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To Do & Notice
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Homework Assignment #3
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Help! The Pig is in
the Garden!
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strdtegtes for solving them ‘

by Pat Mumphy
| 0
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See answer on page 3+4.
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To Do & Netice
Pat Murphy

OUR SON WON'T CLEAN s goov and your

mother is coming to visit. You're

staring at a page filled with puzzles
without a clue about how to begin, and vou're
starting to feel a little anxious. The pigis in
the garden, eating alt vour tlowers, If it’s not
one thing, its another, You've got a problem,
So how do vou go about solving it?

You might think that vour approuach
depends on the problem—and to some extent
that's true, But no matter what vour problem
is. chances are vou go through certain steps on
vour way to a solution, First, vou have to
understand vour current situation (the pig is
in the garden) and figure out vour goul
(getting the pig out of the garden). Then vou
need to devise a plan for solving the problem
{grab astick and chase the pig out of the
garden, Finalh, vou need to execute your plan
and check the results s the pig really out of
the garden?)

The steps seem simple enough, but identi-
fving them can be crucial. Suppose vour first
attemnpt at a solution fails the pig ignores vou
and vour stick. What do vou do? It's possible
that the flaw is in vour execution: perhaps vou
need o bigger stick 1o get the pig's attention.
You get i bigger stick and tnagain. and
i be vorr sieeeed. But mavhe not.

That's where many of us get stuck in
probleny solving, As psvchologist Abrahium
Maslow pointed out, if the ondy tool vou hive is
a hammer vortend to treat evenvthing like o
nail Once vou've decided onoan approach, von
get stuck: even i it doesn't work, vor tny the
samie approaeh again and wgaine Bur b
rettirning 1o the hasic steps yon cian ealiite
voitr problem solving process and posablv tind
another approdeh. Yo might decide on o
different plan: Ture the pig ot with a bucket of
pig chow Oryvon conld go hack one more step
and reevaluate vour goal: rther than
removing the pig fron the garden, vou decide

to plant only owers that pigs won't eat.

Psychologists who study problem solving
have identified a number of strategies that can
help people find new approaches to a problem.
These strategies are called henristios. The
word heuristic comes from the same Greek
root as “Eureka!™ (I've found it!), Both words
come from hewrisking, which means “serving
to discover.”

Basically, a heuristic is a procedure or an
approach that's likely to help vou solve a
problent. Using a hertistic doesn't guarantee
that vou'll Aind an «nswer, but it's likehy to help
Vot on vour way to & solution, One heuristic,
for example, suggest: that von question vour
assunmiptions, Suppose T asked vour to cut 4
cake into eight equal pieces using only three
straight cuts. AUfinst, that might seem like o
ditticult task. But if vou question vour assump-
tio ot may come up with the answer
There's more than one way to slice o cake. Are
vou assuming that people always cit cakes
from the top down? If vou are, think about
other wis to stice @ cake, and see if that helps
vou i asolution.

O the following pages are anumber of
hevristiesalong with @ number of problems
and puzzles, The heuristics come from a
varien of sources, bat ve found that each o
thent can help me getunstuck when 1 ran out
of dapproiches to a problem.

Redd the heuristios and ty topply thew to
the problems that tollow, s ot work, fike the
time to think abont how von go about fimdimy
asolution, What strategies do vortuse Whet
steps dovon tihe?

(Fvon ger stamped. remd the heuristic agam
b tny rethinking vour approach For soine
problems, weve provided Bints and sugges
tions that may help von apply the heuristie

some of the problems ire easy, sonwe sire
vens hard You might wint 1o tnoworking with
adriend Often, another person provides a

HELP! T

different approach or set of skills. And, by the
watvy, that bit of advice is also a heuristic: if vou
can'tsolve a problem, get some help. Take it
slowlve-if vou it a brick wall, take a break
and see if vou can find another approach later.
You mav find that solving one probleny gives
voulinsight into another.
Good luek. The answers are on page §3.
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Hits and stggestions

Mot people tey tosolve this problen b dras g
Bres that st wthan the conbines of the gronp of
dote Tetvour bines extend bevond the wronp of dots
A see it nsrkes solution eoasier
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Check your
assumptions.
Before you start work
on these problems,
ask yourself whether
you are making
Implicit assumptions
about the solutions.
Your unconscious
assumptions may limit
your ability to solve a
problem.
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Six normal drinking glasses are standing in a row. The first three are full of w.iter, the net three an

A Glass of Water

|

he Garden!

empty. By handling only one glass, change the arrangement so that no full alass s neat o anothier !
ghass and no empty ghass is next o another empts glass

Hhints ind Suggestions

Sorennght iy doing this e wtho st classes Tamrealmater s m
Asumption vou nightothenuse o

back to et the Fastatem. soson re stuck O
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Crossing the River
Brmer was taking Ins dogschicken and osack ot grum o kot de v
cross: Lifortunately. the rowhoat swould only hold Bimseit and cne ot s possessons He e e

A3
" Hints and Suggestions:
This type of probleny used to drive me erazvs until e died the s e
was making Obwiousiv the fist e st take the chichen aeross the mer s von g |

e vou nakng the samic asmmption S

EE TN INTRRR IR IO

AN

prver thad e i

the dog alone with the chicken or the dog !l eat e chicken He vy e
the clucken alone with the grain or the clucken will et the wrane How does b
get all his possessions across the river?

leve it bl ad with the dow orthe sram Phenvon gohack and oot e doe o the g |
carev that across Butvorreant leave the chiehen alone with ethier e dogor the eron abile vos o



Think beforc Dominos on a Checkerboard

you act. e nordman checkerboard with the usual sisn
Before youtry four black nd-vinte squiares. Suppose o squitres have
to solve these been cut wa trom the boird. one tromeach of two diago-

nally oppostte corens. 1t doesn t matter which twu corners,
Now imagine that sou have thirty- one dominos, each of

problems, consider

them carefully and which will cover exactly tn quares of the checkerboaad.
try to get a total Can you arrange the dominos so that they cover ait sixty-
' two squares’
picture. You may
come up with a Hints and Suggestions-
strateqy that limits You can approach this using a trial-and-error method,
ST mentally eliminating the squares on the board two at a time. But vou don thave to go v all that tronble
the pousibilities you Instead. consider what b appens when vou lay a domino on the checkerboand [t covers two sqinres thatare
must explore. side by side. Is there an thing notable about the squares that are side by viies What abont the squares that

have been cut away?

L G
Stick Squares

Suppose vou have sixteen sticks arranged in five squares By moving st three sticks
make four squares. You must use all sixteen sticks.

Hints and Suggestions:
it vou're ke me. vour first impulse will be to start hutfhing sticks around a
suttering No. that doesn twork, Neither does that = This approach s an excinple o

W ‘ridl-and-error problenn solving You can solve the problem with this methed but there s a

yulcker wi

stop tora mement i think dhout the problem 1o were gome o make tve sepa
rate sgisares with noshared sides v d need prents sticks Sinee vonstart with five squires
maaade of siteen stchs somie sgutres stare s common side Fo ke tonr syuiares with vone sivdeen sticks,

ol Il i se b cic stk bormes e sde ob i ono s e sqannes e enal o

sivteen sides

Phus redsonie s imis the serts of eombinations vor tn You know tht von want an arrneenen: of

Do ddioming sides New i the problon e

ST L fory e
Consider a The Racquetball
simpler medel. Tournament
Often you can simplify Suppose youl are mnningaragqueth.qll

i

) tounament for 204 plavers. This is a single
a problem by looking at elimination toumament --when a plaver loves

a special case. he or she drops out of the toumament. st

: that vou need one scorecard for each match i

The solution to the e Ane . v
many scorecands widou need?

simpler version may help
you solve the original

Himts aod Saaestions

How mans soorecanis would von oot toe
problem. IR Wt e pidvens How aboat g
‘ urament vath e plivens
n “
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Draw a picture.
Drawing a picture, a
diagram, a graph,
or a sketch can often
help you gain a
better unuerstanding
of a problem.
This understanding
may lead you to a
solution.

Break the
problem into
smaller pieces.
If a problem is
unmanageable,
try break’ 3itinto
smaller parts.

If those parts are
still unmanageable,
break them into
even smaller parts,
continuing in this
fashion until you
arrive at problems of
a manageable size.

Chain Links

Suppose you have four chains, each three
links long. You want to join the four chains
into asingle chain that forms a circle. Having
a link opened costs two cents and having a
link closed costs three cents. You only have
fifteen cents to spend. How dc vou do it?

Hints and Suggestions:

Dince vouve opened d link, vou can take it
aft ity orinal chainof three, Draw a picture
whach vou take an open link off its chain,
Boes this sugpest i ditferent approach?

Mountain-Climbing Monk
One morning at sunrise, a monk began to climb a mountain. He followed a narrow path that spiraled
around the mountain to a temple at the top. The monk ascended slowly, stopping often 1o rest. He reached
ihe temnple yust before sunset. The next day, at sunrise. he started his journey hack. following the same
path. He traveled more quickly than before. 15 there a spot along the path that the monk occumes on bitly

trips at precisely the same time of day?

Hints and Suggestions:

People otten approach this problem misthematicalls tning to caleulite when the monk would v
where. The simplest solation takes the form of w araph Trv graphing the time of dav against the monk

posttion on the mountun,

Sacks of Geld

’YYYY
addé
'Y Y

You have twelve sacks of gold and 1 know
that one of the sacks 1s either heavier o hebter
than the others You have a halunce scale that
can hold as many sacks as soir ke on each aide
of the scale. You can use Ui scile only four
times. How can vou identify the odid sack ot wold
and figure out whether it's heavier or hulier:

Hints and Suggestions

Most people start by puttimg sy sacks o
either side of the bilince Suppose vordo o
What do you learn tron that weighngs Because
one sack is either heavier or linhter, habicr
six against six will tell you onis that the o
groups weigh different amounts  won !
you which one has the odd sk

Somehow . vou need to establish that some of the sacks are the standard weight— which wili iy oo
frmire ot which one s notstandard Start with smaller groups—and proceed step b sten This st

e ke awdnle Be patent




Test various
possibilities.
You can solve
some problems
by proposing
hypotheses
and working out
the consequences
of those
hypotheses.

