tradi
tionally, creating this chip 
has been an expensive, 
time-consuming job. So 
we're working on ways to 
cut design time and cost. 

We're using computer
aided design (CAD)·to 
design and simulate chips 
right on computer screens. 
We're also developing 
gate arrays, a system that 

allows you to build inexpen
sive prototype chips that 
can be "played" in systems 
before the final design is 
fixed. 

Another area that GE is 
developing is VLSI (Very 
Large Scale Integ rated) 
circuits. These ICs will 
eventually squeeze one 
million transistors onto a 
single chip. 

Where will all this super 
electronic power be 
applied! GE engineering 
manager Don Paterson 
sees it this way: 

"At GE you can innovate 
from the system down to the 
chip to create ... whatever 
ignites your imagination.·· 

In other words, you can 
dream it ... and do it. 

WE BRING GOOD THINGS TO LIFE 

An equal opportunity employer. 
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Editor's Log, But what really sent a 
Stardate 05.02.83. cold chill down my spine 

was my official transcript. 
For 62 years the Only when I re-computed 

USS Technolog has been my credits did I realize that Editor Illustrators 
stuck in orbit around an the end was definitely near; Terry Hansen Scott Ciliske 
obscure yellow star in a I was going to graduate! Roald Gundersen 
remote region of our I could feel my authority Assistant editor 

Production galaxy. It's a complex and draining away as I slumped Alan Hauser 
Kay Kirscht often hostile environment, over the light table. 

but the courage and Still, my efforts have not Business manager Meribeth Nordloef 

fortitude of its crew has been entirely in vain. Many Steve Sigel 
Marne Silverman 

been more than equal to formidable foes have fallen I.T. Board of Publications 
the challenge, and it has before me: the horrible Advertising KentS. Christensen (Pres.) 
managed to survive. Vanishing Ads of LMB 4, Barb Gross Sonja Premack (Vice Pres.) 

Nevertheless, mysterious the sickening Screened Brett Troyer (Treas.) 
forces are at work here, Prints of Fred 7, Contributing writers Wendy Petschauer (Sec.) 
forces we have been the nightmarish Late Brian Gabriel Roger Janczak 
unable to comprehend, Manuscripts of M.E. 2, Curtis H. Hoffmann Lance Haag 
much less overcome, and last, but not least, Kevin J. Hyde Matt Pedersen 
completely. One by one, the nebulous Demons of Steven Splinter Mark Thorn 
our officers have fallen Deafness that threatened to J.P. Townsend Paul Christensen 
victim to these forces and disrupt our communication 
have had to be replaced by system. Photographer Faculty advisor 
younger, less experienced I must confess to one Ed Wollack Dr. John N. Clausen 
crew members. Each of us failure, however. The bionic 
likes to believe we will be silverfish that infest our Minnesota Technolog is pub- $10.00 per year, $1.75 per single 
immune, and I guess I'm no vessel do seem to be lished six times yearly: twice dur- issue. Advertising rates available 

different. But the making a comeback. ing the fall, winter, and spring aca- upon request of editor or business 
demic quarters respectively. manager. Opinions expressed in 

accumulating evidence is No small comfort derives Editorial offices: Room 2, Meehan- Minnesota Technolog are not 

such that even I have from my knowledge that ical Engineering Building, 111 necessarily those of the University 

had to admit my days here many hard-working and Church Street S.E., University of of Minnesota, the Institute of 
Minnesota, Minneapolis, MN Technology, the Board of Publica-

are numbered. resourceful crew members 55455. Telephone (612) 373-3298. tions, or the editor. All fiction or 

My first clue was the have come on board this Entered as second class mail at semi-fiction appearing in Minne-

calendar. Looking up from year and more may beam 
Minneapolis, MN 55455. Postmas- sota Techno/og must not be 
ter send change of address to edi- construed to represent actual per-

my computer console one up at any minute. I wish torial office. Printer: Greenhaven sons living, dead, or in suspended 

day, I was shocked to see them luck. Printing, 1611 N.E. Polk Ave., Min- animation. Copyright 1983 by the 
neapolis, MN 55413. Telephone Institute of Technology Board of 

how rapidly time had But I'm beginning to slip (612) 778-8696. National advertis- Publications. All rights reserved. 

passed. "My God!" I away. I don't want to ing representative: Littei-Murray- No part of this magazine may law-

thought, "Can it really yield my command, but Barnhill, Inc., 1328 Broadway, New fully or ethically be reproduced in 
York, NY 10001. Telephone (212) any way without the written con-

be May? Where are all there's no more room on 736-1119. Publisher: Institute sent of the editor. Standard-form 

the flowers?" this page. of Technology Board of Publi- bibliographic credit should be 

Then there was my fee "Lieutenant Hauser! 
cations, Room 305, Aeronautical included on approved reproduc-
Engineering Building, 111 Church tions. Printed in the U.S.A. This 

statement. It's going to To the bridge, and on St. S.E., University of Minnesota, publication is filled as tightly as 

expire. I do have the the double!" Minneapolis, MN 55455. Minnesota practicable by modern editorial 
Technolog is a founding member machinery. If lost, drop in any 

technology and resources 

~~ 
of Engineering College Magazines mailbox. It will protect you from 

to synthesize a new one, Associated. Subscription rates: the weather until the mailman 

but only at terrific expense. Editor 
comes. 
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Plus, there's more to TIRKS than 
"mining copper.'' It also configures 
circuits and assigns components 
needed for each circuit path. That 
allows Bell companies to respond 
faster to customer requests for com
plex services like video and data 
transmission. Employees are more 
productive too, because Tl RKS 
helps them set up circuits and tore~ 
cast facility needs; 



Biotechnology is the Science at the University of May24 May11 
focus of this year's Minnesota, will speak on Dr. J.E. Rowe of Bell "The Binary Pulsar and 
Technology and Society "Environmental Effects on Laboratories will speak Relativity" will be the topic 
Assessment Program the Mechanical Properties about "Recent Structure of a talk by Joseph Taylor 
sponsored by Tau Beta Pi. of Metal." Studies of Semiconductor or Princeton University. 
The program will be held at Surfaces Using 
Coffman Union on the May25 Synchrotron Radiation." May18 
aftern9on of Tuesday, May Dr. Hukan C. Mongia of the "Spin-aligned Hydrogen" is 
17. The half-day program Garrett Turbine Engine Co. the tentative title of a talk 
will bring together industry, will speak about by Joseph Silvera of 
government, faculty, and "Application of Multi- The following analytical Harvard University. 
students for an in-depth dimensional Numerical chemistry seminars will be 
conversation about Models to Combuster held at 5:30 p.m. in 225 May25 
biotechnology. Pre- Design." Smith Hall: M.K. Gaillard of the 
registration is required. University of California at 
Registration forms will be June 1 May17 Berkeley will ask "Is 
available at the beginning "Public Health and Public Prof. David Dolphin of the Gravity Relevant to Particle 
of spring quarter in I.T. Policy Concerns for Indoor University of British Physics?" 
offices and in 105 Lind Hall. Air Quality" will be the Columbia's Dept. of 

subject of a lecture by Dr. Chemistry will talk about June 1 
John Spengler of the "Cytochrome P450: An "Recent Results in 
Environmental Health Exceptionally Powerful Biomagnetism" will be 

The following seminars Sciences Dept. at Harvard Oxidizing Agent." discussed by David Farnell 
are being offered by the University's School of of Case Western Reserve. 
Mechanical Engineering Public Health. May24 
Dept. for the second half of Mr. Bruce Greenwood of Note: This is a provisional 
spring quarter. All lectures the University of listing. 
are at 3:15 p.m. in M.E. Minnesota's Dept. of 
room 108 with overflow in The following Chemical Chemistry will speak on a 
room 212. Coffee and Engineering and Materials topic yet to be announced. 
donuts will be served in 212 Science Dupont Seminars Interested in working on 
following these seminars. will be given at 1:15 p.m. in next year's issues of 

Amundson Hall240: Minnesota Technolog? 
May11 The school of Physics Contact Alan Hauser in 
"Mapping Scientific May 10 and Astronomy is offering room 2, Mechanical 
Knowledge" is the title of a "Mysteries of Hydrogen the following colloquia for Engineering. Alan is 
talk to be given by Prof. Diffusion in Metals" will be the second half of spring interested in talking with 
Derek Price of Yale explored by Prof. David T. quarter starting at 4:00p.m. students who wish to write 
University. Dr. Price is Peterson of the Dept. of in room 131 Physics. feature-length articles, 
Chairman of the Dept. of Materials Science at Iowa Refreshments will be regular departments, or 
History, Science, and State University. avai I able from 3:30 to 4:00 short news items, or who 
Medicine at Yale, as well as in room 130. would like to contribute 
Avalon Professor of History May17 illustrations, cartoons, or 
and SCience. "Problems in Silicon May4 photographs. 111 

Microelectronics" will be Alfred Bork of the 
May18 discussed by Prof. Bernd University of California at 
Prof. Richard A. Oriani, Hoefflinger of the Irvine wi II speak on "The 
Director of the Corrosion University of Minnesota's Effect of Computers on the 
Research Center and ttle Dept. of Electrical Future of Education." 
Dept. of Chemical Engineering. 
Engineering and Materials 
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By Curtis H. Hoffmann 

Clouds shifted overhead, forming 
new patterns in the twilight sky. Wind 
whipping the trees accompanied me 
in my trek down an old, washed-out 
dirt path. Occasionally, I could look 
out through breaks in the brush 
around me to see the lengthening 
shadows painting a relief map on the 
rolling hills. By nightfall, I should be 
breaking out of these woods, but I'm 
miles from the nearest town and I was 
told that rain would come soon after 
sundown. 

I kicked myself-partly for taking 
this assignment; partly for not 
listening to the old men when they 
predicted rain earlier today; but 
mainly for not packing a rainsuit for 
this trip. I always forget something 
important when I leave on a junket. 
Like the time I went to Madagoras to 
cover a planet-wide food shortage 
and neglected to take my mess kit. 

Pausing on yet another tree-lined 
hill, I looked around, trying to catch 
my breath. At least I remembered to 
bring a good pair of hiking boots with 
me. Shame that they got rerouted to 
another flight, along with the rest of 
my luggage. Probably wouldn't have 
mattered if I had packed my rainsuit. 

A light caught my eye, several 
hundred yards away, standing out 
from the surrounding dusk. Then a 
rain drop caught the tip of my nose. 
Rain clouds move in quickly, as does 
the night in these parts-or so said 
the old men outside the landerport. 
With luck, I can reach the cabin 
before the main cloud burst arrives. 

Running through heavy brush, up 
and down hillsides in gathering 
darkness has never been one of my 
stronger abilities. Reaching the top of 
one more rise-slightly bruised, 
scratched, and very dirty-I saw my 
goal. Nestled in a small valley, an 

equally small cabin emitted a 
yellowish glow from its sole window. 
Around the building, a chicken yard 
and a garden were barely visible in 
the reflected light. 

Nearing the cabin, I finally made 
out the scent of at least one cow. 
And, unless the growing wind had 
succeeded in confusing me, the 
sound of a barking dog came 
from inside. 

Then the cloud burst hit. Less than 
three seconds passed before my 
clothes were soaked clean down to 
the bone. Someone once told me that 
an experienced traveler never went 
anywhere without his towel. If, for no 
other reason, I could have used it to 
wipe the mud out of my eyes. 

Before I could reach the cabin's 
door, it opened, releasing wonderfully 
warm, yellow firelight and eighty 
pounds of ferocious red setter. In a 
panicked attempt to back-pedal, I 
aided the dog in smashing myself to 
the mud-covered ground. 

