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Domain of Natural Sciences (Earth Sciences): Instructional Language in English
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The History of Earth
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The Origin of Earth
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helium atom

J

is currently based on

[ ©® The theory of
4 - The theory of the formation of the universe is currently based on the Big Bang Theory;

while the theory of the formation of the solar system is currently based on the solar nebula

FHRAVE R B AT BEREER R Rt - KBS 2P iR H AT LUK B E

theory.
A -
is , the second step of is
is

® The first step of
, and the third step of
4 - The first step in the formation of the solar system is the accumulation of clouds and gas
under the influence of gravity, the second step is the nuclear fusion reaction after the

central temperature rises, and the third step is the gradual formation of terrestrial planets
AN

and Jovian planets from the surrounding accretion disk material.
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After studying this section, students should be able to know that:

— R L B SR R TR T R 2 e -

Understand the sequence of evolution of the universe and the conditions required for

star formation.
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Students are able to understand the process and sequence of the evolution of the universe.
(L) Situation A, B, and C belong to different stages in the evolution of the universe:

A. Most particles in the universe are electrons and protons, which have not yet been
combined into atoms.

B. Helium atoms began to appear in the universe.

C. Stellars begin to form.

Which of the following is correct in chronological order?

(A)JABC  (B)BAC  (C)CBA  (D)CAB (E) ACB
(30) THIEH ~ £~ AR - BT i s (b a2 AR [EIFEEL -

B FEHPRE R HEFEE T MRS T

Z ~ FHPHBHIR AR T

A~ AR BRIGTZ L

RIFFE SR @ NE RS > T 511eT & A 2

AHZA GB)IZHA  ORZHE ORFHZ EHFHAFS

(110 FEELHIEE 12 735)

Teacher: So the first two kinds of atoms the universe formed were...?

Student: Hydrogen and helium atoms!

Teacher: That's right! After that, the elements in the periodic table of elements are gradually
produced by the interaction of hydrogen atoms and helium atoms!

Teacher: Thinking further, should the solar system be a relatively old star system or a young
star system?

Student: Hmm...How do we tell?

Teacher: If we are talking about an old star system, it should only contain hydrogen and

helium, right? In other words, if it is a younger star system, there should be other

elements produced by the interaction of hydrogen and helium!
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Student: I see! Because the solar system contains many other elements, the solar system
should be a relatively young star system.

Teacher: That’s right!
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Evolution of the Atmosphere and Oceans
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BEF thE BF thiE
core A% helium gas AR
banded iron formation (BIF) | FFAREskigE IR fossil =t
crust ik volcanic action KUER
mantle HhER hydrogen gas AR

6 YO AMBEARETRLP ARAER FEERT S



we HIFFNEFREFLY

stromatolite =y ozone BHE
carbonate minerals i I A ) aqueous vapor KR

iron ion T ultraviolet ray RINGR
cyanobacteria B carbon dioxide —&Abh%
photosynthesis YeE&ER oxygen FR

The main gases in

are

|

47 : The main gases in the most primitive atmospheric composition of the earth are hydrogen

and helium; the main gases in the current atmospheric composition of the earth are

nitrogen and oxygen.

iR AR RAGHT R SRR EERR B ER
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L B H ATHTRSREAHRR > E RS

interacts with

to form

4 - Oxygen interacts with iron ions in the ocean to form the banded iron formation.

SRR T HEEE TR I RIP BT IREIRIR

is/are

according to

]

4 © The internal structure of the earth is the core, the mantle, and the crust according to the

density from the inside to the outside.

HER PR A T MIRIR 28 R NIy Rttt ~ sty ~ Hb7%

B REEEFIRE

FmLp WRPEHE FREKRT F



_‘v}%’_\

OF i
@

-
P ORTSEFRT 2 KT 0o I EEHEFL Y

=

g,jwi

o BEEHE »

FEERESE AR IR - BAEEGI MR

— ~ BEHIBR B 3 SR SRR B E AU -
Understand the layered structure and density of the earth’s interior.
© T R BRI SR SR AH B T HY R E -

Understand changes in the composition of the atmosphere over Earth’s history.

o BIEERE s
5l RE—

(3£ ) In the early stage of the formation of the earth, the substances consisted were

redistributed by density because of the high temperature of melting, and finally, the
earth had a layered structure. In these different layers, there are unique rocks, such as
granite, basalt, peridotite, etc. In addition, iron meteorites are often found on the
surface, and their main component is iron-nickel alloy. Which of the followings are
correct when comparing the densities of these three rocks with that of an iron meteorite?
(Choose two answers.)

(A) granite>iron meteorite>peridotite

(B) basalt>granite>peridotite

(C) peridotite>basalt>granite

(D) basalt>granite>iron meteorite

(E) iron meteorite>peridotite>granite

(H32) HERTETZRCWIRA - dHRY)E SRR S A REAR MR B S B A0 o e
B EH GRS - EERARE S RSB E R AN AL - PINTERE ~ 2
A WEs. .. 5 IEIMEER B SRR G > R RS a s -
THIAERE =S A A LR - RERTERE 2 (FEEE 2 1H)
(A)fLRE S > #PEa > s =
(B)Z A > TER A > WfE S

O > X Ha > tRa
(D) ZEE > fiies > #ifaa
(E)ERFEE > s > TofE (107 F£ELHIE, 67 R )
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Teacher: In the early days of the earth’s formation, the earth’s interior was re-layered due to
the effect of gravity. What is the structure of the earth’s interior from outside to
inside?

Student: Crust, mantle, and core!

Teacher: Is the outer crust denser or the inner core denser?

Student: The inner core.

Teacher: What is the main component of the earth’s core?

Student: Liquid or solid metal.

Teacher: What is the main component of the mantle?

Student: Peridotite.

Teacher: What is the main component of the earth’s crust?

Student: The lower oceanic crust is mainly basalt; the upper continental crust is mainly

granitee.
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(3£ ) During the formation of the earth, there was a period of time when it was in a molten
state, and then it gradually cooled down and evolved into the initial earth. Which of
the following events as described in the options resulted from the gradual cooling of
the Earth from the initial molten state as it was about 4 billion years ago? (Choose 3
items)

(A) Formation of oceans.

(B) Emergence of trilobites.

(C) Formation of the atmosphere.

(D) Formation of large amounts of oxygen in the atmosphere.
(E) Layering of the earth’s interior core, mantle, and crust.

(FPS) ERIE Y AL & 4875 — BRI HR R IS REEIRRE » 2 & Al N A A
FIEHER = N HIRLL BERAY SRR S TE AT - BRI R TaRH RS
RRRE M 2 Al AR VEE IR 7 (JEEE 3IH)

(QVY=322: 8758
(B)=HE&aAY I -
(CYRRIBHIEL °
(D)RFEEFREERAVIPH -
(E)MEBRNES IR ~ R KRR 57 -
(101 FFE2HIZE 32 &)

Teacher: The answers to this question are A, C, and E. However, the timelines shown in option
B and option D are miscinceotions that people often have! Did option B and option
D appear at the same time?

Student: It should be... around the same time, right?

Teacher: It is usually reasoned that because trilobites can produce oxygen through
photosynthesis, oxygen should begin to accumulate in the atmosphere, right?

Student: Right.

Teacher: But, did trilobites live on land or in the sea?

Student: In the sea....so the oxygen they produced would first interact with the iron ions in

the ocean!

10 FUOp AR ETHE TR RRPER FEER
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Teacher: That’s right. After the iron ions in the ocean had finished interacting with oxygen,
the oxygen would slowly escape into the atmosphere from the ocean, and the oxygen
would gradually accumulate in the atmosphere!

Student: So, it should be after the appearance of trilobites that oxygen began to accumulate

in the atmosphere after a period of time!

LRl HENSERVEZE R A~ C~ E - {H B Bl D W{EEEHAVE RGR LR AR E A
HYRR IR | 5 EEE B ~ D E[RIlF HERAYIE 2
B JER. AL BRI ?

Zhh - REFEEEE > ZESFTEAEHEEER T KRAEZ T ZERR G EES
R g 2
B ¥

Eh (B =EaMERBREAEEM SR 7

R g AT PSS R SR e T s R

ERN ek FEEPHIEEE T EECRERR » fOR SRIRITEEERIRT
RRSEA G ZH R RERIE |

B bl e = e IR - R T — B ERRA G R AR |
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Exploring the History of Earth

HEER 2 SOME E BERR B AERARAVIRRL | BB S > ] DUHER1 B

i 8 KL A VBB I B S RIS - A S SRR BB S T R Bl R PR IR FFE S
AR T =

M E R LR AN ARKEEIEA S - aJLUEBRIKPERE - BEER - BUIE
EEFITA TR T IR R NE © S8 E A ARIE R B T R 2 AT
[E] > BRI E B AR -

3RS B R AE A YR E IR SO R FTlE 57 - IR RUE R 2/ Ny Bl ot »

O & 1 AFERVHEFERBEA A FREER LG - FrnE AR = IR (ba
FERE A ~ BRE AR -

¥ thiE BF hEE
Relative dating FHSESE isotope [

the principle of inclusions | FLZERG EE law of faunal succession tbafERFEE

the principle of crosscutting

half life =] e
relationship

xenolith HES absolute dating LEET

radiometric dating B EEEL | facies fossil fafa{ba
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Geochron HEFA index fossil e bAaER(EA)
principle of original

principle of superposition | B E JRAA7K P E
horizontality

m HEGQRHBMERGF Sentence Frames and Useful Sentences

©® The formation of can be known through

4 - The sequence of formation of the rock strata can be known through the relative dating
method; the exact time of formation of the rock strata can be known through the
absolute dating method.

FEEREE AT LIRIE S B RAIERe Bl E A v DLAE S gk
HIRELIFE

0O After , will decay into

4« After one half-life, half of the number of original elements will decay into daughter
elements; after two half-lives, another half of the number of the rest parent elements will
decay into child elements.

KoE—(EF=0 > RTRBEN —PERE LT ITER - SOBRIEEER - F T HIRE
TLRMEN - NEEER TR -

©® The index fossils of the are

#4) : In the geological time scale, the index fossils of the Paleozoic Era are trilobites, the
indexindex fossils of the Mesozoic Era are dinosaurs, and the indexindex fossils of the
Cenozoic Era are mammoths.

EFAERFEERERERE A = - PAREERE (LA R - A
TEEaR/RETSR -

13 FUOp AR ETHE TR RRPER FEER



fé(o?&b; ke 7 — /= > 4 )4 > 7 .
N g TR T R EERT P oo TFTHERRFFLY

o BEEHE »

After studying this section, students should be able to know that:
— ~ W] DAE AR E A HETE B I SRR IEF -

The relative dating method can be used to determine the sequence of formation of rock

strata.
T R E AR T A — e AR A T R AR -

Have an understanding of the absolute dating method, how to use it as well as its

limitations.
=~ A DASREAR B E A Z AR EEF T o

Different relative dating methods can be integrated.

o IEERE s
5l RE—

(3§37 ) Scientists have drawn a stratigraphic profile of a certain area after various geological
explorations. Assuming that this outcrop has not experienced stratigraphic reversal,

which of the following statements are correct? (Choose two answers.)

/ ]
sandstone )
/ \
shale

shale B

sandstone A

hypogene |
rock

Picture 18

(A) The formation sequence of the rock layers may be A-B-I-C-D.
(B) The formation sequence of the rock layers may be A—-B—-C-D-I.

(C) The igneous rock is shaped like a volcano, A and B formed first, and volcanoes I

and C formed at the same time.

1 FUOp AR ETHE TR RRPER FEER
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(D) According to the principle of crosscutting relationship, I formed earlier than A, B,
and C.
(E) There is no fossil and dating data, and the exact age of the rock formation

cannot be determined.

(FP0) Mg ZrE IS RIS SR - @R A R FELEEE A g
s e > AR BIRCIOHR L ot 2 (fE3EE 2 I )

" sandstone [)

N

shale C

shale B

sandstone A

t

hypogene |
rock

Picture 18

(A) EREHAERIER"TREE A-B-1-C-D -
(B) &fEMIAIEF T REFy A-B-C-D-1
(C) B KREEAELK > A ~ B JeERE KU LT C [FIRFHERL ©
(D) MRHRADIERE > TEE A ~ BRI C FAERL -
(E) SRZALAMEEER - SR e BRI -
(109 FEEZHISE 66 /& )

Teacher: The question asks whether we should use the relative dating method or the absolute
dating method to judge the formation sequence of rock strata?

Student: Relative dating method!

Teacher: That's right! Therefore, the description specifically emphasizes that “this outcrop
has not undergone stratigraphic reversal”. When using the relative dating method,
the first thing is to determine whether the stratum has been reversed.

Teacher: How to determine the formation sequence of A, B, C, D and plutonic rock 1?

Student: Using the principle of superposition, we can tell that A is formed first, followed by
B.

Teacher: Therefore, most of you are wondering whether 1 is formed first, and then
superimposed by C and , or whether C and D are formed first before I is formed.

Student: Right!

1 FUOp AR ETHE TR RRPER FEER
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Teacher: Considering if [ was formed prior to C, how would the C layer be deposited?
Student: Hmm...Was the C stratum deposited in a horizontal manner?
Teacher: Great! The C rock layer must be deposited in a horizontal manner to comply with

the principle of original horizontality!

Zhl . EEEREARREAEE EEAEEEHEFEHE S BIPHOEIER ?

R MEEEE

ERN 28 | PR HRCICE R R5REE T I BRI N i 4G a1 - (E AR E A
I - EE R E e R EE -

Zhl - AEE T HET A~ B~ C ~ D BEEE RV RS RIARTE ?

B2 MABECEALHE A SeiPRidg - B AT -

RN FTLURER Y RIS E A SERHIHT 2 1P C - D A BnE& > BEC -
D SEfonk - LA -

U
B RFALES T IR WA TR C 28 » C S &L
g ?

24 Rl.CaEglEZg UK zUiE ERS 2
ZhL - AREF | C BREELUKF LD IRA & Fa/K ez |

pIE—

(FL3Z ) Which are correct about the carbon-14 dating in the following statements? (Choose

two answers.)

(A) Carbon-14 dating is an absolute dating method.

(B) Carbon-14 is radioactive.

(C) The half-life of carbon-14 is about 5730 years. This dating method is suitable for
exploring geological events on a time scale of more than 100,000 years.

(D) The amount proportion of the parent element decreases linearly with time in
carbon-14 dating.

(E) Carbon-14 and carbon-12 are isotopes, and the nucleus of carbon-14 consists of

8 protons and 6 neutrons.

16 FUOp AR ETHE TR RRPER FEER
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(Hh0) ARAbx-14 EFAYRCL > NYIBPLEIERE 2 (fEEE 2 7H)
(A) TR-14 BFAREHMEFREFE -
(B) Bx-14 B
(C) Bi%-14 Z T2 R 5730 5> IEEF T 2B AR R E S LA E S
ZERET
(D) fix-14 EHFH - BT S ERIELBIFER 24T -
(E) B-14 Mlbix-12 ZEMLE - b%-14 BIE T2 8 (&5 51 6 {li H1-4HBL -

(111 FFE2HES 44 )

Teacher: Carbon-14 dating is a method of absolute dating. Can the absolute dating determine
the sequence of formation of rock layers or the exact age of rock layers?

Student: The exact age of rock layers.

Teacher: Yes, but the absolute dating method also has its limitations. Do you still remember
the limitations of the absolute dating method?

Student: It can be used only in rock strata with radioactive material!

Teacher: Good! Anything else?

Student: No more than ten half-lives can be set!

Teacher: Right! Because after ten half-lives, the decayed amount the parent element would
be too small, and it would be difficult for the instrument to perform accurate dating.
Therefore, usually we do not perform dating if it has undergoneten half-lives!