Land of Liars

You are visiting a country in which there are
two kinds of people: ones who always tell the truth
and ones who always lie. You meet two men and
vou ash, “Are you truthtellers or liars?” One
mumbles sumething and the other says, "He says
he's a truthteller. He's a truthteller and so am 1"
Do vou believe him*

Hints and Suggestions

suppose both men were T What wondd thes
savs What 1f the fist one sere dar and
second i truthiteller”

Full of Beans

Suppose Fhase two s flled with ielivheans: One contains
red telvbeans and the other contains an dentical number ot
Black ellvbeans Frake fve red etlvheans from the red wih
hean rar and pat them i the black ellvbean e Then, without
looking, 1 scoop five randorn jeilybeans trom the black wil
bean jar and dump them in the red jellybean 1ar Are the re the
same number of red jellybeans in the red jeilvbean 1ar s there
are tack jellybeans in the black jellvbean jar?

Hints and Suggestions:
Consider the five random jellvbeans that 1 transterred
Suppese all five of themwere black How would that attect the

answer What other posstbibities e there
Q
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But what about the pig?

Unlike these puzzles. real problems don'’t
usually have neat solutions. You can solve 4
puzzle with a little thoughit: getting a pig out
of vour garden may take muscle as well. But
the strategies that vou use 1o soive puzzles may
also help vou with other problems

Suppose voL son woit tclean his roonm,
and vour mother is coming to visit. What do
vou do? You could consider vour goal. Do vou
want a clean roon or i satished mother® B the
soal is simply a clean room, the guickest solu-
tion might be cleaning it vourself. tf the goal
is a happy mother. mavhe vou could just keep
mon out of the room so that she doesn’t see
the mess. Of course, if vour actual goal is to
teach vour son responsibility, that's another
problen altogether. Mavbe vou could use his
aifowance to pav for a cleaning senvice, The
available options change when vou eviluate
vour goal.

You might also consider vour asumptions
Mavbe vour mother doesn't care if the House is
neat. You could even think about breaking the
prohlem into mere manageable pieces. Today,
ask vour son to pick up his clothes. fomorrow,
work on getting him to make the bed.
Drawing a picture of the raony probabls swon t
help muuch—-though it might make sou
realize that the room has @ door that vou can
close to hide the unsighthy mess

After vou solve a problem, whether it's o
dirty room, a pig in the garden, or a puzzle n
amagazine, [ suggest it vou retlect on how
voul came to vour solution. Think about the
strategies vour ised, and mashe vou'tldiscover
one that will be useful for the nest problem
Lol encounter

I the Tong run. beme consciotis of how
vat salve problems and thinkig about
etfective strateies i approaches il belps
vou become i better problem iver And that s
dJuseful thing Because von cin be sure of
one thing another probierin s alwine st
around the corner I 1Us notone thing,
it's another o
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A physics professor as t

W ROM [1E FIRST MINCEE OF THE FIRST DAY OF
W culeulus phivsies. the students know that
my class is gaing o he different. Twalk
into class with two one-gallon metal cans and
place them on the feety
hundred aspiring scien— « engineers, and doctors
fointing at one of the cans,
Fsay in a loud voice, “This

table in front of one

by Paul Doherty

lso the problems posed by real life.

Letme show vou i few samples of the problenis
[assigned to my class, T et vou tv o solve the
problem, then FIl pointout the important steps i,
getting the solution 1 hope that in this short
article vou can learn w few of the kessons which |

ICNMIENT

to do the impossible.

problems in my entire phvsics class i which L use
miles instead of kilometers

Here's the problemy:

if you stand at the equator of the carth. the

spanof the earth carries vou avotnd al 1000

miles per bour. How much distance do you
traevel i 29 hours?
To help students solve

can didnt do its home-
work.” Then, as T turn
around to write “Physics
151, Prof. Paul Doberty”
on the blackbouard. the cin
that 1 pointed to siewhy In
itselt, crumples into s wad
of deformed steel 1t
around and oty the
class Let that be adesson
tosouall

This sy wan of
emphisizing the inpor
tance of workimnye on the
probicns that Tassien for
homework One of i
i goalhoan ths chis i
to teach s studenis to ,@?
solve problems The hane

“Sev that can? I've decided to be an English major.”

word problenms, my fint piece
of advice is: read the problem
out loud. If vou can't solve
the above problem by Jooking
atitan reading it aloud and
sev i that helps

By reading alowd, wou
eigige the part of vour brain
which looks for meaning in
spoken langitage, m addwtion
to the parts dedicated to visual
pereeption The importnt
word in the previous sentence
IS omennig Betore vou can
solve i problen vou mns
anderstind it words Stimph
franskaing 1000 males per

ot 1o 1000 pydes

cach B tor 2y hone

heen shown the tools for

problent solving betore i abachra and et

clise Now thes will spend sovear fearmmyg o ise

these tonl b sy e word probilems ioweck
A phivsies protessor techme ny stidents o

solve problems s one ot mostimportnt jols

Mter thes Sike e class, Twsnt them o be abde 1o

d ot only the problems e fid m hooks, i

oring Puzles & Problems

dnidll Nl ot over oserester

FIhe o Base iy problems on el sitions
[ tollowing probien, from the st iomewark |
ssigited o chiss s ased on the strange bt
it person standis e stillan the equator isalse
travehing one thousarnd mides per hone: Becans
the nnxg\h%t\ W hooutsowedl this s one of the tew

12

shottd helpvon find it oo
vt dibieo of Dpoon mdes the crecasiter
ence of the earth st the equator 108 canrse s
problent wnores e miovenient of the canth
Aranind the s )

Duthieultes arse when seentiss Gike cndinan
sardand gie themnew meanngs Foreaaple

stppose the above problentashed for vog

Y
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. finish by writing down what | need
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Toxt Provided by e [~

displacement in 24 hours,” instead of “the distance

you travel.” The problem sounds the same in
English, but its scientific meaning has changed
completely. Your displacement is zero miles! To a
scientist, the “distance” in this problem is the
length of your whole trip, while the “displace-
ment” is the vector, which is basically an arrow
that connects vour starting and ending points.
Since vou start and end at the same position, your
displacement is zero. When 1 imipose scientific
meaning onto normal-sounding English words, it
drives my students—and my '

that it isn't. Realizing this, I take out a globe and
choose a few specific locations for my map. | redraw
the figure for many places on the spherical earth—
the coast of Antarctica, for example, or the middle of
Canada. The drawings lead me to the solution.

Try it vourself before you read further.

When I drew the diagram in the middle of
Canada, ! noticed that the starting and ending posi-
tions were closer together than they were at the
equator. Sensing the trend toward the correct answer
led me to try places farther and farther north. |

a mathematical formula.

If your first drawing doesn't help you solve the
problem, take a tip from my friend Will Crowther,
who suggests that you draw the drawing again,
bigger. In the case of the polar bear problem above,
a much bigger drawing would show the lines of
vour path converging slightly due to the curvature
of the earth. If you notice the convergence, it might
lead vou toward the answer by encouraging you to
try different places on the earth until you come to a
place where the lines converge at the same point:

the North Pole.

editors—craz,

Once students believe they
understand the words of a problem,
| then show themm the next step in
problem solving: making a sketch.
If you ask me to solve a physics
problem, | immediztely reach for a
piece of paper and make a sketch.
After making my drawing, | label
the parts so that the itlustration
contains all the information [ have
been given about the problem. |

Y THE THIRD WEEK OF CIASS,
l 3 many students are reading

homework problems aloud to
each other and drawing sketches.
Generally, they are better problem
solvers than they were the first week of
school, and they can easily solve prob-
lemns of the sort 1 gave them in their
first assignment. The third homework
assignment, however, is a very
different matter.

At the start of the fourth week of
class, when | walk into the lecture
hall, the class buzzes with questions.
One hundred students are unhappy
with the homework assignment. Some

to find,
ERE IS A CLASSIC PROBLEM
@R that's best solved with
adrawing:

You are somewbere on earth. You walk one
mile south and see a bear. You run one mile
east, then one mile north, and are surprised
Sind yourself back at your starting place. What
color was the bear?

The amazing thing is that this problem can be
solved. Try it voursell. Make a drawing and see if it
helps you tigure out the answer. Your first sketch
may end up like mine at
right, which does not lead
10 an answer.

This figure was drawn
with the unconscious
assumption that the earth is
flat, but of course we know

4

A

finally discovered that Lended up back at my
starting point when 1 hegan at the North Pole, If
I'm at the North Pole,

the bear must be a (
polar bear and there- 4(
fore it's white, We'll
retunt to this problem
fater,

This is ulso an

excetlent example of a4

problem that students can’t solve by simply plug-
ging numbers into equations. | regularly spice up
my homework assignments with prohlems of this
type. To find the answer, thev need to understand

the problem and make a sketch—not just worlvxus

of the best students have circles under

their eves from staving up tate trving, unsuccess-
fully, to solve the problems, 1 cotlect the homework,
and then ask for questions. Hands shoot up alt over
the classroom. One student demands that [ explain
how to solve the third problem. Before vou read
further, you might want to try to solve that problem
vourself:

A bicyele racer maintuins a constant speed of
20 b/br ont the first lap of a eo lap race. How
Jast woudd she bave to go on the second lap to
averdage 50 kim/br for the entire race? Each lap is
20 km long,

My answer to the student’s question is hrief, hut
it brings 4 shocked gasp from the class: “You can't
salve problem three.”



1 have done something to them that no other
teacher has ever done, somewting that is both

. unfair and an important lesson. | h ve asked them
1o do the impossible.

Welcome to the real world. The problem seems
reasonable, but no matter how fast the bicyclist
pedals she cannot average 50 km/hr.

With a little effort, you can figure out why.
Sketch a circular track. The first lap of 20 km at 20
kmv/hr takes exactly one hour. To average 50 km/hr
for both laps, the entire race would have to take less
than an hour, But the first lap has

. REAT DISCOVERIES HAVE BEEN MADE by
S8 paying attention to all the solutions to
a problem. Consider this one:

What is the square root of 47

Don't forget that there are two answers to this
problem: two and negative two,

Adding the second root seems like a trivial
thing to do, yet it led physicist P.A.M. Dirac to
predict an entirely new type of matter called anti-
matter. Dirac encountered negative roots when, in
1528, he solved the four coupled relativistic differ-

Some problems have more than two solutions.
Did you realize that in the problem I posed earlier,
the ore with the bear, there are an infinite number
of places on earth where you can take the described
walk and end up back where you started? Can you
find them? Here's 4 hint: think about starting near
the South Pole.

Remember, the first solution vou find might
not be the best orie. If vou had found the South
Pole solution first, vou would be left scratching
vour head about the color of the bear. since there

are no heans at the South Pole.

already taken an hour, so even at
the speed of light, the fastest the
bicyclist can average for the race is
40 kmvhr. To average 50 km/hr,
time would have to run backwards.
For those of you who like
algebra, the problem looks like
this;
average speed = dislance/lime
50 km/br = 40 km/
(time for lap 1 + time
Jorlap 2)
50 = 40/(20/20 + 1)
50 = 40/(1+ 1)
50(1+1) = 40
t=-1/5br
(Negative time means she has

L

One of the infinite number of

South Pole solutions is drawn on
page 34.