From between the canine's opened 
jaws and widespread legs, as it stood 
growling on my chest, I could still see 
the open doorway. Slowly, a long 
metallic object moved out of the 
cabin, aimed at me. Consisting of two 
wide barrels, one above the other, the 
shotgun gleamed in the rain. 

"Ross, boy, back ye off," a muffled 
voice shouted. A shadowy form 
blocked the doorway. "Com 'er. Good 
dog." I could understand the words 
through the heavy brogue, but not 
very easily. 

"What ye doin' in me yard, boy? An' 
make no mistake about it, 'cause I'll 
blow off both ye legs and ye'll 'ave to 
crawl back 'ome with Ross t' keep ye 
comp'nee." 

"I'm lost. Also, drenched is a useful 
description in this context." 

"Aye, an' a smart mouth too, from 
the sounds of ye. A for'ner too. 
Prob'ly from th' south. If ye are, I'll 
pack salt in yer wounds afer ye go." 

1st 

"Let's start over," I babbled. "I'm 
T'gail Sath, from off-planet. I'm trying 
to get to Bras d'Or, but this rain 
surprised me. Just let me wipe the 
mud from my jacket and I'll be off 
your land before you can cock that 
shotgun." 

The barrel held steady for a full 
minute, then eased its way to the 
floor. Moving aside, the shadow 
stopped blocking some of the 
firelight, and the voice rumbled, "Nay, 
yer a guest o' mine fer the even'n. 
Come inside afer ye catch cold." 

"I don't need to act as bait any 
longer," I said, rising to my feet. "I've 
already caught one. I'm surprised. 
The sunshine was really warm, but 
this blasted rain is turning my 
fingers blue." 

My nose started running as I 
dashed forward. Turning to face my 
host, I noticed a towel flying at me. 
Grabbing the heaven-sent wad, I 
rubbed my hair dry and proceeded to 
remove a significant portion of the 
storm from my face and hands. 

A scraping sound behind me, 
accompanied by a hoarse cough, 
attested to the other man's quickness. 
"Sit yerself," he said. "Th' fire be good 
fer ye. Mum, fetch me mug, and one 
fer mister Sath. This be a right time 
fer warmin' our insides." 

Taking the proffered chair and 
stretching my feet towards the open 
flames, I let my gaze roam over the 
cabin. The chair itself had been 
chopped from a solid tree trunk; the 
bark still clung to its back and sides. 
A rough mortared hearth held a 
medium-sized fire. The surrounding 
walls were a deep brown, the wood 
polished to a smooth finish. Only one 
large, hanging black fur rested on the 
wall opposite the door. Presumably 
the shotgun, which stood propped 
against the table, spent most of its 
idle time on the empty gun rack 
above the fireplace. 

"'Ere. Drink this." Looking up from 
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the mug stuck in my face, I noticed 
the piercing blue eyes first. Then I 
saw the wind-worn wrinkles and 
greyed hair. Taking the container 
from her hand, I mumbled thanks, 
then threw its contents down my 
throat. I spent the next three minutes 
in exquisite agony, tears streaming 
down my face, trying to resist an 
impending coughing jag. 

"Aye, it be good Irish we drink 
here, still in the keg from Old Earth," 
he chuckled, filling my mug. "An' 
ther' be more where that came from." 

When I could finally see again, a 
craggy countenance glanced my way, 
upended his mug, sighed and 
grabbed the bottle again. 

"So ye be T'gail Sath. I'm Eric 
Dungiven and this be my wife." 

I nodded. Then I shivered. 
Wordlessly, the old woman-she 
couldn't have been younger than 
fifty-got up from the table and 
walked into a back room. Shortly 
thereafter, she returned with a 
bundle of dry clothes. Tossing them 
to me, she picked up her glass and 
emptied it. 

As I looked for a place to change, 
she chuckled. "Don' be shy. I've seen 
more naked bodies than ye have, I 
reckon. Strip where ye stand, if ye 
care to." 

Shrugging, I removed my mud
caked shirt and placed it on the 
ground by the fire. Although the shirt 
and pants belonged to the old man, 
meaning they were too small for me, 
the warm wool was heaven. The 
whiskey hadn't hurt any, either. 

"Fer a traveler, ye ain't too well 
equipped. I don' meant' pry, but it 
raises a question in me mind." He 
sipped some more, then leaned to the 
side, reaching down to scratch the 
dog's head. Ross lay stretched out on 
the floor beside his master. 

"Well," I began, between occasional 
tastes of whiskey, ''I'm on an 
extended leave from my job-which 
translates to my being a casualty of 
inter-office politics-and I had some 
spare credit in my pocket. My 
ancestors came from old Ireland, on 
Earth. A few followed the waning 
colonization explosion, booking 
passage here, to set up a homestead 
and simply live off the land. I decided 
to trace the family tree via the 
Federation's census banks. 
Unfortunately, the New Ireland 
Revolution bunged up the Fed's 
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census data for this continent. Plus, 
the revolution succeeded in killing off 
this end of the family line, one 
hundred years ago. 

"Since I had nothing else to do, I 
took the next flight to New Eire, just 
to rest and relax. Unfortunately, all of 
my luggage took a concurrent flight 
to Omega Six. I received a heart-felt 
apology and an assurance that when 
the baggage returned, the shipping 
lines would send it to me at no extra 
charge-approximately four years 
from now. So, given the noticeable 
dearth of shops around the landing 
port-one mile of slagged land and a 
small group of old men sitting against 
a few trees-I asked for, and received, 
directions to Bras d'Or, the nearest 
village. When I get there, I hope to 
pick up replacements for what I lost. 
Fortunately, I still have most of my 
money-in credit-so that should be 
no problem." 

Looking up from the flames, I 
noticed that both man and wife had 
fallen asleep in their chairs. Sighing, I 
grabbed the bottle and settled in my 
seat for the night. A snort brought me 
upright. Relinquishing the whiskey to 
Eric's outstretched hand, I realized 
that neither he nor the woman had 
done more than close their eyes in 
thought. 

"Me lad, the cold nights be comin' 
in. 'Owd ye stand on cutt'n some 
wood fer the wife fer th' night's 
room and supper? Me ax be sharp 
an' the wet be gone from th' brush 
a'fer noon." 

Nodding agreement, we passed the 
bottle around to finish the deal. Then 
we passed the bottle in a toast to Old 
Eire. A toast to New Eire followed. 
Then we drank just on general 
principles. Somewhere along the line, 
I vaguely remember having Ross on 
my chest, licking my face, and the 
floor seeming to be much closer than 
when I last paid attention to it. 
Blackness swirled around me and 
I slept. 

After I recovered from the next 
morning's hangover, I spent the entire 
day cutting and hauling wood. Then I 
cut wood the day after that. The third 
day I walked the old man's cows 
down the valley to graze and back. 
Six full months passed in this fashion. 

Finding out that Bras d'Or did 
indeed lay in the direction that I was 
told, but that it also was two-hundred 
miles away, came as a slight shock. 

Three very wide rivers and a solid 
forest made my trip sound even more 
depressing. Apparently, the maps I 
had corresponded very loosely to the 
planet they represented. 

Slowly, Eric and his wife, Colleen, 
took me under their wing. During 
some of the colder nights, we sat 
around the table, telling stories and 
drinking whiskey. This way I found 
that the dog's full name was Rosslea 
Clones, named after the old Irish 
town that Eric's ancestors had left. I 
gathered a fair amount of local gossip 
concerning several feuds between 
some of the families farther north, 
and the overwhelming animosity all of 
the "Norther's" held against the 
"Souther's." 

New Ireland, or New Eire as the 
inhabitants call their planet, is the 
fourth planet from the star, Belenus. 
When the first Irish colony ship 
settled in its orbit, the colonists 
immediately divided into two factions. 
One group, mainly scientists, doctors, 
and technicians, had declared one of 
the planet's five continents to be most 
suitable for setting up shop. However, 
the other group, all farmers, preferred 
the more familiar, hilly land of the 
continent north of the technical 
group's. 

Called superstitious, old-fashioned, 
stubborn and merely cantankerous, 
the farmers stood their ground until 
everyone was kicked off the ship by 
its captain. While mild weather, wide 
open lands, and little vegetation 
suited the science contingent, the 
northern continent felt more like 
home to the farmers. Some of the 
local fauna also reminded the more 
traditional Irishmen of home, which is 
where I come in. 

The Federation's Department of 
Xenobiology heard about some of 
the more exotic creatures on New 
Eire and decided to investigate. 
Unfortunately, an exploration team 
kicking around the Federation's 
fringe planets had uncovered a xeno
tech's nightmare, and all of the 
Department's scientific personnel had 
been tied up in five, ten, and twenty
year study grants. In an attempt to 
avoid losing any data, the Department 
called in several thousand freelance 
investigators to cover less interesting, 
but equally useful anomalies. New 
Ireland is my project. 

Which leads us up to me. T'gail 
Sath-freelance investigator. You lost 



Properly installed, vitrified 
clay pipe keeps its structural strength 
indefinitely. Sewer lines in use for a 
half century and more have been 
unearthed-still perfectly round, still 
perfectly sound-and relocated. Still 
in service years later, those clay lines 
are performing as well today as ever! 

Contrast flexible plastic lim
ited life pipe. It starts its downhill 
course toward failure the day it's 
installed. Deterioration is slow-but 

sure. First, flexible plastic deflects 
and flattens from trench load. With 
time, creep or cold flow can bring 
more deflection. Whenever deflec
tion reaches 20% -and deflec
tions greater than 10% have been 
measured in the field-velocity and 
quantity of flow is cut to less than 
87%. Severely deflected pipe must be 
replaced. Replacement, expensive as 
it is today, wi II cost even more 
tomorrow. 

Flexibility in thinking is a 
great asset for an engineer. But for 
underground pipe-that's a different 
matter. 

For more information about 
vitrified clay pipe, write us today. 

DICKEY COMPANY, P.O. Box 6, Pittsburg, KS 66762 
Call toll free 800-835-0320 or in Kansas call 316-231-1400 



it, I'll find it-you find it, I'll write a 
report about it. I have acted as a 
journalist when more respectable 
jobs were scarce, as detective when 
paid to, and once, as a gourmet chef 
when the only other occupant of a 
two-person charter ship produced a 
gun and requested a seven-course 
meal fit for a connoisseur of only the 
finest living. I must have do~e fairly 
well because I'm still here, and she 
now owns half of the galaxy's richest 
families. But I have never carried a 
butterfly net around in hopes of 
catching anatomical bizarrities. At 
least, not until this assignment. And 
as the days wear on, my chances of 
catching anything more than a good 
night's re~t look pretty slim. 

Although the Dungivens 
occasionally discuss the indigenous 
life forms, they present no more than 
mere idle speculation. No sightings 
and, worse, no stories of anyone 
seeing anything out of the ordinary. 
But the Department of Xenobiology 
told me that the survey ships had 
detected unusual lifeforms on the 
planet, and a brief description of this 
planet in the almanac mentioned the 
reasons why the farmers picked this 
continent over the other four. So 
where were they? 

"T'gail, I be goin' to Bras d'Or in the 
mornin'. lf'n ye caret', ye can come 
wit' me." 

I looked up from my bowl of stew 
to study the old man's face. He 
continued eating, so I turned to 
Colleen, but she seemed equally 
unconcerned with the topic. Just to 
be fair, I glanced at Ross, who 
lay beside Eric's chair, asleep. 
I shrugged. 

"Sure, but what's in Bras d'Or that 
ye can't get here?" I asked. "If ye 
need anything ye don't have, ye, I 
mean you, can go to Bullycastle, 
which is five miles away. Besides, its 
midfall. The storms will be coming 
in soon." 

