Chapter 2 Scientific Approach Design & Science Expression

B Four Fundamental Rules of Calculation

v";.,f/\u‘/;ion.

et THER) EBBLTHES |

a+tb=c = aplusbis (s equal to, equals to) c. 2V : expression
a—b=c = aminusbisc. RAT S : substitute
aXb=c = atimesbisb. TR A < solve
—E =c = adividedbybisc. or aover b is c. x &y OBIAL - a function of x and y
% = two fifteenths or two over fifteen

a’ = asquared or ato the power of two

a’ = acubed or a to the power of three
Vv oa = the square root of a
°J a = the cube root of a
a=b = a is greater than or equal to b

b = aislessthan b
___distance moved "distance moved" over "time taken"
average speed = - =
time taken or "distance moved" divided by "time taken"

Exercise 1 Explain how to solve the following equation.

5x+2=3x+6
( ) the 3x ( ), and 2 to the right side, ( ) 5x-3x=6-2
Then 2x =4, ( ) x=4/2=2

Exercise 2 Explain how to solve the following quadratic equation.

x+y=3 ...@
2x+5y=9 ...@

If I ( ) the equation O ( ) x, itwillbe x=-y+3 « + - @ ,

and then ( ) x ( ) the equation @),

then I get 2(-y+3) +5y=9

( ) the equation, - 2y + 6 + 5y =9 Then ( ) y=1 in the equation @,
3y=3 x=-1+3=2

Therefore y =1 The answeris x=2,y=1
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Let's Read |
H Universe

The characteristics of stars

Stars

A star is a ball of gases that gives off a huge amount of light (electromagnetic waves). This
energy comes from nuclear fusion within the star. Nuclear fusion is a reaction in which several
light atomic nuclei are put together to form heavier atomic nuclei.

When you see stars in the sky at night, most stars appear to be small spots of white light.
However, if you look carefully at the stars, you will notice that there are some stars that look
slightly reddish and some stars look blue-white.

Analyzing Starlight

When you shine sunlight through a prism, you will see the colors of the rainbow. This rainbow
is called a spectrum. There are three types of spectra: emission, or bright-line; absorption, or
dark-line; and continuous. Astronomers use spectroscopes, which separate light into different
colors or wavelengths, to analyze starlight.

When you observe sunlight carefully through a spectroscope, you will notice that there is a
continuous spectrum and many dark lines across it, as shown in Figure 1. This dark line is called
Fraunhofer lines named after the German physicist Joseph von Fraunhofer (1787-1826). Later
it was noticed that all stars have these dark lines -II H|||“||.
(absorption spectrum), and a star's absorption spectrum
reveals the star's composition and temperature. Figure 1. Solar Spectrum

The Origin of the Universe

Actual Motion of Stars

The siren of an ambulance sounds different as it passes you by. This phenomenon is called
the Doppler effect. This phenomenon occurs because, when the source of sound moves toward
the observer, the wavelength decreases, but when the source of sound moves away from the
observer, the wavelength increases. Moreover, the greater the motion toward or away from the
observer, the greater the Doppler shift. This phenomenon can be observed to occur with all types
of waves: water waves, sound waves and light waves.

By observing a star's spectrum, astronomers can learn .
more about how that star is moving in space. In the part of _— \/\/\/\/\/\/ i
the spectrum that can be seen, red light has the longest U shorter than yellow =
wavelength, and blue light has the shortest. Therefore, when

. . . . move away from us
a star is moving away from us in space, the light waves
- RVAVAVAWN ¥ .,
that reach us increases and therefore appear red, as shown @'
. . .. . . . longer than yellow
in Figure 2. This increase in wavelength is called redshift. D

Distant galaxies have red-shifted spectra, which indicates
that these galaxies are moving away from Earth. Figure 2. The Doppler effet
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Hubble’s Observations
Near the end of the 1920s, Hubble found that the spectra

of galaxies, except for the few closest to Earth, were °r
shifted toward the red end of the spectrum. By examining a
the amount of red shift and the distance of galaxies, he