For years, | wondered about
giving my students “Homework
Assigmment #3,” the one with the
insoluble problems. But then
students like Cindy Heazlet began
1o come back to visit me after
being in the workplace. She told

me, “When you gave us those
problems, 1thought you were
heing unfair. But then [ went to
work at Lockheed. The first
problem | was given was to design
an attitude control system which
involved solving six simultaneous

to finish the second lap before
she starts.)

In the class, | know what's coming next. The
students demand to know why [ would give them
problems with no soiutions. Many say they have
spent hours struggling with the problems. My
explanation is this: “Up to now, your teachers have
spoon-fed you problems which were carefully
designed to have one solution. However, when you
leave this untversity for a job, the first problem you
are givent iinay have one solution, but it fs just as
likely to have no solutions or even an infinite
number of solutions. As you search for a solution,
you must continually think about how many solu-
tions, if any, the problem you are facing might
have. One possible answer is: none."

GW
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ential eguations he had created for the electron.
(And my students thought their homework prob-
lems were tough.) His solution produced positive
and negative roots,

Two years later, Dirac realized that the negative
root in his solution could be interpreted as a new
kind of electron, one with a positive charge. The
positively charged electron, subsequently named
the positton, was discoveted in cosmic tays in 1932
by C.D. Anderson. t is an example of antimatter:
when a positron combines with an electron, both
particles are annihilated. Dirac's prediction of the
positron was an important part of the work for
vflch he received the Nobel Prize in 1933.

)

— equations. It was one of the
hardest problems 1'd ever been
given, but building on your ‘unfair problems.’ |
knew how to tackle it. Thanks."
That made me feel good. But | never asked her
what she thought about my starting the clas: with
the collapsing can. Q

*Nole. To destroy a one-gallon metal can with a screw top,
wash the can thoroughly, put a half-inch of waler in the
bottom, and bring the water 1o a boil. Let it boil for a minute.
Take the waler off the stove and screw the cap tightly onto the
can The can will be full of water vapor, but no air. As the water
vapor inside the can condenses, the can will be crushed by

extenal atmospheric pressure.
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He combined this keen eye with an ency-
clopedic knowledge of such esoteric sub-
jects as tattooing methods (the delicate
pink hue of the tattooed fish on the
man'’s wrist, he told Watson, could only
have been done in China), enabling him .
to form premises only he could know, :
and conclusions only he could deduce.

Because of his vast knowledge,
Holmes always had an unfair advantage
over Watson and the reader, who could
only watch and marvel as the logic
unfolded and the perpetrator was
unmasked. The Holmes stories are full
of brilliant deductions, but they are per-
formances; you, the reader, are just
an observer.

Then how are you to exercise your
own deductive faculties and keep your
wits sharp? Is Holmes a model here, too? Well, no.
Holmes used a seven-percent solution of cocaine to
keep his mind stimulated between cases. When
chided by Watson for this unhealthy practice, he
said, “Give me problems, give me work, give me the
most abstruse cryptogram...and | am in my own
proper atmosphere. I can dispense then with artifi-

cial stimulants. But 1 abhor the dull routine of exis-

tence. 1 crave for mental exultation.”

He should have just bought a book of logic
puzzies.

These “brain teasers" are more than mere exer-
cises in logic—they are really mini-detective sto-
ries, in which the clues are revealed with the harest
minimum of plot, setting, and character. Would-be
sleuths and amateur jogicians can enter into a rig-
orous process of deduction in order to solve myster-
fes like whether the plumber was wearing & blue
shirt, or the nurse was sitting next to Mrs. Peabody.

All the clues/premises are set out, and it is up to
the solver to arrange and rearrange them to reveal
the hidden conclusions. They are teasers, though,
because the best of them appear, at least at first

ance, to be impossible to solve. Like this one:

PPLTBY o o ot ot
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ashod the man in ibe brows tie.

Mr. Green, Mr. Brown, and Mr. Black were
dressed in identical sust coats, bul each uore a
different colored tie. “That's curious,” said Mr.
Black. "The colors of our lies malch our last
names, bul none of us is wearing a tie that
maiches bis oumn name.”

“We're not keeping you busy enough, are
we?" asked the man in the brown tie.

What is the color of each man’s tie?

Is there really enough information here to fig-
uire that out? There is if you proceed logically. As
Holmes said, “When you have excluded the impossi-
ble, whatever remains, however improbable, must
be the truth.”

So what is impossible? It is impossible for Mr.
Black to be wearing a black tie, b.cause we know his
tie does not match his name. s it impossible for
him to be wearing either a brown or a green tie? Yes!
One of those possibilities &s impossible. He can't be
wearing a brown tie, because the man in the brown
tie is talking to him. So if he can't wear black or
brown, Me. Black hes to be wesring the green tie.

L Wiﬂ
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Okay, how about Mr. Brown? We know
he isn't wearing a brown tie {matches his
name) and we also know he isn't wearing a
green tie (wom by Mr. Black). Therefore. Mr.
Brown wears the black tie, which leaves the
brown tie around the neck of Mr. Green.

That was pretty simple, as logic puzzles

. g0, but the principi¢s are the same whether

- there are three guys with three ties or five

™" * people. each with a different color shirt,
kind of pet, and make of car. All you need
10 solve these puzzles is logical thinking,
and a keen eye for the clues you've actually
heen given,

A statement in a logic puzzle is rather
like verbal origami—it can be unfolded to
reveal other, more hidden conclusions. In
this example, the fact that Mr. Black's name
does not maich his tie is stated; the fact that

the man in the brown tie asks Mr. Black a question

implies that Mr. Black and the man in the brown tie
are two different people.

My mother adored these puzzles. She likened
deductive reasoning to untangling a ball of yam.
in the beginning it looks like a big mess, she said.
But if you concentrate on unraveling one knot at a
time, it's simple, and after a while you end up
with one long, connected thread. Watson agrees
with Mom:

"1 could not help laughing at the ease with
which [Holmes] explained his process of deduction.
"When 1 hear you give your reasons,’ | remarked,
‘the thing always appears to me to be so ridicu-
lously simple that | could easily do it myself.
Although at each successive instance of your reason-
ing, I am baffled until you exptain your process.””

Now that you too have joined the ranks of
Holmes, Watson, and my mother, no longer baffled
by the art of deduction, you can try your hand at the
logic puzzles on pages 15 & 16.

As for me, well, deduction can't solve every prob-
lem. 1 just discovered that my writing box s full of

live scorpions. Q
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Logic puzzles are like miniature detective
stories—entertainments in deductive reasoning.
You are given a situation and a number of clues,
and your task is to become the sleuth and figure
out who did what, when. Here's an example:

NVE FAYOLS CLOWNS dgreed [0 sav a few:

words ut the Funology Council meeting,

In the past five years. each of them had
won the coreted Golden Bozo trophy once. and
ech for a different innovation in clowning.
From the information provided. determine the
stunt speckdlfy (one is pratfalls; Jor which each
clown (one is Flippo) is famous. and the year
11988 through 1992} that each won the
Golden Bozo.

1. Andy's pioneering rubber nose work uas not
honored in 1992.

2. The 1989 Golden Bozo wwent to Curly.

3. The tiny car expert. who was not Boffo. took the
prize in 1991,

4. 1988's award bonored the juggler.

5. Doofus received the trophy for bis work with
wwater balloons.

That's it?

That's it, but it's enough.

Your first step is to determine what information
vou know for sure from each clue (either stated or
implied) and also to determine what is impossible.
Unless vou can keep dozens of facts steaight in vour
head. vou may find that 4 diagram will help vou
keep the clowns in order.

There are two Kinds of solving diagrams-—grids
and tables. Each of them arranges the information
in a different way. and may help vou to see relation-
ships between elements, Here's a grid and a table to
help you keep the clowns from running amok in
vour head. (1 do these puzzles in pencil, and usually
make a copy of the grid before [ start. just in case
I'm not really as good as Holmes.)

The grid is actually a truth table. Each square

& Pustion & Problems

Clowning A"Ound

can be filled in with either Yes or No. (Visually, it's
much easier to use a solid dot @ for Yes and an X
for No.) Within each five-by-five section, every row
and column will only have one @. because only one
clown is associated with each stunt, only one clown
won in each vear, etc.

You know from the first clue that Andy is the
clown who used a rubber nose. So you put a Yes @
at the intersection of Andy and rubber nose. This
means that it is impossible for anv of the other four
clowns to have a rubber nose, so put Xs in the other
four boxes in the rubber nose row. it also means
that Andy did not do any other stunt. so put four
more Xs in water balloon and the other boxes in the
Andy column.

You also know from the first clue that Andy did
not win the trophy in 1992, so put an X at the inter-
section of Andy and 1992 (and. since Andy and
rubber nose are the same, another X at rubber
nose/1992). This doesn 't tell vou which clown or
stunt dfied win that vear. though, so vou cant put a
@ in the 1992 row or column vet.

Work through the puzzle once, filling in only

the things you know for sure. You'l probably come
to a place where you have a few @s and a lot of Xs,
and vou feel stuck. That's where the unfolding part
comes in. Trv combining clues and see what hidden
impossibilities that reveals. You: know from Clue #2

that a particular clown won in 1989, and from Clue
#4 that a certain stunt won in 1988, Aha! The 1989

clown couldn't have done the 1988 stunt, could he?
Go put more Xs in the grid.

After a couple of connections like that, vou'll
probably be able to deduce some conclusions visu-
ally: once vou've put four Xs in a row or column,
you can see that only one box remains empty and
has to be 2 @. The table shows you somewhat
different patterns; as you fill in the years, clowns,
and stunts you know for sure, the blank spaces in
the table will give you information about what
possible connections are left.

There is enough information in the clues to
determine which vear each clown won, and for
which stunt. Just take it slowly, one bit of informa-
tion at a time. Determine what's tre or impossible
and then go on to the next piece.

{Answers are on page 34.)

Clown Year
slslgd Bleieizlzlz
HERERE ERE RN ERE
Water Balloons
| Tiny Cars
Ps
2 Juggling
“*" | Rubber Nose
Pratfalls
e
1988 Clown _ Specialty
. 1989
= | 1990
1991
1992
-
*
1 4

Year




This second puzzle is much more challenging.
Even if vou solved the clown puzzle in your head
or on a piece of scratch paper, vou'll need both the
grid and the table for this one. If vou skipped over
the parts about the grid. go back and reread them
before you tackle “Who-Dun-1t?”