"We be well set fer th' fall," he 
replied. "The wife can look fer 'erself 
by now, I reckon. I be off for the 
sing in'. Ye can come wi' if ye care to. 
Or not, if ye care to, but all th' 
menfolk round about'll be goin', so I'll 
be goin', too." 

I couldn't get anything more on the 
"singin"' out of either of them, so in 
the morning, we hitched up Eric's 
horse, got in the cart, waved goodbye 
to the old woman, and rode down out 
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of the valley. During the next few 
days, I wore several holes in my pants 
on the wooden plank serving for a 
bench-seat. Nights we spent in the 
homes along the way. Occasionally, 
we picked up one or two riders and a 
couple other men driving horse
drawn carts. Our caravan grew 
steadily. 

The nights grew colder and I was 
very happy when we finally arrived at 
Bras d'Or, ten days later. My good 
nature soured slightly after noticing 
the various tents pitched up around 
the town. Turning to Eric, I said, "We 
sleep under the stars?" 

"Yep. I brought a tarp, so the dew 
won't rust yer bones. The Dungivens 
own a patch o' land near 'ere. We be 
stayin' there fer near a 'undred year 
now, afer th' singin'." 

Although a ten-square yard area is 
larger than just a "patch"-at least in 
these circumstances-! would have 
preferred something more, like a 
rambling ranch house, complete with 
sauna and jaccuzi. However, 
compared to the land space many of 
the younger families occupied, the 
Dungiven clan owned a veritable 
parking lot. This still did not alter the 
fact that we would have to sleep 
under the cart if it rained over night. 

As Eric unhitched his horse, I 
removed some of the firewood we 
carried with us. Apparently the old 
man had experienced a few wet 
singin's in the past. With the 
surrounding countryside covered by 
other singers, finding kindling would 
become an intriguing problem. 
Especially since many clans just 
barely suffered the truce imposed on 
them by the singin'-or so i gathered. 

"I be goin' t' town afer some news. 
I'll be wantin' a good bit o' blaze to 
warm me toes as i come back. lffen 
anybody be ask'n who ye be, just say 
yer wi' Dungiven. An' don't be a
drinkin' all me Irish afor time, but iffen 
a Cormac comes over, break out a 
mug afer th' three o' us and drink one 
fer me till I get back." 

Giving him one of my best salutes, 
1 returned to my task. Having selected 
a reasonable site for the fire, I paused 
to wipe the horse down and give him 
his feed bag. Looking around, I tried 
picking out a female form in the 
surrounding press of human flesh, 
but in vain. I bet that even the mares 
had been excluded from the 
festivities. Which means that the 
town's women were probably staying 
with relatives. I wondered who would 
be doing all the cooking. 



Several hours later, Eric returned. 
The intervening hours had gone very 
slowly. Nobody stopped to talk to me 
and I just sat watching the flames 
throw sparks into the air. Even on the 
coast, night comes early this time of 
year. Eric told me that as he rubbed 
his hands in the radiant heat That we 
were so near the coast surprised 
me, but now the distant rumbling 
of breakers became obvious as I 
concentrated on the sounds 
around me. 

"Th' singin' be tomorrow night. We 
be lucky-last year, I had t' wait fer a 
week afer the sing in' started. 'Ere, th' 
lrish'll warm yer bones. We be 
sleepin' early t'night. The sun be risin' 
afor the sing in' stops, I 'cpect" 

Passing the jug around, Eric and I 
sat, wrapped up in several worn 
blankets, the horse stirring 
occasionally. The stars burned 
brightly, competing against several 
thousand other fires around the 
countryside. Then the stars slowly 
blurred and the jug seemed heavier 
every time I tried to empty it I 
remember asking where the little 
journalist's room was, before passing 
out I don't remember getting a reply. 

Fortunately, the next day's sunlight 
illuminated an outhouse nearby, 
installed by villagers with many years 
experience handling large crowds. 
The combined smells of over two
hundred breakfasts siZzling over open 
flames did nothing to calm my 
stomach. I started recovering as I 
stumbled back to Eric's cart, and the 
miraculous production of a mug 
containing orange juice helped 
promote the process. 

Except for the diversion of meeting 
thirty new acquaintances during the 
course of the day, time again slid by 
on rusty tracks. As dusk slowly 
reclaimed land that recently belonged 
to the sun, I found myself suffering 
from mankind's oldest curse. 

"Sit down, boy! Yer pacin' be scarin' 
th' 'orse an' it be wearin' my shoes out 
in sympathy." 

"I can't, Eric. I'm bored. At least at 
your place, I could have fed the hogs 
or something. Here, all I can do is sit 
and I can't even do that." 

Before the old man could reply, 
several surrounding fires went out. I 
hadn't noticed how dark it was until 
now. Dungiven rose, kicked dirt on 
our fire and nodded. 

"Timet' be goin'," he said. 

Following a growing line of men, 
Eric and I walked northward, away 
from the town. An hour later, sitting 
in a huge amphitheater, bundled in 
our blankets, passing one of two jugs 
around, Eric and I watched as various 
people slowly straggled in. Only half 
a mile in from the coast, the air held a 
nip barely defeated by the whiskey 
we drank. In the pit's center, a large 
bonfire roared its defiance at the 
stars. Alcohol helps me wax poetic, 
at times. 

When the last man topped the rise, 
a low note crept through the air, 
growing in intensity as every soul 
added his voice to the wind. I turned 
to Eric to ask what was happening, 
but he had his eyes closed and his 
mouth open, moaning in tune. If this 
was the beginning of the "singin'," 
then as the single foreigner to the 
ceremony, I felt obliged to relax and 
enjoy myself. But I couldn't move my 
arms, they weighed as much as the 
rest of me; my eyelids seemed even 
heavier. My lips parted and I joined in 
with everyone else. 

The hours passed like hours 
generally do, although time itself 
stood still. After an appropriate 
period, the note we sang changed. 
Slowly at first, then more rapidly, the 
tone metamorphosed into a tune. 
Somewhere, a distant voice began 
singing-the words sounding clear 
and loud, in an almost impenetrable 
brogue. 

I tried to concentrate-on the 
words, on my contribution to the 
song, on how my butt ached on the 
hard stone. We had to have finished 
at least forty-seven different songs 
before I could open my eyes again. 
The fire still blazed strongly, but the 
stars had completely disappeared 
from the sky. Shuddering in a wind 
holding a good portion of the nearby 
sea, I felt an elbow in my side. 
Recognizing the action, I pulled a 
bottle out from under my coat and 
handed it to Eric. He pulled long and 
hard on the container before passing 
it back. I copied him. Everyone 
around us imitated me. 

Then we sat, waiting. I wanted to 
know what we waited for. Eric 
elbowed me, so I resorted to 
reconstructing the songs we had 
performed. Unfortunately, all I 
remembered was, "Fingal, come. We 
call you, king of the giants. Come to 
us. Fingal, come." Apparently, our 

writers lacked a certain amount of 
versatility. But a sense of urgent 
summoning permeated every note. 

Before coming to New Eire, I had 
spent several hours cramming on my 
subject. The memories had faded 
slightly with disuse, but I still recalled 
the old stories. Particularly one story 
concerning a giant who lived before 
man learned to walk, who lived 
alongside the Celts as they grew up 
into an Irish nation. But mainly, this 
sea giant, Fingal, existed only in the 
minds of the superstitious farmers. 

Grumbling disrupted my thoughts. 
Looking around, I noticed impatient, 
disappointed men shifting around, 
casting glances outside of the circle. 
Fifteen minutes later the first few 
disgruntled parties stood, dusted off 
their pants with a perfect dignity, and 
staggered away. Eric had fallen 
asleep beside me. 

At a loss for some idea of my next 
move, I could only watch the ranks 
thin as people left. Soon, only ten of 
us remained-the other eight sat 
easily in a circle around Eric and me. 
Squinting, I made out a few faces, but 
no names came to mind. I could think 
of no other course of action, so, 
pulling out a bottle, I said, "T'gail 
Sath. Have a drink." Those magic 
words brought Eric wide awake. 

"Eve'nin', Cormac," he said. "Time 
we be goin', seems t' me. Fingal won't 
be comin' this year, agin." 

Everyone nodded, drank, nodded 
again, drank again, until the second 
bottle had to take up where the first 
had left off. We were doing pretty well 
for ourselves when we finally started 
moving-Cormacs fore and aft, Eric 
and I holding each other up, or 
picking each other up when 
circumstances warranted it. 

The path we chose kept moving out 
from under us. Since it also ran fairly 
close to the cliff's edge, we 
occasionally gained an incredible 
view of the breakers one-hundred 
sheer dropping feet below us. Having 
a storm start up did not improve our 
progress. The Cormacs supplied four 
bottles when Eric's valiantly gave up 
the ghost Those bottles made more 
circuits around us than we did 
ourselves, and we were none 
too steady. 

Under these conditions, I believe 
we could be excused for not noticing 
the shape looming over the cliff face 
before us, until the path moved again 
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and we nearly ran into it. A smell of 
fish dominated the air. I offered to 
give it a drink, but my voice was lost 
in the wind. 

It stood over three-hundred feet 
high, its fingers, which rested heavily 
on the ground, resembled lifeboat 
casings in size. A lightning bolt 
flashed overhead, illuminating a 
massive, craggy face, long, stringy 
hair, and large, rotted teeth in a 
gaping, laughing mouth. I drained the 
bottle in my hand, hoping it wouldn't 
begrudge me the remaining pint. 
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It had to be Fingal. The 
coincidence otherwise would be too 
great. Fingal gave out a roar that 
humiliated the thunder, smashed his 
fist against the cliff face, turned 
around and returned to the ocean. 
We huddled together to wait for 
daybreak, wishing for more whiskey 
when we ran out at last. 

I'm going home now, my report 
preceding me by several hours. The 
shuttle should dock with the cruiser 
soon. Eric now has second thoughts 
about future singin's, but tradition 

runs strong in these parts. 
Somewhere, one of the Cormacs had 
disappeared, believed to be floating 
in the ocean-belly up. A good hot 
bath would be welcome right now. 

The Department of Xenobiology 
will have a field day on New Eire. I am 
going home. 

Curtis H. Hoffmann is a senior in 

Electrical Engineering. Except In his 
mind, he's never been off planet. 
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By Brian Gabriel 

Fletcher stepped out of his vessel 
into the cold, clear morning air, 
squinting his eyes against the 
metallic sunlight glinting off the 
surrounding mountains. 

He paused on the bottom step like 
he always did and began his morning 
routine: slowly running his eyes 
around the horizon, identifying the 
familiar and searching for anything 
different. He shook his head and 
waited for the sun to warm him 
enough to move around. 

Gradually the warmth seeped 
through his body and set his blood 
flowing. 

Somehow the beautiful, quiet 
mornings were the loneliest times of 
all. With such a promising day ahead 
of him, Fletcher wanted someone to 
share it with. 

Fletcher had been the only one to 
choose this planet as his home. He 
had grown up on a densely
populated, heavy-gravity planet. With 
the continual rain, each day was an 
exhausting, energy-sapping slog 
through water, mud and people. He 
had chosen the planet Earth as his 
new home partly to be alone, away 
from the grasping closeness he had 
always known. Yet, at the same time, 
Fletcher had secretly hoped that 
some would follow, that he would not 
always be alone. 

Fletcher had thought that, as time 
went on, more and more people 
would follow him and settle here. But 
he'd heard nothing since the 
Dispersion and now could only 
assume everyone else had been 
destroyed. 

"Bloody hedonists," he muttered. 
He'd been thinking to himself for 

quite some time that they all deserved 
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to die for choosing planets with 
water. But lately, Fletcher had been 
thinking about them less harshly. 
After all, what purpose was there in 
his asceticism? 

