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A great discovery solves a great problem but there is a bit of discovery in
the solution for any problem. Your problem may be minor; but if it challenges
your curiosity and inspires your creativity, and if you solve it by your own means,
you may experience the tension and enjoy the triumph of discovery. Such
experiences at a young age may create a taste for mental work and leave their

lasting impression on the mind and character for a lifetime.

Thus, a teacher of mathematics has a great opportunity. If he fills his time
with drilling his students in routine oliéi‘ations, he kills their interest, hampers
their intellectual development, and misuses his opportunity. But if he challenges
the curiosity of his students by setting them problems in proportion to their
knowledge, and-helps them solve their problems with stimulating questions, he
may give them a taste for, and some means of, independent thinking.

Also a student whose college curriculum includes some mathematics has

an_excellent opportunity. This opportunity is lost, of course, if he regards

@)
mathematics as a subject which he must take and which he should forget as

quickly as possible after the final examination. The opportunity may be lost even
if the student has some natural talent for mathematics because he, as everybody
else, must discover his talents and tastes; he cannot know that he likes raspberry
pie if he has never tasted raspberry pie. He may manage to find out, however,
that a mathematics problem may be as much fun as a crossword puzzle, or that
vigorous mental work may be an exercise as desirable as a fast game of tennis.
Having tasted the pleasure of mathematics, he will not forget it easily, and then
there is a good chance that mathematics will become something for him: a hobby,
or a tool of his profession, or his profession, or a great ambition.

I remember the time when I was a student myself, a somewhat ambitious
student, eager to understand a little mathematics and physics. I listened to
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lectures, read books, tried to take in the solutions and facts presented, but there
3

was a question that disturbed me again and again: “Yes, the solution seems to

work, it appears to be correct; but how is it possible to invent such a solution?
Yes, this experiment seems to work, this appears to be a fact; but how can
people discover such facts? And how could I invent or discover such things by
myself?” Today I am teaching mathematics in a university; I hope that some of
my more eager students ask similar questions and I try to satisfy their curiosity.
Trying to understand not only the solution of this or that problem but also the
motives and procedures of the solution, and trying to explain these motives and
procedures to others, I was finally led to write the present book. I hope that it
will be useful to teachers who wish to develop their students’ ability to solve

problems, and to students who are keen on developing their own abilities.

(George Polya, How to Solve It (1945) 20 —E&ZE D I, 5IH.)
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‘When an injured, skinny tortoiseshell cat wandered into a yard in Florida
earlier this year, she could have been any other stray, but she was nothing of the
kind. She carried an implanted microchip — one put there by a loving owner —
and it revealed an interesting story: the cat belonged to a local family, had been
lost on a trip two months earlier, and had traveled 200 miles (322 km) in that

time to arrive back in her hometown. Her journey inspired a large number of

articles looking for an explanation for how this one cat, and a few others who've

made similar trips, managed to accomplish such impressive acts of navigation.

The response from many eminent animal researchers was the same: “No idea.”

Cats’ long-distance travels are relatively rare in the scientific literature,
which explains why there are so few answers — at least thus far. But that’s not
the case for the wanderings of various other creatures, especially those
that migrate.  Such extreme journeys — mapless, compassless, sometimes
intercontinental, th}ough places the animals have never seen before — seem
miraculous.

Part of what navigating animals do is not entirely surprising. Planetarium
studies reveal that some animals determine their direction by the stars, an
approach that’s comfortingly familiar to Homo sapiens but practiced by
organisms as distant as the nocturnal dung beetle, which, as one recent study
revealed, can roll its precious gob of poo' in a straight line only as long as the
Milky Way is in view. A naturalist, Ronald Lockley, found that captured
seabirds released far from their homes could find their way straight back so long
as either the sun or the stars were visible; a heavily clouded sky threw them off
so much that many never made it back.

But plenty of other navigating animals are using something most humans
regularly forget exists: the Earth’s magnetic field. In illustrations, the field is
usually depicted as a series of loops that emerge from the south pole and reenter
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the planet at the north pole, and extend out to the edges of our atmosphere. Our
compass needles are designed to line up with the field, and in the last few
decades it has become clear that numerous animals can find their way by feeling
some of its various field.

