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The Scientific Attitude and Method
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1-1 REBEE
Scientific Attitude

M ZUTFE R AR I RE RS By | RIEERERE > H e TEME - 8 - BEAE
BIRIEE: - EHBGEAVE SRS SR RV E BRI SRR T > USSR AT B THYRR
FE o
BBBIARER - 2 17 TSI B A B (1 - R TOUR B N FEEE G
AT aERY AT AR HE RN EACK AR B - HERIEIREL A AR FIAVEE
M - AR AT DL B RHER R B0 SO AT IR SR - RIS IR e+ E R - A
RELUNEhHH s R R BRI R > INIERIERS B e Bhny— == - (HE2E T 20
HECw) > ERETHE DR TG > WRThiRe TOCERIEE R - (it » TR TEDE
JERRl > B TR KL B2 o AR B BRI TRV EE BRI SRR R 2 IR A RIS -

EF thE BEF thaE
scientific attitude FIEEREE light St
rationality M corpuscular theory PG
objectivity & wave model KBRS
hypothesis (ESH reflection 5+
observation e refraction i
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https://terms.naer.edu.tw/detail/3220459/?index=1
https://terms.naer.edu.tw/detail/3220494/?index=1

’i’?b?&% ot Q — Dl by > 2 )4 > - s
comparison bLi interference T
mathematical derivation | B{E2HEZE light quantum HET
experiment Hha wave-particle duality | JZH G

[ o is made up of . }

4] : People used to believe that light was made up of many tiny particles.
LIRTHI AR By » SER BT 20 NI R T-4H K

[ O from to }

5] : Reflection and refraction occur when light travels from one medium to another.

JERE— TR VR R STl - S AR RS HER SR -

[ © propose the hypothesis that S+V }

#i4) - Huygens proposed the hypothesis that light behaved as wave motion.
TR DRI EER -

[ O® S+V by . }

#l4] : Thomas Young observed the phenomenon of light interference by setting up the double-

slit experiment.

R B BRI TR -
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FEERESE AR IR - BAEEGI MR
After studying this chapter, students should be able to know that:
—  MERREESENE - FE - ZT7REk - BRI - BEiEE
the scientific attitude includes rationality, objectivity, multiple propositions, specific

observations, logical reasoning, etc.
» BIERRE o8

plEE—

st ¢ BERE IR R P E R T ABURAR -

Students can use a balance and know the weighing process.

(<37 ) The scientific attitude means the attitude held by scientists when conducting scientific
researches. Which of the following is not scientific attitude?
(A) Staying curious
(B) Staying rational
(C) Avoiding jumping right into conclusion

(D) Firmly believing the inference from the result of a single experiment

(th30) FIERRE RPN EZETR BT FTRRRE - TAIE AR ?

(A)PRFFAF =T (B)PrFFEEME
(Ot Naham DR FE—ERGERER
(X4mE 109 F R HEAFEE)
fiZRE Solution :

MEREEG SN - F8 - T LR = MR o BOGR - DA S RZERTE T
A > PEESR R HIERS [T H S22 A 1EM > RRBERE -EREREILA S bl
SRRV RATIHIHES R - AT RIEEREE - BUE(D) -
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The scientific attitude should include rationality, objectivity, curiosity, and not jumping into
conclusion too soon. For example, the assumption that the gravity doesn’t work on the moon
because the moon doesn’t fall down from the sky, is the outcome of relying on one single
experimental result without multiple comparisons and investigation. Such an attitude is not

scientific, and therefore the answer is (D).

Teacher: How do we know that gravity exists through observation?

Student: Apples fall down to the ground because of gravity.

Teacher: Then does the gravity work on the moon? Otherwise why does the moon not fall
down?

Studentl: Since the moon is very far from the Earth and is little affected by gravity, it doesn’t
fall down.
Student 2: The moon is also affected by the gravity of the Sun. The summation force is zero

so it doesn’t fall down.

Teacher: Is the moon still or moving?