The sand crunched under his storm 
boots as Fletcher headed toward the 
distant mountains. 

"Gotta check out my world," he 
said aloud, his voice, as always, 
startling in the silence. 

The land quickly gave up the 
freezing chill of the darkness for the 
blazing heat of day. Although the 
area was harsh and rugged, Fletcher 
had traversed the entire planet and 

picked this spot as the most 
hospitable. 

Mile after mile he trudged, his 
powerful legs driving him ever closer 
to the mountains that seemed to 
move further away. At midday he 
paused to eat and climbed under his 
reflective tent to sleep away the 
hottest part of the day. 

When he awoke, it was cooler and 
he continued walking. 

He reached the mountains and 
began climbing. By the time he 
reached the top, he was breathing 
hard. 

He turned and surveyed the land as 



far as he could see. Everything in 
sight in every direction was his. His 
home. His planet. His kingdom. He 
was the Lord of Planet Earth. 

Fletcher dropped to his knees, "Oh 
God, somebody, please come! 
Anybody!" 

His sobbing faded away and still he 
knelt there until he could feel the 
rocks grinding into his knees. 

Fletcher stood, and turning away 
he headed back down the mountain. 

As Fletcher approached his vessel, 
the light was fading, but he could 
still feel the day's heat pulsing from 
the sand. 

He saw a figure standing beside his 
vessel, the dying sun flashing red 
from the man's eyes, reflecting off his 
mirrored lenses. 

Eagerly Fletcher ran up to the man, 
"Welcome, where are you from? How 
long have you been here? Where've 
you been?" The questions tumbled 
over each other as Fletcher tried to 
ask everything at once. 

"I live here on Earth," the man said. 
"I always have." His voice was low 

and guarded, his face stiff as if he 
were deliberately holding back his 
emotions. 

"But nothing was left when Earth 
was abandoned ... ," said Fletcher. 

"You left some of us. We weren't 
supposed to live but some did. We 
adapted, we changed ... , we 
survived." 

"Why didn't you come before?" 
"You had to feel what it was like to 

be forgotten," the man's tight, bitter 
voice went on. "But you're not born of 
this world, you don't deserve to live 
here. You're a child of the moon. I'm 
the last survivor of the last generation 
on Earth. There are no more after me. 

"And I will not allow you to return 
and rule." 

The shot rang clear and clean in 
the desert's still air. 

Fletcher felt the impact of the bullet 
and collapsed backward onto the 
ground. 

He lay with his life draining into the 
hot sand, his eyes staring into the 
darkening sky. He remembered the 
times he had wanted to die rather 

than remain alone any longer. 
A burst of wind drifted sand into his 

open eyes. 
And just at the end, Fletcher could 

hear a forgotten song from a distant 
past, its melody like the wash of 
moonlight shining hard and bright in 
the desert: 

"The wind blows rain into my face, 
The sun glows at the end of the 
highway, 
Child of the moon, rub your rainy 
eyes, 
Child of the moon ... " 

Brian Gabriel is majoring in 
Mechanical Engineering. But Brian, Is 
It as Interesting as science fiction? 
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By Steven Splinter 

Saint Kellm was worried. That 
much was plain to even the most 
unobservant present. As he labored 
over the forge, forces that could, if 
not held in check, destroy universes 
were at play. The object here, 
however, was to create, not destroy. 
Those titanic forces were being 
channeled into two artifacts, one a 
silvery circle, the other a golden 
pentagon. There was a knock on 
the door. 

"Enter," said Kellm, still intent upon 
his work. A tall, thin man entered the 
chamber. He was so thin that some 
(mostly his enemies) openly doubted 
that so thin a frame could contain 
human organs, much less a soul. 

"Saint Kellm, my lord .... " 
"Yes, Ralnath, what is it?" 
"The outer defenses, my lord. They 

have been breached." 
"Too soon, far too soon, Ralnath. 

You must hold them. The task is 
almost finished, the other three 
Symbols are at the other three 
corners of the world. Now, at this 
precise spot, the fourth corner of the 
world, this last Symbol, the greatest 
of the four must be emplaced." There 
was a blinding flash of blue-green 
light. As both men turned and looked 
at the forge, an awful wailing noise 
started. 

"They're in the city! Quick my lord, 
institute the tower's defenses before 
they are upon us!" 

"Yes, Ralnath, the tower is safe, but 
for the moment only. I must complete 
the Symbol of Magic!" 

At that moment, with a crashing 
noise like several mountains 
collapsing on top of one another, the 
fields forming the circle died. 

"Is it done, my lord?" 
"Yes, Ralnath. It is, and now to 

implant it in the tower's wall. Saint 
Kellm knelt, placed the now glowing 
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circle in front of himself, and began 
to pray. As he did so, the circle 
gradually faded from view. When it 
was gone, Kellm stood up, stretched 
as if he'd been in that position for 
days, not hours, and said, "It's worse 
than I ever dreamed, Ralnath. Their 
anti-magic sphere is more powerful 
than I would have dreamed possible." 

"Will the defenses hold, my lord?" 
"Not long enough, I fear." 
As another crescendo of noise 

indicated the completion of the 
pentagon, Saint Kellm picked up the 
now silvery polygon and handed it to 
Ralnath. "Take this, Ralnath, and 
protect it. My strength is insufficient 
to complete the artifact. The three 
Symbols already completed will hold 
Chaos for a long time, as mortals 
measure such, but not forever. 
Therefore, in the future, there will 
come a time when the Kingdom of 
Kellmyerr will need this symbol. So 
give this pentagon to your son, and 
when he is old enough to understand, 
explain to him and make him swear 
an oath to pass it on to his son, and 
to his son. On and on until there 
is a need." 

After that speech, Saint Kellm went 
to the window, and looked out at his 
city. The once beautiful towers were 
now islands; islands separated by a 
sea of demons. Those demons had 
but one object: to prevent him from 
completing his artifact of Law. Well, 
they had almost done so, the artifact 
was complete, but not joined. 
And someday they wou .... 
WHAT'S THAT? 

Begzuxyl was a demon. As a 
demon, he did not consider himself to 
be ugly, cruel, or "demonic." The fact 
that his every move was subject to 
the commands of the God of Chaos, 
and the fact that this particular 
puppet-master did not care in the 
least about his puppets, were two 
facts that were not allowed to come 
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to Begzuxyl's attention. All he knew 
was that his only desire in "life" was 
to destroy the monster. He had been 
told that the monster was in its lair, 
the huge tower in the middle of this 
stinking hovel of a cave. He brushed 
away the weakened guards around 
the puny tower and entered. The 
monster was near the top, or so he 
had been told, so he began to climb 
the steps. As he did so, his claws 
etched holes in the solid marble 
steps. Now he was here. The monster 
inside was weak now. Far too weak to 
put up a resistance to the banishment 
spell he had been given. As he 
thought about the spell, a shudder 
wracked his body. Banishment to the 
worst of all possible places: The 
Seven Heavens! He steeled himself 
and broke down the door, just in time 
to hear the monster's final words: 
"WHAT'S THAT?" He looked at the 
monster, the monster humans called 
Saint Kellm, and cast his spell. 
Begzuxyl, however, had not noticed 
Ralnath. And, for all his deference to 
Saint Kellm, Ralnath was a powerful 
Cleric in his own right. So, when 
Begzuxyl cast his spell, Ralnath cast 
his. Begzuxyl was not pleased. He 
had not bothered to ask if there had 
been any other monsters in this 
tower, and now he ... 

Begzuxyl's thoughts were 
interrupted by the flame strike 
Ralnath had called down upon him. A 
solid pillar of flame incinerated 
Begzuxyl before he had time to do 
anything about the other "monster." 

"My lord, are you all right?" 
"Fine Ralnath, just fine, but cursing 

myself as a fool. I created more 
guards and wards against demonic 
magic than have ever been 
assembled, but forgot to protect 
myself from being banished to my 
home plane!" As Kellm turned and 
looked out at the city, now free of 
demons, they having finished their 



task, he wondered if ever again he 
would see the beautiful towers of the 
city of Rainbows. 

"And so, Ralnath looked on, 
helplessly, as Saint Kellm, forger of 
the Symbols of Law and would-be 
savior of Humankind turned, looked 
out the window, and quietly vanished. 

The King of Kellmyerr was worried. 
That much was plain to even the most 
unobservant present, and Alistair 
Argentus was nothing if not 
observant. He wondered why his old 
friend from the days when he was a 
young thaumaturgist, barely out of 
his apprenticeship, should desire his 
presence. And his was not the only 
familiar face present around the 
council chamber. Alistair guessed 
that every former "adventurer" that 
the King had ever campaigned with 
in his youth was now sitting in 
this room. 

The King looked around the 
chambers, made a mental tally, and 
decided everyone was here who was 
going to come. He stood and began 
his speech. 

"My dear friends of days gone by. 
Each of you has graciously 
consented to help me, your old 
friend, in his hour of need, without 
even knowing what his need was. I 
am grateful. 

"Now for my problem. As many of 
you may have noticed as you traveled 
to my castle, Kellmyerr is a cursed 
Kingdom. Metal rusts the very day it 
is forged, crops wither and die, cattle 
and men sicken, and babes are born 
dead or horribly disfigured. Someone 
must do something!" 

The King went on. "My oh-so-wise 
advisors have been of no help to me, 
so against their best efforts, I have 
consulted with a great sage known to 
my father. He has an explanation for 
all these unnatural events. And it is 
the best I have to go on, so I submit it 
here to you. His advice was to seek 
the Symbols of Law, for the agents of 
Chaos have at last managed to break 
them. Any one of the three Symbols 
is enough to keep these strange 
events from happening, and 
therefore, at least one must be 
rejoined! Why, today the sun rose in 
the north, instead of rising in the 
southwest, as everyone knows it 
should! Your mission, all of you, is to 
seek out the Symbol most closely 
related to your various areas of 

expertise, and rejoin it. The Kingdom 
is in your hands, gentlemen. 
Good luck." 

As I was about to leave, the King 
called me over. "Alistair," he said, 
"you, among all my friends have 
become the most powerful, so to you 
I give the most difficult task. 
Recover the Symbol of Magic, the 
fourth Symbol." 

"Your Highness," I said, "I know of 
all three Symbols of Law, and never, 
in any of my research, have I come 
across any reference to a fourth 
Symbol." 

"I know, Alistair, but I, unlike you, 
am of the direct lineage of Saint 

Kellm who forged the Symbols to 
protect Kellmyerr from the forces of 
Chaos. He forged three Symbols, The 
Sphere of the Planes, The Sword of 
Truth, and The Staff of Rulership. 
However, he also forged, albeit 
incompletely, a fourth Symbol, the 
Pentagram of Magic. The Pentagram 
was to bind the other three symbols 
into an artifact that would hold 
Kellmyerr safe from Chaos for all 
eternity. Instead, the forces of Chaos 
managed to banish Saint Kellm to the 
higher planes before he joined the 
two final parts of the Symbol. The 
outer circle, and the inner pentagon. 
If these two parts are joined, all the 
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wrongs done in Kellmyerr will be 
undone, and Law will be restored. 
This must be, Alistair, or sooner or 
later Chaos will again sunder the 
Symbols, and perhaps with far more 
dangerous results than dying crops." 
And with that strange speech the 
King of Kellmyerr thrust a silver 
pentagon into my hand, and left. 

I was flabbergasted, to say the 
least. Here was my old friend, now 
King of a mighty Kingdom, giving me 
one half of the most powerful artifact 
in existence. The fact that I had not 
the slightest idea as to where to find 
the other half did not seem to 
concern the King in the slightest. 
Since it was late, I decided to sleep 
on it and discuss it further in the 
morning. I went to my chamber and 
slept. 

