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Introduction to Science

1. What is science?

Science is a human effort to
gather and to assemble know-
ledge about nature. It is as old
as human culture.

Activities and aims of science:

Believes in the order of nature
Describes and analyzes this order
Seeks to find the causes of this order
Tries to express the order of nature in

v v v Vv

laws, which are often written in the lan-

guage of mathematics

» It enables us to make predictions (e.g.
monsoon, eclipses, motions)
» ltis useful to build technological objects

(trains, mobiles...). Unfortunately it ca
be misused in harmful applications
which cause suffering.

n

The way science works is sometimes by making
a hypothesis about an interesting problem. So &g Xqf A g TR QFN YNNI

ISAAC NEWTON made the hypothesis that

masses (material bodies) always attract each

other: The earth attracts the moon and the
moon attracts the earth. A human body and

the

earth attract each other. The sun and the plan-

ets attract each other, and so on.

Newton was also able to give an exact mathe-

matical formula to calculate such gravitation

al

forces. Until now his theory has not been proven
wrong, we are therefore convinced that it has a

high degree of truth. But science can never

prove that such a law is absolutely and always
true! There is the possibility that some day we'll
find a special situation, when Newton's law has

to be changed.
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355 Newton YRR FUR AAGI X
Religions, on the other hand, believe in absolute SHERR ygRgUNRY

truths, because they try to answer the question “ﬁ"ﬁﬁ“@ﬁ[
WHY and WHAT FOR we are here on earth.

Science only wants to answer the question w:'éém'%'ﬁ“:’m'iﬁﬁ'qqm’@mma 5%&1'@&\1'&1'

about HOW things are made, HOW they work. ayag'a'gam'qga@ r;qz:%a@:q% Q'

What about Buddhism? aq'%nﬁ N'i*:’m'ﬁ'aswaaqm@m'gzﬁ'zﬂ'
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2. Science and Society

Scientific progress is not o : 2 aa .
easily accepted by il 4 A FRARAN AN
society, when its new ﬂi j N AR é A
ideas are contrary to W) N

traditional beliefs.

Following the greek
philosopher ARISTOTLE
for nearly 2000 years,
Christian dogma
pretended our earth was
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When Copernicus in 1543 published his idea of
a heliocentric system, the church authorities
were dissatisfied.

The controversy became
dramatic, when Galileo
Galilei began to propagate
heliocentric ideas in ltaly
around 1610.

There was a now famous
trial against him and he was
for some time imprisoned.

Another reason for a fight between traditional views
and scientific progress was the idea of evolution.

Modern archaeology has analyzed the remains of
human-like beings and concluded that we humans
are the result of a slow evolution which began about
4 million years ago. It started from creatures which
looked somehow like apes.

This again was in conflict with biblical texts which
hold that God created the earth and put us humans
in our present form into this world.

So religious dogma has g
often been in -
contradiction with the
findings of science.

Does Buddhism also
have such conflicts with
scientific ideas? Would
you allow science to
question some
Buddhist beliefs? Are
there beliefs and truths
which are untouchable?
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3. Scientific measurements

Galileo Galilei said that the book of nature was
written in the language of mathematics. To do
mathematics, we need data, which have to be
measured. Observing and measuring are the
most important scientific activities, be it in free
nature or in a laboratory.

Data are numbers with a unit, e.g. :

Reading of a fever thermometer: 37°C
Speed of a car: 50 km/h
Weight of a person: 64 kg

Once we have collected data, we try to under-
stand what they tell us. For this it is often very
useful to represent them in a GRAPH.