Student: The moon orbits around the Earth.

Teacher: Does an object need any force (centripetal force) to shift around a circle?

Student: Yes, it does.

Teacher: Since the moves around the Earth, it means that the moon needs centripetal force
to pull it around. What is the source that provides this force?

Student: The Earth.

Teacher: The moon is affected by the gravity of the Earth. It is such force that keeps the
moon moving around the Earth, instead of moving straight forward away from the
Earth.
In sum, objects may not always fall down to the Earth when exerted by
gravitational force. Thus, if we jump into a conclusion too soon with just one single

experiment, we fail to follow the scientific attitude. Therefore, the answer is (D).
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1-2 B8R
. Scientific Method

TEPRAPI2HEIE T » —FRGHIBISR G R TR - #53  MBEERIIEE T ARG
LR B BURES » WS I EACERIRY R - BIRE R TRERTTE ) -

REITREE RSN PP ¢ LETEZ - 2380 - 3. 8t - 4 0 &k
BLEGEE ~ S ECRER - 6.9 Z/MET T EEN: -

BRBIPESR PR BB B R LR R R EBE R 51R% - HE—EVHIRS -
EAATDURUR N 2R - LB RO T AVETER ) BEARIETET - ORI B AR RE =

HyEE (REE ) AT EYE (B8 ) KB HEGHRITEREE - FGE " 2
EMRERE - W DBLHEMPARVEERE (WFEE) MHa A -

B¥F thiE ¥ thi
scientific method RIETE heat quantity/thermal energy | ZAE/ZNEE
caloric theory of heat BB energy AEE
observation e motion ]
hypothesis (EE0 repeatability mEE M
experiment =4 conversion/transformation HELA
analysis AKXl
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[ o by + V-ing }

4 : Children learn by observing adults.
AN FEBIER A A SR -

[ ® S+V when S+V. }

#4] : He proposed the hypothesis stating that “When the color of fruit changes, it’s ripe.”
fife it " E KRB ORIREA ) WRER

[ (3] provide . }
4] : Nothing can provide unlimited thermal energy.

A EPIRE AT LR R B 24

o BEEE »

AR ITR - 2AEEBIITER
After studying this chapter, students should be able to know that:
— ~ BEITEA —EWEF -
The scientific method has its certain procedures.
C RIEJTERE PR e Bt > o BsE - ROV
The scientific method usually includes observation, formulating hypothesis, experiment

design, verification, analysis, induction, etc.
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Make students understand the procedure of scientific methods.

(LX) Teachers asked students to design an experiment about the relationship between the
time duration of chalks soaks in water and the hardness required to break the chalk.
The method is to soak the chalk in the water for a while, and use the same method to
find out the minimum force needed to break the chalk. Which of the following test

recording sheets is most suitable for such experimental purpose?

A (B)
Group 1 2 3 4 Group 1 2 3 4
Color of chalk white | white | white | white | | Color of chalk white | red | blue | yellow
Soaking time (s) 20 40 60 80 Soaking time (s) 20 |40 |60 80
Length of chalk(cm) 8 8 8 8 Length of chalk(cm) 5 6 7 8
Minimum external force(kgw) Minimum external force(kgw)
(©) (D)
Group 1 2 3 4 Group 1 2 3 4
Color of chalk white | red blue | yellow Color of chalk red red red red
Soaking time (s) 20 20 20 20 Soaking time (s) 40 40 40 40
Length of chalk(cm) 8 8 8 8 Length of chalk(cm) 5 6 7 8
Minimum external force(kgw) Minimum external force(kgw)
=T B Y N I\ N=N = I\ I 2
(HP30) ERTEOREE - aeat—EA R EAKPIRIEIRRE - Bk e 7 R (R

B - ERTARIGRERIWK— B > BEMHERG A - EHTE
FERTRERIER/NNT - B NFERNE R > MR B Gt T A

Ay EER EH A ?
(A) (B)