E- T WAS A BISY SATURDAY MORNING dl the
: Famous Fictional Detectives Agency. Fire
different crimes bad been commiitted. and
a different sleuth was assigned to each one.
Find cut who did what by establishing the order
in which the five detectives (one was Hercule
Poizot) caighl the crooks (one was Vic Vicious),
and the weapons used in each crime (one was
a garrotte; a different wedapon was used by
edach crook).

WioDunli?

1. Steazy Sol did it with arsenic.
2. Tom Trouble was caught right after the crook

with the Bowie knife. wbo was nabbed
immediately after Sherlock Holmes got
bis man.

3. Rick the Stick was the third crook caught.

Emily Netterfield was the first sleuth to catch
a criminal.

4. Ellery Queen caught the man with the

Colt 45.

5. The crook with the derringer was caught
immediately before Willy the Weasel. who
was nabbed right before Kinsey Millbone
caught ber perpelratoy.

6. Willy the Weusel did not use a Bowie knife.

The two kevs to solving this very difficuit

puzzle are unraveling the implied truths from the
clues, and remembering that the events happened

in a certain order, which creates a different set of

PAFullText Provided by ERIC

Steuth Crook Weapon impf)ssib.llit.les for you to
use in eliminating
; g “suspects.”
o w . N
_ g ] - & E g = g g Let's look at Clue #2,
% z E i AEIHEIHE 3 Hmm. {t doesn't tell you
first anything for sure, does it?
Second l'herevare no Os to put in
_g Third the grid. But it does tell you
a whole lot about what's
Fourth impossible, if you look
Hifth carefully. You now know
Arsenic that Tom didn't use a
Bowie Knife Bowie knife (because he \'\':Ls' caught after that
l, ol 45 crook). and that he wasn't caught by Sherlock
] o Holmes (hecause that was before the Bowie
| Derringer knife guy. and Tom can't be both before and
Setrote
Rick Order Sleuth Crook Weapon
Sol
o=
: Vic
i \‘1

after the same crook.) You also know that Holmes
didn't nab the Bowie knifer, using the same
reasoning. Put Xs in atl those boxes (Holmes/
knife, etc.).

Okay, what else do vou know from this clue?
Reading it carefully, you know that three separate
crooks were caught in this order: :

Holmes's man e

Crook with Bowie knife

Tom Trouble

You don’t know who's who yet, but vou do
know, looking at the list, that it is impossible for
Tom to be the first or second crook caught. -
(Because you know that two crooks were caught B
before him, the earliest position he could occupy
would be third.) You don't know for sure when
Tom was caught, but you know first and second
are impossible, 50 you can put Xs in the boxes
where Tomv/First and Tom/Second intersect.

At this point, it will also help if you fill in the

oy

table with what you know. Your best bet is to fill
in the first column immediately with first, second, .
etc., in order. This gives you the beginnings of 3
a list and may make possible relationships a
fittle clearer. i

This should get vou started on the right track i

to deduce the rest of the information from Clue #2.
and to go on and use the same kind of reasoning
with the rest of the clues. (Hint: Clue #5 is struc-
tured exactly like Clue #2.)

This puzzle is much, much harder than the
clowns. You'll have to work to make deductions,
but there is enough information to solve the
puzzle. Really. 1f vou get stuck. read each state-
ment over again carefully, and look for hidden
implications and contradictions. As vou eliminate
each impossibility, what remains has to be
the truth.

If you get really, reatly stuck. and smoke
begins to wisp out of your ears from your over-
worked brain, take two aspirins and check the
answers oh page 34.
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counter and making it possible for a
single bag to hold twice as much as
previous models.

Pny the poor Victorian gentleman,
who spent his days politely doffing
his hat to the ladies. In 1896, James
Boyle introduced the labor-saving,
device below. It was intended to
spare the courteous wearer the
inconvenience of putting down his
parcels to tip his hat to a lady when-
ever his hands were full. When the
man gently nodded his head, a
weight inside the crown made the
rim pop up. Boyle noted that his self-
tipping hat might also be a .aluable
commercial device. When the hat
bobbed up, it could reveal a printed
advertisernent hidden under the tim.

Long ago, the natives of Brazil
found a way 1o deal with the discom-
forts of walking barefoot through the
rainforest. They would stand in the
liquid sap of the rubber tree and
then let their feet dry in the sun. The
result was a tough, flexible foot
covering that protected their feet and
gave them some added traction.
When their rubber soles wore off,
they simply re-soled with fresh sap.

»»»»»»»»»»

When archeologists excavating
the ancient city of Herculaneum
uncovered a treasure trove of
documents in 1753, salvage
workers were delighted. They took
out their knives, slashed off the
outer coverings of the scrolls and
hand-flattened what was left to
see what was inside. This indeli-
cate handling of the ancient
texts made a Franciscan monk,
Father Antonio Piaggio, cringe.
Determined to find a way to save
the charred, stuck-together
scrolls, Piaggio devised a simple
machine that gently opened the
papyrus, pulling the layers apart
and attaching them to a lining as
they unrolled. The first papyrus
that emerged from Piaggio’s
machine was the famous classical
treatise On Music, by the philoso-
pher Philodemus, in whose villa
it had been found.

In 1762, a hungry gambler
named John Montagu needed a
way to eat his meals without
leaving the gaming tables. He
solved his problem by slapping
some cold meat between two
slices of bread, thereby inventing
the famous food that was subse-
quently named for him. (His
official title, of course, was the
fourth Earl of Sandwich.)

P

Naples taught a group of octopuses
to atiack colored balls: some learned
to attack white balls; others leamned
to attack red balls. When untrained
octopuses were allowed to watch just
four demonstrations from an adja-
cent tank, not enly did they learn to
perform as well as the original
group, they often did much better
than the trained animals, working
faster and making fewer mistakes.

Ohio dentist William Semple
thought that people would have
healthier mouths if they exercised
their jaws every once in a while. In
1869, he invented chewing gum,
convinced that it would solve the
oral-health problems of America.

Back in the 1890s, a gold miner
niamed Alkali Ike had a problem. He
liked to keep his tools in his pants,
but the pockets kept ripping out. His

" jeans, and they're still used to keep

pockets. 1t worked so well that !
clothes manufacturer Levi Strauss
began using metal rivets to secure
the pockets on his newfangled denim

pockets stuck on today.

In 1955, Frances Gabe (a pseu-
donym: her family was embarrassed
by her work) tackled one of
evervone's biggest problems: she
invented the self-cleaning house.
Gabe's prototype home, builtin
Newberg, Oregon, showcased more g
than sixty labor-saving devices of
Gabe's own invention. At the flip of a
switch, a trap door opened and the
living room fireplace emptied itself
of ashes. In the bathroom, a
biodegradable seat liner was flushed
away with each use of the toilet. At
the touch of a button, water jets in
every room soaked down everything
in sight. (All the furniture, book
covers, stereo equipment, pictures,
etc. were waterproof.) Fans blew the
house dry. Clothes hanging in
closets were similarly bathed, as
were dirty dishes stacked in the
cupboards. For thirty years, Gabe
worked on perfecting her drip-dry
house, patenting each device as she
went along. but she never found
anyone willing to invest in her
pet project. .
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How do you learn
about problem
solving? One way is to
ask people who are
good at it.

In studying experts in various fields, some
bsychologists bave found that people 1who are
good at solving problems tn one area are
more likely to be good at solving problems in
general. Expert problem solvers seem to be
better than average folks at solving problems
oulside their area of expertise, simply because
the experts know how to approach problems.
They are less likely to get bogged down in
details. more likkely to review their progress—
especially if they do get bogged doun—and
more likely to redirvect thesr efforts to meet
their goals.

In the following interviens, an auto
mechanic, a physician, an exhibit builder.
and an artist discuss thefr approaches to
solving problems.

25

Larry Gjerstad
Auto Mechanic

interviewed by Robert Pincus

have to make a fundamental choice:
You can become a good mechanic, or
Yyou can find a good mechanic. 1 found Larry.

Larry and bis brothers knou: bou: to fix
absolutely any car on the road. fudging by the

hotos on the walls, the shop’s patron saint is
a 1959 De Solo Firelite Sportsman, but the
mechanics are as likely to be working on a
new Lexus as an old MG.

Robert Pincus: Larry, you musi see lots of
different kinds of car trouble. What is the
strangesi problem you ve ever seen in a car?

Larry Gjerstad: There've been so many. It's hand
to remember them all.

Gire me one of the greatest bils. then.

Well. we had a woman cowne in with 163
Dodge. The blower motor for the heater would go,
but it wouldn't blow out any heat. We got up into
the duct work of the heater and there was all this
straw and paper and whatnot blocking the way. it
turned out that mice had built nests in there.

What made you look in the ducts?

Well, it was raining down little bits and shreds of
this material, and pretty soon vou had 1o dig deeper.
There was 4 restriction in there. Olwiously the car
had been parked in a garage or a bam and these
fitthe nvice made their nest in there.

How do you krow: where to begin looking
when somenne brings you a car that isn't
working?

Peoples” description of what's wrong with the
car usually points vou in the right direction. If it

W ben you buy a 1959 Studebaker you

doesn’t run right, well. vou're going te look at
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Margarita Loinaz
M.D.

interviewed by Pat Murphy

argarita Loinaz is a doctor at San
M Francisco’s Tom Wadell clinic for
' bomeless and low-income people. She
works in both the drap-in clinic, where
eople come with immediate problems, and
in the primary care clinic. where sbe sees
Datients on an ongoing basis. She also visits a
number of bomeless sbelters providing
backup for nurse practitioners, and provides
medical service at San Francisco's Day
Laborers’ program. Her patients include
Deople from many ethnic backgrounds and
she sees a variety of medical problems.

Pat Murphy: Suppose a patient comes to you
with a complaint—ike a skin rash or a
headache. How do you go about figuring out
what's wrong?

Margarita Loinaz: Before I can answer that,
maybe I could try and give vou a sense of what gos
into making a doctor. Because the minute [ start
getting information from the patient, I'm tacking it
on to this whole other fund of knowledge.

You start by studving basic sciences—chemistry,
biochemistry, biology. ‘Then you move on to
anatomy and physiology; vou start by describing the
norm—how does a healthy bady work? From that,
vou move on to pathology and the various diseases.
What are the symptoms? How does the person feel?
What's the epidemiotogical setting?

The epicemivlogical setting? What does
that mean?