Teacher: Therefore, we will also use different radioactive elements for dating the rock strata
in different geological time periods. Taking carbon-14 as an example, we will not

use it to date strata that are more than 57,300 years old.

AT BR-14 EFAE - EEHEENTTA > EEEFRR A DHEE PRI

PR B AT
B R |
il B R EREIE KRB B E AR ?

B HEEREE T A MIEYE EI’JEEP !

Ehl . JEEL | EANE?

B4 AR = |

ERL ¥ N REETEEEIER > BOTRAEERE R - REsELUEI TR E
o FrLUEE RO G mEE HE =R E S |

BREERETRLY FRAEH FEER B
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plE=

(L) This is a zoomed-in image of Figure 12, in which (a) small craters, (b) corrugated sand
dunes, and (c) deltas can be seen. What is the formation order of this landform from

old to new?

13
(A) abe (B) bca (C) cba (D) cab (E) bac
(30 TERBFEHFERAE G & AR (D) /NEAET - (Z) KEGRIIER D T
() =AM - IS B 2 E P RURR Rl 2

[&] 13
AF-Z-" B)Z-A-FH (OAR-Z-F D)R-H-Z  (B)Z-H-A
(111 FEERHISS 29 #H)
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Teacher: What law of relative dating do you use to determine the sequence of formation of A,
B, and C?

Student: The principle of crosscutting relationship!

Student: Right! The principle of crosscutting relationship means that the geological
phenomenon that occurs later will affect the geological phenomenon that occurred
earlier, so it can be seen from the figure that the aeolian dunes appear on the small
crater, and the small crater appears on the delta. Therefore, we can tell the three in
order!

Teacher: Do you think this is similar to the theory mentioned at the beginning of the chapter
about geological age?

Student: Is it Hutton’s Uniformitarianism?

Teacher: That’s right. The main idea of Uniformitarianism is that by observing the current
rock strata, we can know the geological events that happened in the past formations.

Student: So by observing the geological phenomena of this place, we can also speculate
whether this place was once hit by a small meteorite, can’t we?

Teacher: Very good! Everyone has gradually understood the concept of Uniformitarianism!

Ehl : RFEAAHEEEENVHECEABT ~ 4 - AEVERPRIER ?

B2 B

RN B EUVERFER IR S A SR S e BT AR IR 52 - R LU E T
A] LA R D Fr B R AR/ NE A DT B - /NEAST SR AR = AN b - DA
HIET =EHSLRIER |

RN ARARGERERMEAMEERE —([EERFHRAT R R E R G ?

B4 1 SIS ?

RN R - EEERA L EITER RS B ESE S 1R g AT DU AE S i G sk

HYHE B -
B FrLUB B s (e T R E IR 5 o M m DUE S e o S NE o i B
g 2

ERN ARG | R T SIS T
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Structure and Composition of Solid Earth

AR TS TR R, Bt AT
BT LRHRE RS GRS & BRANE
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Seismic Waves and Stratification of Earth’s Interior

BENVEREH PRGN - RE RN AERES - E250

T SRR TR - H AT HYER B s > HE
R A ER A IR - REHER S ED ER SN A7) e Ry i
a7 0 ERARE IS S R RO B SR B R
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» MR ER A
Sl = EIREFIR R 2
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=
5 gle

EF thiE B¥F thiE
primary wave P i elastic rebound theory | J81E BBk G
secondary wave S K body wave =954
plate TSR Lehmann discontinuity | 2548~ H4E A
surface wave FLEDR Rayleigh wave FIK
surface of discontinuity | /N4 [H] love wave S )4
wave speed R olivinefels Mg =
S [/ B AR
Moho discontinuity Gutenberg discontinuity | 7 F 245 [H
]
continental crust REEHN R oceanic crust TR
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crust % granite (ERaa
core HtZ medium E

mantle HiER basalt ZHE
earthquake #hE=E asthenosphere O
earthquake wave Hh R lithosphere =a

B HEQRBMERSAF Sentence Frames and Useful Sentences

® The is the between and

4 : The Moho discontinuity is the interface between the crust and the mantle; while

Gutenberg discontinuity is the discontinuity between the mantle and the core.

SR AN U I Fy it S St e Y S SR 5 R AN A I Ry bt e B A A S A T

(2] can be transmitted in states.

4 - P waves can be transmitted in solid and liquid states in the interior of the earth; S waves
can only be transmitted in solid states in the interior of the earth.

PR AEHNER PN ER A E ARG B RRELRAE © S IRAEHIBRAIHN (% Al AR EIRE -

® The main component of is

#1147 : The main components of the crust are granite and basalt; the main component of the

mantle is peridotite.

i EEAH S O R CR a2 s He E AR o S -

® The contains part of the upper/lower

4y« The lithosphere contains the crust and part of the upper mantle.
a0 P B S R Y BRI -
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After studying this section, students should be able to know that:
— TR T SR R (Al L 3 AT RE H R

Understand the relationship between earthquake intensity and distance. Also, students

should be able to analyze the content of questions.

o BIEERE s

plEE—

(F£3Z2) One day, A, B, C, and D chatted together on a social network at their respective homes,

and it was known that the homes of the four were scattered (not in order) in Taipei,
Taichung, Kaohsiung, and Los Angeles, USA. A suddenly felt a strong earthquake
(intensity 6), 10 seconds later B also felt a weak earthquake (intensity 3), and 7 seconds
later C felt a moderate earthquake (intensity 4), and D felt a moderate earthquake 18
seconds later A felt the strong earthquake (intensity 4). It is known that the speed of
seismic waves is about 4 to 6 kilometers per second, and the earthquakes felt by the
above four people belong to two different earthquakes. Which of the following
inferences about where the four people live is most likely to be correct? (Choose two
answers.)

(The intensity scale in this question has been replaced by Taiwan’s earthquake
intensity scale for the convenience of comparison)

(A) A lives in Kaohsiung.

(B) B lives in Los Angeles.

(C) C lives in Los Angeles.

(D) D lives in Taichung.

(E) A lives in Taichung.
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(th>0) Kl B~ 4~ W THAESEZR S EAEERERE SR - B ARy
HE (CRfZIER ) 246~ 29 Sl - BSEEUR 126 - FHZEAREEFEZIE (B
FE6 &) 10 LR RI59E (B3 &) X T 7 WS EITE (B
FE4 80 TAMERRERIEZR BUARGATE (BE 440 - SO
FENEIRRERA B P 4 2 6 N8 - 1 H LAY A R R SR HE 70 8 /i
{EAERHEE > AN FIE AR HEsmUPee e Ry ml e 2 (JEEE 2 TH) (fLE
AVREFEAREE > Ry G EEBIIEM B EEEER )

(AR {E=HE -
(B) ZAE&ASH -
(OWNEIEIZE -
D) T {EE -
(E)R{EES -

(107 FEELHISE 68 /)

Teacher: Why do the four people in the question feel different earthquake intensity?

Student: Because they are not at the same distance from the epicenter!

Teacher: That’s right! Therefore, the earthquake intensity will vary due to the distance. When
the same earthquake occurs, people in different places would feel earthquake
intensity differently.

Student: Then would the smaller the intensity be when the farther the distance is?

Teacher: Good question! In fact, there are many factors that affect the earthquake intensity,
such as distance, rock formation composition, and whether the stratum is compact,
etc. that will all affect the level of earthquake intensity!

Student: I getit! Then, is the seismic wave mentioned in the question a body wave or a surface
wave?

Teacher: Because the question mentions that the speed of seismic waves is 4-6 kilometers per

second, it should refer to physical waves, that is, P waves and S waves!

LRl Ry H R AR FIHYE r“%rsx BIE ?

B N R MR Ay i E A —

Rl g8k | FrLIENEE S I/‘%EE%EE’JL = [F (S LR AT RELE
A EMTT G 2 E A —RAVER -

B AEEERRGE - B E RN ?

ERN RS | HEPEEENERARS © Ik - SR - WEE SR EFEE
s B RE I RN |

&
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Teacher:

Student:

Teacher:
Student:

Teacher:

WTRET

EHT > HBE B AR AR R R e E RS R R R AU E ?

A Rl H IR EHE R A E R R B8 4-6 N B > FrUEZIEITEERRK
WiEhE P OREAT S U7 |

In the solid structure of the earth, the outermost crust can be divided into continental

crust and oceanic crust. Which of the following statements about the continental crust

and oceanic crust are correct? (Choose 2 answers)

(A) In general, continental crust is thicker than oceanic crust.

(B) The continental crust is less dense than the oceanic crust.

(C) The continental crust is mainly composed of silicon-magnesian rocks, while the
oceanic crust is mainly composed of silicon-aluminous rocks.

(D) The oldest oceanic crust found so far is 4 billion years old.

(E) The oceanic crust consists mainly of sedimentary rock layers.

HERAYEI RG-S f MR mT & oy Ry R R Bt % - NYIARER

[ bt B R ARG - WIRERTERE 7 (R 2 1)

(A)—RIM S » REHRNEERREHREE -

(B)REEHFRET R ERA AR/ -

(CYRPEH R £ Aty S E S a - MR R DAY $2 8 Fy £ -

(D) H Fir s B 0 R By 40 (R4 -

(BEyEFt EE R (A EE -

(106 FE2HE 34 )

Can anyone tell me the components of continental crust and oceanic crust?
Continental crust is mainly composed of granitic rock, and oceanic crust is mainly
composed of basalt!

Then let’s think deeper. Does the crust represent the plate?

No, it doesn’t... .

Right! The plate refers to the broken lithosphere, and the lithosphere actually

includes the crust and part of the upper mantle!

BB AGREERT TR R RPEP FERNR
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Student: I get it! So is the asthenosphere that has been mentioned in class located under the
lithosphere?
Teacher: That's right! And you should keep the depths of the lithosphere, plates, and crust

well in mind!

ERN - REAE AR B SHRTE T 2

B4 0 KPR EHEBTER S H AR - it LR R E AR !

EhN LA EEREAYRT > MR EERIREENS ?

B4 EZ. AFRIE

EH ¥ RERIERVERERAVE AR - e AR E S s —E o #y_E e
g !

B WTEET | prla R N e RS RO S 2

Eh : JREE | Eak - R HERFTRAVEEZERCE R |
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2-2 IR B ERAYEEE)
Movements in the Earth’s Surface and Crust

\
FEHBERIE S o > SRMIMIBRAUBIR L AER 0 & - (RS S et v droRkE -
MEERHRTRE S IR T Ry B RIETRAY L ERATERTIR ARG RS - R
ERRR A IR R R M S8 R A AR R 73 S VB T AR © WOR R BRI bR BT © AP

B 28 N2 EFERE SR BB no R R R R & - i B S S R S |
o 0 ERAERERE B o AESEDKLLAERRL > DI AT S B O

i

E

B¥F thiE BEF thiE

Benioff zone HHEBR K trench B

theory of plate tectonics | HRPEREEEEER Curie temperature [EfERE
convergent plate

fractures zone Lt FETIRIRER
boundary
divergent plate

Pangaea L EARWN5 TRAAIN SRS 5T
boundary

Philippine Sea Plate JEEREERUA transform fault T e

suture zone Ha mid-ocean ridge R

continental drift KEEBS scratch IR
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transform plate
island arc Bl FHENIIAR SR IE ST
boundary
seafloor spreading
TR ETRER Eurasian Plate EGEy

theory

o

is a hypothesis, so a lot of evidence is needed to prove its
authenticity. For example,

G

Continental drift is a hypothesis, so a lot of evidence is needed to prove its authenticity.
For example, the coastlines of South America and Africa match with each other.
REEES SR M > AR EATF L esg e A BN Bl =M eI Ry
USRS TSI I=a

Centering outward from , the further away from the the
crust is, the itis

T

28

Centering outward from the mid-ocean ridge, the further away from the mid-ocean
ridge the crust is, the older it is. Centering outward from the mid-ocean ridge, the
further away from the mid-ocean ridge the crust is, the more sediments it is on top of
the crust.

PAFFEE Ry st - BUEREE T8 C R s - DI EE Bl msh  #iE
B R BRI -

REF T 2 KT P 0 IIFCEFREFTY S
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©® The boundary is formed when the plates are under , and
the common fault type is fault.

#14) : The convergent plate boundary is formed when plates are under pressure, and the
common fault type is the reverse fault; the divergent plate boundary is formed when
the plates are under tension, and the common fault type is a normal fault.
FEIRSESR B2 SIS E RIS - gEAEE - &R ZBEiEs Ry

s RFINSRIB SRS Z F5RIE SR - & R B fafifi ftEe -

I

{ 4] was formed by the extrusion of plate and plate. }

4+ Taiwan was formed by the extrusion of the Philippine Sea plate and the Eurasian plate.
28 T HIFEE BRI BB ao I SR ERAY R -

o BEEHE »

FEEERE AR ITR - BAEEEII MR
After studying this section, students should be able to:
— TS RORAE BRI USSR

Understand the plate tectonics in Taiwan and types of plate boundary.
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(LX) The picture below shows the distribution of earthquakes with a magnitude greater than
4.0 that occurred around Taiwan from 1991 to 2012. From this picture, we can infer
Taiwan’s plate tectonics. Which of the following statements about Taiwan’s plate

tectonics is correct?

| 100kme

% | 200kme
%
%/ 300kme

(A) The Eurasian plate and the Philippine Sea plate only slide past each other.

(B) Off the northeast coast of Taiwan, the Philippine Sea plate thrusts northward above
the Eurasian plate.

(C) Off the northeast coast of Taiwan, the Eurasian plate subducts southward under the
Philippine Sea plate.

(D) In the southern part of Taiwan, the Eurasian plate thrusts eastward over the
Philippine Sea plate.

(E) In the southern part of Taiwan, the Eurasian plate subducts eastward under

the Philippine Sea plate.
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(H0) TEDE 1991 £ 2012 TS AR 28 R AN 4.0 R T AAIE - fEt
B T HEN =B RIS - YA R =R RS AR — H I 7

{ 100kme

{ 200kme

it/ 300kme

(A)BXEE ARSI SE R E IR AT E sE ) -
(BfEEERALEINE - JEEE IR A I ATRIERaERee £ 5 -
(CEZERILHING - BRI R BIFEERE R 1T -
(DYEE=E R4 - B ARBR A R A @ FSE R AR LT -
(E)EEERS AT - BREoiBR RIS E AR T 7 -
(109 FELHIE 21 /)

Teacher: Have you ever wondered why the Philippine Sea plate submerges under the Eurasian
plate and also the Eurasian plate subducts under the Philippine Sea plate at the same
time in Taiwan?

Student: Hmm...the oceanic crust is relatively dense, so is it reasonable for the Philippine Sea
plate to subduct under the Eurasian plate?

Teacher: That's right! But why is the Eurasian plate on the southern side of Taiwan subducted
under the Philippine Sea plate?

Student: I don’t know. Why?

Teacher: Because there is actually another plate at the front end of the Eurasian plate, which
is called the South China Sea plate. South China Sea plate is an oceanic crust, which
is denser than the Philippine Sea plate. So, the South China Sea plate is pulling the
Eurasian Plate from behind and subducting downward together!

Student: I see! That's why there are two Benioff zones near Taiwan!

Teacher: Right! This is the reason why there are earthquakes from shallow to deep in Taiwan!

Ehl . RFARETE  RTEEEG RS LIRS R B RS A
(EACHY N u/xﬁAﬁﬁfq%%ff}iﬁEF TNHVEIE ?

B WELOREHRR S LEEOR - Fr LSRR RS 2 BB s R R P L S I 2

Ehl : Jgeh | BRI E SN B R A G R SIEEEE B Z TIE ?
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L N R DR AV AR LB S (iR - MU T EEHRER > R
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(FL3Z ) Volcanoes are formed by magma from deep underground along with gas and debris
eruptung to the surface, mostly related to the movement of plates. In this global map,

which locations can we find volcanoes?