K B s ) =3 | = = | m Ry =] == = | m
BEME | éa a | a BEME CHESE K.
2 a5 () 20 | 40 | 60 | 80 2085 1 (s) 20 | 40 | 60 | 80
By # F S (em) 8 8 8 8 > % Fc & (em) 5 6 7 8
F NI A (kgw) R 5h 7 (kgw)

©) (D)

R s ) — =l =] m 5 da % =< | =" =] %9
BEME =] 4r ¥ | % BEME iz | 4x $r | 4z
2 uE R (s) 20 | 20 | 20 | 20 & R(s) 40 | 40 | 40 | 40
By % Fe f (cm) 8 8 8 8 ¥y ¥ Fc E (cm) 5 6 7 8
¥ )8 98 71 (kgw) W 4 71 (kgw)

(105 &% 21)
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#ZFH Solution :

B HAVENGEH ERESGHEROH ZHET - NitsstE85% - BERhEEKPRE
P[] LRy SRR 2L 2 IR (4 - BREERE TS KRBT | HA R ZE A AT
DARSEE (AN TR IN R RS ) » EiAg i E (A B IH BN R 2 i ] - H
AR EE © FEZHRITAE (% - INELEE(A)

This experiment aims to determine if the wetness of chalks may influence its stiffness. Therefore,
we observe the relationship between the time of soaking chalk in water and the difficulty of
breaking it. The independent variable is “the length of soaking time.” Other factors cannot be
changed (the unchangeable factors are controlled variables.) Table (A) shows that the changed
variable is the length of soaking time, and the other factors are fixed. Its design is suitable for

what the experiment aims to find out. Hence, the answer is (A).

Teacher: What are the factors that may affect the difficulty of breaking chalks?

Student: Material, temperature, wetness, length, and how hard it is pressed when being
used.

Teacher: Good, let’s assume that wetness of the chalk is one of the factor. If we want to
investigate how the time duration the chalk soaks in water affects its stiffness,
which factor should be changed?

Student: The length of time for soaking the chalk.

Teacher: In this experiment, the factor being changed is called the manipulated variable,
while other unchanged factors are called controlled variables. In this experiment,
what are the controlled variables?

Student: Material, temperature, length, color, and brand.

Teacher: Good. So what’s the answer to this question?

Student: The answer is (A).

ZRN . WPERER - AR g B EE VS EEE ?

B MEE - RE - RE - EFHHOREE

RN A AR RER S S B SRR - SRR SR /K e BB Y
S REERR R - B RN ?

R R SR KIR ] o

Ehl  FEERT o SCEHINERE RGN > HAA SRR R R A - 5
[Ty 22 /K s e B 24 e 0 A T Y B (e DR B PR 2 B P S R 2

B4 MEE - RE - BEE BE -

Ehl - REF > LIS RS BT ?

B4 0 BEREEA) -

10 BB AR EFRETRLE FEP FEHE B
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1-3 BIRREMH]
International System of Units

VI R EALAVER] - FrEEEINYIEE > #iam R/NELER AL - BR b im A
ARSI R T BIPEEALE]  (VAEE ¢ Systeme International d'Unités ) > {7/ SI o ST & {[

HAY R KB - AR R H B S S HE 2 ISt Rk

(1) I - BAL 2 FD(s) (5) JRE(T) > Bz - ST HIL(K)
(2) £EL) > B © AR (m) (6) JesRE®) - B * EE(cd)
(3) E&E(m) - B : Ar(ke) (7) YEHEM) - B - HH(mol)

(4) IR > BfL © ZHHA)

Hr g - #n] dis CEEAY S HEME - fra Rt el i A s B
fir > SHATRK o A0 - 2R T RAEFR SR » R AR A R (/) -

Fo T HEHILAETE PR B/ NV ER - R A AR (prefix) HITE AR AR BELAL AV AT  H RATATER
S0P ET 102G 1°2M- 1002 k> 10°Em-10°F pn-10°FEn~ 1022
p~ 1015 2 f5 o