2 e

found that galaxies are moving away from Earth at a speed
that is proportional to their distance from Earth, as shown l 1 l

in Figure 3. This shows that the universe is expanding. i 2 2
Distance (billions of light years)

Recession velocity (10000 km/s)

Figure 3. Hubble's distance-velocity
relationship

The Big Bang Theory

If we trace our expanding universe back to the "beginning," all matter would have been close
together. That means, all the matter and energy in the universe was compressed into an
extremely small volume. The current and most widely accepted theory that our universe started
as matter in a small volume, about 13.8 billion years ago, is called the Big Bang.

In 1964, astronomers have also discovered a cosmic microwave background (CMB). The
CMB is the remains of the thermal energy from the Big Bang. The discovery of the CMB,
predicted by the Big Bang theory, provided very strong support for the Big Bang theory.

A Universe of Surprises

Based on recent data on the CMB, the observation of gravitational lens effects and studies of
the distant supernovas, astronomers now think that the universe is made up of more mass and
energy than they can currently observe. The ordinary matter we know that makes up humans, the
earth and the stars are made of 5% of the mass/energy of the universe. Another 27% of the
universe is made up of a mysterious matter called dark matter that we cannot directly observe.
The rest of the universe is made up of an unknown form of energy that repels gravity known as
dark energy (68 percent) .

Understanding Main Concepts

1. What is called a nuclear reaction in which atomic nuclei combine?
a. photosynthesis b. fusion c. magnetism d. fission

2. Which type of spectrum reveals the star's composition?
a. en emission spectrum b. a continuous spectrum c. an absorption spectrum

3. What theory proposes that the universe is expanding?

a. the steady-stage universe theory b. continental drift
c. the giant impact theory d. the Big Bang
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Vocabulary]

A3

star noun |fE2 a large ball of burning gas in space that can be seen at
night as a point of light in the sky

give off 45, o

amount noun |

electromagnetic |noun |G a kind of radiation including visible light, radio waves

waves and X-ray

nuclear fusion noun |EZFA a reaction in which the central parts of atoms join
together, which produces power without producing any
waste

atomic nuclei noun |Ji1#% the central part of the atom

spectrum noun A7 KL a band of colored lights into which a beam of light
separates when it is passed through a prism

emission noun |fRANZ L

spectrum

absorption noun |WINLA~Z kL

spectrum

continuous noun [MHfE A7 v

spectrum

spectroscope noun |47)taw

wavelength noun |5 the distance between two points on energy waves such
as sound or light

Fraunhofer lines noun |7 7 U VR — 7 7 —

i

composition noun |fH K the way in which something is made up of different
parts, things, or members

phenomenon noun |Hi%

Doppler effect noun | Ny 77—k the change in observed wavelength of a sound due to
relative motion of the source and/or observer

motion noun |Eh& ., JEEH)

red shift noun | 7R 7 {RAL the displacement of the spectrum to longer
wavelengths in the light

galaxy noun |#R{A[ one of the large groups of stars that make up the
universe

expanding adj |PEKRT 5. WiET 5

compress verb |JEMiT 5

extremely adv  |fR&H T

volume noun |{AFH a measurement of the amount of space that a substance
or object fills, or the amount of space in a container

the Big Bang noun |E v 7R

cosmic noun |F-H T S

microwave

background

thermal energy  [noun |ZAT R/LF—

gravitational lens|noun |EJj L > X%

effects

supernova noun |#AHTAE a very large exploding star

dark matter noun |¥—7 <H— non-luminous material postulated to exist in space

dark energy noun ¥ —7 THR/LF— a mysterious quantity that makes up, along with dark

matter, most of the mass of the universe
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u Analyz"‘g Starllght Words learned through English Science