(A) ABC (B)BCD  (C)CDE  (D)ABD (E) BCE.
(HR30) KU M RRAVEHEEEE R ~ IR E R E PR > 2 BEa sy
AR o BT E AERS A K AR 2

AFHZA  BLAT ©ORFTEK ORZT EZAEK-
(103 FELHI 3 7E)
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Teacher: The distribution of volcanos is similar to what concept we have learned before?

Student: The volcanic belts almost overlap the tectonic plate boundaries!

Teacher: Yes. Because when the plates converge or are pulled apart, molten magma erupts
upward to form volcanoes.

Student: Then are there any volcanoes near Taiwan?

Teacher: The Ryukyu Arc and Luzon Arc near Taiwan are volcanic island arcs!

Student: I know! There are also Ryukyu Trench and Manila Trench near the two arcs!

Teacher: That's right. Trenches and island arcs are formed when continental and oceanic

crusts converge resulting in subduction of ocean crust!

R OKI AR R Z AT SR A (SRR 2

BA KUJ%E@FEE'ELﬁA%%Z%W !

RN B NRERSEE S EERAIE - BEHY SR EIESR R ROK -

B4 HEEI AT A KA 2

Ef . AEEERATAVERER S TN = R EIIEUE FOK L EIE |

B4t BAE | AR S 5IAY AT A SRS e A |

ERL 28 BRI RO S IS O R R R G T RS,
5l !
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2-3 HENXKE
\ Earthquake Disaster

BN ERAICE BT OGRT ) LSRR AR - H B it E (AT M
[EREMEMRE SR AE1R DL P OB S I AR 2R M T THE » U HE K E & - £+
SERAL ~ T KKEEFE RE RAVHE S E - A E RS AV TR B AR H
TRk S R B 7R FE R B M 2 S -

ng /0 > ERAERE DIBOSCH AR MR G R AR K - MG DA R BT e (R AR ST

| Dmm

BF thiE BF thE
earthquake R earthquake magnitude RS
earthquake early warning | HEE THEZ tsunami NELE
soil liquefaction TIERE earthquake intensity EE
water table RN 7KAL
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[ ©® The is mainly based on . }
4 - The earthquake early warning system is mainly based on the time lag between the P wave
and the S wave.
WRETAE 2 22 E M P OZEL S 7 2GRl TE -
® Earthquake magnitude scale is ; while the earthquake
intensity scale is .
4] : Earthquake magnitude scale is the energy released by the earthquake; while the
earthquake intensity scale is how much shaking people feel after the earthquake
T Rt ER AT 2RV RIZE -

S Rttt RS TR I

, etc. are all possible disasters after an earthquake }
4 - Soil liquefaction, tsunamis, fires, etc. are all possible disasters after an earthquake.

9

.
g~ KB R R IR R REEE AR AT K -

TIERAE

EQ—E}E {?J’J\—Fﬁmn :

o BEER »
FEERE SR BT -
After studying this section, students should be able to
— ~ BRARHE AR 2 A A
[ g 1 o B EHE

Understand basic concepts related to earthquakes
Understand the concept of normal and reverse faults and how to distinguish them

Bl bR 2 BB IE

-5

Bk 3

T ERE R R = -
The principle of earthquake early warning and how to calculate
IRR A R 3 . &

B REEEFIRE
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(LX) Earthquakes are mostly caused by fault dislocation. Its energy is transmitted outwards

in the form of seismic waves. Seismic waves fault disclocation are all likely to cause

disasters. Which of the following statements about earthquakes is correct?

(A) The size of the earthquake is irrelevant to the energy released by fault dislocation.

(B) With the velocities of P-wave and S-wave of the earthquake and difference in the
arrival time of the P-wave and S-wave measured by a single station, the hypo-
center of the earthquake can be calculated.

(C) The earthquake intensity decreases with farther away from the hypocenter and has
nothing to do with the geology of each place.

(D) Earthquakes can induce soil liquefaction, causing buildings to sink and
collapse.

(E) The higher the velocity of seismic waves, the bigger the surface shaking.

(FF30) #EERZ RErfEiEBrian - Hae 8 DI E AP MR - N K EE
sEENE ARG E o MY IR - {7 IEAE ?
(A)HEFE R A N e SRS PR IR Y A S 2R -
(BYEHIREHY P IREAN S 7 2R 7 BE— LGS P RN S I SRS - B &
iz B ERLE -
(O RERE L REE RERERE A - BTN > RIS Mt B ] -
(D)MEE ] 5 [RE R L - SRR TR ~ 5 -
(EYHUEE AR R, > AT RAE SRR -
(109 FEEZHIZE 23 /)

Teacher: The question mentions that earthquakes may cause soil liquefaction, but will soil
liquefaction occur in every earthquake?

Student: No, it won’t...?

Teacher: There are three conditions for soil liquefaction to occur: an earthquake with a scale
large enough, a high water table, and a soft bedrock!

Student: If the shaking degree of the earthquake is large, the pore space in the soft bedrock

will become smaller. Will the water table rise relatively?

30 FUOp AR ETHE TR RRPER FEER



D ORTIVFE R T R R P

Teacher: Right! Soil liquefaction will not occur if the water table in a place is not high
enough!

Student: So if the bedrock in a place are very compact, the pore space of the rock material is
initially small. It’s less likely to cause soil liquefaction, isn’t it?

Teacher: Right! It's good to know how to draw inferences from one example!

LR EHARIMEREGS[HHERE - HEES - TOER G A IR ?
B ERAE..?
Eh . R EATRE R =GR - FPRAYHIEE - BSRY SR DU SRR

+/E !
R IRHERE SRS > RRECE BHITLIS R E &) - H N KLt G AR S BTt
7

Eh AR EEOTH T ORAA S S A g A IR |

B4 0 FrbR—Et a0 8% o FAAS ORI - IR E 5 ELE
RS ?

Zhl B ESER AR

BlE_

(L) The picture below is the view of the riverbank seen from the viewing window of the
“921 Earthquake Education Park” in Wufeng, Taichung. The originally continuous
and flat riverbank has been displaced due to the dislocation of the Chelungpu fault.
The riverbank at the fault has been repaired, and staircases have been built for
walking. According to the geological phenomena resulted from the effect ofplate
movements on Taiwan Island, which of the following statements are correct?

(Choose 2 answers.)

:' .. _7 iy

|

(A) The Chelungpu fault is a normal fault.
(B) The Chelungpu fault is a reverse fault.
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(C) The Chelungpu fault is a normal fault.

(D) The hanging wall is on the right in the photo.

(E) The hanging wall is on the left in the photo.

(F) The hanging wall and footwall cannot be determined in the photo.

(20 TEEFETHRE 921 tEHREEE  BREPELEIATERS - [FAR
SE-VIHAYE N e sh T A A (U > H RTER S AR AR - 1
HAEE TR AT - IRIBEEAR S ZIBUEE (F a7 S - 131
ROmbEe T ? (e 2 75H)

(A)EESE IS B IFETE -
(B)EEREHET B R -
(C)EEBENHEE P RoEE -
DR B A -
(E)tER T B fir BEEAH -
(FYFE A Hp A A -
(107 4EELHIEE 32 7E)

Teacher: Is Taiwan located on a divergent plate boundary or a convergent plate boundary?

Student: It is located on a convergent plate boundary.

Teacher: So is the fault type in Taiwan mainly normal fault or reverse fault?

Student: Reverse fault.

Teacher: The hanging wall of a reverse fault will move relatively upward, and the footwall
will move relatively downward, so the riverbank moving upward on the left in the
picture should be the hanging wall, and the riverbank moving downward on the right
should be the footwall!

Student: Oh! We were misled by the direction of the stairs!

Teacher: Right! The staircase is man-made and does not represent a fault plane!
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(Z£3Z ) Below is the time required for the P wave and S wave to travel from the source to
different distances, also known as the seismic wave travel time curve. An earthquake
occurred today, and the time difference between the arrival of the P wave and the S

wave measured at a certain station is 8 seconds, how many kilometers is the distance

30«
25¢ /
S wayi

20¢

between the certain station and the hypocenter?

g.
,Z\ e P wave
0« —
(A) 40. (B) 50. (C) 60. (D)70. (E) 80. 0c 25 S0 75 100

Distance (km)

() R P B S S pe RS R F B A SRR » SRR R A s
SRR FERIE G PR S S EIEERRE B 8 £ - HISCHINEE S
SBLI% DA 2 .

25¢

S s
204
IED
fide 15
(Fb) «
10¢

5¢

0
0  25¢  50¢  75¢ 100

PEEE () ¢

(110 FELHIE 16 7H)

(A)40 - (B)50 - (C)60- (D)70- (E)80 -

DORTIE TR E RS P we HFCREFREFLY
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Teacher: According to the chart, which wave travels faster, the P wave or the S wave?

Student: P wave is faster!

Teacher: Therefore, the mechanism of earthquake early warning is to know the occurrence of
an earthquake through the P wave that arrives first, and quickly issue a warning to
notify people before the arrival of the S wave.

Student: But the time is so short, the warning doesn’t seem to help?

Teacher: When human beings face an emergency, there will be a psychological freezing
period of about 10 seconds when they cannot make a quick judgment. For the time
being, if there is an early warning system to notify us a few seconds earlier, it is
actually very helpful!

Student: I see how important an early warning system is!

Teacher: You can also think about what to do if a serious earthquake does occur, which can

limit the time for you to shelter yourself.

EHR - EBEFR TR PR S R HEATR B b 2

B4 P

EHR  FTDAME THE AL R B B IR PO HIE R E A 1BE S SRR T
HEATE AR -

B4 RS o THEST GO A TR ?

EH N NEEEREIRT SRS A RGO E 10 FPAYRAERE » s AmdrEy
BRI THE 24 IR HE R EEERAEE |

B FURWIE | ITHE RS ERRES |

EHR S E W] DU ARG AN SR AN R B Y 85 AR SRS - JE Akt mT DU R e R
I o
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Atmosphere
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Temperature and Pressure Vertical Profile of the Atmosphere

BB A SRARANER L > SB— PRl R R HYIER - B KRR
B HAHEEENTE EER AR RRRE KRR T] » RRRE T EE A
o > RORSRITEH IR -

na = 0 SRR E R LIS R R TRy e L EE L -

BF thE EF thE
stratosphere S E mesosphere R
troposphere e ozonosphere HEJg
air pressure SRR thermosphere R

‘ ©® In the , the temperature gradually with altitude. ’

47 = In the troposphere, the temperature gradually decreases with increasing altitude; in the
stratosphere, the temperature gradually increases with increasing altitude.
FEHREN > BBE SRS ORE SR EVEN » EE e Ry
A ORSE SIS -

-
A Yok ®e TP EFEREFT
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[ ® The heat source in the comes from . }

4] © The heat source in the troposphere comes from infrared rays radiated from the surface,

so the farther away from the surface, the temperature will gradually decrease.

FESTRGHVEVR - 2 B RS AVKLINR > BT DARGERE TR - DRt & b (K -

©® There is in the , and weather phenomena such as

will occur.

4 - There is obvious atmospheric convection in the troposphere, and weather phenomena

such as clouds, rain, and thunder will occur.

B AR SRER - g% AE M EFRRRLE -

o BEEHE »

FEETAR TR - BAEEELITE S
After studying this section, students should be able to:
— ~ R SR YT BRI
Understanding vertical profile changes in the atmosphere.
= BRERR BRI EIR AR IR o

Understand the heat sources and phenomena of each atmospheric layer.
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(JL3Z) According to the vertical profile of atmosphere temperature, in the troposphere, the

temperature decreases with increasing altitude, about 6.5°C per kilometer. However,

the temperature in the tropopause does not decrease anymore, and it roughly maintains

a constant temperature. The temperature of the uppermost layer of the atmosphere

increases with altitude. What are the main reasons for the formation of this structure?

(Choose two answers.)

(A) Because radio waves in the solar radiation heat the uppermost atmosphere.

(B) Because ultraviolet rays and X-rays in the solar radiation heat the uppermost
atmosphere.

(C) The temperature of the tropopause is roughly maintained the same because
ozone absorbs ultraviolet rays in solar radiation which increases the
temperature.

(D) Because human activities increase carbon dioxide and cause the greenhouse effect,
the temperature of the uppermost layer of the atmosphere increases.

(E) Because of the atmospheric convection, the energy near the ground is brought to
the tropopause, which makes the temperature of the tropopause increase to

maintain the same.

(0 RBARSRPREEEZE - JREEEE ETHmEE > SAENRE 6.5°C - {HiE
FEENARUE TRARE - WA PR - REMERF—ERVRE - f EERRSEIRERIRE
e EE DTRG0 FPpas taS Ry £ BRI Ryfel 2 (B2 IR)
(A) AR R th SR RO AN T e B RSR
(B) RRAKFIBEEAFHVRIMR ~ X SRR T & EBHIAR, -
(C) RRREBUBCK SRR FHY RSN » I T AR - (R TRA R KB

F—%E -
(D) ARy NIRHY BN S AEMRIE N > IERCR 28 - (5 bR ARSRImE
il e

(B) A RAHVENRUED) - Rt AT sE By 2 ¥RETH - EHUE RIS
REGERF—IE -

(97 FELHIS 48 7H)
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Teacher: Next, I would ask three questions, then I would then ask you to think about the
answers.

Teacher: What happens to the atmpspheric temperature in the troposphere as the altitude
increases?

Student: The temperature decreases.

Teacher: Where does the heat source come from in the troposphere?

Student: From the sun.

Teacher: Which is closer to the sun, the sky, or the ground?

Student: The sky.

Teacher: To sum up what you have just answered, the first question is that the temperature in
the troposphere decreases with the increase of altitude. The second question also
referred that the heat source of the troposphere comes from the sun. Therefore,
logically it should be that because the “high altitude” zone is closer to the sun, the
temperature would be higher. Then why is the ground warmer?

Student: Is the heat source coming from the ground?

Teacher: That’s right! The troposphere is mainly heated by long-wave radiation from the
ground.

Teacher: Then which layer is the outermost layer of the atmosphere?

Student: The thermosphere.

Teacher: How does the atmospheric temperature in the thermosphere change with altitude?

Student: It increases.

Teacher: Isn’t it very different from the troposphere?

Student: Yes.

Teacher: The heat source of the thermosphere comes from solar radiation.

Teacher: Regarding the heat sources of the stratosphere and the mesosphere, please go home

and review again.

Student: Thank you, teacher.

4 FUOp AR ETHE TR RRPER FEER
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3-2 RRHKREE
Changing of Vapor in the Atmosphere

AEPIRE GEEEILL TS T SRIBRTE  REERIGERRN ) SRR
WHEZ K | % FEOILIHRTSEES - SRR PR/ RE LA R - NEATE PR
FIRRRBIY DU R REZIES - REFEREAR LU LAY - BEAEBEUKRE (LA
BREEM: - BEE S/ NE e AR R S
nh 0 ERAEREREHHHIEE RO M AR E 2 - RIAMURORAHRE B b 3R

FTREE TR T 2 EpRT 7 0o IIFAEFRTFEL

E¥F thEE BEF thiE
ambient temperature REDRE saturation BRI
saturation vapor pressure | SiF1/KEEE | fog =
vapor pressure KR EE cloud =
relative humidity FHEEEE latent heat TEEN
dew-point temperature RS adiabatic expansion cooling G AR

47

BOORAMBEERETRL HRHEH ¥

Bk 3



we VFFXEFREFATY <

| (1) is defined as . ]

4y - Relative humidity is defined as the actual water pressure divided by the saturated water

pressure.