B4 1 km AHER 1000 m o> FECFE 1 km £y 1 AR - AHE 1000 AR < 546 > Ve
HHIRZFVRER ps » AHETY 10725 -

BUOp AR ESRE TR PR HEER
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EF thEE EF hEE
International System of Units | B[4 517 amount of substance | /B ¥ =
physical quantity Y E derived units HH A
base unit FAREEAr velocity/speed RIS
length R=E density I
time A i energy BEE
mass BE micrometer/micron ek
electric current B nanometer Zok
thermodynamic temperature | ZAJJEL A E femtosecond FreFp
luminous intensity Yo millihertz EE ML

[ (1) must (VR). }

#ilt] : Measurements must include quantity and unit.

e EREEBIE KL -

{9 _ are____ . }

#l4] : The SI units for mass, length, and time are kilogram(kg), meter(m), and second (s).
BE - REMSENVBIEEARN - ShlEAT ~ AR #b -

12 B R AMBEFRETRLY PEP EFER S
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[ © other than . }

#1147 : Combinations other than base units are called derived units.

BB LIS - T8 R H B -

[ o the product of }

5] « The area of a rectangular is the product of its length and width.
RITPH AR & R TR -

[ (5] is proportional to . }

ffil5) : The mass of a cup of water is proportional to its volume.

—MUKRVE & > BEITERVRGREIELE -

[ (6] stand for . }

{545 - Micro stands for 10 to the negative 6™ power, represented by the symbol of {
T R 10195 6 907 oL [ rRrgReeT -

o BEEHE »

FEEEE S AR TT% - BAEERFIITNER
After studying this chapter, students should be able to know that:
—  HEEAESE(E B -
Understand that all measurements must include two parts: a numerical value and a unit of

measurement.
o~ STARRE T EEEARY YRR 8 R BT -
Understand that the SI system regulates seven basic physical quantities and each

respective units.
=~ RETHER B AH & I H A PR AL -

Be able to combine basic units into other physical units.
Y~ BELL 10 BYR TR » B0 RIS ©

Be able to denote powers of tenor using correct prefixes.

B RPRAREFRETRIL (FEP FEERYE
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» BIREERE o8
BllE—

aHH ¢ T SIHE SR EALE -

To understand the seven basic units of the SI system.

(L3 ) Quantum science has improved the quality of life with optoelectronic technology. It
has also enhanced the precision and stability for the international standard of quality.
Scientists discovered that quantizational units of electromagnetic quantities such as
voltage, resistance, and electromagnetic wave energy are related to Planck's constant
h, thus setting # = 6.62607015 X 1073* ] - s as a new standard unit of mass.
Engineers use an ampere balance similar to the one in Figure 26 to calibrate
standardization of mass, and use the electromagnetic quantity corrected by the
quantum unit to measure and convert electric voltage and electric current of the coil,
thereby connecting the mass M to Planck's constant 4.

A student used building blocks to make an equal-beam ampere balance similar to the
one in Figure 26. The right side of the scale is the weighing pan, the left side is the
coil and the magnet, and X and Y represent the poles of the fixed magnet. Take the
fulcrum as the axis, and the coil and the weighing pan will be in a static mode that is
kept horizontal, or a dynamic mode that vibrates slightly up and down.

Among the physical quantities mentioned in the question, which of the following is
the basic unit?

(A) mass (B) electric resistance

(C) voltage (D) energy

(E) magnetic field

14 BB AR EFRETRLE FEP FEHE B
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(F30) BFRIELOCEREE TA4E @ gl 7/E BRI S ERE - B2
RUTITERE - EIHPIERE e R FEHENE 5T B Er R h AER -
HEETh = 6.62607015 x 1073 ] - s Ry ey E S AR o TAZAR(E AR LITAE 26 /Y
BRSPS R - WAIHEEE TEITRIENVERE - AN E AR RE
HYEEBREHER ) - A5 LUHSEE & M BB E B A -
HAEM FRR S E — BR8] 26 ZEHYRERERY » ] oA (R AR - Z200R
SREEAINGER > X 81 Y FOREEMSRA RIS o DASORE Ryl - SRR BIFFE il DUZ4E
FEO/KPRYRFREIE TG B B MiEiRBIHVENREHH -
BRI ST IRV R - U AR AR 7