I was rudely awakened by a loud 
brute in armor (How anyone can 
stand all that metal near them, I don't 
know.) and then realized that I was in 
armor. As a matter of fact, not only 
was I in armor, but I was in the body 
of a dwarf! 

[Of course you are, dope, what do 
you think this is, a hotel?] 

"Who was that!?" I exclaimed. 
[I'm the person who's supposed to 

be in this body, dope, so why don't 
you just go back to wherever 
you came from and give me back 
my body?] 

[I would if I could, but 
unfortunately I haven't the slightest 
idea as to how to go about that.] At 
precisely that point, the loud
mouthed brute who woke me up 
came in and hauled me out of 
my .... JAIL CELL! What was I doing 
in a jail cell? I went to sleep in the 
castle of King Kellm XXIV, and I wake 
up as a dwarf (in armor, no less) in a 
jail cell in ... "Where am I?" I said to 
the guard who was dragging me to 
some unknown destination. 

"You're going to your trial, 
Farinbrand Iron-Ax, and this time 
you'll not escape the hangman's 
noose!" 

Farinbrand Iron-Ax? But I'm not 
Farinbrand Iron-whatever. 

[No, dolt, but I am.] 
[Well, what did you do that's going 

to get me hanged?] 
[Nothing, I was ... framed.] 
[By who?] 
[I don't know, uh, maybe the 

judge.] 
[Great!] 
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At that moment I was roughly 
dragged in front of the magistrate's 
desk, where he asked my name. 

"Farinbrand lro ... Alistair Argentus, 
Magician of the fifth realm of power, 
bearer of the pentagon of Kellm, and 
counselor to your King!" 

"Well, Farinbrand, that's certainly 
the most unique excuse I've seen you 
give yet. Our records give your name 
as Farinbrand Iron-Ax, not Alistair 
Argentum whatever. However," the 
magistrate sighed, "if you insist, I will 
call for the vi II age sorcerer to verify 
your identity. Do you so request?" 

"No," I said. "I demand it!" 
"If you insist. Auric!" he shouted. 

"Your presence is required." Shortly, 
a young man with a slightly annoyed 
look on his face entered the room. 

"Yes, what is it? I was very busy, so 
this had better be good." 

"Oh, this will be great!" exclaimed 
the magistrate. "Good dwarf yonder 
proclaims himself to be Alistair 

Argentus, etc., etc., etc., ... counselor 
to our King." 

"What! You called me in to verify 
that that thing yonder is not the most 
respected thaumaturgist in 
Kellmyerr? Very well." He began to 
speak in a low, unhurried voice, 
gestured a few times, and looked 
shocked. "Ssssir," he stammered. "It 
is the mage Argentus!" 

"Of course I am, fool! Who else 
would I be? Now cut this nonsense 
and tell me where I am." 

"You are in the fishing village of 
Querion, a small hamlet on the 
Tyerlec Sea. And may we ask the 
nature of your mission for the King, 
sir?" asked the magistrate. 

"I am to find the Circle of Kellm, 
and to join it with the Pentagon to 
complete the Symbol of Magic, and 
restore peace and Law to Kellm." 

"Well, if such is your intention, then 
it is our town's duty to aid you in any 
way possible. Is there anything you 



desire?" 
"Yes, do you have any idea of the 

whereabouts of the caves of Law, 
where Saint Kellm forged the Symbols 
of Law, long, long ago?" 

"As a matter of fact," said the 
young sorcerer, "research into the 
very location of the caves of Law 
occupied my time before being called 
in to identify you, sir." 

[Hey, what about ME?] 
[YOU shut up!] 
"Have you determined the 

whereabouts of the caves yet, or is 
there still more to be done?" 

"Oh, I found the location long ago. 
That was my main reason for coming 
to Querion, for the legendary caves of 
Law are but a short five hundred rods 
to the northeast!" 

"Well," I said, "can you teleport me 
there? Or must I walk those rods?" 

"Don't worry, sir. I have a circle of 
teleportation in my workshop. You 
may use that." 

At that, we went to young Auric's 
workshop, a small tower next to the 
courthouse, and he led me to his 
circle of teleportation (a magical 
device that will move a person 
anywhere he desires in the mere 
twinkling of a thought). I stepped 
inside, and said, "To the caves 

of Law!" 
There was a bright flash, like heat 

lightning, and my senses reeled. 
When I recovered, I was standing in a 
forest, near the entrance to a cave. As 
I looked around, my first thought was 
to enter the cave. Thus were my 
intentions until I saw the large man in 
a crimson robe regarding me from 
the mouth of the cave. His gaze was 
disturbing, and somehow, comforting 
at the same time. 

"Well, my good dwarf," said the 
stranger. "What brings you to the 
legendary caves of Law?" 

"And whom are you to make such a 
request?" 

"1, my good dwarf, am the crimson 
mage, the last living companion to 
Saint Kellm, trapped in these caves 
for all eternity, forbidden to aid the 
cause of Law, or the cause of Chaos, 
by the gods." 

"Then sir, if you do not wish to feel 
the bite of this good dwarf's battle-ax, 
you should get out of my way." 

"Hold, good dwarf, you are not 
what you seem. No dwarf that ever 
lived could pass the guardians 
surrounding this cave. Your mind 
would invariably be driven to 
madness!" 

"But my mind is not that of a 

Dwarf," said I. "My mind is that of 
Alistair Argentus, Mage of the fifth 
realm of power! My body was stolen, 
by the agents of Chaos I presume, 
and I mean to recover it." 

"And what makes you think it 
resides in the caves of Law?" 

"I do not think my body resides 
within, but that the Circle of Kellm, 
one half of the fourth symbol of Law, 
does reside within." 

"Even if it does, young fool, without 
the Pentagon of Magic, lost ages ago, 
it is just a pretty ring of metal." 

"But I have the Pentagon, and you 
will not stop me from uniting it with 
the circle!'' 

"Relax, my good mage, although I 
am forbidden to aid you, I am also 
forbidden to hinder you in any way. It 
is not me stopping you that will 
prevent your quest!" And with that 
ominous statement, he vanished in a 
glowing cloud of smoke. 
[This is a great mess you've gotten 
me into.] 

[Oh, be quiet you! By the way, you 
can use this tree-chopper of yours, 
can't you?] 

[Of course I can, what do you think 
I carry it around for, a toothpick?] 

After entering the cave's mouth, I 
had a choice: a passage to the north, 

Continued on page 30 
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By Robert Plumb and Kevin J. Hyde 

Irish symbols are in abundance 
during the one week that the Institute 
of Technology calls its own. Why? 
Because there is a rich history of 
tradition behind all the fun, 
entertainment, information and 
craziness that happens at this time. 

I.T. Week 1983 runs from May 2 
through May 6. The schedule is full of 
activities, so be sure to get involved. 
Information or individual events can 
be found in the /. T. Connection, as 
well as Blarney's Castle, the 
publication distributed daily during 
LT. Week. Coordination of the 
celebration is done by Plumb Bob, 
the senior honorary leadership 
society in the Institute of Technology. 

The Blarney Stone is the most 
intriguing of the I.T. Week traditions. 
This boulder has given good luck to 
students since it was first discovered 
on the evening of March 16, 1903. 
Despite numerous rumors to the 
contrary, the same rock has been 
with us for all 80 years since. Positive 
proof is given by photos in the spring 
Minnesota Technolog issues of 1928 
and 1945. 

Mysterious inscriptions on the 
blessed rock have been translated to 
mean "Erin Go Braugh," or "St. 
Patrick was an engineer." This is 
really quite obvious since St. Pat did 
invent worm drive when he drove the 
snakes out of Ireland! 

The shamrock is symbolic of St. 
Patrick's Day, the first holiday to be 
celebrated as Engineers' Day. The 
three leaves of green still serve as a 
reminder, even though experience 
has shown that May's weather is 
better suited for Irish partying. 

Each year the luckiest senior is 
elected St. Pat, and while his queen 
Colleen and knighted seniors sit in 
his court, the proclamation is made to 
let things slide and rule for the day. 
Green tea should be served at this 
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festive occasion to provide the proper 
atmosphere for the ceremony. 

Leprechauns are sometimes seen 
at the exciting parties after 
competitive events, depending on the 
vision of the competitors. The rather 
formal "Black Book Dance," or 
"Engineers' Ball" was renamed 
"Engineers' Brawl" because of the 
large crowds that attended the action. 
This year's party is being held Friday 
night at Triangle fraternity. 

Foresters have been rivals of the 
engineers since the mining students 
were finally accepted after opposing 
engineers in earlier celebrations. The 
best humor during LT. Week always 
includes a reference to forestry. See 
Blarney's Castle for details. 

Recently, the addition of the 
Technology Fair has made I.T. Week 
a more professional event. Lots of 
planning, resources, and preparation 
go into providing a high-quality 
display of current technology. Several 
thousand people enjoy the show 
within the big tents on Northrop Mall. 
It is well worth it to spend time 
observing what attending companies 
have to exhibit. 

Involvement is the key to maxi
mizing enjoyment at all activities. 
While the spirit of craziness flows 
freely, consider the traditions behind 
it all and greet everyone with a really 
cheery "Erin Go Bra ugh!" 

Kevin J. Hyde is a mechanical 
engineering junior. He denies any 
relation to Dr. Jekyl. 

Robert Plumb Is as mysterious as he 
is legendary. 

1983 Plumb Bob Members 
Michael Marti (Pres.) 
Steve Beunig (V.P.) 
Tim Koch (Treas.) 
Tammy Ziegenbein (Sec.) 
Vicky Joy 
Ron Nili 
Kevin Hyde 
Wendy Harms 
Dawn Duerre 
Jody Bartholmy 
Steven Denker 
Brian Schmitz 
Michelle Paul 



tTm WEEK SCHEDULE OF EVENTS 
(for exact time, place, and rules 

check the Blarney Boards in Lind and Mech. Eng.) 

MONDAYMAY2 
1:0Q-5:00PM VIDEO GAME TOURNEY: Silver Ball Too, Dinkytown 

3:30PM FORESTER CHASE: (5 km footrace) Superblock Dorm Courtyard 
4:00PM I.T. OLYMPICS-AMOEBA RACE: Courtyard between Lind & Exp. Eng. 
6:00PM CHESS, BACKGAMMON & CRIBBAGE: Coffman Basement 
6:00PM SOFT BALL, PING PONG, AND POOL TOURNAMENTS START 

(check Blarney board) 
7:0Q-8:30PM LT. OLYMPICS-ALL I.T. TEST: Mechanical Engineering Room 4 

TUESDAY MAY 3 
11 :OOAM PAPER AIRPLANE CONTEST: Civil and Mineral Engineering Lab 

(CME Lab) 
1 :D0-5:00PM VIDEO GAME TOURNEY: Silver Ball Too, Dinkytown 

1:OOPM EGG DROP CONTEST: CME Lab 
2:00PM AIRPLANE CONTEST: (Professors vs. Students) CME Lab 
3:00PM CAR RALLY: Mechanical Engineering Loading Dock 
4:00PM I.T. OLYMPICS-OBSTACLE COURSE: Courtyard between Lind 

& Exp. Eng. 
6:00PM CHESS, BACKGAMMON & CRIBBAGE: Coffman Basement 

WEDNESDAY MAY 4 
9:00AM-4:00PM TECHNOLOGY FAIR: Northrop Mall under the tents 
9:00AM-4:00PM SOLAR FLAT PLATE COLLECTOR CONTEST: Northrop Mall 

10:00AM ORIENTEERING: 250B Experimental Engineering 
11 :OOAM I.T. OLYMPICS-SCAVENGER HUNT: 250B Experimental Engineering 
12:00PM TRUSS CONTEST: CME Lab 
12:00PM DUNK TANK: Northrop Mall 

1:OOPM-3:30PM **SPACE SHUTTLE SEMINAR** NASA Astronaut Anthony England: 
Great Hall, Coffman Union 

1:OOPM-5:00PM VIDEO GAME TOURNEY: Silver Ball Too, Dinkytown 
4:00PM-7:00PM BANQUET: Spectrum Restaurant (Health Science Unit A) 

Speaker: Governor Rudy Perpich, Tentatively 
7:00PM-9:00PM TECHNOLOGY FAIR: Northrop Mall 

THURSDAY MAY 5 
9:00AM-4:00PM TECHNOLOGY FAIR: Northrop Mall under the tents 
1:OOPM-5:00PM VIDEO GAME TOURNEY: Silver Ball Too, Dinkytown 
1:OOPM-2:00PM CALCULATOR RACE: Mechanical Engineering Room 4 

2:00PM TUG-OF-WAR PRELIMINARIES: CME Lab 
4:00PM TEXT BOOK STACKING PRELIMINARIES: CME Lab 
4:00PM I.T. OLYMPICS-BLIND MAN'S WHEELBARROW RACE: 

Courtyard between Lind and Exp. Eng. 