TR E 2 B EIE KRR BEFIKFRE -

[ (2] is under the condition of . }

4+ The definition of dew point temperature is the temperature when water vapor in the air
reaches saturation and condenses into liquid water under the condition of fixed air
pressure and water vapor volume.
BREER S E R R TEEE RERAU/KREAEN T » 22 R /KR ST BE4S
R RE/K AT A 2 E AR -

EBEREHE »

&

FEEEE AR TR - BAEEBII MR
— ~ B R R A IR /K SRR R % -

Understand the relationship between dew point temperature and actual water pressure.
L PEARERER R/ K SRR BE (% -

Understand the relationship between ambient temperature and saturated water pressure.
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(L) The picture shows the chart of hourly temperature and dew point temperature change

of a station on a certain day. Regarding the description of the weather conditions at the

station on that day, which of the following is correct? (Choose two answers.)

24
22
20
18

16 —e— temperature

14 m = dew point

12 temperature
10

(°c)

0 4 8 12 16 20 24 (hr)

(A) The actual water vapor content is the highest at 6:00 of the day.

(B) The relative humidity is the highest at 6:00 on the same day.

(C) The relative humidity was the lowest at 12:00 on the day.

(D) The saturated water vapor content in the air was the highest at 14:00 that day.

(E) Dense fog occurred in the early morning of that day.

(FPT) [ R RInh S R A SR B B R FE SR (L] R Mk & H Y R SRUIR L s e
IHIRLE TERE 2 (JEEE 2 1)

24
22
20

o 18

C) 16 - temperature
14} s = dew point
12 temperature
10

0 4 8 12 16 20 24 (hr)

(A)YEH 6 RFEEKREER -
(BYEH 6 RHHEERS -
(CO)V& H 12 WA (K -
(D)EH 14 RERPHEAKRZEERS -
B)E HARARBHEE -
(107 FELHE 35 )
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Teacher: Which temperature in the picture is related to the actual water pressure?

Student: (Silence.)

Teacher: The actual vapor pressure is related to the dew point temperature. The higher the
dew point temperature is, the higher the actual vapor pressure is.

Student: What is the dew point temperature?

Teacher: I’ll gradually explain it. How is the morning dew formed?

Student: Is it because of the dropping temperature?

Teacher: That’s right. Because the temperature keeps dropping down in the morning, the
unsaturated air would reach saturation and condense into liquid water.

Teacher: The term of “dew point temperature” comes from the forming of dew. When the
temperature of “unsaturated air” cools down and the air becomes saturated, it is
called the dew point temperature.

Teacher: Please refer to the saturation curve in the textbook. When the actual vapor pressure
is higher, would the dew point temperature get higher or lower?

Student: It gets higher.

Teacher: That’s right! Great, so when the dew point is higher, the actual vapor pressure is also
higher. According to the picture, what time of the day is the actual vapor pressure
the highest?

Student: At 14:00.

Teacher: Correct! Now so far so good?

Student: So far so good.

EHN . B EEKRERERE A SR AR EDE A R 2

24 (—RER)

CHN . BRKRBIRERDRE AR - EREUREME - BRKREBRES -

B4 EEERRRE ?

EHN AR — Y5 [ B R KRR AR ?

B RSREEE 2

THN R8s REIMAVZER - RAEEFFEMRR - S22 FI8ALRRE - PLaess TR
7K e

T BRRUREHIEE AR E SR AR B T ORI R ) R 2 R
FIFRFHVRE - SO HEERURE -

N
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3-3 KRBVES

Atmospheric Circulation
\

EE/ NG SRR ER_ERVES T - Rt EAYRE) - (S R B SRR S
[EIFAEE) - R MAELRIEM T > 2R TSRS | - MBHIRRENZ 1% - 25
R AR - EA RE > SR REAERD > B2 TRRT] ) - IBFESEATHIER
R Z2RHVESE &2 PR R R R BRI Ty > e S e
BT REANAY R ZAR - SteB R P EE /N A BN e |

a0 ERAEREE A E A RS o SR BB AR R -

E¥F thEE B¥F thiE
pressure gradient force | SRJEEFHE 17 wind velocity JEL 2R
Coriolis Force FHR T wind direction JE 5]
friction force JEE 22 T high-pressure SRR
earth rotation W ER B low-pressure KRR
Geostrophic wind b

-
FERT R AR P oo T EEHFFTC S
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©® There are affecting : , ,and .

4 - There are three main forces affecting wind: pressure gradient force, Coriolis force, and

friction force.

TEPEBRAIFRIIA =M  SABET] ~ BT~ BEET -

® The more is, the more is.

4] « The faster the speed of the object is, the greater the Coriolis force is; the higher the

latitude of the object is, the greater the Coriolis force would be.

VIR SR > RHRIIREOR © PIReATERVEERE - BRI TR -

o BEEE »

AR ITR - 2AEEBIITER
After studying this section, students should be able to:
— ~ HEp BRI THIRE -

Understand the factors that affect the Coriolis force.
=~ BRARIE R TR B RE R R AR

Understand the detailed processes by which forces affect atmospheric circulation.
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(LX) The geostrophic wind is formed when the pressure gradient force and the Coriolis force

are in balance. The geostrophic wind at high altitude in some location in the northern
hemisphere is the north wind. Assuming that the distribution pattern of isobars from
the ground to the high altitude remains unchanged, what direction of the surface wind
is most likely to blow from?

(A) North wind.

(B) East wind.

(C) West-Southwest wind.

(D) East-Northeast wind.

(E) North-Northwest wind.

(TP SRBEARRE TIRIFER 7 V-t Frc iy JeVies Fy st o JAG-F R S 22 Ay i e 2
WRALJE - A T 2 = 22 Y B BRAR AT B RE A 8 > P A R e 45 R RE I AT
JeEl 2
(A)ILJE -
(B)SRE -
(C)PERAPH A -
(D)L -
(E)AEIEPER -
(100 FE2HE 53 )

Teacher: What is the relationship between the wind direction of the geostrophic wind and the
i1sobars?

Student: (Silence.)

Teacher: Let’s say that is the geostrophic wind parallel to the isobar, or does it intersect with
the isobar?

Student: It is parallel to the isobar!

Teacher: That’s correct, the answer is very good. So you can first draw the distribution of
isobars in the high altitude. (The teacher is drawing on the blackboard, assuming

that the north is facing upwards, drawing the north wind (the geostrophic wind) and

the isobar next to it.)

>4 FUOp AR ETHE TR RRPER FEER
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Teacher: Is the relative high pressure in the east or west of the wind direction?

Teacher: Remember that the wind blows from high pressure to low pressure and is deflected
by the Coriolis force. The higher the wind speed, the stronger the Coriolis force.

Teacher: Is the wind in the northern hemisphere tilted to the right or to the left?

Student: It is tilted to the right.

Teacher: Good. Then which direction do you think is the relative high pressure?

Student: At the west.

Teacher: That’s right, the answer is the west. According to the question description, assuming
that the distribution of isobars at high altitude and ground is the same, the wind
blowing from high pressure to low pressure is affected by the Coriolis force and
titled to the right. However, since the surface friction decreases the wind speed, it
reduces the effect of Coriolis force. As a result the surface wind direction is not
parallel to the isobar but has an included angle with the isobar.

Student: Then we understand.

ERN R R R e A R BR AR AT 2 PR (TR MEE 7

240 (—REBD

Ehl - ARG ETE T o IR TR o B R ERRR A A ?

B SPATEERR

RN J2sh o BIEGRRE » FTLURMTAI LU S 22 T F BRI AR H IR L S K -
(ERTFERRM - BEsH EJT Rdb)y > SEHIDE () - DU BHIEFRRSR © )

ERN BRI EERRAEE HH R E B S R ?

D BRI ARSI o JE S BRI AR - 6 HAZRHR TR B T i o R
e BHR TR -

Zhh: JPRRR A EEE LB 7

4}

B4 hg-
Zhl : JEEL > FTLIE B LEEE S - A B EE T e ?
B4 P

Rl ISEEFERURIE T 0 RIS H ARG - Bt ZE DR S BRER AR A
[ - el e B R (R - 3 H A2 BB T2 B AT > 2T RS2 7t e e 2
FEABRITRR TR IS8 - LB I VL [ A & AT B AR - (i B RR
AR -

BRep TR SR IRE T -
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3-4 RREXE

. Weather Map Interpretation

o E TR LR S ZE R - B RHR ASRAR S 48 2 Bl A [ A
ERAIR SRR > HE T R DAHIET H AT ACSREGIRN - £ H HATE T BB RR TR RE LR
HES HRREARR—EIIRR > BRE RAVKRE - st B AERRRHY - fE1E
INE o R BRI R B IR SR YRR -

a0 ERAERE DI R R SR EAHRBEER S - WA (R R IRERREE -

EF thiE EF thiE
wind direction N meteorological forecast | SR THH
wind speed LR air pressure FUEE
surface observation B ATEIE b air temperature Rl
ground temperature o humidity RIS
weather phenomenon KRR insolation H e
visibility BERE satellite cloud image 1 2 = [E
radar echo Eep=3EINY cloudage EE
upper-air observation 1= ZE A cloud height EE
amount of precipitation | [F/K& cloud form EEGVN

>0 3OO ATREERI TR ARPEP FERR



OF £
ST

{ > 4 - = . e N
OV g FR T R T P 0o TEFAEFHREFT Y <

EaéE

&

‘ ©® There is currently , and there will be

4 - There is currently a cold front over Taiwan, and there will be rain after the cold front.
EEHA FEH LR E LR HIEN -

‘ ® There is/are observation(s) a day. ’

4] © There are two observations at the upper-air observation a day, at 0:00 and 12:00 UTC.
1= 2B — R BRI 2T > 73 Al R BRI PEATE AR R > O R DA R 12 B -

s BEEE o

FEEE AR TTE - BAEEBIINER
After studying this section, students should be able to:
— ~ B 1 2 BB EAVRFEL -
Understand the characteristics of fronts on satellite cloud images.
=~ TR e A A R T R AR -

Understand the characteristics of typhoons on satellite cloud images.
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(L) On the satellite cloud image of East Asia on a certain day in the fall of a certain year,

H means high pressure, the white line is the local isobar, the gray line is the long ribbon
cloud of weather system A, B is another weather system, and the arrow C points to

Taiwan. According to the image, which of the following is correct? (Choose 3 answers.

(A) The long ribbon-shaped clouds of weather system
A are formed by the warm sea temperature of the Kuroshio Current.

(B) The clouds of B weather system is the clouds of typhoon or tropical depression
system.

(C) The location indicated by arrow C is affected by weather systems A and B at
the same time.

(D) B weather system is formed by the interaction of cold and warm air masses

(E) Beware of heavy rain in northeastern Taiwan.

(0 FEKARFLH RS EER - H onEB > AGREEFERER - IRG R
ARBARFRINNE > LR —RRZR > WRiHFTER B SN E - R
» NHIURELER Ky TERE ? (JEEE 3IH)

(A RSR R IRTIRHYE Ry PR IR AR AT K -

(B) ZRRAFHIE R B SR BBV E A
(CORRBEATEUERKZEF - ZMRRLRGTE -
(D)ZKAZH R ~ BRRER G -
(E)EBRICERERETIZEM °

(111 S50 34 )
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Teacher: What are the characteristics of two different weather systems, A and B?

Student: System A covers an extended long area.

Teacher: That’s right. We can call it a banded distribution. So what about system B?

Student: System B seems to be spinning around.

Teacher: What does it mean spinning around? Please elaborate more.

Student: The clouds of B system seems to be spiraling counterclockwise.

Teacher: Very good. What kind of weather system does the characteristic belong to?

Student: I know! It’s typhoon!

Teacher: That’s right. System B may be a typhoon, or it could be a cloud system of tropical
depression.

Teacher: Then about system A, answer me, please. Which latitude is it probably located at?

Student: About somewhere in the midlatitudes.

Teacher: Correct. In fact, this is a very common weather system in midlatitudes, a cloud band
is produced at the junction of cold and warm air masses.

Teacher: Then choose the corresponding answer based on the discussion just now.

Student: Thank you, sir/miss.

D A ZM(EAFER KRR RS SE TR ETE ?

B4 0 HIRRAY > BEEERARE -
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B ZHIRRARIE G et -
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N Weather Disaster-Typhoon

THEE B IAMTATEAERRHY
=240 EwAREIIHEKE - REE

HIEKEFAG Z — - RS (E=E - £

JEUF B R DL R e

B A L 48R
NEENEE -

=21

e

ir P ENES

TR

e I A R - MO9SR - e

se e 7 ERA R AR SR A R < Bk » DI SCRIER G BT B RIS -
BF thiE BF thE

subtropical high ElEG =TS mild typhoon HE FEE s
typhoon Jile southwest flow PE R SR
typhoon eye e JE\HR moderate typhoon r e o

spiral rain belt PR HEARFR steering flow B
accompanied effect AR E tropical depression (TD) | ZVFIHE(RRBR
severe typhoon SR S HE eye wall N
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[ ©® In the structure, the has . ’

4]« In the typhoon structure, the eye wall has the strongest wind and rain.

FEme A > RSP o o

[ 2] affects the raining area. ’

7147 = The path of a typhoon affects the raining area.
e Y S AR s B PR Y R e,

o BEEE »

2

AR ITR - 2AEEBIITER
After studying this section, students should be able to:
— ~ T AR E A A R -
Understand the conditions favorable for typhoons to form.
T T s R E RSN R -
Understand the factors that affect a typhoon’s track.
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(LX) The terrain of Taiwan is complicated. Although the rainfall is abundant, the distribution

is quite uneven. The rainfall brought by typhoons is an important water resource in
Taiwan, but typhoons often bring floods. When Typhoon Meiji invaded Taiwan on
October 21, 2010, the northeast monsoon was prevailing. On that day, heavy rainfall
occurred in various parts of Yilan. Due to the low-lying terrain, the cumulated rainfall

in 24 hours reached 432 mm, which had reached the standard of super heavy rain.

135

As a result, the road was flooded and people and vehicles

were blocked. Please refer to the track of Typhoon Meiji

to choose the correct descriptions. (Choose two answers.)

HS—+10/19+ \n’)’ i |

(A) Due to the accompanied effect of typhoon circulation and northeast monsoon,
heavy rain fell in Yilan area.

(B) Due to the strong southwest airflow induced by the typhoon, torrential rain fell in
the Yilan area.

(C) Because Yilan area is located on the windward side, the rainfall is heavy.

(D) Because Yilan is located in the lower circulation of the typhoon’s periphery, the
rainfall increased sharply.

(E) This report is wrong, and the accumulated rainfall in Yilan cannot exceed 400mm

in one day.
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(30 2B =B > MR E SUHER i E A A - BeRERAER 228

Teacher:

Student:
Teacher:

Student:

Teacher:

Student:
Teacher:
Student:
Teacher:
Student:

Teacher:

Student:

HEAVKER > (HEReE I HE AR K E - 2010 4 10 H 21 HigiameE ==
Z P IEEHRILFERTT > &R E R S 1 IR R IR 5 - B oy bl B NS4
0 H 24 /NN BRI EEE 432 20K 0 EERASENIEAE - BEKERRHE > A
B2 - sl SialnieEps £ - BE IERERUIC - (S 2 15)

(A)E BRI R R AL - BT ER |7
THREAZER -

(B)R B B6\3 (S50 5 PSR SR BURE IR THEA
BT -

(OFE BEMEER R - RREA -

(D) By LA A BE R N7 IR » e St - ;%««

EHEES  BE AN ERRERTERaw0E | TP 7 v

(102 FEEZHISE 35 /)

From the typhoon’s path map, we know that the path and timing of the typhoon’s
movement. In addition to the description of the question, we can know that there is
heavy rainfall in Yilan area. Where will the cloud band formed by the northeast
monsoon of this typhoon be located in Taiwan?

Northeast?

Why is it northeast?