Epidemiology relates to the study of diseases or
“epidemics” In particular populations. What ethnic
groups have what kinds of diseases; in what parts of

IXICTOR, coVING ED o\ a2

Dave Fleming
Exhibit Builder

interviewed by David Barker

ave Fleming is an exhibit builder.
Ddestgnen and ace troubleshooter at the

Exploratorium in San Francisco. A shop

Sixture. “Uncle Dave" bas repaired everyibing
from Volkswagen generators to cosmic ray-
detecting cloud chambers.

Darid Barker: You re got quile a repulation
around here as a fix-it man. o what's the secret
of your success? How do you do it?

Dave Fleming; Sometimes people will ask, **How
are you gonna go about fixing this thing?" “Well." |
say "I'm gonna take it apart. and then I'm gonna
see what's wrong, and then I'm gorina fix what's
wrong, and then I'm gonna put it back together.”

That sounds simple enough. But bou: do you
see what's urong?

The process of elimination is always the first
route. A typical example comes to mind: you're
driving along the road and vou hear “pow! siss siss
siss siss siss....” You're not out of gas; vou're not
going to open the hood and start fiddling around

* with the carburetor. You look and see if a tire is

blown. Solving any problem involves some similar
process. A problem leaves clues—-in this case, an
audio clue,

Like a doctor. you bave (o be alert for symp-
lomis. [ remember one lime my guitar amplifier
was making this borrible buz2ing sound, and a
Jriend identified the problem by: tapping on
rariots capactions and resistors with a pencil
wntil one made a dramatic notse. That seemed
an odd way to find the problem. 1 would bare
expected bim to analyze it with a roltmeter.,
something more technically diagnostic. Do you

EXHIBIT BUILDER. cont v bty o par 28
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Ned Kahn
Artist

interviewed by David Barker

the Exploratorium. His fascinating and

engaging exhibils operate someuhere in
the realm belween art and science., investigating
such phenomena as metenrological and geolog-
ical processes in an interactive and aesthetically
beautifid way. His latest exhibit is « machine
thatt blous giant, siv-foot-wide smoke rings that
Jloat sixty feet into the air.

Darid Barker: Your situation appears quite
different from someone who primarily fixes
things and makes them work. You don t bare a
specific problem fo be solved. Instead vou seem
to be looking for problems. like someone looking
Jor an itch so they can scratch it.

Ned Kahn: Problem isn't exactly the right word.
Ftrv to let nature express itself, to create a system
where nature has a certain degree of freedom to
revea] itself and its ability to surprise. I think that's
different from what a lot of artists do,

So you try o gel ot of the way. o he
transparent and let the natural phenomena
be the focus.

There are two aspects to the process. Finst, there
are technical prob'ems that vour are trving to solve.
For instance. right now I'm working on the drive
mechanism for this vortex ring maker. I've tried
four different mechanisms, hut | can't keep the
thing from making a clunking noise. Technical
problems are an unpleasant itch,

(n the other side are the conceptual problems,
which are more of a joyous itch. Louis Kahn, the
architect, once wrote that vou can’t build a
huilding unless vou are jovously enzaged. Jov has

ARTIST, commxt ey on pree 40
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car is sick. but'l don 't bave as much luck
figuring out exactly what is wrong. How do you

troubleshoot a car that won ' start, for instance?

You have to know the basics about how some-

thing works. Once you know
how it works, then you can go
back and proceed through the
whole system until vou find the
breakdown. OK. if the car
won't start—I know the car
needs fuel, 1 know it needs
spark, and [ know it needs air.
Those three basic things.
Usually it's missing one of
those, and you can go back
and start Jooking, If you don't
have any spark—is the distrib-
utor turning? If it is, do vou

Once you
understand
how the system
works you know
what to look for
when something

have power to the coil? If you
have power ta the coil, is it
goes wr Ong. going through the coil?
— Would that uork for
any car?

Cars are pretty much the same for the most
part. You've got a cooling system and an electrical
systemn and 4 charging system and a brake system
and various other systems. You see a lot of people
with a lot of different cars comling In with the

seemmglv mndom hmes. for atample’

You pretty much have to replicate the problem
unless you've seen it before. If there's nothing
presenting itself to you that's wrong, vou can'tin
all honesty say that vou've fixed the problem—-no
matter what parts you've thrown at the car.

If 1 can't replicate the problem, I try and get
people to be observant and find out where and when
the *ar does it. under what circumstances. Is the car
hu s itcold? Has it been running for five minutes,
ten minutes? Does it do it going uphili, downhill,
stop signs. hot weather, cold weather, rainy weather,
dry weather? We need as much information as we
can get, because the more information we have, the
better decision we can make about what may be
wrong with the car.

S0 i1 bring in a car with brake trouble. for
example, is there a stundard procedure you go
through to identify what's wrong? Do you start at
the back of the car and more forwards. say. or
star! af the pedal and go lowards the wheels?

No. not necessarily. It depends on the kinds of
hrake problems you're having. If you're hearing
grinding noises, the first thing we'd do is take the
wheels and brake drums off and look at the rotors.
If you've got a low pedal, but you've got lots of
fluid in the master cylinder, and everything is dry
at all four wheels, then I know that it's probably
an internal problem with the master cylinder. But
mavbe I'll look at the master cylinder and it's full.
and I'l} check at all four wheels and they're drv—
then | know the fluid isn't escaping anywhere. so
the problem is something internal that's not
building up pressure. On the other hand, if I take
the cap off the master cylinder and there’s no
fluid. T know the system is leaking somewhere, so
11} go down and check all the lines and hoses and
wheels and whatnot. Usually ' find where all the
fluid is going,

I sounds like a lot of your knoiledge comes
Jrom experience. You knou what might be wrong
with the car you 're working on because you've
seen f go wrong before,

That's exactly right,

Hmm. Well. what about changes in the way
cars work? Cars are now being made with elec-
tronic widgets lo do jobs that used to be done by
mechanical utdgels. or sometimes weren | done

I
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easier in some ways and harder |
others. They make it easier because
they make the cars run better. Also,
they are self-diagnostic. You hook up
the big machine out in the shop to it,
and our machine can tap into the
car’s computer which says “0K,
there's something wrong in this
system.” Then you go to the book,
and the book says, “1f you get this
code, check these things.” Things do
become more difficult to fix the more .4
technology you put into them and theé ™
more sophisticated they become. But 3
usually not that difficult, because
i once you understand how the system
works you know what to look for
when something goes wrong. Anda -
lot of it is still the basics. Even in the
brand new cars, engines work basi-
cally like they do in your Studebaker.
Is it more fun to fix the older
: cars, or is that my own wishful
k. (hinking
For me, it's more fun to work on
-3 the older cars, The most interesting .|
repairs a-e the ones where people have
‘ a driveability problem. The car stalls,
the car does this, the car does that.
You get to take the car and figure it
: out. It's like putting together a little
E puzzle. It's more of a challenge, more
: fun to figure out when something's o %
going wrong, And I like cars that | T
don’t have to hook up to a machine to figure out

e

phone calls much. Everyone in this shop hs 4 lot

what's wrong, of knowledge. If somebody comes across 4 problem
What do you do when you can't figure oul that they don't understand, they can ask someone

trhat’s wrong with a car? What do you do then else. Lots of times, the other guy will come over

You gei stuck? and say “There it is. Your problen is right there.”
You talk to people vou know: mechanics from Limagine yot ve worked with a lot of

other shops, friends, people vou've worked with different people over the years. What mekes

before. You call a dealership and ask them if they somebody a good car mechanic?

have any more information, maybe a technical Well, I think some people have a natural apti-

bulletin. Maybe the problem will ring a bell with tude or natural mechanical ability. Being logical

somebody and they’ll say, “Oh, veah, | ran into helps. A lot of common sense. Having 4 good

that and this is what it is, memory for things. Storing information that you
“And there are any number of toll-free hotlines run across o you can reca:l it when you see it

©  ityou can call. But we haven't had to resort to again. And a lot of logic. Q

e
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disease you picked up in Nepal. you bave to
make sure that the doctors know where you ve
been. Otberwise they won 't know: what
lo look for.
. Yes. That's really important because
Give the Same Set  tesmpoms orsome vein parsi
. . from the Himalayas and the symptoms
Of lnformanon to for giardia, which is common in the

States, could be similar. If you're not
looking for a weird one, you may not
catch it for a long time.

Let’s get back to what bappens
ihen someone first walks into your
office with a medical problem. What
do you do?

First you take a history. You find out
what's the chief complaint. It may be a
cough—that's so common. And you
want to know: Is it adry cough ora
productive cough? How long has the patient had the
cough? Is there fever? Weight loss? Any other things
going on? Nausea, headache, so on.

Once you know the chief complaint, you start
seeing what else is associated with it—this is the
history of the present illness. Then you move on to
past medical history. That's going to influence
things too. If it's'somebody who has asthma or who
has risks for tuberculosis or cancer. the cough takes

on a whole other dimension. And then vou
ask if they are taking any medicines—some-
times medicine can give you a cough. You
8K about allergies to medicines.
[ You get this information and you asso-
ciate it to your past experience and
knowledge and vou make a differential diag-
nosis. That sounds simple. but asking the
right questions and doing a good assessment
is a skill that develops with experience. That's
why some old docs are just incredible. They
hear a history and they know the problem’s
-_going to be this or this. Your clinical judg-
gIment develops over thime. Sometimes, just by
king at a patient, you know when vou
can't afford to waste time and when mayhe
you can take vour time.
It almost sounds like pattern recogni-
tion... like. you bave the bistory, and you

three different
doctors and they’ll

give you three
differerit treatments.

o ‘ L  baveyour past experience. and you make

: -M‘smeﬁyvlt%
you work and acquire more experience, dxenumber
of pattems you recognize and the subtleties of those
pattems increase. Yeah! | guess you probably could
pretty much reduce things to that. Even when you
just get a kind of instinctive feel about somebody
that's walking into the clinic and you look at them
and you say, “OK, let's take care of this one first.”

You ve seen this before. You recognize .

You get a feel for it. Exactly. You recognize it.

S0 you lake the patient's bistory. Then what?

Then you move on to the physical exam, When
vou're training, vou do a complete physical from
one end to the other. But in the real world, when
vou're out there practicing, vour exam is geared to
the chief complaint. If vou're dealing primarily with
cough and shortness of breath, you're going to be
concentrating mostly on the lung exam and maybe
on the heart exam. Your exam is guided by what
vou think may be going on.

For example, if you have a young, healthy
person with a cough, you're not necessarily going
1o worry about their heart. But an elderly person
with a history of heart disease could develop a
cough from heart failure, which causes fluid to
build up in the lungs.