FRIDAY MAYS 
10:00AM I.T. DAY RACES: Union Street (Behind Experimental Engineering) 

Trike Race Trike Pull 
Bed Race Trike Tug-of-War 
3-Legged Race Wheelbarrow Race 
Tug-of-War Final Non-Combustion Car Race 

12:00PM I.T. PICNIC: Northrop Mall (if weather permits, or CME Lab) 
1:OOPM CALCULATOR TOSS: CME Lab 
1:30PM TEXT BOOK STACKING FINALS: CME Lab 
2:00PM TEXTBOOK HORSESHOES: CME Lab 
2:30PM 'AWARDS CEREMONY: CME Lab 
8:00PM **"I.T. PARTY*"* Triangle Fraternity (521-12th Ave.) 

free beer with I.T. BUTTON 
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By J. P. Townsend 

The video revolution is upon us. 
While students often have little time 
for TV while in school, they ultimately 
graduate and discover that they have 
spare time! Life in the suburbs being 
what it is, most eventually gravitate to 
the mainstream American pastime 
known as television. In this article, we 
will look at some forms of TV that 
have become popular in American 
homes, and more recently, in the 
courts. This new strain of video is 
known as "pay TV." 

Origin$ 
Pay TV got its start shortly after 

advertiser-supported TV. In areas 
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distant from major cities, it was nearly 
impossible for an individual 
homeowner to construct an antenna 
capable of pulling in a reasonable 
quality signal. Entrepreneurs 
discovered that it was possible to 
build a central antenna system on a 
high tower to receive a distant signal 
and then distribute it via cable to 
homeowners for a small monthly fee. 
At first, the cable programming 
consisted only of commercial stations 
received from larger cities. But later, 
space-age technology caught up with 
the cable operators. As fixed, earth
orbiting satellites became available, 
the cable industry discovered it was 
possible to build pay TV networks 
with programming originating from a 

central source and distributed 
anywhere in the United States with 
very little difficulty. The satellites 
carried premium movie channels 
such as HBO and Showtime for 
which additional charges were added. 
This system worked well in small 
towns and rural areas where quality 
TV reception was badly needed 
and wanted. 

As cable TV began to move toward 
the major cities, it encountered 
political problems. With several 
system operators competing for the 
lucrative metropolitan contracts, the 
system selection procedure became 
bogged down in government red 
tape. It appeared that any distribution 
system using a physical cable would 



have to be replaced with something 
else to avoid these legal problems. 

MDS 
The cable TV operators needed 

another way to distribute their 
signals. To do this, they turned to 
a microwave system known as 
Multipoint Distribution Service 
(MDS). The MDS system uses a 
central microwave transmitter 
operating near 2200 megahertz (MHz) 
to distribute programming. Each pay 
TV customer is then equipped with an 
outdoor receiving antenna that 
converts the 2200 MHz signal down 
to 60 MHz where a standard 
television can receive it. Thus, it was 
possible to build a pay TV system 
without a cable and avoid the 
associated political problems. 
However, it did bring another set of 
unexpected problems. 

The MDS transmissions are not 
normally scrambled. Microwave 
experimenters quickly discovered the 
signal and began to build converters 
for friends and relatives. The 
experimenters were not paying the 
monthly service charge and came to 
be known as "video pirates." As the 
word spread, it became common to 
see illegal receiving antennas on 
homes in many major cities. At first, 
the MDS operators would not accept 
payment from the few pirates who 

There's nothing wrong with your set. 
Before decoding, this is what a 
typical scrambled UHF TV signal 
looks like. 

to use a van equipped with an 
appropriate receiver to track down 
this LO leakage. This is the same 
technique used to track down people 
using unlicensed receivers in Great 
Britain where all radio and television 
receivers must be licensed by the 
government. Once the pirates 
discovered that the broadcasters 

"Rather than wasting their time and energy on simple 
decoders, the pirates began to build a new and very 
complex circuit known as a 'line counter."' 

were willing. But then the system 
operators realized the size of the 
potential market and began to try to 
collect the fee from all the illegal 
viewers. The battle was on! 

In order to prosecute, it was 
necessary to prove that the pirates 
were receiving the signal. To do this, 
the broadcasters began to use a 
technique known as "LO leakage 
detection." Microwave converters use 
a principle known as "heterodyning" 
to convert the microwave signal to a 
lower frequency. This process 
requires generation of an internal 
signal known as the local oscillator 
(LO). This signal tends to be fairly 
strong and results in the signal 
leaking out of the converter. The 
MDS broadcasters were then able 

were using this technique, they began 
to unplug their converters when not 
in use. Normally, bootleg converters 
are left on continuously to insure 
stable operation regardless of 
outdoor temperature. Thus, the 
pirates had a way of beating the 
broadcasters. The broadcasters felt 
it was time for a different course 
of action. 

UHF Pay TV 
The previously-mentioned MDS 

system has many technical 
limitations. These problems include a 
maximum of two channels for any 
given area, low transmitter power, 
and a need for a clear microwave 
transmission path. The broadcasters 
searched for a better solution and 

finally decided on moving to UHF 
(ultra high frequency) television 
channels 14-83. This allowed them to 
use high power (up to two million 
watts), multiple channels (up to ten in 
any given area), and a much less 
critical antenna placement. To use 
the UHF TV band, however, required 
that the broadcasters now scramble 
or encode their signal to prevent 
nonsubscribers from enjoying the 
signal. To en9ode the signal, it was 
necessary to ·r:nake use of basic 
television principles. 

Normal television broadcasters use 
the raster scan system. This means 
that each picture or frame is 
transmitted by a camera that 
horizontally scans the picture from 
left to right, top to bottom, much like 
reading this page. To ensure that the 
picture is correctly reconstructed at 
the receiver, the system sends out 
timing information known as "sync 
pulses." If these sync pulses are 
reduced or removed from the 
broadcast signal, the television 
receiver can't lock on to the 
transmitted picture. Thus, the 
broadcasters had a relatively simple 
system to transmit signals that were 
only receivable by subscribers who 
had the decoder box needed to 
reconstruct the signal. 

Unfortunately, the circuits required 
to decode this signal were easy to 
build, and soon, the video pirates 
were back up to their old tricks. This 

Continued on page 26 
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Test your knowledge of 
science fiction, with this 
issue's challenging trivia 
questions: 

1. On October 30, 1938, the 
Columbia Broadcasting 
System presented a radio 
dramatization that, in just 
45 minutes, provoked a 
flood of panic and caused 
thousands of people to flee 
in terror from invading 
Martian spaceships that 
existed only in their 
imaginations. According to 
the script of that infamous 
Halloween prank, where 
did the Martians first land? 

2. In Ray Bradbury's novel 
by the same name, what 
had The Illustrated Man 
done for a living? 

3. What was the name of 
the man who woke up one 
morning to find he was a 
cockroach in Franz Kafka's 
short story, The 
Metamorphosis? 

4. In Larry Niven's 
Ringworld, the character 
Ness us had three legs and 
two flat heads mounted on 
flexible, slender necks, 
white skin, and a coarse 
brown mane between its 
necks. Of what race was 
Ness us? 

5. In Arthur C. Clarke's 
novel, Childhood's End, the 
Overlords intervened in 
human affairs to prevent us 

, from destroying ourselves. 
This gave humanity time to 
evolve to the next level of 
consciousness. Why did 
the Overlords bother? 

6. The landmark science 
fiction film, 2001: A Space 
Odyssey, was based on 
what short story by Arthur 
C. Clarke? 

7. In Dune, a famous novel 
1 by Frank Herbert (soon to 

be a movie) the giant sand 
worms of the planet Arrakis 
produce an addictive drug 
which aids longevity and 
gives some the ability to 
foresee the future. What is 
this "spice" called? 

8. Many famous authors 
have used science fiction 
as a medium of expression. 
Even Mark Twain wrote a 
science fiction book 
involving time travel. What 
was the title of this book? 

9. In H.G. Wells' story, The 
Time Machine, a mutant 
race lived below ground 
and raised the people on 
the surface for food. What 
were these subterranean 
cannibals called? 

10. I can't resist one Star 
Trek question. What was 
the name of the story 
selected by NBC in June 
1964 to be the basis of a 
pilot script for a proposed 
Star Trek series? 

Technotrivia answers on 
page29 
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TV from 23 

forced the broadcasters to look into 
new ways of encoding the signal. The 
next logical step was to invert the 
picture transmission. Normal 
transmissions use what is known as 
"negative picture transmission," that 
is, the brighter the picture, the less 
power that is transmitted. When a 
white signal is transmitted, it is much 
lower in level than a black signal, but 
when inverted, the white would be at 
a higher level than black and the sync 
pulses would be at a lower level. Even 
if the television set could lock on to 
the signal, the picture would 
resemble a photographic negative. 
This gave the broadcasters a 
temporary edge on the pi rates, but 
they soon caught on and built 
inverting decoders. This thoroughly 
angered the broadcasters! It now 
became necessary to employ higher 
levels of technology to thwart 
TV piracy. 

The broadcasters began to fight the 
pirates on their own level. By 
examining typical bootleg converters 
sold on the underground market, the 
broadcasters were able to design a 
system that would be more difficult to 
defeat. The ultimate solution they 
settled on is known as "dynamic 
switching encoding." This is the 
system used in modern pay TV 
systems including local UHF channel 
23, known as "SPECTRUM." 

Dynamic switching is an extension 
of earlier systems. It can use the 
basic suppressed sync pulse system, 
or it can switch to an inverted system 
on a random basis. Thus, the pirate 
must constantly switch his system to 
keep up with the changing signal. 
When a pay TV system is first 
installed in a given city, the 
broadcaster uses the simple 
suppressed sync encoding method. 
The local pirates then build their 
simple decoders to descramble the 
suppressed sync transmission. After 
use of the bootleg converters 
becomes widespread, the broadcaster 
switches to dynamic encoding and 
effectively crushes the pirates and 
their illegal decoders. 

This battle plan worked well for the 
first few target cities but then the 
pirates became more sophisticated. 
Rather than wasting time and energy 
on simple decoders, the pirates 
began to build a new and very 
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Unlike MDS converters such as this 
one, UHF TV decoders give no tell
tale signs of their existence and are 
therefore a serious problem for pay 
TV broadcasters. 
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complex circuit known as a "line 
counter." This system automatically 
samples the transmission and selects 
the correct decoding circuitry. It is 
reported, though not confirmed, that 
these decoders are in widespread use 
here in the Twin Cities area. Similar 
circuits are currently appearing in 
most other major cities where the 
dynamic switching encoding method 
is used. 