Because the northeast monsoon blows from the northeast, and the intersection point
of the wind direction of the typhoon and the northeast monsoon will be at northeast
of Taiwan on the sea area.

That’s right! Good job! This is the accompanied effect, which refers to the rainfall
caused by the interaction of the typhoon and the northeast monsoon. So, when and
how will the typhoon move forward to induce the southwest airflow?

When it is summer!

Why is it in summer?

Because in summer, the southwest monsoon is strong.

So how should the typhoon go to induce southwest airflow?

From the southeast to the northwest of Taiwan.

That’s right. Then when does it usually happen, before the typhoon comes, lands or
leaves Taiwan?

When it leaves Taiwan.
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Teacher: Correct. So in the southwest, it is often after this typhoon has left when it rains for
several days in a row. I am impressed by the typhoon Morakot that occurred in 2009.
At that time, I lived in Tainan, and my house also got flooded.

Teacher: You will find that the rainfall conditions that affect typhoons are not only affected
by different paths, but also affected by other weather systems.

Student: Got it!
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4-1 BIFVERE

Structure of the Ocean

KPETTEREE » FE) KSR N (BB RO (T 50T » 3 LA RDIK DL 2B
ERKSBIER » T T RO B MER TR

T - SR DICURRE SRR R E - AL FHE 2 KR R
R

o

B¥ thiE EF thE
average salinity SErEERE thermocline REE
mixed layer R evaporation EIEE
precipitation K& deep ocean K
%00: parts per thousand (ppt) | 47k salinity Cics

L (1) is mainly affected by

47« The salinity of surface seawater is mainly affected by evaporation and precipitation.
RIGRKHVEE T 22 R 8 DU EKER 2 -
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-

is stirred by external forces such as . ]

BIe -

The seawater in the mixed layer is stirred by external forces such as waves and currents,

and the temperature and salinity properties of seawater are relatively similar.

REEIEKZEER - BREINIRA > KR ER R -

(3]

What is the difference between and ? Why is there
such a difference?

4] - What is the difference between subtropical surface salinity and equatorial surface salinity?

Why is there such a difference?

RIPNVT RN/ KE S DR R BRI KE A 2258 2 RATEGERERER ?

o

will generally decrease as the increases. }

T

(C 1

frem

The temperature of the surface seawater will generally decrease as the latitude increases.
What are the factors behind it?
FIGR/KHRE - BEEEEREI KRB RE G BT RNRZZE?

BEEHE »

BRARTR > SAEISEUTES

After studying this section, students should be able to:
— THOKIEE G -

Understand the vertical stratification of oceans.

- BRSO T AU LB

Understand how salinity is expressed and its units.

=~ Bfiso B KRS SRR -

Understand the factors that affect seawater temperature and salinity.
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Enable students to understand the factors that affect the salinity of surface seawater.

(L3 ) The surface salinity of the Pacific Ocean reaches the highest in the subtropical sea

region. Which of the following is the main reason for this distribution?
(A) There is a confluence of ocean currents in this area.
(B) There is more evaporation than precipitation in this area.
(C) There is a large input of fresh water at the edge of this ocean.
(D) Saline material on land is transported to the area by wind.
(E) Significant vertical mixing occurs in this region.
(F30) KVAERR E R E AR EVE S A R - EREE AT £ F ARy R3]
H?
(A L&A RAVES -
(B) I ESHIR BB ANNERE -
(CYRFFEEGH RERKEA -
(D)t b A& BEP)E H s 2 s I,
(B)tlEisEs A R ENEERS
(106 FELHIZE 18 &)

Teacher: Please take out your textbooks and turn to the page of the average seawater salinity
map.

Teacher: First of all, determined by latitude, where has the higher salinity?

Student: Places at low latitude.

Teacher: Why?

Student: Because it is hotter there.

Teacher: According to your answer, the higher the temperature is, the higher the salinity of
the seawater would be.

Teacher: Where has the higher temperature? The equator or the subtropical regions?

Student: The equator.

Teacher: Very good, so where has the higher salinity?

Student: Subtropical. (There is a voice of doubt in the class.)

Teacher: Do you feel something wrong? Does anyone know the reason behind it?

o8 FUOp AR ETHE TR RRPER FEER
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Teacher: What is the exact factor that affects the salinity of seawater?

Student: (Silence.)

Teacher: Let me give you a hint. You have learned in geography class before that the climates
in the subtropical region and the equatorial region are very different. What are the
characteristics of the climate in the equatorial region?

Student: There are rainforests! Therefore, there are lots of precipitation!

Teacher: How about the subtropics?

Student: Is there less rainfall?

Teacher: Yes, that's right. Why is there less rainfall?

Student: Because there is a subtropical high-pressure zone over there?

Teacher: Exactly, there will be less rain, so one of the things that affects surface salinity is the
amount of precipitation.

Teacher: The second factor is evaporation, so when precipitation exceeds evaporation, will
salinity increase or decrease?

Student: Will it decrease?

Teacher: Great, precipitation will lower the salinity. So on the contrary, when the precipitation
is less than the evaporation, what will the salinity be?

Student: It will increase!

Teacher: That's right, it will increase! So the answer to this question would be (B) There is

more evaporation than precipitation in this area.

LRl RS LFERERAZ LR - BB EIR A KB AlE -
LRl EG o JeLAEEACHIET - WAV B LR E e ?

B (REEE -

Rl APEERA ?

B N REERE -

D MRIBIREIEIE - B DUR RS > KRR Rk

Rl FE—T o AREMEF I @?E%%Fﬁtb@%}”}ﬁ ?
B4 R -

Ehl R AR R R EE R S e 7

B BBV o (2 HAERRIVES -

EH BN EAREEMMEEEEERIUE ? A F 2 AIE R R A R AR T 2
Ehl A KEEN RN RFR T ?

24 (—ERE )

o9 FUOp AR ETHE TR RRPER FEER



70

Y eRpE A g ey 3
¥ =4 ~
TRV 3 FEHRT v

ERi

E:
A -
B
1 -
g
A -
1 -
B
i -

Eh

CHIGGARFE —BEER - AT  BIEVE G AR IS Y B2 TR
R—HE0Y > FRiEHE YRR (TR EE 2

BRI | K EIRZ |

AR HIIEIE ?

PR L/ g 2

¥ 098 o BTERE g i e ?

PR s IS FE A Bl B 1= R BE BRI 2

R8s BERgER) s Tl ERAEERZE T —(EERFKE -
FEEEBEEEE > FTLERKERNARE - EE S hnE R (RIE ?
PR

1R > BLERRER - MR B KENAESE > EEg ?

g !

JESERLERG N | LU BB I AT A B E AR & -

BB AGREERT TR R RPEP FERNR

0e IFFCHEEREFALY S



4-2 BIFRVEE]

Oceanic Currents
\

A /KAERIER EGIERE A - FEE (A NGRS /K EAYVES) » BEHER ~ R
LUK - SR A A S5 (6 BT Al B AR 8 BT - S A LR HBE Bl EERI S
RN EREES -

ne e 7 ERAERE RIS AR MHRRER S > DASESCH R ERR 4 B H BR AR T 2 el
figk -

EF thiE EF thiE
semi-diurnal tide FH M diurnal tide 2 H
wave R neap tide /N
high tide SR Planetary wind system TEE Z
density current TR flood tide DLl
wind wave EUR tidal current i
Sneaker Wave VRGN tide i DaY
spring tide i tidal range 7=
ebb tide AR breaker R
tidal force 57 longshore current AR

TR EGERT P 0e HFCHEFREFFE Y L
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KTIVFFET 2 AR T P .; P EEREET Y
low tide iz rip current R

marine deposition topography | JEFEHT ocean current =S

Tsunami e gravitation EHEglH

marine deposition topography | JE&hH thermohaline circulation | JEEEIRR

Kuroshio R swells R

mixed tide e upwelling current E=FADIT

[ o currents are mostly caused by , such as . }

4 - Surface currents are mostly caused by wind, such as the Kuroshio.

RN R EEZ 2RI - flan - 2 -

E (2] are delayed by each day, mainly due to . }

4 - The tides are delayed by about 50 minutes each day, mainly due to the revolution of
the moon.

Y BRE R 50 788 > EEZ Ry HBRAHE -
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After studying this section, students should be able to:

— ~ BRI EE R AEREA S JIE A TAVELRIS [T -

Understand that tides are mainly generated by tidal force caused by moon’s gravitational
effect.

T TREETRRIA o DU R SEAIAE IR R

Understand the causes of upwelling and its effects on weather and living creatures.

w BIREERE s

plE—

SHE ¢ BAERRS USRS iRl CRVSHIRREAD) » TR o -
Students are able to carry out applied analysis based on the original prior knowledge
(causes of tides).

(L) A scenario in a science fiction novel mentioned that the moon orbits the earth in an

direction opposite to it does now, but the speed remains the same. If this scenario is

true, and other factors affecting tidal changes do not change, which of the following

statements are true? (Choose 2 answers.)

(A) The moon will change to rise in the west and set in the east.

(B) The moon appears about fifty minutes earlier each day.

(C) The moon will still rise in the east, and it will not affect the ebb and flow of tides.

(D) For areas with semi-diurnal tides, the time of high tide is about fifty minutes
earlier each day.

(E) Tidal changes only affect the semi-diurnal tide area but do not affect at all the

diurnal tide area.
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(C)HEMIAG R TTTHE » HA BRI HARBRH -
(D) HEHIME - FRWHRR R ASERREA 08 -
(E)AYEE) B H i &E - 2 HEEE 2R 22

(108 FEE2E 18 )

Teacher: What is the key point in this question?

Student: The revolution direction of the moon is opposite to it is now.

Teacher: Good. Now the question says that the moon orbits the earth in an opposite direction.
Then let’s explain the options one by one. Option A describes the rising position of
the moon. What is the main reason for that the moon rises in the east and sets in the
west in reality?

Student: It is because of the earth rotation!

Teacher: Great answer! Because the direction of the earth's rotation has not changed, the moon
will still rise in the east and set in the west.

About option B, regarding the daily change of the tidal cycle, what will happen to the
original tidal cycle after one day?

Student: It will be delayed by 50 minutes.

Teacher: Why?

Student: Because the moon revolves.

Teacher: Great, so now the moon is orbiting in the opposite direction, 50 minutes delayed will
become 50 minutes earlier. An additional question for you: how often would the semi-
diurnal tide become in a single tidal cycle?

Student: (Silence.)

Teacher: Let me give you a hint. The original cycle is 12 hours and 25 minutes but now the
moon’s orbiting direction has become opposite. So what would the answer be?

Student: I see, it's 11 hours and 35 minutes!

Teacher: That's right, your answer is great!
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4-3 KREBFNRZEER

. Atmosphere-Ocean Interaction

AIHHYEERT - S2ERIN AR R EHIAHRB RIS - RS /N G a T s SR
FIHIZCAAER] > NS E/NER G & AR RN A0 - LU R e
KSR BB EA ARk A -

a0 ERAERE DA R B BRI 0 7 MR SRE - RAIAIRCR ~ MR R EBUESEE -

BT thiE B¥F thE
Peru WE Southern Oscillation AR
Darwin BRSO Southern Oscillation Index (SOI) | F /& TEHL
Tahiti YL : equatorial easterlies 73 B JE
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© During El Niiio, the sea temperature in the will be higher than
usual.

4 - During El Nifio, the sea temperature in the eastern Pacific Ocean will be higher than

usual.
BREATR GRS - RACHEENEKRE L P EEE S -

® The occurrence cycle of El Niiio is about to years.

4 = The occurrence cycle of EIl Nifio is about 2 to 7 years.

BRI R R BIIR R 2 BT -

o BEEHE »

FEETARITR - BAEEELITE R
After studying this section, students should be able to:
— ~ BRAREE BRI LI P AR
Understand the impact of El Nifio on the East and West Pacific Oceans.
= PERPEACFER B URCEOR YL - BT BRI G AL
Distinguish the changes in air pressure and sea temperature in the eastern and western

Pacific Oceans, and determine whether EI Nifio has occurred.
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Understand the interaction between the ocean and the atmosphere during the El Nifio.

(L) The El Nifio is a natural phenomenon caused by the interaction of the atmosphere and

the ocean, which will lead to short-term climate anomalies in some areas on the earth.
Which of the following statements is incorrect about the atmospheric and oceanic
changes or effects accompanying El Nifio?

(A) Equatorial easter lies weakens.

(B) Sea temperature rises in the equatorial eastern Pacific.

(C) Upwelling intensifies on the west coast of South America.

(D) The sea level decreases in the equatorial western Pacific.

(E) Precipitation decreases in the equatorial western Pacific.

(30) BB R RIS OAE M TR B ARE L - FEFOhER_E AL 7y & K 1
RIRESEE o A RIS AR 88 AR R BB YR —hﬁi/tﬁﬁ ML B - N AR
HdEaR 7
(A)FRE R TS ©
(B)ZRE R e s BT -
(OB EME B MR -
(D) 7R 8 P A s 7K e A
(E)ZRE PG A S R =R D -
(108 FEELHES 2 7))

Teacher: This question describes the impact on the ocean and the atmosphere during El Nifio.
What will happen to the equatorial easterlies when the El Nifio occurs?

Student: The equatorial easterlies weakens.

Teacher: That's right, the speed of the equatorial easterly wind will weaken. When the
equatorial easterlies weakens, what will happen to the ocean currents below?

Student: The speed of the ocean current below will also weaken.

Teacher: Great answer. Let’s keep going. When the underlying current weakens, what will

happen to the upwelling in the eastern Pacific Ocean?
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Student: The speed of the upwelling will also weaken.

Teacher: The answer is great, and the upwelling will also weaken. Accordingly, what would
happen in the surface seawater temperature in the eastern Pacific Ocean?

Student: Will it decrease?

Teacher: No, you need to think about it carefully.
Let me give you a hint. In normal years, the upwelling will bring up the colder
seawater from the deep ocean, so now that the upwelling has weakened, what will
happen to the temperature of the seawater?

Student: So if the upwelling weakened, the amount of seawater coming up from the deep
ocean will also decrease, so...
Ah | see! The surface sea temperature in the eastern Pacific Ocean will increase!!

Teacher: That's right! The seawater temperature in the eastern Pacific Ocean will increase, so
this is an example of the interaction between ocean and the atmosphere. Changes in
the atmosphere will affect the ocean, and changes in the ocean will also affect the
atmosphere.

Student: Thank you, teacher, we got it!

ERN PR H R R RAC AR BRI Ry BRI ORSRIR - R AT
TEMIAIS & - G5 H B RRR R ae Ay > FRIE SR G A (R 2

B RERE TS |

RN R REREEZE ST BRI GS 1R N HAER G A (TR ©

B4 1 NTRVARRUAR T R RS -

Zhl : REF > BIERVIRE o ZETESTIEN > B RS - §EBEUEENE
TERA T ?

Bt hEgiREIgy |

Ehl : EIEAVIRE - BTIR G IRE G > SR AR KR A (7
SELIE ?