Simple example of measuring and graphing:

We have 5 bricks and a scale. We put brick after

brick on the scale and determine each time the
weight. We may then collect the measured
weights in a table:

Number of bricks 1 2 3 4 5

Weight in kg

Author Heiri Schenkel . Translation by Tsering Dorjee and Tenzin Ngodup
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We now represent these data in graphical form.  § ye~gagRgaiq i gangqgaags e
We are free in the choice of what we'll represent

on the horizontal x-axis and what on the vertical 5~7|d =R “T“Vi'iR'ﬁ'qﬁﬂ'ﬁ"@ﬂﬁa{'@‘?
y-axis. Here the weight depends on the number

of bricks, and usually the dependent variable is A3~ 27 Y VI JXRGR AR

represented on the y-axis. Q%Eﬁ'”}‘ﬁ q'm% Eﬁ'”a'ﬂ:“"ﬁ'a@?ﬁ'”ﬁ:
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creases. This is quite obvious! We also see that 6’:-:321%:\1-@'% R'%’n‘]‘a&m‘q%nj'}ﬁqm'aﬁ'a a

the increase of weight is quite regular and we
may even draw a straight line through the points aﬂ'glﬁl’q’iﬁ]

of the graph. R e L R B R R GL)

We say that the relation between weight and Y RAaxARNIR AR MIARATFIIX|
number of bricks is linear. They are propor-

tional to each other. ﬂ:m’ﬁ'ﬂ%l\m 5EH NG :N'ﬁ'ai ﬂﬁ N'q‘éi'

It is an excepti i i i annﬂ
ption that the graph is a straight line.
If we observe any natural process by measuring AT FxzA Ry gy Rflgay
and draw a graph of the data, we will mostly find
other curves than a straight line! Examples of ~ 339N aANAIFHAAF| qafrEN==

natural processes could be: A stone falling, a o S o
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One more example for measuring and azara T RN sRTAs A RN YRS
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If we take one of those torches you get now on
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torch decrease with time, once it is fully
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what it tells us.(you can use back side)
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A measurements in ancient times: What is
the size of the Earth? EEEET

The size of the earth was probably first meas- P . N sl
ured about 235 BC in Egypt by the scientist A ﬁma FENARAVAMG ) N RTRR g ?
ERATOSTHENES. He worked as librarian at the aE g EanE AR 494 g
University of Alexandria and wrote many books 9 ﬂ g §6§ 3
about philosophy, geography and mathematics. Egypt @'ﬁﬁ'iﬂﬂ'@'x"ﬁ'a'% qa ;\y;@iﬂ
Here is how he found the circumference of the AR xR s e o
earth. He was very astonished to note that, on ~ RX 8 AYEF AR Fr U7 1R Fa ]
the longest day of the year, a tower in Syene did P s, e,
not have a shadow — while another tower in Al- m:aﬂ a 521 &gi m:§ 52’ &gﬁ ﬁ Ak 2R
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He only could explain this by accepting that the
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Knowing the distance between the two places e . o
and measuring the angle of 7°between the IVIRHRAAEIRRES| = 50 x 800 km
tower in Alexandria and the direction auf the — 40000 km
sun's rays, he found that the earth must have a
circumference of about 50 times the distance

between the two cities.
317 0°
So he found: ﬁ“(& o
Circumference of the 276 %'ébf
Earth
= 50x800 km e
. A
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4. Review, Questions, Exercises

1. What is the meaning of "geocentric” and "heliocentric"? What is the difference between these
two views of the world?

2. Which was the hypothesis Newton made concerning gravitation?
3. We feel that our body has a weight. What is the reason for this weight, according to Newton?

4. If we put a pot of cold water on a gas cooker and measure its temperature every minute we
find the following data: (time = 0 is the starting time).

Time in min 0 1 2 3 4 5 6 7 8
Temperature °C 21 29 39 55 76 90 98 98 98

Graph these data and write a short comment: What does the graph tell us?
How will the graph probably continue if we put off the gas flame?

5. Yearly rainfall in Karnataka was measured for many years and is listed in the Internet. Here
we have, as an example, the period from 1981 to 1990:

YEAR 1981 {1982 1983 1984 1985 1986 1987 1988 ; 1989 1990
Coastal Karnataka, Rain mm per year 3271 3376 $ 3654 2491 ; 2431 ; 2470 2825 3596 A 3092 ; 2703
Interior Karnataka, Rain mm per year: 764 590 819 551 421 551 504 797 655 489

Draw yourself a suiting coordinate system and represent the data of the two Karnataka regions.
Tell us what you can read from the graphs by writing a short comment.