English Science

VP/::‘t‘. .
1)01@@ Construct a Hypothesis

Scientific Approach Q@ EA R D720 DORFHFIED 1 21, THEEAMRERIGASYTH I &) BdHY FE
Make an Observation Do Background T, BHEEEIE, IS, BRES - BBl (BEBEML2ORRRTCOBRG 28
[ Think why?, how? ][ Research ] .
- BLY, REEEEFOMENEZBICLIEY) LizkEnbthiEn 9, T LT,
ZOHREE  BEEELT THE?] L5 RMALELET,
Desﬁ;me IS IEMAECIREET, 20 [ed? ) B2 2L, LTHELVWZETY, &2
Wb, 2L OHEIE, ZADRBHIKEAAES>TWAHENRLTT, ENTIE, £9 L7
BEAERDT ST LB TELTLE 50
Experment 0. BELELOELE - HELTLRLE, HHVE. ThETORER - MHITHUOM
» (BRER - BR) EHELELEIC,
—— 1. BRE THHE 2 Initial Question] A% L 5, RIZ,

Discussion

2. @AHHM>TVT, @Ahhh> TOELONEBAREIZT S,

3. FIhn, mAEMYFLOMN LS TEHI AEL S,

4. TigE?) &, FTIIBER DI ENTELHEL THEL research question) (29 3,

5 TR %, 2R, 8%, AESICLVYERHETES (Ml ICBEHRZ 5.
T@@l. THHLEFRINIHERN MEH T,

FRICE > TESH SN ZOEEOE 2 1E, —FBRANTHBOIZEEMOZE ZITITR 0 FRAR, ZORMOEMOEZ 28 720
DENIRAFEL 2 T, SOICEINOHIRBREERTREZR TRV 28 &ML, ERICIVEZ2ESHLET, ZhaiviRT

ZEIZEY, BEICERIICREW: 782 ) OZX 2RO ENTELDTT,
STl THE2) HOREREHRET HBEICEB LT, ERETVELL S,

It's Your Turn -Activities with TA-

gsi0" be made up of ... / consist of ... / be composed of ... : ... > HTETW5B
9 g, P ' P

[Role play]

The Sun The Sun light Water A humCa)n body

o\ =y

H He many colors H O countless cells

A: What is the Sun made of ?

- Sh
Gf=]

B: The Sun is made up of hydrogen and helium. be made up of ...

consist of ...

HD

The Sun light is made up of many colors.
Water consists of hydrogen and oxygen.

A human body is composed of countless cells.



m Initial Observation & Information Gathering
B Drawing events
Observation Exercise1
Let's observe various lights using a spectroscope! Explain how you could see lights respectively.
See Role play. Make a sketch if it is necessary to explain.

Flashlight Alcohol lamp Na, Hg lamp Fluorescent light The sky
contains Na

l E g s
(hot solid) (thin gas) (thin gas) (thin gas + a) (sunlight)
J L J L J L L L
Na Hg
[TAs Question] [Your Answer]

line #
bright #H 5\ dark w5
continuous g L7~

Ql. — reply
I could see ...

in places fr~

m Write down what you have observed and what you want to khow
The scientific method starts when you ask a question about what you have observed.
Activity 1
You must have noticed something, and wonder why it happens. Now you want to know how or
why it happens. Talk about what you have observed and what you think and wonder about in
groups.
The first step is,
Write down exactly what you have observed.

Write down your question about what you have observed, or write down what you want to know.
Initial Question

E Background Research

Next step is to make clear what is known, what is not known about your topic. Find out about what you
want to investigate. Read books, magazines, use the Internet to research or ask professionals to learn about the
area of study. In this lesson, you will learn about the spectrum as background research.

B Aim of your research
You learned about continuous spectrum and emission spectrum. However, it is still unknown what are the
dark lines seen in the solar spectrum. So, you want to investigate what are the dark lines. This will be the aim
of your research.
- 15 -



n Research question
Then, express your initial question in a single question and propose an answer to the question based on what
you know. The question must be testable.
Activity 2
Now you want to clarify the cause of the dark lines. You found out the following property about
the spectrum. In groups, think of a possible research question for the initial question below. Your
research question can be tested by an experiment. You can create many research questions, many
answers are possible. Activity 3 will help you to think of a research question.