AR RS 2

LHl AR AU HEE T
EENSETE RS A A > EIRE SRS - BIRE R K RS
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Earth and Space
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5-1 IEXZ=B MK
Earth Seen from Space

KI5 AR AR BT Bt BREE BRI T KPS ) 41 - BSE KD H#ER \KTTE -~ %
BB L EINEIRHVE TR ~ DUEIM A RIS E B S BRI R PRIRE - HE
HAHEARNRRSFE - ERE—HAHERENE - JFE RS R E T A -

1 A5 Bt R A7 ARG o oK B5 R R ~ S BRIZSE Y RaE ~ f AMEROR SR By T i e &

82

FEERT R IZRE HRFHIRIR SRS » S MIE S H T RS B -

sg S S SPAERE LIS ET

H e 2 RS > TIHREP R AIRERR -

B¥F thiE ¥ thiE

small solar system body | &[5 Z&/NKHE ecliptic plane =E E

astronomical unit ROCERAL aurora i

ion tail BT asteroid belt IMTER

meteor shower TR planet T2
circumstellar habitable

orbit Ly B HfET
zone (CHZ)

light year P et magnetosphere A=

Kuiper belt R ETE dwarf planet BITE

comet =HE Oort cloud BURFEE
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[ ©® Members of the solar system include y , and . }
f4) - Members of the solar system include the sun, eight planets, dwarf planets, and small
solar system bodies.
KIGHHIREEE R ~ /\KITE ~ BT EBIREG 2 NKEG -
E (2] . , and are all common distance units in the universe. }
4y« Light year, astronomical unit, and parsec are all common distance unit in the universe.
A~ ROCERA B 7ERE B R 5 v i LA EEREERAT -
E ©® The two main causes of the aurora are and . ]
4 : The two main causes of the aurora are the earth’s magnetosphere and the solar wind
emitted by the sun.
T RS Y W R 2 R R St EK 2 A 1 DA R OR 5 AT IR Y R B3
® The solar system, from the center to the outermost region, consists of
s sand
47 : The solar system, from the center to the outermost region, consists of the Sun, terrestrial
planets, asteroid belt, the Jovian planets the Kuiper belt, and the Oort cloud.
KEGZ e LB NER R KPS ~ B TR ~ /IMTER ~ AT E ~ M a7 BlEL
HE -
83
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After studying this section, students should be able to:
— ~ BT RS E 5

Understand the classification of the universe.

» BKES BT 2 RSCRGIP IR A 125 B -

Understand the causes of the astronomical scenes on the sun.
2 FIREEER o8
BlE—

(LX) Arranged in order of distance from Earth, from near to far, Moon, Jupiter, Vega, X,

Andromeda. X is most likely which of the following?
(A) Virgo Cluster. (B) Halley’s Comet. (C) Uranus. (D) Galactic Center. (E) Pluto.

(H30) (IEFEREER FHaT A8 HES ] « HER ~ RE ~ 828 ~ X~ I E % - X Al RE
&= NI ?
AELZERZE - BYEEHE - (OXKER - OBPTRFL - BEYEEE-

(109 FEHIZ 62 )

Teacher: According to the question, how do you determine the distance of these stars or
planets from Earth?

Student: Should we refer to the structure of the universe?

Teacher: Right! We can first determine if the celestial bodies are outside or inside the solar
system to consider it is near the earth or not.

Student: In the question, only the moon and Jupiter are in the solar system, so is Vega outside
the solar system?

Teacher: That’s right! Because Vega is a bright star, and the only star in the solar system is
our sun, it can be speculated that X should be a celestial body outside the solar

system!
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Student: Comet Halley is recognized as a small solar system body, Uranus is one of the eight

major planets, and Pluto is a dwarf planet. All of which are located in the solar

system, so neither of them is the correct answer.

Teacher: The galaxy cluster is at a higher level than the galaxy. There are many galaxies in

£
s
£
B

ER

BlE_

(F30)

the galaxy cluster, so option A should not be selected.

(RIS H Bl > S50 BT 88T T EE RN ER A AT IE 2

AT H AP e S 7

L BT DUE AR RS ARFS 29 NN S B B BR A 23T

i H o A HERRIAREAERZ 2N > SR EEAERS 250 T 2

238 | NR@ R RN E - ARG &R —— AR R MIRIR
5% > FTDART DARH LR X FERZ & K15 2/ MR AS |
IEEEEBN AR IKRE > REEBR/\KTE  ELEBRETE - §H T
R ZA > FTLEAN B IS -

MEZBEAREE AT SWIERE  EREREHEFFSNE S FTLL A BIHTR
REZESE -

The solar wind is a stream of high-energy charged particles released from the surface
of the sun. When these substances reach the earth, the speed often exceeds one
million kilometers per hour. Which of the following phenomena is the solar wind
most directly related to?

(A) Tides. (B) Aurora. (C) Total solar eclipse. (D) Meteor showers. (E) Sandstorm.

(P30 KIFREEREREFME S EAREET R THK - EiEEY/E IR - 5

REBEOTENE - KGR YRR R B G 7
(A)F14 - (BYEJE » (C)HE® - (D)AEM - (B)DEES -
(108 FEELER 1 78)
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Teacher: The question says that the solar wind is a stream of high-energy charged particles,
so is the solar wind an electromagnetic wave?

Student: No! The high-energy charged particles and electromagnetic waves are two different
things!

Teacher: That’s right! Therefore, when high-energy charged particles enter the earth’s
atmosphere, they will disturb earth’s magnetosphere. As a result, it is easy to form
auroras the north and south poles where the magnetic fields are the strongest.

Student: Sir then, what is the reason for the formation of meteor showers?

Teacher: The reason for the formation of meteor showers is due to the burning of debris left
by the comet falling into the earth's atmosphere when the earth passes the orbit of a
comet.

Student: I see! So can we infer the time of meteor showers based on the time when the earth
passes comet’s orbit?

Teacher: Yes! We can know the time of the meteor showers in advance!
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Space Seen from Earth
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BF thiE EF thE
polar star (polaris) JbA A blackbody radiation EHCHR
parallax arcsecond (pc) =R ecliptic =il
celestial sphere KER absolute magnitude W REE
north celestial pole RERILAR stellar magnitude BE
celestial equator RIKIRE annual motion JE A Ef
luminosity e diurnal motion fE H 1 E)
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brightness R apparent magnitude A
revolution N rotation ]
B HEGQRHEFAGF Sentence Frames and Useful Sentences

G

(1G]

Bisg

Bisg -

The extension of to the celestial sphere is called

The extension of the north pole to the celestial sphere is called the north celestial pole;

the extension of the equator to the celestial sphere is called the celestial equator.

HEERIDAUAE (i 22 R ER A Ry RERIDMR + BRI AL i 2 REK B Ry REKRE -

The reason for is due to

: The reason for the diurnal motion is due to the rotation of the earth; the reason for the

annual motion is due to the revolution of the earth.

J& H A EhH SR A R R EK B PR B[R RS R Rt R A -

The electromagnetic wave released by stars with temperature is

more inclined to wave radiation.

The electromagnetic wave released by stars with higher temperatures is more inclined
to shortwave radiation; the electromagnetic wave released by stars with lower
temperatures is more inclined to longwave radiation.

i 2 0= AL 22 P ST L Y B R R B ) R R T 5 Dl PRSI A AL 2 P i L Y BR
R sz ) R R

The farness of the star from the earth can be determined by using the
difference between ___ and

The farness of the star from the earth can be determined by refering to the difference
between the absolute magnitude and the apparent magnitude of the celestial body.
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Students understand the basic concepts of the celestial sphere and the relationship
between the celestial equator and the ecliptic.

- PR H AEEHAYRE GRS 7 BN (R4 AT £ S0 2 ST -
Students understand the concept of diurnal motion and distinguish the star trails observed
at different latitudes.

= - HRN BB TR E R N2 BT EATAER -
Students understand the meaning of star colors and distinguish the difference between

stars and planets.

» BIEERE o8
BIEE—

(L) The ancients thought of the starry sky as the projection of stars on an infinite celestial

sphere with the earth at the center and having the same rotation axis as the earth. The
apparent track of the sun for one year makes the circle of the ecliptic, which inclines
23.5° with respect to the celestial equator. The illustrative diagram of the celestial
sphere is shown in the figure below. If the earth’s revolution around the sun is used to
infer the movement of the sun in the celestial sphere, which of the following is the
order of the sun’s movement from the vernal equinox to the winter solstice for the
northern hemisphere?
(A) A-»B—C—D.
(B) B>C—D—A.
(C) A-»D—C—B.
(D) D-C—B—A.
(E) C-D—A—B.

89

3D AAEEERE TR R RPER FERR B



LA SRR Vi v IFFAEFEREFL Y o
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(A) H—>Z—-H—-T - XIS
(B) Z—=A—T—H -
C) H>T-H—-Z& -
(D) T-R—&Z—H -
(B) H—>T-H->2Z -

(111 FFE2HEE 33 )

Teacher: There are two time points in the picture where the sun is directly shining on the
equator. What are the two time points among A, B, C, and D?

Student: They are B and D!

Teacher: That’s right! So we need to focus on how to determine whether B and D are vernal
equinox or autumnal equinox respectively!

Student: How do we determine the vernal equinox and autumnal equinox?

Teacher: Do you still remember the zodiac constellation we mentioned? The zodiac
constellation refers to the constellation where the sun is located on the day of your
birth, that is, the constellation blocked by the sun on your birthday is your zodiac
constellation.

Student: So if you’re born in March...Shall the sun block Pisces or Aries?

Teacher: Very good! Therefore, it can be determined from the picture that B is just blocking
Pisces, so the position of B should be the vernal equinox, and the position of D is
the autumnal equinox!

Student: I gotit! Since C is located in the northernmost position where the sun directly shines
on the north hemisphere, the position of C is the summer solstice; because D is
located in the southernmost position where the sun directly shines on the south

hemisphere, the position of D is the winter solstice.
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(L) The pictures of star trails taken by Xiaohui and Xiaojie at places A and B respectively
are as follows. Both of them are facing east, under long exposure. Which of the

following is true? (choose 2 answers)

h‘\ o e S, o2z G _.J

i Z it

(A) Place A is located in the northern hemisphere, and its latitude is higher than 45
degrees.

(B) Place B is located in the southern hemisphere, and its latitude is lower than 45
degrees.

(C) Place A is quite close to the equator.

(D) The latitude of A is higher than that of B.

(E) Place B is located in the northern hemisphere, and its latitude is

approximately 45 degrees.
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Teacher: The question says that the pictures taken by the two people who were facing the
east, so are the stars supposed to be rising or setting?

Student: Rising! Because the stars rise in the east and set in the west!

Teacher: So when we face the picture, is it south or north on our right-hand side?

Student: Is it south...?

Teacher: That’s right. According to the description, the photographers were facing east when
taking the pictures, so our right-hand side is south, and the left-hand side is north.
According to the diurnal motion, the star’s trail will be perpendicular to the axis of
rotation, so...?

Student: The angle between the rotation axis and the ground plane will be consistent with the
latitude of the observer!

Teacher: According to the two key points you just mentioned, you can infer the latitudes and

locations of A and B!
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(L3 ) The colors of celestial bodies provide rich information. For example: Vega emits blue-
white light, Antares is reddish in appearance, Uranus is blue-green in appearance, and
Mars is dark red in appearance. Based on the above description, which of the following
is correct?
(A) Vega has a warmer surface than Antares.
(B) Uranus has a hotter surface than Mars.
(C) Uranus has a hotter surface than Antares.
(D) Vega is more luminous than Antares.

(E) Mars is more luminous than Antares.

(F30) RESHVEREHR R B =S - B0 - S E B ote - Ve —BEfRaL - RE
BAIMR REak - KEERFALE - (IZLL_EFEHE > A {7 IEHE ?
(ABZBENFRERELLOMECS -

(BYREEMZREDRELLK E S -
(CO)REEMFRHEDRELL LE ) -
(D)agk 2L B HYEEERETTEL OE 5 -
(E)K ZHYEEREIEL L E 58 -
(111 225 31 )

Teacher: We have mentioned before that stars with higher temperatures should look more
blue-white, and stars with lower temperatures should look redder, do you still
remember?

Student: Yes, sir. But why is the surface temperature of Uranus not higher than that of
Antares?

Teacher: Thinking about what we just said, when the “star” temperature is higher. Is Uranus

a star?

Student: No! Uranus is a planet.
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Teacher: Since Uranus is a planet, the planet itself does not emit light, but reflects the light of
the star. The planet itself will not perform nuclear fusion reactions, and its
temperature will thus be lower than that of stars.

Student: Ah! We are too careless!

Teacher: So next time remember to see clearly whether the celestial body described in the
question is a star or a planet, and then determine whether you can directly use color

to distinguish whether the temperature is higher or lower!
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¥ hEE BEF thiE
electromagnetic wave | EERLK galaxy EAR
X ray X B4 galaxy cluster EENE]
visible light AR nebula BE
Hubble law M {H E super-cluster FHE 2
red shift WSS ultraviolet ray RAINR
infrared rays AR galaxy PR 21
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isotropy A radio wave JRELR ERORY
cosmic microwave

star cluster £ E FHWOR & SRS
background

©® The wavelengths of the electromagnetic wave band from short to long
should be y , and

4 - The wavelengths of the electromagnetic wave band from short to long should be X-

rays, ultraviolet rays, visible light, infrared rays and radio waves.

FERER B 2 R R AL R IE Ry X 4R ~ BOIER ~ mIFDYE ~ ALHMRELIRAR L, -

E ® Two observations that support the theory are and . ]

4] - Two observations that support the Big Bang theory are expansion of the universe

and the cosmic microwave background radiation.
SRR R R E EE BT IR T H O & 5 -
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After studying this section, students should be able to:
— ~ BARESR AL IR S e RTYBUIER S
Apply the redshift phenomenon to observational phenomena.
= HINEE B g R R E R R B A 0 B
Understand preliminarily that stars release different energies of the electromagnetic

wave.
= TETFHEWOE S SRS ATEUIE] 2 SR -

Understand the phenomenon and content of the cosmic microwave background radiation.

o IEERE s
{5l RE—

(ZE ) An astronomer focuses on the observation data of two celestial bodies, A and B, for

analysis, and then determines that one of them is a galaxy and the other is a galaxy
cluster. If the mass of A is about 1000 times that of B, and if the wavelength of the
corresponding spectral lines emitted by some elements in body A is greater than that
of the same elements in body B. Which of the following statements is correct?

(A) A is a galaxy cluster, and recessional velocity is smaller than that of B.

(B) A is a galaxy and is farther away from earth than B.

(C) B is a galaxy cluster, and the recessional velocity is smaller than that of A.

(D) A is a galaxy, and is closer to earth than B.

(E) A is a galaxy cluster, and the recessional velocity is greater than that of B.
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:
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In the question, it is said that “the wavelength of A is greater than that of B”.
Therefore, is A more likely to be infrared or ultraviolet?

Infrared! Infrared has a longer wavelength.

Just like Hubble’s law we mentioned before, the phenomenon observed by Hubble
is that the galaxies in the universe are all ...?

Moving away from the Milky Way galaxy!

So does the phenomenon of moving away from the Milky Way produce redshift or
blueshift?

It produces the redshift phenomenon; the wavelength gradually shifts toward red
light.

That’s right! The farther a galaxy is from us, the faster it moves away!

Then let me ask everyone again, will Polaris gradually move away from the Earth?
No, it won’t! Because the unit of Hubble’s Law is “galaxy”. The Polaris and the
Earth are both celestial bodies in the Milky Way. Therefore, they will not be affected
by Hubble’s Law!
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(3237 ) Through a sheet of red glass, we would view all scenes in various shades of red. When
using the sheet of red glass to photograph the starry sky, all the stars are bright and
red in different shades. Now let us take a picture of the starry sky with a camera
through a telescope. For the same sky area, we take an photo with a sheet of red and
blue glass respectively. What information about stars can be obtained from the photos?
(A) Comparing the two photos, the age of the star can be determined.

(B) Comparing the two photos, the distance to the star can be determined.

(C) Comparing the two photos, hot blue stars can be identified.

(D) From the photo taken via a blue glass, it is possible to distinguish which are cool
stars.

(E) From the photo taken via a red glass, red stars are very bright.