6. Draw a horizontal line AB of length 8 cm. Beginning in point A at your left, draw a line AC of
length 14 cm which makes an angle of 38° with AB. Join C and B. You get a triangle ABC.
Measure its third side (in mm and cm) and the 3 angles of the triangle.

How much is the sum of the 3 angles you measured?

7. If Eratosthenes in Alexandria had measured 8° instead of 7° for the angle of the shadow,
which circumference would he have found for the earth, and which diameter?

8. The wheel of a bicycle has a diameter of 700 mm. How far has the bicycle traveled after 10
turns of the wheel?

9. If you hold a 1 Rupee-

coin before your eye, you

can just cover the height of .
a tree, which stands in £ 2 em \J
front of you. Can you find

the height of the tree?
g 1 5¢cm —‘ L

(The drawing is not to
scale, of course). 20 m
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5 Some more measurements
from Antiquity

| like to speak about measurements which were
made in ancient times because it is astonishing
how modern and accurate the picture of the world
of those old cultures were.

It seems typical for a Westerner like me to choose
examples from Greek antiquity. It is, however, well
possible that knowledge about the sizes and dis-
tances of Earth, Moon and Sun was found earlier in
Mesopotamia or in India, at a time when Lord Bud-
dha lived.

The size of the moon

Sometimes, during a lunar eclipse when, by
"chance", Sun, Earth and Moon are exactly aligned,
our planet casts its shadow onto the moon. This
shadow always has a circular form and this obser-
vation helped Eratosthenes to think that the earth
must be a sphere.

Never the shadow had a straight edge or had the
form of line, so our planet cannot be flat! This didn't
prevent scientists and common people to believe
1000 years later, that the earth was flat and warn
Columbus of falling down at the edge when he went
too far....

Author Heiri Schenkel . Translation by Tsering Dorjee and Tenzin Ngodup
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Comparing the radius of
the earth's shadow with
the radius of the moon in
the picture of the lunar
eclipse, you can yourself
find out (you can use a
compass for that) :

compass
Radius of Earth = ......... times the radius of
the Moon.

(the sign = means: "approximately" or "roughly”)

So, if the radius of our planet is 6400km, the radius
of the moon will be: ................. km.

How far is the Moon from Earth?

| suggest the following activity for the next night,
when the Moon is visible and between half and full.

Activity:

Prepare a small peace of paper by making a nice,
round hole of diameter 5mm in its middle. Look at
the moon and hold the paper so that the Moon ap-
pears in the hole. You will see that the moon fits
nicely into the opening if you choose a certain dis-
tance d between your eye and the hole.

You should find that, very roughly said, the distance
d will be about 100 times the diameter of the hole.
Now we conclude that the distance D from your eye
to the Moon is, accordingly, also 100 times the di-
ameter of the Moon, that is:

Distance of the Moon = 100 x 3400km = 340000km

The actual distance D is a bit larger, 380000km. Our
measurement was rough, but it gave us good approxima-
tion.

Author Heiri Schenkel . Translation by Tsering Dorjee and Tenzin Ngodup
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How far is the Sun from the Earth?

It was Aristarchos who first measured and calcu-
lated this distance. His thinking was as follows: To
wait until the Moon is exactly a half Moon:

\\\\////

_— ——

S

M e

ST

T

O

At this very moment, considering the triangle SMT,
the angle at M must be exactly 90°, a right angle.
Aristarchos measured also, as well as he could, the
angle o between the directions to the Moon and to
the Sun. He found an angle of 87°. Now he was
very good at calculating triangles and he could find
out that the distance of the Sun was about 20 times
the distance of the Moon.

So Aristarchos' distance was 20x380000km = 8
million km..This was very far off the distance of 150
million km we know today. The reason for this is
that he was not yet able to measure accurately
enough the angle a. Today this measurement
would give 89.8°instead of 87°.

You see: By quite simple scientific reasoning it is
possible to have a good knowledge about the di-
mensions in our solar system.