After you take the histoty and do your physical
exam, you order the tests you want. You could get
an electrocardiogram if you need to check the heart,
or X-rays if you're worried about preunonia or
fluid in the lungs. And when vou get the results back
you make a decision. Sometimes—a lot of times—
we're not 4 hundred percent sure.

That s interesting. Other problem solvers that
we talked with mentioned the role of the mistake
in the process. When you 're working on « car.

Jor instance, you try fo fix it and mayvbe it still

doesn’t work. But in our suciely. we tend to
think of doctors as people who aren 't supposed to
make mistakes.

Medicine is by no means an exact science. Give
the same set of information to three different doctors
and they'll give you three different treatments. If
vou're dealing with bronchitis, say. one doctor may
let the person go away without antibiotics, another
might give them this kind of antibiotic, and a third
might say, " would never give them that! | would
use this.” There's room for different approaches.

S0 hasically, # s a judyment call,

g Py ssion 6 Probi
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But you still may not have a definite diagnosis.

When you say a diagnosis you mean you
dnow: exactly...

1t means you are certain. You know what is
really going on. s this definitely pneumonia or is
this just a bronchitis. for example.

You get to the point where you think, “Well
I'm pretty sure it's this.” and then you decide
bou to treat it. When you 're figuering out the
treatment, what sorts of things do you lake into
account? Do vou take inlo accoun! age or ethnic
background or living situation?

Absolutely. Let's take bronchitis, There’s a viral
bronehitis that you can't do anything about. You
just treat the symptoms. But let's say the person is
elderly, or a smoker, or they have asthma. or
cardiac disease and heart failure. In those people,
I'm going to be a lot more aggressive and err on the
side of aver-treating. Because if I'm wrong and it's
not a virus, if it's 2 bad bacteria, they can develop
much worse consequences if [ miss it, so 1 would
probably use antibiotics.

It's a very multi-dimensional approach to
problem solving, where you are taking a lot of
things into account. 1 think that's why the training
takes a long time.

What otber factors affect what tredtment you
might prescribe?

You have to make sure the person is going to
comply with the treatment, If you have somebody
who doesn't have a place to live and they have an
infection in their leg and vou tell them to lie down
and put their leg up—it's ridiculous. So [ ask all
the time. Do you have a place to live? Is my treat-
ment going to be something you can follow?”

Or suppose you have a patient from Asia. Many
people in those communities ook at Western
medicine as being really “strong.” Thev feel that
their herbs are much milder: our stuff is too
concentrated. So if you tell them to take one pill
twice a day they'll take it maybe once a day. Or
once every other day. They're adjusting it to what
they think is the proper concentration for them. So
vou have to make sure they understand how

important it is for them to follow through with
the treatment.
TC 2 you ever gel stumped? If vou can't figure

Well, different .
things. You can just 1
keep testing until you
run out of tests that
are reasonable to do.
And sometimes you. -3
justwatch. They
always talk about the =
“tincture of time"—
letting time sort
things out. And it’s
true. Often, people
improve without any
treatment, It's also lmportam o know youeriE'
You should know wiien to get other specialists
involved in the case.

Obriously vou e got a patient and you 're
dealing with a person. But at the same time,
you're dealing with a problem and you can get
intrigued by the problem. Is Mmﬂ
Jou e observed—that you gl - i
intrigued by the problem?

And you forget about the
person?

Maybe forgetting aboul the .
person is too strong. but it seems
like you must be shifting back
and forth between tuo rieupoints
all the time.

It's true. Especially when vou
get somebody with an unusual
problem. It's very exciting. I think 3
a lot of us love that part of medi-
cine that is like being a detective
and figuring out the answer, I've
caught myself at times searching in
my hea! and reeling with ideas
because it's an interesting situation
that |'ve just read about or some-
thing, At the same time. you have
10 come back to your relationship ...
to the person and support them and
be compassionate and caring.

1 think that the best doctors are
the ones that are really intrigued. :
Physicians need (. have a real curiosity. Because it's
the curiosity that drives you to keep going, to keep
looking when you don't have a ready answer.

s b
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sometimes fust push things around to make the
problem reveal itself?

In that case, your

You have to
set up
a situation
so you're free
- to make
mistakes.

resistance drastically, it'll cause static or some other
effect, S0 you cool it down snd all of a sudden the

friend had the experience to
know that the mechanical
vibration of the amplifier's
speaker could be picked up
on a microphonic compo-
nent, which means that the
defective part was acting like
a miniature microphone. If
vou didn't have a clue that
that was what was going on,
it's quite possible that you'd
methodically approach it
with an oscilloscope. A
similar approach isto use a
can of Freezit to make the
components really cold. If a
resistor heats up too much
and opens or changes its

. almost a derogatory term, you don 't really want to

.. changing “x" a centain amount, and if you over-

problem either comes in even stronger or goes
away. It could work either way. There are similar
techniques, stch as banging on parts with a pencil.
But again, it's a combination of common sense and
experience.

So you change some part of the system to see
if it affects the problem, for beter or worse.

You re trying o find “who dunnit” uithout
looking for a molive. Do you look for things that
are out of place or different?

You have the same sort of psychological
approach as someorie who tracks animals or people
in the forest. You have a variety of clues to look for.
A heavy-set man will leave deeper footprints.
Someone running will put more weight on their
toes. In the electronics situation, you might see a
part that's blackened or bent. If there's something
funny looking, out f the ordinary.

Hou do you employ modeling and proto-
hping?

Modeling gives you a reality check before you
start to build some big, complicated thing. You can
check it out on a small scale or in a simplified
version. You can disassemble the problem into

-~ smaller segments and work on them before you are
£ committed to putting it together as a whole.

What is the role of the mistake in the process?
Sorme people get quite frustrated if they think

" they'vefaled to ixsomething o have uilt some-

thing they feel doesn't work. That's a difficult
psychological thing to deal with.

You have to set up a situation so you're free to
make mistakes. Essentiallv, it goes back to
modeling and prototyping, That's what they
prevent. You are defining what parts of the problem
you understand and what parts vou're unclear on.
But some of it is a matter of semantics: mistake is

¢all it that. More accurately, it's trial and error.
Or trial and ervor and trial and... Eureka!”
1t's like an iterative process of zeroing in on a
number in a math problem. You just pick two
numnbers as possible solutions: whichever is closer to
the answer, you continue in that direction. You keep
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shoot, you have to go back, and vou eventually zero
in on the answer. Practically, working with gadgets,
yout use this technique all the time.

For instance, if you wanted to find the cube
root of 729, you could try cubing some

- numbers: 4 is too low, 18 is way too high, 8 isa
litile too low, 11 is a little too bigh. 9 works.

For an electronics problem, you might take a
drawerful of resistors and start plugging them into a
network, say to get a mete to read in the right
range. You don’t want to sit down and engineer the
whole thing, Designing mechanical linkages can be
approached the same way.

What motivales you fo go fo the trouble of
fixing things rather than paying someone else fo
do it and save you the hassle?

Sotnetimes you get a car part and you say, “Gee,
1 wish 1 didn't have to spend forty-five bucks to
replace this thing,” So you open it up just to see if

. there's any hope, Sometimes there’s a litle broken
§ wire, a little dirt on the contacts, and you can go in
3 there and clean it off. I'll usually try that first.
Money, economics, it's a great motivator. But
it's also the challenge of trying to solve the problem
and the satisfaction that brings.

The advent of the computer has forced a lurge
segment of the population to become problem
solvers: it's often a struggle at first to get a
computer to do wbat you want it to do. You're
been using computers for some time now:: bow
do you feel about solving problems with
compulers?

You know, 1 heard an interesting study about
how people leam to use computers. There were two
different groups of people, and each group was
given an identical computer problem—in this
case, it was a game, They had to learn how to
manipulate the game to achieve a particular goal.

The first group was given a specific set of
instructions to give them a basic structure on how
to solve the problem. The other group was told
nothing; they had to just figure it out for them-
selves. The first group—the group with the basic
et of rules—was able to accomplish the task

' ”‘Emcer,u.:vimulybecauutl\eymglvenmehlnt
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G group, w :
was eventual'y able to solve
Then the experimenters gave each group a
second problem. but the program was changed so
the initial set of rules no longer applied. It turned
out that the people that got the hint the first time
around couldn’t solve the second problem as fast
as the people who'd figured it out for themselves.
The second group learned how to manipulate the
computer to get it to do what they wanted, so they
were able to solve the second problem faster.

Alot of kids learn that way, too, hunting and
pecking around in seemingly chaotic fashion.

When you gel frustrated. when there seems
to be no bope of figuring out an answer.
bow do vou get unstuck? Do you erer dream
solutions?

Sometimes projects seem to drag on and come
up against one block after another. These are best
pigeonholed until solutions make themselves
available—unless it's really important and you've
got a deadline or a budget.

Not concentrating on a difficult problem is
often a good way to let the solution turn up. Once
I was repairing an old vacuum-tube-regulated

that I couldn't bring myself to throw out. Most of
the melted wires could be retraced, but some were
missing. | began drawing a schematic to under-
stand how the different sections worked, but 1
couldn’t see what was missing. The next morning,
as | was just about to wake, the schematic | was
pondering over so much on the previous day
became the first thought in my semi-conscious
state. A solution suddenly. effortlessty popped into
mind. When 1 got to work, | walked straight over
to my desk, grabbed an alligator clip and
connected two ground busses together. The unit
was completely functional. There was no
applause.

That moment when frusiration turns into
insight. when the praverbial light bulb goes off.
that must be the most attractive part of
problem solving.

When things are not going well, the natural
feeling is to kick the gadget or bang on it or
something, At that moment, I try to stand back
and say to myself, “Pay attention, Dave.

You're probably about to leamn something.” &



People oﬁen say that what they like about my
exhibits is that they're so simple. The reason
they're simple is that when I introduce the slightest
bit of comnplexity it's always a complete failure.

Joy has to
be the

underpinning

of any great
endeavor.

Technically speaking, I've
leamed just enough so I can
do what 1 want to do.

Most of the exhibits 1've
made are a lot of lucky
discoveries. I'll discover one
thing while looking for
another thing, and not
knowing what to do about it,
I'll forget about it for a few
vears. and then go back to it.

Let's take your
Turbulent Orb exhibit as
an example. You ve gol a
glass globe that's maybe
two feel in diameler, filled

with blue liquid. When you rotate the globe on
ils stand. the liguid forms turbslence bands not
unlike those seen on the atmosphere of Jupiler or
earth. When you built that exhibil, did you bave
a general conception of what vou wanted to
demonstrate?