(FF30) BIBLLEIT R - BIEFTA SRR EHREA —1La e - FRmEsE - Al
AT AL 2 &1 22 A [FIRVAL (0 - B 1 5 gl F AR fr B 2 - ﬁf%ﬁﬁ—%@ ’
TR LAEL 0 KBS I | S0 — @A o (RIS I 2 HY AR R
(MEEXRIERC G - sEHIET IR = A -

(Bt iiE & - A HIE A 2 Ay FE R -
(OtLHMilER A - SEPFILECRARE -
(DYEEE I 7 525 T - BEREn IR 2 EORIALE -
(EMESLEIIE /28T - O EIRE IR -
(110 FE2HIE 66 )

Teacher: When using different filters to observe stars, what characteristics do we know from
the stars?
Student: The length of the electromagnetic wave radiated by stars?

Teacher: Right! Therefore, the photos of stars taken with sheets of red and blue glass can only

tell the lengths of electromagnetic waves radiated by celestial bodies!
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Student: So.... can we not determine the distance between the stars and the earth from the
photo?

Teacher: That’s right. If you want to determine the distance of a star, you need to do it through
the magnitude value!

Student: Got it! Then if a star emits more lights with electromagnetic wavelength toward blue
lights than red lights, the temperature of this star should be relatively high!

Teacher: Very good! So observations through different filters can actually provide us with a

lot of information about stars.
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(L3 ) Which of the following statements about the cosmic microwave background radiation
and stars observed in the 20th century are correct? (choose 2 answers)

(A) The cosmic microwave background radiation has existed in the universe
longer than the age of stars.

(B) The temperature of cosmic microwave background radiation must be higher than
the average surface temperature of stars.

(C) Regarding the spectrums of cosmic microwave background radiation and stars,
both haves discontinuous spectrum lines.

(D) The average wavelength of the cosmic microwave background radiation must
be longer than the visible light wavelength of the stellar spectrum.

(E) The distribution of the cosmic microwave background radiation in each direction
of the power passing through per unit area vertically in space is more uneven than
that of stars.

(F32) TR - ACEUR T i 0 & SR A R 2 ARG - UREEIERE ? (FE

H2IH)

(A) FHMESRENETHPFENREANEENFER -

(B) FHITHUN B SHEHAVRE - —EtLR ENREFERES -

(C) F U B RN T B B ERs - #EA N EENFER -

(D) FHMKERENNHIER » —EHEEERENTREERER -

(B) FHMCK & S Baa it 22 6] v 25 B A AR T BT R Z RAE & 05 M HY 734

EEN 2B R/ AE A -
(106 FFEHIZE 31 )

Teacher: The cosmic microwave background radiation refers to the radiation released by early
stars formed after Big Bang. Due to the expansion of the universe, the wavelengths
of electromagnetic waves emitted by early stars are stretched causing the decline in
energy. The stretched wavelength as it can be observed today is just in the
microwave spectrum.

Student: So the microwave found in the universe should fill in the entire universe, that is,
are there microwaves found in all directions?

Teacher: Yes, just think about it, should the microwave of the universe be evenly dispersed

everywhere or not?
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Student: Is it spread evenly everywhere...?

Teacher: If the microwave radiation is a result of the Big Bang when the Big Bang occurs,

will the matter be distributed evenly or unevenly in each source ?

Student: It should be distributed unevenly.

Teacher: That’s right, so the cosmic microwave background radiation is also distributed in

A

BA

A -

B

ZHhi

B4

EH

the universe unevenly, but because the energy is rather small, more sophisticated

instruments are needed to observe the microwave radiation!
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Climate Change
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6-1 TERBRENRIZEE
Climate Change on Multiple Time Scales

F& AR R SR(BEREEE o] UGS AT R HBRSRR - B RUR MBI - HEFEBEIIARZEE~H
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BF thiE BEF thE
climate change AfrEEE Little Ice Age 7INTKEA
plate movement M B 2 Younger Dryas 2RSS
glacial period JKHA Snowball Earth FERHNER
ice core KT axial precession A Ef)
icehouse climate JKERE axial tilt (obliquity) | EE#Ef{tHA
eccentricity IR stalactite A A
Last Glacial Maximum KRR IKEHA sediment JUEY
Milankovitch cycle SRERIESTEER | coral H 3
albedo 7z B3R tree-ring 1o i
fossil st greenhouse gas A R
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interglacial period i 7K EA greenhouse climate | Ji % @[5
megathermal i3 stable isotope TREFMI 2

[ o mainly discusses , and it causes . }

4+ The Milankovitch cycle mainly discusses the changes in the relationship between the sun

and the earth, and it causes the replacement of glacial and interglacial periods.

REEIRHEBTIEER 1 B P H BRI (AL A R KSR KR S -

[ (2] caused a drop in temperature that lasted for . }

4 : The Younger Dryas caused a drop in temperature that lasted for about 1,000 years.
FHLIZARB SRR N - F88Y 1 T4 -
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After studying this section, students should be able to:
— ~ HRRE R A B R B H R R = & -
Understand the three elements of the Milankovitch cycle, which affect the relationship

&

between the sun and the earth.

T AP T OKE R RO R B T KRR KA |
Distinguish “icehouse climate and greenhouse climate” from “glacial and interglacial
periods”.

=~ HgAE RS EN T B R R -

Understand the time scales of the impacts by different climate change factors.
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(JL3Z) As the figure, the current rotation axis of the earth is pointing to x in the figure, and it

tipped by 23.5 degrees from the revolution axis around the sun. If the earth's rotation

axis is tilted to y in the figure, and the angle of tilt is still 23.5 degrees. From the

astronomical point of view, how does the summer and winter in the northern

hemisphere of the earth compare with the actual (current) situation?

orbit

< earth
3§ 5

option

summer

winter

(A)

about the same

about the same

B

colder than now

hotter than now

©

colder than now

colder than now

(D)

hotter than now

hotter than now

(E)

hotter than now

colder than now
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(B) LB S FL B2 < HIER
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(©) LIRS LIRS
(D) LEER A LB
(E) FLER St FLBLS

(103 FEEZ 46 )

Teacher: Is the current summer in the northern hemisphere at perihelion or aphelion?

Student: At perihelion.

Teacher: Why do you think it’s at perihelion?

Student: When the earth is closer to the sun, it will be hotter, and summer will be formed.

Teacher: This concept is wrong!

Teacher: That’s fine. Does anyone know the key reason for the formation of spring, summer,
autumn, and winter?

Student: Is it because of the change in the altitudea of straight sunlight?

Teacher: That’s right, the answer is very good. In summer, the angle between direct light and
the ground line is relatively large, so the energy received per unit area is larger, too.
Thus, the temperature increases.

Teacher: In winter it’s vice versa. The sunlight strike obliquely on the ground with smaller
angle, so the energy received per unit area is less. Thus, the temperature drops.

Student: I see!

Teacher: Currently the northern hemisphere is located at the aphelion in summer and at the
perihelion in winter.

Teacher: So according to the description, if the rotation axis of the earth is tilted to the other

direction, what will happen?

Student: Summer and winter in the northern hemisphere will be reversed!
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Teacher: That’s right! The answer is great, so the summer in the northern hemisphere will
begin when the earth is at perihelion that may result in hotter weather than the
current situation.

Teacher: In winter, the earth will be at aphelion, and it will become colder than the current

situation, so the answer is E.

ERl IR B ATIEFERAYE RIE R HYAT H RS 2 H e 2

B4t JTHEL -

ERN . R(TEE R AR ?

B SRS > StEEE - A GPRERX -

Ehl R (ERESESE SRR |

ERL 2B > A ANIEREGR B ARHEE (2 2

B2 HIRAERyE(Es ?

ERH: IREh o [HIBERY  AEERAVEHEE - EETRRCERPERAYACAEEEOR - (IR
(I R EIRIRE EROA - DR EEES -

Rl ARAINZ - KLU N A ERH— I - Bt AR R R E IR sE Btk )
RN T -

B RN |

Zhl - BRIV E KRB H AL - L RAZEHT HE -

LR FrDORIRE H BRI - B i B AR AYEE - Al s A (SRR ?

B ALFERE R K G RAR |

Rl ek | [BIEAVIREE > BTLULEERE R > HUBREERAENT HRG - SRR -

Rl JFEERRKI - HERERCERT - #ERERCERE HRL > EEEEE S > FiIEE
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6-2 RIFEBEMNRIEFE
Environmental Impacts of Climate Change

B /N & SR A N EBE HY B A MR St BRI BN R E - g DIEE(E
Fo ERGRETHE - /87K R KR AR BT b - B P s - RO -
BRI

i = 7 0 ERERE DI AR R (B B MH B BB A -

B¥ thE B¥F thE
glacial period JKHA U-shaped valley U I

Last Glacial Maximum | KZX7KESHA | Xue Mountain Glacial Cirques ZIE G

relict species FIEEY) fagus RIESYE:

interglacial period Fed /KHA Oncorhynchus masou formosanus | ##(E$0W7fiE

7

[ O Sea level varies in and

4 - Sea level varies in glacial and interglacial periods.

VR e AR KR KA R
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and are relict species of the ice age. }

BIe -

Oncorhynchus masou formosanus and fagus are relict species of the ice age.

METESIVfEE R LB R Ry /OIS SUIAY F 3E AE)

During the Last Glacial Maximum, the sea level was , allowing
to migrate to Taiwan.

BIe -

During the Last Glacial Maximum, the sea level was about 120 meters lower than it is

now, and the Taiwan Strait was almost above the surface of the water, allowing terrestrial

organisms to migrate to Taiwan.

RIRKEIAIEFHEEEFER T 4 120 AR 2ZEEIAFFE HoKHE » BEEEY ]
BEEEE o

EBEREHE »

FEEETARITR - BAEEELITE R
After studying this section, students should be able to:
— ~ B KB AT 2 -

Understand the impact of ice ages on the distribution of land and sea.

» EEORTOKESH AR BB HE -

Understand changes in Taiwan’s environment since the Last Glacial Maximum.

= ~ MRS KIANEE T -

110

Understand the evidence of ice age in Taiwan.
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Enable students to understand why the earth shows different natural phenomena in the

glacial and interglacial periods.

(LX) In the history of earth, the climate has undergone many changes of warm and cold, and

the earth is now in an interglacial period. What phenomena will happen when the earth

enters the interglacial period from the ice age, in which the global temperature rises.?

(Choose 2 items)

(A) Glaciers retreat, ice sheets shrink, and global average sea level rises.

(B) The ice sheet melts and the previously covered land rises.

(C) After the ice melts, a large amount of fresh water is injected into the ocean, causing
the ocean thermohaline circulation to become stronger.

(D) Water evaporation decreases, precipitation rainfall decreases, and deserts expand.

(E) Hotspot volcanos erupts actively, releasing large amounts of greenhouse gases.

(h30) FEMMERHYFES o - SRASF AT 2 TR B b - HERRIER AN - EhER
FHZKHAAE ARSI - 2BGR0R BT > &5 3R 2 (fEEE 2 1H)
(A)KITHER ~ IKREERRV) - £FRPEFE LT -

(B)KERE - R BN E5 -
(C)KRhE > RIR/KREIEANGE > R R BT 8 -
(D)/KsRzcs R ~ FEpR /D > VDiEdER -
(E)EEEK MRS EENERS - B KRB =5 AG -
(104 FELHIE 65 )

Teacher: The options are the phenomena that happen when the earth enters the interglacial
period from the glacial period. Let’s discuss the options in order.

Teacher: Option A, global temperature rises, so what would happen to the volume of glaciers?

Student: The glacier will melt, so the volume of the glacier will decrease.

Teacher: That’s right, you responded well. So when the glacier melts and the volume
decreases, the glacier will retreat. Then, where does the melted ice go?

Student: Does it melt into water and run into the ocean?
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Teacher: That’s right, a large amount of glaciers melts into water and goes to the ocean,
causing sea levels to rise.

Teacher: Next, let’s discuss option B. As discussed just now, a large number of glaciers will
melt, and because the weight of the glaciers is gone, what will happen to the land?

Student: Will it rise?

Teacher: Yes, so glaciers melt and the land beneath them may rise.

Teacher: Let's go on to option C. After the ice melts, a large amount of fresh water goes into
the ocean. How will the density of sea water change?

Student: Will the density increase?

Teacher: Let me remind you, whose density is higher, fresh water or sea water?

Student: Sea water has higher density.

Teacher: Why?

Student: Is it because of his higher salinity?

Teacher: That’s right, there are two factors that affect the density of seawater, temperature
and salinity. The greater the salinity is, the greater the density is.

Student: I got it. Because a lot of fresh water flows into the sea, the density of sea water
decreases!

Teacher: Yeap. As a result, the surface seawater doesn’t sink, and thus the thermohaline
circulation will not become stronger.

Teacher: Option D is relatively simple. What will happen to the evaporation when the
temperature rises?

Student: The evaporation will increase!

Teacher: That’s right! And in option E, the eruptions of hotspot volcanoes have nothing to do

with glacier melting. So we choose A and B for this question.

LRl EEPRCICHEER G KA AR - &5 S8R - TR 5w H

LR A BEH > 2BEGRUR BT AR et g s A (SRR 7

B4 0 KNERb - Bk SRR D -

ERT %8R > FIREEGERE > FrblE K EEfERL bR Vi > KIS &R - AREEE
[ > 15 SR LAY KB S T IE 2

B4 0 RMERORREK - M EE AR S ?

N %8s REMKIEMEREORREK » #AF T/FE - Epo8Fm E7t -

EHD  PEETTET S B BRI - WMIMIA R E] > RERK)TERE - W HR A

TKNEER - Rt A (RS AEE ?
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6-3 ABEEEEAFTARMREE

Human Activities and Recent Climate Change

MEFHFFRREEEBNER  FREEEHARRUR ABREFRR - NG EE
ERLESTATHT 1000 SEASHBRSFORAVEL » s BRI HY IE M85 5 & [Pl AR HTUE -
B2 e AR SCB A = S00E 2 AH B 445 4

B¥ i B¥ hiE

Intergovernmental Panel on | & B8 T ] Sa fi% 528

greenhouse gas RS
Climate Change BEZEY

global warming 2IRBEL

O After the industrial revolution, have been emitted, which has
significantly affected .

4y« After the industrial revolution, a large amount of greenhouse gases have been emitted,

which has significantly affected the earth’s temperature.
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E (2] and increases greenhouse gases in the atmosphere. }

4y« Oil recovery and use of fossil fuels increases greenhouse gases in the atmosphere.
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After studying this section, students should be able to:
— ~ B NBUEBIE RIE S & -
Understand the impact of human activities on climate.
.~ PR SRACHYRESE -
Understand the types of greenhouse gases.
= ~ Hf s BROR I IR O] 65 K A [0 o

Understand the positive and negative feedbacks that affect temperature.

o IEERE s

BlE—

ste ¢ RS A SUEEN A RANR = RASHY AR -

Enable students to understand the sources of greenhouse gases related to human activities

(£ ) Greenhouse gases absorb heat radiated from the earth’s surface, causing the heat

insulation on the earth’s surface. The increase of greenhouse gases by human activities
is a major cause of global warming. Which of the following gases are “greenhouse
gases increased by human activities”? (Choose 3 items)

(A)CHs (B)CO: (C)N:0 (D)N» (E)H,0

(HR30) = RAS G R O R RS BAEE - EECRAVRORRSE AR RZ g HIAY R = R
A BRI By — R EN - MY RASE " N AUEENMm S e =R A ) 7
(e 3 18)

(A)CHs (B)CO: (C)N:0 (D)N» (E)H,0
(107 FFREEHIZE 46 78 )
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Teacher: Greenhouse gases can be increased by human activities. Which of the options are
greenhouse gases?

Student: Are they option A, B, C, and E?

Teacher: That’s right! Considering the increase due to human activities, where does option A
Chs mostly come from?

Student: Is it from animal husbandry?

Teacher: That’s right, it is mostly from animal husbandry! What about option B CO»?

Student: Does it come from carbon dioxide emitted by living creatures?

Teacher: No, we are talking about sources related to human activities.

Student: Does it come from the burning of fossil fuels?