6. Mass, Inertia, Weight and
Force

The difference between mass and weight

At this very moment 2 or 3 astronauts are living in
the ISS (the International Space Station). There
they live as if they were completely weightless. If
they take a ball of, say, mass 1kg in their hands,
this ball has no weight! If the astronaut lets the ball
go, it will freely float in front of him and not fall any-
where. When one astronaut throws the ball towards
the other astronaut, he will feel a resistance of the
ball against this throwing. We say: The mass has
inertia. It "wants" to stay where it is, it doesn't begin
a motion without being pushed. But once the mass
is in motion, it will keep this motion, because it
doesn't "want" to stop just by itself, without a force
stopping it. This also is a result of inertia.
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Inertia means: A mass at rest will stay at rest and
a mass in motion will keep its (straight) motion,
unless a force acts on the mass.

This "truth" is called Newton's first law of motion.

So the ball thrown by the first astronaut will con-
tinue its motion. The second astronaut will feel a
force, when the ball hits his head, although the ball
has no weight! His head acts against the inertia of
the moving ball (thrown by his friend) and makes
the ball stop or even return.

When the astronauts return back to Earth, they will
feel that the ball (as well as their bodies) became
heavy and that they feel now the attraction of the
Earth. Masses now have weight! So masses only

have weight when they are under the influence of a

celestial body.

We state :

A mass has inertia : You need a force to put it into

motion or to stop it, even if it has no weight.

A mass has weight when it is under the influence

of a planet, or a star or any other mass. Weight is a

force, it is something that pulls.

The units of mass and weight (force)

Masses are measured in kg. (kilogram). 1kg is the
mass of 1 liter of water. 1 liter of water is the quan-
tity you need to fill this hollow cube with water.
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To have a clear distinction between mass and
force, the scientific community has decided to intro-
duce:

the unit of force 1 N (1 Newton).
It has been defined in this way:

1 N_= Weight of the mass 100q ( 0.1kq)
on Earth.

So, to get the weight in Newtons, we have to multi-
ply the mass by ten (this is only an approximation,
but quite a good one. Exactly speaking, on Earth
0.1 kg weighs 0.981 N).

If we could go on a journey to the moon and differ-
ent planets, taking a mass of 1kg with us, we would
observe the following, using a spring balance with
readings in Newton.

B e A e o A S U e i e e

l; E

&0

o
T how,
W o % N

on Earth , on VenUS in empty
space or

9,81N L. o
free fall

on Jupiter

26N
The weight (measured in N) on different planets, on
the Moon and in space

So, if we could go around in the universe with a
mass of 1kg in our hand, then we would feel no
attraction, hence no weight, if there were no planets
or other massive bodies around us. As soon how-
ever as we are near a big mass like a planet, or
even standing on this planet, we would feel a force
of attraction, a weight. This force could be meas-
ured in the unit Newton ( N ) if we had an instru-
ment with us, like a spring balance graduated in
Newton.

It is one of the important discoveries of Albert Ein-
stein that, if we are in a free fall towards an attract-
ing mass, then we have the impression of weight-
lessness. This sort of weightlessness cannot be
distinguished from the " real " weightlessness we
have, when there are no attracting bodies around
us.
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Introduction to Science: First Test. Tashi Lhunpo.

1. What do we mean by gravitation?

2. We had 1 litre of water boiling in a kettle. Then we put the gas off and continued measuring
the temperature. We found following data: (07.00h is the starting time).

Time 07.00h | 07.10h | 07.20h | 07.30h | 07.40h | 07.50h
Temperature °C 98 98 82 61 50 43

Graph these data.

Write a short comment:

What does the graph tell us?

How will the graph probably look,
if we only had half a litre of water?

3. Look at the point A which is given here. Draw a horizontal line AB of length 12 cm, beginning
in point A, going to the right of A. Above AB draw a line which is parallel to AB having a dis-
tance of 6 cm from AB.

Now in A draw a line which is perpendicular to AB. It will cut the parallel line in point D. In B
draw a line which makes an angle of 60° with AB. It will cut the parallel in a point we call C.

Now you have a figure ABCD with four sides.

Measure and give all four sides and all four angles of this figure ABCD. How much is the sum of
the four angles?

A.
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4. A water tank has a diameter of 90 cm. How much is its circumference?
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s ¥R 07.00h 07.10h 07.20h 07.30h 07.40h 07.50h
B 98 98 82 61 50 43
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