Initial Question :  What are the dark lines seen in the solar spectrum?
What is known : + Atoms in a gas emit light of specific wavelengths, which create bright lines.
What is not known : Cause of the dark lines.

Aim of your research : To clarify the cause of the dark lines.

Activity 3
Let's make a shadow on the white paper using a pen and a flashlight!
Then discuss why the shadow is dark.

[TAs Question] [Your Answer]

Ql. — reply
Because ...

light
block &x &% pen $r%E

What is known o is the result of the absence or complete absorption of visible
light.
* We perceive the area where there is less light as
* Dark lines indicate the particular wavelengths of light are absent.

—J L Idea & Imagination

Research questions (a single question which is testable) :

E Construct a Hypothesis
When you create a research question, you will also have an expectation of the answer. This expectation is the
hypothesis.
Activity 4
If you wrote a research question for the Initial Question on the Activity 2, what is the answer you
would expect?

Research question : Do atoms in the gas absorb light of specific wavelengths?

Hypothesis:
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. Design a Science Approach & Experiment

® Thinking Critically

Activity 5
1 Do you think we could make a shadow of a flame? Discuss why you think yes or no. If you think
yes, draw a picture how to make a shadow of the flame. See Activity 3.

Science History

- William Hyde Wollaston(1802) and Joseph von Fraunhofer
(1814) found absorption spectrum in the optical spectrum of the
Sun. '/
+ Gustav Robert Kirchhoff and Robert Wilhelm Bunsen (1860) | o)
discoverd the relationship that the dark lines in the absorption
spectrum of the light corresponded in wavelengths, with the
wavelengths of the bright, sharp lines characteristic of the

Contains Na

emission spectra of the same test materials.

2 What kind of experiment did you design to test the hypothesis? Let's try it!

Exercise 1
1. Draw an image of the spectrum on D and @.
2. (@is a gas. What is it?

Na lamp Hg lamp Na and Hg lamp
- | A B2 Ol
Emission He He He Hg N Hg
spectrum :j 0T 1 (1T 1]
680nm 380 680nm 380 680nm

<L <L <L

i HL\ Na gas ﬂ, _ Na gas %
ey (absorbed/ "~ (absorbed/

Q not absorbed) gt not absorbed) I
S S L 1]

380 680nm 380 680nm 380 680nm
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Tt

fic
{{‘mﬂg‘@“ Frifi (Introduction) T 5 EFERR
23

M. FHADLATHIE FFEDT —< 2O T, AR50 TOT, T340 > THRWn) (2
EMLT, MPEET, EOLIREHEZLTT, EDO LD REREZITWIGLZ MRAE L7202 RIC
WD EZATY, @, KOLI RENTES £7,

1 BR. RTHRE. EHAEN : TECOPMRSLELONIDERZRRS (—#&itGeneral)

...have been widely investigated., ...has already been proposed by A, This phenomenon has been widely

observed., ...is well known., ....is an increasingly important issue around the world.
2 REBROBE. F-LRE: ECETHLMCHE>TWVT, ALABALHIZHE>TULELDOD, M
BREGL TWVLSDEfAIA,, ZikRD
However, the cause of ... has not yet noticed / mentioned. However, it is still unknown whether... / how...,
However, most of the research on ..., There have been few examinations of ..., Little has been reported on,
3 HRDEM: BR-b0HMROEMZERRS

The aim / The purpose of this study is to clarify / examine / analyze / investigate / determine ...,

This paper clarifies / focuses on / describes ...,

4 WRBORT: MERRON, ECETHLNMILE-ONZRRS (HFEILSpecific)
In this study / research / paper, we tested / investigated ..., This study tested the hypothesis that X is Y.
The effects of ... were also investigated. Therefore we examined whether ...