Teacher: Great answer, what about N2O?

Student: It is from the exhaust fumes emitted by automobiles and motorcycles.

Teacher: Good answer, what about H,O?

Student: It exists in nature and is not caused by human activities.

Teacher: All students responded very well, the answer is A, B, C.

CRN  OREREEE R R NEUEENMIGI0 - 550022 R (8 Kyl = RASTE 2
B4 ABCEIIE?

Chl 2EER | BB A BUSEIFTERIAERE - A BETH CHs - KK E AR 2
B EEYPCGES?

ERE  9EEE - BHCE | I B ZIH COE ?

B APk A bR ?

EHL : AR - RS =R NSV SEA B -

B4 PRELAENEHE 7

N [EIBEARE - HRIEE N2O UE ?

B ORPEEBERHVEER -

RN [EERYIRE | HREE H0 UE ?

B HARAKEAE T AR ABEEERHY

CHN B EEAEIEARE - BEEE A, B,Ce
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6-4 AEREEZE
\ Responding to Climate Change

A& (E/NE T 4ERE R SRR B - BN - RIEEE ST EihER LE
& o EE/NETRG B ME - NSRBI - PtV AESR -
nh 0 > ERAERE DATRCSCHE AR (R B L AHRR UK -

BEF thiE EF thiE
Paris Agreement EERR i E retardation Vi

The United Nations Framework
& Bl w21k

Convention on Climate Change Kyoto Protocol HER T E
(UNFCCC)
Copenhagen Accord EPARIGTR A E climatic adaptation | SRfEEHE 7
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(1 was adopted at on

47 : The Paris Agreement was adopted at the 2015 United Nations Climate Summit on
December 12, 2015.
(EEZRfAE ) 722015 42 12 H 12 HAE 2015 5 & Bl feld g i
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® Through , it is expected that can be controlled.

4 - Through climate adaptation actions, it is expected that climate change can be controlled.

KHREREITE) > JHSERES PR SR AR -

s BEEE o

FEEEE AR TTE - BAEEBII MR
After studying this section, students should be able to:
— BRI ENNE -
Understand the content of the Paris Agreement.
o~ ARV T Ky n] DU TSR (B A
Understand what actions are available for climate adaptation.
= ~ B NIRRT Roaz A0 {rT ke Bk R -

Understand how human actions can retard carbon emissions.
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Enable students to understand how carbon storage is related to “the 4 subsystems in the

earth system including lithosphere, atmosphere, hydrosphere, and biosphere™.

(LX) In response to the signing of the Kyoto Protocol, developed countries have begun to

consider imposing a “carbon tax” to control carbon dioxide emissions. From the

perspective of the carbon cycle, the Kyoto Protocol mainly regulates the in-and-out of

carbon storage between which two earth spheres out of the four?

(A) The sphere where carbon moved out: the lithosphere; the sphere where carbon
moved in: the biosphere.

(B) The sphere where carbon moves out: the hydrosphere; the sphere where carbon
moves in: the lithosphere.

(C) The sphere in which carbon moves out: the aerosphere; the sphere in which carbon
moves in: the hydrosphere.

(D) The sphere where carbon moves out: the lithosphere; the sphere where
carbon moves in: the atmosphere.

(E) The sphere where carbon moves out: the aerosphere; the sphere where carbon

moves in: the lithosphere.

(H0) NEREGRE FH%E - T REIZ S R AU " ieii ) - VBRI & bhxRey
HEICE - SURTEERAY A S - ST & £ 22 E AR BK S 4y VU(E
o AR {1 Rl g (e RS L B AL 2
(A) BB HME - Sak s AR - AP -
(B) tixf&hAvRE « JKEE B AR - S a -
(C) bk AV : SRl ikfs AR : KE -
(D) WRBHAVE - Sak  REARE @ RE -
(E) oI « Rl fs ARV SakE -
(104 FEEE 18 )
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Teacher:

Student:
Teacher:
Student:
Student:

Teacher:

Teacher:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Teacher:

Student:

Teacher:

i -

B
2 -
B

B

I would like to you, there are four spheres in the earth system, like the biosphere.
Do you know any other spheres?

Lithosphere?

Great answer, what else?

Hydrosphere!

Atmosphere.

That’s right, everyone responds very well. Our earth system is mainly divided into
these four spheres, namely the atmosphere, lithosphere, hydrosphere and biosphere.
In the Kyoto Protocol, it specifically emphasizes carbon dioxide emissions from
human activities.

Let me ask you, which sphere in the earth system should we restrain the carbon
storage?

To retrain carbon dioxide released by human activities, I think the answer is the
biosphere.

Your idea is very good, but it is not the biosphere. Can you please think more
carefully, what humans activities may produce carbon dioxide?

The burning of fossil fuels?

That’s right, so should fossil fuels be stored in the biosphere or the lithosphere?
Hmm... lithosphere?

That’s right, the lithosphere, so we want to restrain the release of carbon from the
lithosphere.

So which earth subsystem does this released carbon dioxide move into?

Because it will move into the atmosphere, I think it is the atmosphere.

Bravo! The earth subsystem in which we want to restrain the moving-in of carbon

is the atmosphere. So the answer is D.
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Sustainable Development and Resource Utilization

AR TS TR R, Bt AT
BT LRHRE RS GRS & BRANE
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7-1 X#EERE

. Sustainable Development

BrEE: 2015 SR TOKESEEEE ) (SDGs) 51E 17 BUKBREIERE - IS
BN K E A EECRE HAF - BN KRR DS PRS-
R DERBUT A EL ~ R ESRENPIRE - BUREB R A EHEEBCR » R
BRI SRR A S S AR 2K -

w0 > ERAERE DATARSCE A T 5% FR AT B 44 e A R

5] miym—

BF thE ¥ thE
environment §282=) society e
environmental pollution R TH biodiversity EyE2Es
economy Gy greenhouse gas RS
energy saving and carbon Sustainable Development

iR kR Tk S H AR
reduction Goals (SDGs)
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©® The of the United Nations Sustainable Development Goals is

4 - The first of the United Nations Sustainable Development Goals is to eliminate poverty

in the world.

e Uk @S QIR AV —IH > R EORPRIE A P AVEES -

® If we can reduce per person, we can contribute to

4 - If we can reduce the daily electricity consumption per person, we can contribute to

energy saving and carbon reduction.
GRS NG RIVFEER » Bies REIR bR EE —(5 0T -

s BEEE o
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After studying this section, students should be able to:
— TSR B E A -

Understand various environmental issues and their corresponding causes.
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(LX) There are several mistakes in the following passage. Which of the following statements
underlined in bold are correct? (Choose 3 items)

Human life is deeply dependent on oil; however_ (A) petroleum is a type of fossil fuel,

a non-renewable resource that will eventually be exhausted, and the extensive use

of petroleum has caused many negative impacts on the earth’s environment and its
sustainable development. Petroleum is often used as fuel and is the source of energy

for the operation of many machines. But (B) the burning of petroleum will release a

large amount of carbon dioxide into the atmosphere, strengthening the

oreenhouse effect, which has been considered the main cause of global warming

today. And (C) after carbon dioxide enters the stratosphere, it will react with

ozone, leading to the generation of the ozone hole. In addition, the result of the

sudden increase of carbon dioxide in the atmosphere also results in a sudden increase
in the dissolved and absorbed carbon dioxide in the ocean. Formation of carbonic acid

causes ocean acidification. (D) Organisms with siliceous shells living in the ocean,

such as diatoms, will face the risk of shell dissolution, and the ecosystem will also

be in danger. Petroleum is also a raw material for plastic products, and most plastics
are difficult to decompose naturally. Many waste plastic products that have not been

properly recycled will end up in the ocean. (E) In the central sea area of the North

Pacific Gyre, where the current flow is slow, large blocks of plastic debris are

found there. Because the amount of these debris are too large in seawater, they have

seriously damaged the marine ecological environment.
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Teacher: What do you think the question stem is mainly conveying?

Student: Human impact and harm to the environment?

Teacher: Yes. As you can see from the various options, whether it is the use of petroleum or
plastic waste, there is a certain impact on the environment.

But when we see option C, in fact, it is a bait!

Student: Why isn’t carbon dioxide the cause of the ozone hole?

Teacher: The formation of the ozone hole i1s mainly due to the influence of
chlorofluorocarbons, it is not directly related to carbon dioxide!

Student: I know! The Montreal Protocol is banning the use of CFCs!

Teacher: That’s right. In fact, the ozone hole does not mean that the ozone really broke a hole,
but only the local ozone concentration is lower than that of other places, so it is
called the ozone hole!

Teacher: When facing the issue of climate change, we often blame all the causes of events on
the most commonly heard greenhouse effect, but in fact, different phenomena have
different influencing factors!

Student: So is it necessary to understand exactly the phenomena and causes of various climate

changes?
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Teacher: Right! Like in option D, it is because carbon dioxide causes ocean acidification, and
ocean acidification makes calcium carbonate more soluble, so it should be calcium
carbonate shell organisms not siliceous shell organisms that are threatened by shell

dissolution!

Student: Got it! Thank you teacher!
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7-2 EiAERESHER
Saving Resources and Rational Development
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non-renewable energy JEFAEREJR | fossil energy {LERER
geothermal energy HhZARE renewable energy FAEREIR
solar energy KF5RE finiteness HIEM:
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O Renewable energy includes ) , etc.; non-renewable energy
includes , etc.

4 - Renewable energy includes solar energy, geothermal energy, ocean energy, wind energy,
etc.; non-renewable energy includes oil, coal, natural gas, etc.
HARIRE S KIGEE - #EE - /B - BEeS s JREARERE & - R - K

® Whether we are using renewable or non-renewable energy is used,
needs to be considered.

4] : Whether we are using renewable or non-renewable energy is used, the carrying

capacity of the environment needs to be considered.

fsme it A B ERA R - MR ES RIS A E -

o BEHE »

AR - 2AEEBIITER
After studying this section, students should be able to know that:
— ~ R E IR S B EIH S JT R -
Understand the various issues that need to be considered in the use of resources.
~ It AR (5 P e T B A S R R S SR

Understand the use of energy and its corresponding environmental issues.
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(F£37 ) Sustainable development must meet the needs of present and future generations without

exceeding the "environmental carrying capacity", and the strategies taken should be
socially acceptable, economically beneficial, and technically feasible. Taking water
resources as an example, "environmental carrying capacity” refers to the maximum
water resources that can be supplied. In response to drought events or future water
shortages, modern society often adopts the following strategies:

A. Building reservoirs or weirs

Promoting water conservation

Promote rainwater storage and waste water recycling

Build seawater desalination plants

mo o w

Extraction of groundwater

From the perspective of sustainable development, which of the following statements

are correct? (Choose 3 items)

(A) There are environmental protection doubts in A, so it is better to wait until water
shortage occurs then we implement A.

(B) We should try to give consideration to the quality of life when implementing
B.

(C) The water source of D is inexhaustible, and it should be vigorously promoted
unconditionally.

(D) We need to consider issues if land subsidence and water quality in E.

(E) Of all the above strategies, B and C fit most with the spirit of sustainable

development
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Teacher: Why can't we choose option A and C in this question?

Student: It will be too late to do option A after the water shortage occurs, and the vigorous
implementation of option C will cause the shortage of water resources!

Teacher: Indeed! When using various resources, regardless of the source or type of resources,
we should consider if the implementation would strike the balance!

Student: Does the environmental carrying capacity refer to finding a balance between using
resources and maintaining resources?

Teacher: Right! We should not demand unlimited resources just because we have a lot of them
or because we think that such a resource is not harmful to the environment.

Student: Learn it! In order to achieve sustainable development, learning how to properly use
resources is important!

Teacher: Very good! I believe that everyone can become a powerful promoter of sustainable

development!
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(JL3Z ) Which of the following environmental problems may be alleviated by using
"bioenergy"? (Choose 2 items)
(A) Eutrophication (B) Landslides (C) Greenhouse effect (D) Land subsidence
(E) Acid rain

(FR30) EA TAEEREIE o B FTREIREE TAIREIREE M © (FEEE 2 TH)
(AKEEEE B) LA (CPREXE (D)it)E Mg (B)ER

(& THERE hE2 107 EReE 8 T EREE = 525 24 )

Teacher: The use of bioenergy can reduce our dependence on non-renewable energy. When
we reduce the use of non-renewable energy, such as petroleum and coal, what
environmental issues can be reduced?

Student: Air pollution?

Teacher: That's right! For example, the intensified greenhouse effect is due to a large amount
of greenhouse gasses released to the atmosphere, and the cause of acid rain is also
resulted from the large amount of carbon dioxide emissions caused by the use of
non-renewable energy sources.

Student: It turns out that none of the other options are directly related to the use of bioenergy!

Teacher: Right! The main cause of eutrophication is the water polluted by animal husbandry
or household wastewater. Landslides are related to water and soil conservation.
What about land subsidence?

Student: Excessive groundwater pumping!

Teacher: Very good! Everyone already has a certain understanding of energy use and

environmental issues!

132 BB EFRETRLN A RPEH FHERT B



.‘}f",,\i\m,é’:‘
. L

133

) xT

ERi

B

i -

B

A -

B

ER

R g 'p’f%—;iﬁ»{h‘?{s 7

{5 A B REE ] LGRS IR AR RE R I R R R - B S KRV IEFARE
5)? » IEH ~ BESREEREA o m] DUR D IIREEER R SR 7

RoFge?
/xﬁta& | R = EER A N ER = RIS EA KRR - BRI AR A,
TR I EEAERRIRAYE SR E S bR -
JEARANIL - FAEETE AR B (S A AR B AR 2 BRI R |
¥ KEEEBLNERER HEYCESUE R ERKFTER A KETE . A
MAEEK +OriAHRE - ARREE T FETE 2
I K !
REF | R Re R (E SRR A LA — E AR AR T

3R AR EERE TR RRPEP H

o. P~ REFREFL Y

KT



OV mT T T R EERT oo TFFCEBEREFT

BSNEEER More to Explore

NASA Earth Science | Science Mission Directorate

F B NASA » F2{E gt BRRHER A RE AR -
https://science.nasa.gov/earth-science

BGS (British Geological Survey)

HEARRE L -

https://www.bgs.ac.uk/discovering-geology/

NOAA-Basic Weather Education

et 4a 2R SR B TR E R4S -
https://www.weather.gov/crp/weather education

AMS (American Meteorological Society) education-

program

fEftas K-12 ZEmHEkR AR &R -

https://www.ametsoc.org/index.cfm/ams/education-

careers/education-program/

MIT opencourseware

B ERSRAR R o
https://ocw.mit.edu/courses/12-510-introduction-to-

seismology-spring-2010/
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PBS LearingMedia

EREERILE » SERSYER > R E R A
SRS R > MO AR -

https://www.pbslearningmedia.org/

Khan Academy

ATERRE - A AR AR R B R R R R R o

https://www.khanacademy.org/

Interactive Simulations, University of Colorado Boulder

O F=CERSERE - bR T HUERRIE  BEHHME AR -
https://phet.colorado.edu/
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A Reference Handbook for Senior High School Bilingual Teachers in
the Domain of Natural Sciences (Earth Sciences): Instructional
Language in English

[ 10" grade]

amEN : B EACEMSE AR EEH BT PO
= f5E

ulmm‘

SE . HBEAMERE REMAE T

. B UPEE . DEE - RAE

it
op

= GamE BY

=

70N

]]]I
?ﬁ

o EIRHEHR : RIKE

=  IEHE : JUPE Design

BB AGREERT TR R RPEP FERNR






B ECME KBEEHEBHRFEDDO

NCUE BILINGUAL EDUCATION RESEARCH CENTER

REMMEEAREZNHEE

MOE DEPARTMENT OF TEACHER AND ART EDUCATION




	空白頁面
	空白頁面