Actually, it began with the glass.
One of the other artists here found

. some big glass spheres for one of his
. projects, but he never used them,
" They"re just beautiful objects. The

sphere has a natural association with
the planet and with weather. and |

" was thinking of making something

that was evocative of the atmosphere.
So the object rather than the

Dhenomenon got you starled—

what can I do with this nice thing?
Then it was just a matter of

. playing around with the components

Until | reached the point where what
they did was interesting enough on
enough levels. 1 was also stuck with
the technical problem of what goop to
use in there to make the flow visible.
Some of the materials I tried settled

... out after a while and you had to stir it

shrrmg the material. Your final solution was
quite elegant.

Tt came down to trying a mllhon different
things. In the end, the simplest solution was just
rotating the whole sphere, rather than rotating the
materiat in the sphere.

If 1 were trained in atmospheric physics |
might not have thought of that. Because | would
have been trying to make it a true physical model
of the atmosphere, and the exhibit's not that.
Rather than the earth spinning and driving the
atmosphere, it's more like space is spinning,

But it shows the effect of the phenomenon
wonderfully.

But it's really just a lucky coincidence.

When you 're building vour exhibits. how
much time do you spend solving technical
problems, as opposed lo working on the
central concept?

The real creative vision or insight is about one
percent of it, but it's what gets the process rolling.

Houw: do you deal with those inevitable
moments of frustration, when you don't seem
lo be on the right track’?

The main way 1 deal with fiustration is by
having a number of different projects going at
once. When you get stuck on one thing you leave it
and go on to something else. 1 have a very slow
mind, and sometimes it literally takes vears to
figure some things out.

When you re in the middle of a thorny
problem. do you bave any stralegtes for
gelling unstuck?

1 guess what | do is go ask Uncle Dave.

So you gel some input from someone with a
whole different approach? Someone with anotber
perspective?

Without Dave and other people. 1 would prob-
ably figure it out myself, but it might take months.
Talking to other people jogs me out of my train
of thought.

Do you sketch out ideas. like on graph paper
and so on—esign an idea out of your bead?

I'll get an idea for something and put it down
on paper so I'll remember it. 1'd say with ninety-
five percent of those ideas, I'll come into the shop
the next day and make a little prototype. Of those,
ninety-five percent are immediate and complete




For example, | was thinking of 2 variation on
' 'the Turbulent Orb. | was wondering what would

hsppen if 1 had a spinning flexible disk inside of the
sphere. It was something I hadn't tried. So |
out 4 rubber ring and I bolted it onto a rod and |
-8tk it in the sphere and tried to spin it and it was 2
complete failure. It wadded up and flopped around
in there and ! plucked it out before anyone could
see it.

But then [ wasssitting at my desk with this
rubber ring on a shaft, twirling it in my fingers, and
I noticed something interesting. At various speeds, it
was forming interesting oscillation patterns.

So I clamped it into my drill, and spun it
around, and it had all these other emergent proper-
ties at certain speeds. And then, in sort of a bizarre
twist, I showed it to a couple of physicists, and they
conciuded that it was actually a good model for the
jet stream. So it was something that had started in
my mind, which was a complete failure, but by a
. completely unpredictable path ended up tying in to
_ something larger.

Abig part of this is the interaction with real
materials. Rather than sitting at your drawing table
- with graph paper, it's much richer dealing with real
materials; your senses come into play. When you're
drawing something out in your mind, you're
limited to what you know.

That's interesting. You re limited by your
fmagination, which is supposed to fling you off
in all directions, but you re actually trapped by
11, S0, do you use a sort of ping-pong lechnique:
work with materials on the physical level, then
sor! it out in your mind. then physical. then
mental. and so on?

Yeah, that's pretty much it.

Do you consider your working situation to
be akin to an experimental laboratory tipe
of selup?

it is important to have a critical mass of stuff
around to prototype with. | remember reading in a
phtlosophy of science articie about the principle of
liritited sloppiness—nhasically desctibing how a
3 number of sclentific advances have come about
. because the scientists wete somewhat sloppy. If they
E  were 00 sloppy, it would be a mess, complete chaos.
3 Butthemamkldle ground where there's a chance

andom events being worked into the equation.

ular style?

There's a group-3
of questions that I'm =
interested inata
certain time, and it’s
definitely followed a ..
progression. | started -
out with bubble -
exhibits, and [
became interested in T OO BTN, TRty
watching the movement of currents in the soq; fim.
That led to my interest in fluid motion, which led lo
an interest in chaotic systems, which led to weathet,
from which [ became interested in other geophysical, . . il
geological processes. So it's 2 meandering course, :
and it branches, and sometimes you go back to
earlier parts of the stream, But they are all somewhat
connected.

When you ‘re making exhibits, bou: do you
know when you re done? When do you know if
Jou bave the right ansuer?

The process is perhaps more akin to painting:
vou look for an economy where you achieve the
richest amount of experience with the simplest
means. Sometimes, through the prototyping process,
the exhibit starts getting more and more compli-
cated as you get more ideas. So you start throwing
things out. or separate the parts to use them for other
exhibits,

And sometimes it goes the other way, where
vou're adding things and trying new approaches:
“What would happen if | did this... or what if | tried
that...”" Maybe each of those additions makes it a
fittie bit better, but not that much. Thenvoudo a
third thing and suddenly it's a whole lot better. Ithas

a whole other feel and it goes to a whole new level.
That's often when you realize that you're done.

What s the feeling when that bappens—uben
you solre the conceptual problem., when the light
bulb goes off and it all becomes clear?

Usually it's followed by spontaneous laughter,
like getting the joke. -]

-
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the first clue, “What
hunters enjoy” will begin in squate
#2, and end in square 03. The stan-

RE YOU ONE OF THE 27 MILLION
Americans addicted to the
fiendishly clever invention of

Arthur Wynne? Arthur who? On 14

December 21, 1913, on the “Fun" page

of the Sunday supplement of the New

York World, Wynne published “Word-Cross"—

18

the first modern crossword puzzle. (The name
was inadvertently changed in an issue two
weeks later by a less-than-accurate typesetter.)

22

Although Wynne's puzzle was well recieved. it took
more than a decade for the crossword puzzle to catch on with the

American public. But when it did catch on, people started filling in
those tiny black and white squares as fast as they could be printed.
By the mid-1920s, the heyday of the crossword, almost every newspaper in

29

the U.S. carried at least one puzzle, and there were versions in most
languages that could be read horizontally and vertically. In France, les mots
croisés were all the rage. On Broadway, the musical *Puzzles of 1925 was a hit.
People even wore crossword dresses and crossword jewelry as they stood around
the piano belting out tunes like “Cross Word Mama™ and “You Puzzle Me

(But Papa's Gonna Figure You Out)."

It was quite a craze, By the end of 1924, six out of the ten hooks on the best-
seller lists were crossword compilations. The first of these, Tbe Crosstcord
Puzzle Book, launched the succesful publishing company Simon and Schuster.
The B&O Railroad supplied dictionaries on its trains for the convenience of
puzzle-mad passengers. Popular Mechanics magazine ran plans for a “cross-
word finder.” a pocket-sized aid to “forming proper letter combinations without
erasures on the puzzle chart.” Robert M. Stilgenbauer labored for eleven vears,
from 1938 to 1949. to create the world's fargest crossword puzzle—3183
squares across by 3149 down.

Eighty vears after Arthur Wynne's pioneering effort, crosswords are no longer
a fad—they have made an indelible mark on American culture. Although there
= are only about one hundred full-time cruciverbalists creating puzzles. more
- than fifty mitlion people wotldwide do crosswords every day, using up enough

graphite to cover more than ninety acres of newsprint. (Only the most dedicated
dare to do their puzzles in ink.)
Why are they still so popular? 1988 National Crossword Champion Doug
Hoylman has one explanation: “In our daily lives, we deal with problems that
© _have no definite answers.... In crosswords, there is always a right answer.”

; ‘_!‘l!} "_‘ i
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The Clues

2-3 What bargain hunters enjoy,
4-8 A written acknowledgment.
6-7 Such and nothing more.
10-11 Abird.

14-15 Opposed to less.

18-19 What this puzzle is.
22-23 \n animal of prev.
26-27 The close of a day.
28-29 Elude.

30-31 The plural of is.

8-9 To cultivate.

12-13 Abar of wood or iron,
16-17 What artists leam to do.
20-21 Fastened.

24-28 Found on the seashore,

Expl

10-18 The fiber of the gomuti palm.
6-22 What we all should be,
4-26 Adaydream.

2-11 Atalon.

19-28 A pigeon.

F-7 Part of your head.
23-30 Arriver in Russia.
1-32 To govern.

33-34 An aromatic plant.
N-8 Afist.

24-31 To agree with,

3-12 Part of a ship.

20-29 One.

§-27 Exchanging,

9-28 To sink in mud.
1321 Aboy,

oring Puzsies &
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Sﬂ 8-5 A-S, II-Z o HaA
. Vul ., 1=V=NsD.

W=2, R=3, T=4 and S=5

mile east takes you around the
Pole in a circle with a circumfer-
ence of one mile. Then you walk
" one mile north back to your
starting point. If your starting
point s 1.08 miles north of the
South Pole, you will circle the
Pole twice when you walk one mile east. From other
starting points, you can circle the Pole three times,
four times, and so on.

Answer to “Clowning Around”
(@.15)

Key
Clowns are Andy, Boffo, Curly, Doofus, and Flippo
Stunts are Juggling, Pratfalls, Rubber Nose, Tiny
Cars, and Water Balloons
Years are 88, 89, 90, 91, 92.
« is “therefore.” So A=R .. B, R means: Andy
has the Rubber Nose, therefore you can conciude
that neither Boffo nor Curly has the Rubber Nose.
Items in bold type are true conclusions, the equiva-
lentofa @ in the grid.
Clue M
AsR . BCDF#R: A#92:A=R .. R292.
Clue 92
Cu89 .. ABDF=89:A=R .. R8
Clue #3
T=91 .. JPRW291;R=A
B#91: C=89.". CT.
Clue #4
J=88 . PRT.W#88 (=49 .-
Az88; A£8889.491.92 .-,
s P W90
Clue #5
D=aW .. BCF2W; C#RTIW . CaP; (=R ..
P=89 .. W80 Ws8, 89, 90,91 .-, W=92; =W

. AR9L BT

(). A=R .
A=90:A=R .. R=90:

Order is 1st, 2nd, 3rd, 4th, Sth

Weapons are Arsenic, Bowie knife, Colt 45,
Derringer, Garrotte

Sleuths are Holmes, Millhone, \etterheld
Poirot, Queen

Crooks are Rick, Sol, Tom, Vic, Willy

Clue #1

S=A; .. RTV.W#A

Clue #2

T#B; H#B; H#T; T#1.2; B1,5: H24.5.