Exercise 1
In the topic above(Analyzing Starlight), and using the hypothesis constructed, along with the
background information written in the "Science History", write an Introduction using the underlined
parts above.

Home Work Using the form below, write a research theme in the topic above.

Background research
-What you want to investigate ({ifz L7=\ 72>, RIREIZ(T2))

-What is known (4% TofEHR. broTND 2 L iXfih)

-What is not known/Current status of issues/Why is it important? (io72x> TRV Z & FEOBLR, 78RR D)

-ldeas to solve the question ({if% L7z bk T&Z 5 h, MEERVBX D747 47)

Aim of research (%20 H )

Research question and/or hypothesis (f)
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Exercise 2
You summarized what you learned on this topic to the following points (D ~® and made 4
slides to explain them. Let's make scripts in Japanese by arranging the following O ~@® for each
slide. Then translate it into English.

(TF—~)

O KD RKHAL

(REGERE R o722 8)

@ LI TRBORKMEEZRTAR DS,

(AT L)

@ KBRKKOERDIZ, KEEANV T AT, TOM, BBFE, RFE, BEEREEVESD (F
HMR),

@ KBZEZTVXAZET E (DN THEBET D L), KOERICIDEITEOE NS
LTOROHENRZ D, ThEZALT R,

® AT ML, AT FL BRANNT RL, WIRART MLV O 3FEERH D,
HGE AT BV @R O o,
BRAANT Fv: JFA-OREENZEALT 5 & X ITHORE DR E DK,
W A~ RV BB SR IE DO R st A R IRB IR T D AT b L,

® HARSNRECIEE, AT "V ERIRART ML ORRIZFE L TH D,

@D KBEOWIUKR & k2 2 DALY ML ZHET S Z LT, KBO RSN DD,

(FOEWELTEZTZZ L)

® WEOEDONZEMHTH5ZLICLD, bo i LLFHOZ LEBDLNDDTIHRND,

1|

Introduction Body 1 Body 2 Conclusion

Elements in the Sun 3 Types of Spectra Spectral analysis Understanding the Universe
AROTRMR Various lights Spectroscope At:osﬂorption lines of the ;L;;
.= ) I v
Continuous spectrum (Filament lamp s ‘
He Identify elements;
N © s i

Emission spectrum Mercury lamp s

¢ I
Ne

Absorilion sie‘t‘:lrum ‘(Sunliiht ABOK)

Analyzing Starlight

Scripts: Scripts: Scripts: Scripts:
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[Presentation Exercise] Let's try to have a presentation using the following slides and script.

Introduction

Elements in the Sun
KBEOTHRER

Body 1

Absorition sie‘c‘:trum

R O A O N A o o

3 Types of Spectra

Various lights

. H =
Continuous spectrum (Filam

Emission siectrum iMercui Iami maﬁ-ni
(Sunliiht ABOK)

+

Spectroscope

) —])
nt lamp s=:Es

R

1 1t

Body 2

400
|

H

Emission lines of different gases

Spectral analysis

Absorption lines of the sun

500

Conclusion & Reference

Identify . elements

Understanding the Universe

Analyzing Starlight

600

S S

+ My name is

PN TOPES iV
* I’'m going to talk about elements in the sun.
KIS TETNBEDN
+ Do you know what the sun is made of ?
+ The sun is made of Hydrogen, Helium and
more.

Rz 72t 3 648 T
If we observe various lights through a_
spectroscope, we can see three types of spectra.

HEEART MV BRAART RV IR S L
- These are the continuous spectrum, emission
spectrum and absorption spectrum.

- The wavelengths of the emission lines are the
same as the absorption lines if the gas is the

same type.

KOOI & Be7p D 7 A DR % LET 5 Z & T,
- So, by comparing the absorption lines of the
sun with the emission lines of different gases,

KGDORFHMLARET D LR TEET,
we can identify the elements that make up the
sun.

- | think if we analyze starlight of the night sky,
we will understand the universe more.

+ Thank you for listening.
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