Legality 
The major question among pay TV 

pirates is the legality of their 
activities. The pirates contend that 
the airwaves in the United States 
should be free and available to 
anyone capable of using them. The 
broadcasters say that their 
broadcasts are a provided service and 
that intercepting signals without due 
payment constitutes a violation of 
theft-of-service laws. In recent legal 
action, the courts have ruled that in 
the case of M DS converters, the 
broadcasters have the right to bill 
anyone with an operating antenna 
system. Thus, while the broadcasters 
can't stop the pirates through 
technology, they can occasionally 
defeat them through the courts. 
Unfortunately, unlike MDS decoders, 
the UHF line counter circuits are 
virtually impossible to detect. 

J.P. Townsend is an I.T. student with 
an interest In electronics. His current 
whereabouts is unknown. 
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If your experiment needs 
statistics, you ought to 
have done a better 
experiment. 
-[Lord] Ernest Rutherford 

A zoologist studying a 
rare species of snake, 
known as an "adder," came 
to the conclusion that it 
had apparently died out in 
the wild. Fortunately, a few 
of the animals remained 
alive in captivity. To 
prevent the species from 
becoming extinct 
altogether, a crash 
program was undertaken to 
get the reptiles to breed. 
But alas, the little creatures 
showed absolutely no 
enthusiasm for sex. The 
scientists tried everything. 
They put special chemicals 
in their food, they keptthe 
lights low, they even 
showed movies of other 
snakes getting it on. 
Nothing! 

One night during dinner, 

BEB X 

the zoologis,t was 
lamenting the fate of the 
rare snakes to a friend of 
his, a mathematician. 
Suddenly, the friend got an 
idea. "Meet me tomorrow at 
the zoo," he said. "I think I 
can help." 

The next morning, the 
mathematician appeared 
with an old fireplace log. 
He told the zoologist to 
place the log in the cage 
with the snakes. This he 
did, and lo and behold, the 
snakes crawled up on the 
log and really went to it. In 
a matter of months, the 
cage was literally crawling 
with tiny snakelets, 
slithering every which way. 
The zoologist's happiness 
was only exceeded by his 
curiosity over his friend's 
knowledge of snake sex 
life. "How on earth did you 
hit on the solution?" 
he asked. 

"It was easy," the number 
expert explained. "Why, 
every mathematician 

knows that even adders 
can multiply with 
logarithms." 

Laws of thermodynamics: 
1. You cannot win. 
2. You cannot break even. 
3. You cannot get out of 

the game. 

Once upon a time, there 
was a man named Ken 
who, upon graduating from 
the Dept. of Mechanical 
Engineering, decided the 
quickest way to get rich 
was to make a better, 
cheaper tray for the 
restaurant industry. Having 
reached this conclusion, 
Ken set out to obtain 
financing for his scheme. 
He approached a rich 
friend, J. B. Rice, who 
responded enthusiastically 
to the idea. 

The next step was to 
locate a source of cheap 
labor. Knowing of the vast 

numbers of -illegal aliens 
streaming across the 
southwestern border in 
search of work, and being 
more or less unscrupulous, 
the two decided to use 
some of these people in 
their factory. Through Mr. 
Rice's social contacts in 
California, they recruited a 
large number of Mexican 
house maids who had been 
working for rich families. 
Once it was decided to fly 
these people back to the 
factory in the east, the two 
entrepreneurs got together 
to design their product, 
and then contracted with a 
public relations firm to 
advertise it. 

Everything was set for 
the opening of the new 
factory, so they chartered 
some airplanes to transport 
the workers. However, after 
the loaded airplanes took 
off from California for the 
trip east, the workers 
learned just how far they 
were actually going and 
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just how little they were 
going to be paid. This did 
not sit well at all, and 
suddenly, they revolted and 
hijacked the planes back to 
their home country where 
both the workers and the 
planes remained. 

Since the planes were 
not insured, this was a 
disastrous turn of events 
and the business was 
forced into bankruptcy. 
Upon reading of this in an 
influential financial 
newspaper, one 
stockbroker expressed 
surprise that the promising 
new industry had met with 
such a sudden end. A 
fellow broker, however, 
responded quite differently 
"It's certainly no surprise to 
me," he commented. "The 
west maid planes of Rice 
and Ken often blow a tray." 

* * * 

Last year I actually heard 
a phone company lecturer 
say that in the future we 
will have "Instant access 
to anything, anytime, 
anywhere." 

-Robert J. Robinson 
Datamation, Nov. 15, 1971 

This issue's quandary: 

The People's Planet of 
Suburbia is noted for 
having the largest police 
force and the longest 
pedestrator in this part of 
the galaxy. (For those of 
you from some of the 
more primitive and 
unenlightened planetary 
systems, a pedestrator is a 
moving sidewalk which 
rolls at uniform speed in 
both directions between 
the Palace of Perversion 
and the Ministry of 
Morality. Rolling along with 
it are armed guards, 
standing stiffly at attention 
and posted at regular 
intervals.) 

If you, too, stood at 
attention on the 

28 Minnesota Technolog, Spring 2, 1983 

pedestrator and timed one 
minute, starting and ending 
half way between two 
guards coming the other 
way, you would be 
surprised at how many 
guards rolled past you 
during the minute. Or, 
perhaps you wouldn't. 
Anyway, the number would 
be eight times the speed of 
the pedestrator in miles 
per hour. 

You probably lust to 
know the speed of the 

device. But alas, that is a 
secret known only to the 
Beatniks of Altair 4. You 
have little choice other 
than to figure out how 
far apart the guards 
are posted. 

(Adapted, rewritten, and 
just generally embroidered 
somewhat from a version in 
Martin Hollis' column in 
New Scientist.) 

The first intelligent entity 
to materialize in the 
Technolog office with the 
correct answer will get to 
choose a science fiction 
book or a coveted "Do I.T. 
with an Engineer" t-shirt as 
his/her/its prize. Good 
luck, Earthling! 

If one of the angles you've been 
studying lately is a way to pay your 
tuition costs, Army ROTC would like 
to offer some sound advice. 

Apply for an Army ROTC 
scholarship. 

Recently, we set aside hundreds 
of scholarships solely for engineering 

majors like yourself. 
Each one covers full 

tuition, books and other 
supplies, and pays you up 

to $1,000 each school 
year it's in effect. 

So if the stress of 
worrying about tuition 
is bending you out of 
shape, get some finan~ 
cial support. Apply 
for an Army ROTC 

scholarship today. 
For more informa~ 

tion, contact your Pro~ 
fessor of Military Science. 

ARMYROK. 
IE ALL 10U CAN IL 
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Technotrivia 
Man, (New York: Bantam, 
1951 ), pp. 1-5. 

Answers: 

1. In the "War ofthe 3. His name was Gregor 
Worlds" radio script by Samsa. Source: Selected 
Howard Koch, the Martians Stoties of Franz Kafka, 
first landed near Gravers (New York: Modern Library, 
Mills, New Jersey. Source: 1952), p. 3. 
Howard Koch, "The Night 
the World Came to an End 4. Nessus was a "Pierson's 
Almost," (In the LP record puppeteer." Puppeteers 
album of the Orson Wells were a shy, nonviolent race 
broadcast distributed by with an extensive 
Murray Hill records.) commercial empire. 

Source: larry Niven, 
2. The Illustrated Man was Ringworld, New York: 
a carnival worker. He had Ballentine, 1970). 
received his "skin 
illustrations" from a woman 5. The Overlords helped 
who claimed she could other races so they could 
travel in time. Since the learn how to make the 
illustrations turned out to evolutionary jump 
be a curse, he had spent 50 themselves. Source: Arthur 
summers trying to find and C. Clarke, Childhood's 
kill her. Source: Ray End, (New York: Ballentine, 
Bradbury, The 11/ustratec;:J 1953). 

6. 2001 was based on a 
short story called "The 
Sentinel," copyrighted by 
Clarke in 1950. Source: 
Arthur C. Clarke, The Lost 
Worlds of 2001, (New York: 
Signet, 1972). 

7. The spice or drug was 
known as "melange." 
Source: Frank Herbert, 
Dune. 

8. The book was called "A 
Connecticut Yankee in 
King Arthur's Court." 
Source: Mark Twain, (same 
title), (New York: Signet, 
1963). 

9. The cannibals were 
known as the Morlocks. 
Source: H.G. Wells, The 
Time Machine. (Also, the 
movie by the same name.) 
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10. The story was called 
"The Cage." It later became 
"The Menagerie," a two-
part Star Trek episode that 
won the International Hugo 
Award for filmed science 
fiction. Source: Stephen E. 
Whitfield and Gene 
Roddenberry, The Making 
of Star Trek, (New York: 
Ballentine, 1968), pp. 40-46. 

Score: 

Q-1 What else can we 
expect of a mere 
Earthling? 

2-3 You can clean our 
hyperdrive. 

4-6 We'll take you along 
as a specimen. 

7-8 You can apply for a 
galactic 
apprenticeship. 

9-10 How about helping 
us redesign this 
planet? 
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Symbols from 19 

and one to the east, leading down. I 
decided to go down. The walls of the 
cave glistened like diamond in the 
flickering light of my pine-torch, long
forgotten carvings and murals leaped 
out at me from the walls as my 
torchlight hit them. After walking for 
about fifteen minutes, I found that the 
passageway ended with a door. A 
cool breeze was present, and I 
shivered. It was like slowly being 
drowned in ice-cold water. I steeled 
myself to open the door, and had the 
decision taken away from me. The 
door opened, and the resulting gust 
of wind blew out my torch. 

I looked, flabbergasted, at the 
beautiful woman standing in the 
doorway. I wondered why there had 
been a cold sensation, for it was now 
very warm. Quite nice, really. 

[It's a DEMON, stupid! Swing the 
axe!] 

But despite the warning, I gladly 
took her invitation to come in for a 
while. Then, without having anything 
to say in the matter, my hand 
grabbed the battle-ax. "No," I 
shouted, but to no avail, for my arm 
swung, connecting with the girl's 
neck, and neatly beheading her. Then 
I noticed that the warm, comfortable 
chamber was really a death-cold, 
stone cave. And what was worse, 
instead of a beautiful woman, an ugly 
vrock (a half-man, half-vulture 
demon) was lying there, dead. 

[Thanks! I would have been gone 
for sure if that vrock had gotten its 
way.] 

[Not too much trouble, but let's not 
make a habit of it, OK?] 

[I'll try.] 
Looking around the cave, I noticed 

a door. I lifted the cover, revealing a 
stone stairway leading down. 
Carefully climbing down the stairs, I 
was not prepared for the sight 
revealed at the bottom. 

In a cave that must have been a 
mile high, a city had been built; a city 
of magnificent towers made of every 
color in the rainbow! I l.ooked on in 
wonder, and walked toward the city, 
specifically toward the central tower. 
For it looked to be made of solid 
gold, and was over three-fourths of a 
mile high! As I walked down the 
ancient marble streets, carved who 
knows how many years ago, I 
wondered at the skill of those who 
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had built the city. Surely the skill to 
do so did not exist in the world today. 
After a long walk, I finally reached the 
central tower. I climbed the steps at 
its base, but when I tried to enter the 
tower, I found myself repelled and a 
deep voice boomed out. 

"Who desires admittance to the 
Hall of Law?" 

Alistair Argentus," I replied, "bearer 
of the Pentagon of Magic!" 