Clue #3

R=3; . STV W#3;S=A ... A#3.

N=1 o HMPQ#1: T#1.2 . N£T:R=3 .-,

N#R: B#1.5 .. N#B. If H=1 then B=2: H#1 ..,

B2

Clue #4

Q.c HMNP2C; Q1
oL 52Q.

clue #5

D2W; DM: M2W; M22: D24,5; W15 N=1 ..,

WaN. If W=3, then D=2 and M=4; R=3 .". W#3

. D#2 and M=4.

Clue #6

W=B

C1;8=A . §2C

And now you get to the tough part. From the clues,

vou can also deduce the following;
D=lorD=3and H=2 or H=3.

If D=1 then W=2 and M=3, Since M and Hcan't
both =3 .. D=1 and H=3 is impossihle.

1f H=2 then B=3 .". H=2and D=3 is impossible.
If D=3 then W=4: if H=3 then B=4; B2W ., D=
and H=3 is impossible. .-, D=1 gnd H=2.

H=l . B=3 and T=4.

D=z1.. W=a2and M=3.
=3, .. 3=R=M=B.

h=1:N=1 ., D=N.

3rd Kmsev Millhone, Rick the Stick, Bow:e knife
4th, Tom Trouble, Ellery Queen, Colt 45 .
5th, Sleazy Sol, Hercule Poirot, Arsenic

Answer to the World’s First
Crossword Puzzle (p.32)
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Answer to the Triceratops Maze
@1
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knd}ourquesliomto
“Ask Us,” Exploring Magazine, 3601 Lyon
Street, San Francisco, CA 94123.

Just how many different kinds of food
- products are made out of soybeans? How are
they different, anyway?
—Robert Pincus
Seattle, Washington

. A better question might be, what isn't made
E=-  from soybeans? When people think of soybeans (if
. they do at all), they usually think of foods like soy
E=" sauce, tofu, miso, and soy milk. But these tradi-
tional foods account for a tiny percentage of the
soybeans consumed in the United States. If you
want to get a sense of just how hard it is to give an
exact number of soy-hased products, scan a few
labels the next time vou're at the supermarket.
- There are literally thousands of other foods made
from sovbeans or soybean derivatives.

Soybeans are legumes, and are related to green
beans, pinto beans. and snow peas. They are
known (by those in the know) for their versatility,
high protein content, and high-quality oil, The
hull of a soybean is high in fiber, and is used, for
example, in bran breakfast cereals. The meat of
the bean is filled with oil, which, according to

= Norm Chambers of the lowa Sovbean Promotion
g Board, accounts for seventy-five to eighty percent
of the “vegetable” oil sold in this country. Sovbean
oil is also used in mayonnaise, salad dressing,
coffee creamer. and margarine. After the oil has
been pressed out of the beans, the remaining sov
meal is usually fed to livestock. fish, and fow} as
the protein component of their diet. or is used

as 4 protein supplerment in many processed
human foods,

But, says Mr. Chambers, sovbeans aren't used
only in foods, There are sov inks. and scientists are
.. working o soy diesel fuel. Soy products are used
E. inadhesives, caulking compounds, pharmaceuti-

" cals, linoleum hacking, paint, cosmetics, and fire
extinguishers, to name but a few products. (ne
company has even mixed soyheans and waste
paper to make particle board that can look like
granite. There's no word vet on how it tastes.
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it. Is our TV radioactive beyond what should
be expected?
—Dee Woodtor
Evanston, Hinois

If vou want to see anything other than pretty
colors on your color TV (say, programs, for
example), you should keep magnets away from it.
1f vou leave a magnet on the screen, it will perma-
nently magnetize the screen, and purple will be
the predominant color on the whole screen. all
the time.

1f you turn on vour TV and fook closely at the
screen, you'll see that the picture is made up of
many tiny red, green, and blue dots. These dots
glow red, green, or blue when they get hit with
electrons (negatively charged atomic particles).
Atube in your TV fires beams of electrons at the
screen, and a magpnetic field directs the electrons
to the proper dots. The red, green, and blue light
from the dots mixes together to form the color
picture on vour screen.

When your son places his magnew near the TV
screen, the magnet redirects the electrons heading
for the screen to the wrong dots, so that the red,
green, and blue light mix together to produce odd
colors. That's why vou see purple. At first, that
purple tint will appear only where the magnet is
close to the screen. but eventually the magnet will
permanently magnetize certain metal parts in the
screen and the discoloration will be vours forever.

No matter what color you see on the screen,
vour TV is emitting no beta or gamma rays. and
very few X-rays, the types of radiation we usually
refer to and think of as dangerous. The electricity
that runs vour TV, the signals it receives, and the
light it gives off are all forms of electromagnetic
radiation. Electromagnetic radiation takes many
forms, from sunlight to radio waves to microwaves
and more. But even if vou permanently magnetize
vour TV screen, it won'temit a harmful amount
of radiation,

--Ni¢ Summond '
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page of the Sunday comics. | loved the dot-to-dot
puzzles, scrambled words, and pictures of pastoral
gardens where various objects (scissors, a boot)
were cleverly hidden. But once my sister Shirley
learned to read, the competition for the comics got
fierce, and ! moved on to other sorts of diversions,
like crossword puzzles and a math book full of
story problems.

1 liked story problems (actually, [ stili do), but
I've always preferred books of games and puzzles to
textbooks. Brainteasers and Puzzles for Kids
(Watermill Press, $1.95). is a little book of over
one hundred puzzles—Ilogic, math, pictures, even
riddles—that are easy enough for kids to solve, but
just tricky enough to keep parents entertained, too.
Brain Puzzles by Jenny Tyler (EDC Publishing.
$4.50) is another good source of puzzles for the
beginning problem solver, with colorful cartoon
illustrations, and a very useful hints section at the
hack that helps kids learn how to figure out the
puzzles that perplex them. Visitors from the Red
Planet (and 76 other solve-them-yourself
mysteries) by Dr. Crypton (W W. Norton,
$7.95) is a collection of devilishly clever, and
delightfully odd one-page teasers that will chal-
lenge even the geniuses in vour family. And for the
true conundrum connoisseur, Puzzlegrams by
Pentagram (Simon & Schuster, $15.99) is a hig,
beautiful full-color book of puzzles and brain
teasers. (Also recommended are their Pentagames
and Pentamagic.)

The Private Eye (Private Eye Project,
$21.93) is another item 1 would love to have had
when I was in school. It's a workbook designed to
help students (K-12) develop hands-on investiga-
tion skills. concentration. ohservation, ereativity,
and scientific fiteracy. Not only that. it's big fun.
The book comes with a magnifier that allows the
ser to examine the minute details of anything
within reach. In a series of interesting, plavful
experiments and suggestions, the book guides
readers to use the magnifier to observe details, to
deduce conclusions. and to theorize and guestion
their observations—in other words, to develop the
skills needed to solve just about any problem.

Another approach to seeing more clearly and
hreaking through mental blocks is the deck of
Obligue Strategies cards (Opal Information,
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Since there weren't any computers when [ was

The Complete Problem Solver by Johin R. Hayes.

a kid, my sisters and I learned our strategies from 1 Erlbaum Associates, Hillsdale, New
board games, which‘ dk,h ttalk or move or Jersey, 1989. A textbook for a course on general
anything. Boy, we didn't know what we were problem-solving skills,

missing. Putt-Putt Joins the Parade

(Electronic Arts, $35 for IBM; Mac version
available July 1993), is “edutainment” software
which encourages 3-7 year-olds to use simple
logic and critical thinking. Putt-Putt is an
adorable animated car that the child can move
through a full-color world using a mouse or
joystick. Digitized speech and great sound effects
make Putt-Putt seem very real, and solving his
problems (rescuing a puppy, getting a cow out of
the middle of the road, shopping in a toy store)
are bound to fascinate any kid. Putt-Putt's
dilemmas are simple, but I'm 39 now, and |
played the game for more than an hour, exploring
Cartown and trying to get Putt-Putt out of jams.

I spent a happy hour with Putt-Putt, but |
spent all day with SfmLife. If you consider the
survival of the planet the ultimate problem, then
SimLife (Maxis, approx. $50; Mac or IBM) is
the uitimate problem-soiving game. You can
cfeate 2 world, populate it with a variety of plants
and animals, determine the climate and the
terrain, and sit back and watch what happens.
Beings procreate, predators eat their neighbors,
species propagate or become extinct. The game
comes with a very good tutorial that teaches you
the fundamentals; after that, there are few limits
to what you can do. (When all my anteaters were
eaten by flying dragons I made the dragons fruiti-
vores.) Advanced players can tinker with genetic
engineering, climate control, even change the
laws of physics!

Hey Shirl, you can have the comics.

—Betsy Mc(iee

Most of ihese puzzles and brain exercises
are avatlable at the Exploratorium Store
al 1-800-359-9899, or al your local
museum store. o]

The Five-Day Course in Thinking by Edward de
Bono. Basic Books, Inc., New York, 1967. A book
of exercises to stimulate ideas about thinking,

The Ideal Problem Solver by John D. Bransford
and Barry S. Stein. W.H. Freeman, New York,
1984. A guide for improving thinking, learning,
and creativity.

More Games for the Super-Intelligent by James F.
Fixx. Doubleday and Co., Garden City, New
York, 1976. Math, logic, and word puzzles with
insights into the minds of masterminds. .

The Teaching of Thinking by Raymond S.
Nickerson with D. Perkins and E. Smith. -
Lawrence Erlbaum Associates, Hillsdale. New
Jersey, 1985. A textbook for a course on
thinking skills.

The Case of the Smoldng Brain by Ellen Klages

Original Logic Problems, published by Penny
Press, Norwalk, CT. A bi-monthly magazine
featuring more than eighty logic puzzles,
ranging from the relatively simple to conun-
drums that will make smoke pour out of the
average person’s brain.

Sherlock Holmes: The Complete Novels and
Stories, Volume One by Sir Arthur Conan
Doyle. Bantam, 1986. A paperback compilation
of two novels and thirty-six short stories
featuring the greatest fictional detective of
all time.

Symbolic Logic and The Game of Logic, by Lewis
Carroll. Dover, 1958. A two-in-one volume of
Carroll's “mathematical recreations.” The
nonsense syllogisms are fun; the discussions of
togic theory are quite challenging,

A Dialogue of Questions by Adam Frank
Discorering by Robert Scott Root-Bernstein.

What happens when you
twum out the lights?

In our next issue we go exploring In the
Dark. Discover the world of nocturnal
animals, the curious ways your eyes adapt to
the dark, what really happens inside the
Exploratorium’s Tac:!le Dome...and more.
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