Sea turtles, for example, don’t use the field simply to tell north from south.
According to experiments led by Kenneth Lohmann, a professor of biology at
University of North Carolina, Chapel Hill, they are actually born knowing a
magnetic map of the ocean. Newly hatched loggerhead turtles in the populations
Lohmann studies journey 8, 000 miles (12, 900 km) from their hatching beaches
around the Atlantic Ocean to reach feeding areas, and if they don’t keep right on
track, they do not survive. Lohmann learned early on that the turtles could sense
the Earth’s magnetism: he found that baby turtles from the Florida coast, which
normally swim east in darkness to start their migration, swam t.he other way
when they were put in a magnetic field that reversed north and south. That got
Lohmann thinking that the turtles’ long-distance ﬂavigation might be linked to
their being able to respond to whorls and quirks in the planetary field® they
encounter along the way. |

To study this, he and colleagues collected baby sea turtles a few hours
before they would have left the nest on their oﬁn and put them in pools
surrounded by magnetic coils. The coils were designed to reproduce the Earth’s
magnetic field at specific points along the turtles’ migration. Reliably, the young
turtles oriented themselves and swam in the direction relative to the magnetic
field that, had they been in the open ocean, would have kept them on course.
Lohmann has tested this with 8 different locations along their route, and in each
case the turtles head in just the direction required to get them to their
destination. The turtles may not know where they are in any big-picture way but
they have inherited a sense that should they feel a particular pull from the
magnetic field, it would be better for them to take a right.
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We can see only the outcomes, never the workings, of whatever evolved
systems animals use to orient themselves across hundreds or thousands of miles.
But that hasn’t stopped us from working to understand the actions of migrating
reptiles, homing pigeons, and even lost pets. With reminders like the odyssey? of
the Florida housecat, how can we stop?

(Veronique Greenwood, “How a Kitty Walked 200 Miles Home: The Science of
Your Cat’s Inner Compass,” Time "—LX—3 [February 11, 2013] & © —Ekik
DL, BIH.)
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Daisuke:

George:

Daisuke:

George:

Daisuke:

George:

Daisuke:

George:

Daisuke:

George:

Daisulke:

George:

Daisuke:

George:

Hi, George, how was the weekend?

It was good, thanks. I went to Tokyo Disneyland with a couple of
friends of mine.

Wow! That sounds like fun. I just watched soccer all weekend.,

You should have come with us. We just got back to Kanazawa last
night.

You look a little tired. How was the trip coming home last night?

We went by train, so it was a terribly long trip. To tell the truth, I'm
exhausted.

The trains are not very convenient at the moment, are they?
Fortunately, the Shinkansen, the new bullet line, will be completed
soon and they’ll start operating next spring. This will greatly reduce
the travel time to Tokyo.

@ ?

Only about two and half hours.

That would be great. I could go in to Tokyo for a conference or a job
interview and come back the same day.

Yes, many local business people are quite excited about it.

With the bullet train bringing more people from Tokyo, I suppose it
will boost sales for local businesses in Kanazawa too.

[ think it might. But some people are concerned that tourists will just
come in to Kanazawa for the day rather than spending the night in

town. @

That wouldn’t be so great for the local economy. Do you know how
the new train line will affect other local train services?
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Daisuke:

George:

Daisuke:

George:

Daisuke:

George:

Daisuke:

George:

Christine:

Daisuke:

George:

Daisuke:

Christine:

Daisuke:

Christine;

Yes, the local line will continue to run, but the number of trains in and
out of Kanazawa will be greatly reduced.

Well, at least with the new train line it will be more convenient to get
to and from Kanazawa. If the train service becomes as convenient as
air travel nowadays from Komatsu Airport to Haneda, traveling back
and forth to Kanazawa will be considerably improved.

I wish I could agree. But I've read that the new train line will lead to
fewer flights from Komatsu to Haneda.

Oh, why is that?

Well, you see Komatsu Airport is so far from the central part of the

city of Kanazawa that the total travel time takes too long. @

So the airlines will have to cut back on the number of flights out of
Kanazawa?

I'm afraid so. However, I'm not actually all that worried about it
because the airlines seem to find a way to make a lot of profits.

I guess they will.

Hi, guys.

Hi, Christine.

Hi there. I wish I had time to chat more, but my economics class
starts in 10 minutes and I have to make my way all the way across
campus. See youl.

See you, George.,

Bye George. So, Daisuke, what were you talking about?

George and I started out by talking about his trip to Tokyo
Disneyland.

Oh, did he have a good time?
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Daisuke: Yes, he enjoyed himself a lot, but he said it took so long to get back
to Kanazawa that he was very tired. Then we began to discuss the
new bullet train coming to Kanazawa.

Christine: Oh, I've heard a lot about its economic benefits.

Daisuke: Yeah, but @

Christine: 1 see, however, I don’t think the problems will be too serious.
Hopefully, by improving access to the city, the new train line will

allow more people to enjoy the charming atmosphere of Kanazawa.
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