"Then place the pentagon in the 
silver circle adorning the southern 
wall of this tower." 

Feeling that it might not be a bad 
idea to follow the instructions of the 
Guardian, I walked around to the side 
of the tower and saw, inset into the 
diamond-like material, a circle of pure 
light. My hands trembling slightly, I 
removed the Pentgon, and placed it 
in the circle, and the world shook. 
The city rocked, thunder rolled 

le 

across the cavern as lightning bolts 
rained down upon the city. Outside, 
the mountains trembled, the sun flew 
across the sky, and torrential rains 
covered the globe. But only for a 
moment. Because after that, I was 
back in the castle, with the sun rising 
in the southwest as normal. Cattle 
that had been on the very edge of 
death appeared the very picture of 
health, and crops which had withered 
were now healthy again. King Kellm 
appeared in my room and said, "It's 
over. Someone has done it! But 
Alistair, you have the Pentagon, so 
how can this be?" 

"Well, my friend, it's a long story. 
But let me tell you anyway." 

Steven Splinter is a Computer 
Science freshman. No wonder he's 
been thinking about symbols! 
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Developments in science beasts and his enemies being brought out by the good. 
and technology such as from destroying or carrying social sciences, sociology, Today, with 
nuclear power, genetic off what little he possessed. economics, and history. unemployment hovering 
engineering, and robotics He has developed into a We must bring our social near 10 percent, with 
raise justifiable concern in creature dominated by fear life in step with the new material abundance greater 
the minds of many as to and greed, bent on saving, circumstances. Our social than ever before, and with 
whether we possess the hoarding and investing engineering is just where larger and larger portions 
necessary wisdom and everything he could, to our physical sciences were of our industrial capacity 
sophistication to apply gain a sense of security. about 150 years ago. We devoted to producing tools 
these powers for real Thus he finds himself not must use a new and for the destruction of world 
benefit to our species. But in danger of suffering from different technique in civilization, it is clear we 
this is hardly a new issue a scarcity of necessities but handling our machines have made little progress in 
as passages from 50-year- suffering in the midst of considering always the the direction Prof. Gibbs 
old Technologs frequently plenty. He finds himself in social and human side of recommended. 
demonstrate. In the June, a condition of actual the problem. Our social 
1933 issue, Assistant Prof. deflation of productive order should be To students graduating 
of Steam Engineering security against want-due scientifically planned and in 1933, a period of severe 
Russell E. Gibbs, proposed of course, to the machine managed by benevolent economic depression, the 
a new role for the engineer and technological intelligence on the part of future looked bleak indeed. 
and scientist in the development. Man must disinterested men who But a passage in the May 
Machine Age: adapt himself to the new have the confidence of the issue by an anonymous 

circumstances and begin people. The special desires author offered advice and a 
For several generations the battle for higher and vested interests of ray of hope: 

man has fought to protect standards of living on other sections of our country 
himself from hunger and points of the frontier. He must be put aside in the An age-old custom of 
cold, and to prevent wild must reckon with the truths interests of the common parading in cap and gown 

Left to right are Professor Charles Boehnlein, Thurman Erickson, Judson Crary, A. Donley Olson, T. R. Ohman, Raynold Ca
leen, H. W. Barlow, Walter Spivak, C. Howard Swanson, Professor Ackerman, Jean Barnhill, Loyal Do?Ining, James Barr, Alfred 
Lau, Merrill Stiles, Edward Kierski, Harold Anderson, Wahcr Safford, Robert Lacy, and Donald Bradl~rd. Other members o_f 
the club who do not appear on the picture are Herbert Swift, Roy Thompson, J, D. Weiler, Rahland Zmn, Dr. Bruno Brandi, 
Nathan Buddish, Robert Burlingane, WiHiam Collins, L. E. Ide, Arne :Holter, Robert Kissack, A. J. Kraemer, B. G. Morford, 
Leonard Proebstlc, and David Prybil. 
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was again repeated by the pursue their studies after students in the Department organization is to wait as 
graduating seniors last graduation will eventually of Aeronautical long as possible before the 
week. Strangely enough, reap their rewards; the rest Engineering, but also the month's deadline and then 
the flowing robes of black will drop by the wayside. entire student body of the get up the issue in five 
seemed to have a new Graduation does not mean entire University, provided minutes, just for the fun of 
significance this day-the the end of study, it is the each applicant is it. The business end of the 
somber color was opening of a door into investigated and accepted game is rather weak now, 
suggestive of black crepe one's I ife study. as a member into the club. too. I asked Rogers how 
at a funeral procession. All We have one girl in the much we were in the hole 
was not black, however, for Despite the grim club, who is a Junior in the and he said he could 
the gold tassels, waving to economic situation, the Department of already hear the guns in 
and fro, atop the square University Flying Club, Aeronautical Engineering, China, so I guess we may 
academic caps reminded founded in the fall of 1932, Miss Jean Barnhill, and she come out on top after all. 
the onlooker that always was managing to remain has proved herself to be Some of the guys plead 
above the darkness there is airborne. Careful financial the most well adapted to guilty to putting their feet 
a hopeful ray of light. management helped the flying in the group. She is on the desks, but, we ask, 

To the graduating club navigate around the going further to obtain her what don't they do over in 
seniors, the future seems hazards that befell so many limited commercial pilot's the Daily office? 
barren of all hope of other clubs. One female license. 
pursuing their field of study aeronautical engineering 

This is the last Fifty Years out of school. Some are student stood out among Among a series of 
planning to come back for what was then a decidedly descriptions of I. T. Ago column I'll write for 

graduate study. Those who male-dominated group: organizations in the May Technolog. As I do so, I 

are not fortunate enough to issue, one in particular was can't help but wonder if, in 

do so are in a state of acute The success of the club of interest to me. It was, of the year 2033, some 

bewilderment. It is has been so encouraging course, the Minnesota contemplative editor will 

absolutely necessary to that in the spring group we Technolog Staff. The major find my comments as 

continue one's study after expect approximately activity of the group quaint and amusing as 

graduation, if one ever twenty more students to appears to have changed some I have quoted here. If 

expects to follow his take flying instructions. little in 50 years: Technolog and I are still 

specialized work. Those . The membership of the alive then, perhaps I'll stop 

who conscientiously club is open not only to The main activity of the in and see. II 
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$120.00 

" All HP calculators use the exclusive RPN logic system, 
widely acclaimed as the most powerful and efficient 
system for solving complex problems 

" Hewlett-Packard's Excellence by Design assures you of 
quality construction. 

" Continuous Memory, found in all HP "C" calculators, 
saves your programs and data when the calculator is 
turned off. 

We have the right calculator 
for your professional needs .. 

$108.00 

The calculator you choose makes a difference. The right 
model can mean improved decision-making and increased 
productivity. The wrong calculator can result in wasted time, 
tedious problem-solving, and lost opportunities. 

Whether you're a student or professional in business, science, 
or engineering, we have a Hewlett-Packard professional 
calculator to meet your special needs. Let us show you why 
an HP calculator is right for you! 

Minnesota Book Center 
190 Williamson Hall 
2 31 Pillsbury Dr. S.E. 
M'ir"Bneapolis, MN 55455 
612-3 73-3688 (calc. dept.) 
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The TECHNOLOGY FAIR will be held on the Northrop Mall at the following times: 

Wednesday, May 4 

Thursday, May 5 

ADC MAGNETIC CONTROLS COm 
AIR FORCE 
CONTROL DATA CORPu 
CRA Y RESEARCH 
DATA CARD CORP .. 
E F JOHNSON CO. 
FMC 
GRACO INC .. 
H B FULLER CO" 
HEWLETT =PACKARD 

9:00am to 4pm 
and 

7 :OOpm to 9:00pm 

9:00am to 4:00pm 

I 

IBM CORP. 
3M COMP. 

~ 
~ 

plumb bob 

McDONNELL DOUGLAS CORP" 
MTS SYSTEMS 
ONAN CORPm 
RESEARCH INC" 
ROSEMOUNT INCa 
SPERRY UNIVAC 
STANDARDS ENGINEERING SOCIETY 
TEXAS INSTRUMENTS INC .. 

ALSO DISPLAYS BY I..T .. DEPARTMENTS AND STUDENT ORGANIZATIONS 
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Censorship, military, 
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Hansen, Terry (see Boersma) Harkins, Arthur, interview F2, pp. 16-24 

Heating, district F2, p.8 
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Computer-generated design for investigating 
structural strengths and weaknesses. 

Developing and managing Air 
Force engineering projects could 
be the most important, exciting 
challenge of your life. The 
projects extend to virtually every 
engineering frontier. 

8 CAREER FIELDS 
FOR ENGINEERS 

Air Force electrical engineer studying aircraft 
electrical power supply system. 

Engineering opportunities in 
the Air Force include these 
eight career areas: aeronautical, 
aerospace, architectural, 

astronautical, civil, 
electrical, mechanical and 

nuclear. Hundreds of diverse 
specialties are included in a wide 
variety of work settings. For 
example, an electrical engineer 
may work in aircraft design, 
space systems, power production, 
communications or research. 
A mechanical engineer might be 
involved in aircraft structure 
design, space vehicle launch pad 
construction, or research. 

PROJECT RESPONSIBILITY 
COMES EARLY 

IN THE AIR FORCE 

Air Force mechanical engineer inspecting 
aircraft jet engine turbine. 

Most Air Force engineers 
have complete project 
responsibility early in their 
careers. For example, a first 
lieutenant directed work on a 
new airborne electronic system 
to pinpoint radiating targets. 
Another engineer tested the jet 
engines for advanced tanker and 
cargo aircraft. 

OPPORTUNITIES 
IN THE NEW 

USAF SPACE COMMAND 

Artist's concept of the DSCS III Defense Satellite 
Communications System satellite. (USAF photo.) 

Recently, the Air Force 
formed a new Space Command. 
Its role is to pull together space 
operations and research and 
development efforts, focusing on 
the unique technological needs of 
space systems. This can be your 
opportunity to join the team that 
develops superior space systems 
as the Air Force moves into the 
twenty-first century. 

To learn more about how you 
can be part of the team, see your 
Air Force recruiter or call our 
Engineer Hotline toll free 
1-800-531-5826 (in Texas call 
1-800-292-5366). There's no 
obligation. 
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There was a time when most 
robots earned their livelihoods 
in comic books and science 
fiction films. 

Today, they're spraying, 
welding, painting, and process
ing parts at manufacturing 
plants around the world. 

Necessity has caused this 
amazing leap from fantasy to 
factory. 

The world wants long-lasting, 
high quality products, now. 
And robots fit perfectly into this 
scheme of things: They can 

make those products- quickly, 
easily and accurately. 

What kinds of robots? There 
is GE's Allegro,TM for one. 
It can position a part to within 
1/1000th of an inch-or about% 
the thickness of the paper this 
article is printed on. Or there's 
GP 132 (shown here). This 
loader, unloader, packer, 
stacker and welder- can lift 
and maneuver 132 pounds with 
no trouble at all. 

So what's left for me to teach 
robots? You might ask. Consid
er this glimpse into the future 
by Dr. Roland W. Schmitt, head 
of GE corporate research and 
development: 

"One of the big frontiers 
ahead of us is putting the 
robot's nervous system 
together with some senses-

like vision, or touch, or the abil
ity to sense heat or cold. That 
can give you an adaptive robot, 
one that can sense how well it's 
doing its job and make the 
adjustments needed to do that 
job better." 

That's a tall order. And one 
we'll be expecting you to fill. 
With foresight, talent, imagina
tion- all the things that robots 
have yet to learn. 

WE BRING GOOD THINGS TO LIFE 

An equal opportunity employer. 