AWHE (B)EE[H
(C)EIE (D)fe 3
()it lwn  |Er

LAY

Y

& 26

(111 SEE2H] 58 )

fZFH Solution :

YRR A R E G R M - A DUH At B EHUCH YRR R AR AR - BPSE F AL
R AR SRR - HREINYHEES - EE & - R EHE - &#
MW~ B HipEE - ERAELAE > HEEEHE -

The physical quantity describes certain physical properties. For those quantities, which cannot
be replaced by others are called the basic quantities. The International System of Units set the
standard for seven basic quantities and its basic units. The physical quantities mentioned in the
question are: voltage, resistance, energy, mass, electric current, magnetic force, and gravitational

force, where mass and electric current are basic quantities, the others are derived quantities.

Teacher: What basic quantities does the International System of Units include?

Student: Mass, length, time, luminous intensity, thermodynamic temperature, electric
current, and amount of substance.

Teacher: What’s the basic unit of mass?

Student: The basic unit of mass is the kilogram.

Teacher: What physical quantities are the derived quantities?

Student: Velocity, density, energy, gravity, and so on.

15 BB AR EFRETRLE FEP FEHE B
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Teacher: Good. So what’s the answer to this question?

Student: The answer is (A).

TR BIPEEAAL RS E SR EEAY R E ?

B BE - BE-EE-OREE - BBERE - BN - WEEE -
EH . BEENAAREALE T ?

B4 BENAAEEAT -

EhL Y EEEE ?

Ba o YT s EHF

Rl AR > FrLUSRERY A BT ?

B BETEA) -

BlE_

sHH ¢ TRE R E AR -
To understand the symbols of common prefixes.
(£ ) It was reported that a famous cellphone company has launched its latest flagship
cellphone, which is equipped with the 7nm process A12 bionic chip manufactured by
TSMC. The A12 chip adopts a 6-core design, with a clock rate of 2.49GHz. In the

news mentioned above, 7 nanometers = m; and its frequency is 2.46

GHz= Hz.

(HP=0) REHRE PR REE RSO DR 1% - SSRGS 7 2Rk
F2HY A12Bionic &5 © A12 & F A 6 o0kt > FHFAK 2.49GHz £ _E itk
o 7 K= m > EAERE 2.49GHz = Hz -

fZRE Solution :
BRI E A 107=T: 10°=G ; 10%=M ; 10>=k : 10°=m; 10%=p; 10°=n: 10"=p;
101=fo

The common SI prefixes are: 1012=T, 10°= G, 10°= M, 10°*=k, 10%=m, 10°=p, 10°=n,
1012=p, 10°5=f,

BB RAREERE TR R

KT IEFR T ENET P oo L EEHEFEL L

ERHRHRT F
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Teacher: What physical quantity does nanometer measure?

Student: Length.

Teacher: What’s the value the prefix nano?

Student: 10 to the negative 9" power

Teacher: What physical quantity does hertz measure?

Student: Frequency.

Teacher: What power of 10 is the prefix of G?

Student: G means 10 to the 9" power.

Teacher: We come to know that 7 nanometers means 7 times 10 to the negative 9" power,
(write down 7X10”° m). So how many hertz are there in 2.49 G hertz?

Student: 2.49 times 10 to the 9™ power of hertz, 2.49x10° Hz.

T FORZIMEYEEEAVEEAIE ?

BE T RE-

ER . HP TeR ) RSB RAVEUE ©

B 10 fY-9 K5 -

ERN HREE - Bhzk(Hz) SOZUIMEY)3E S Y BEA7UE 2

B L R o

ZEf - Hz §iHEN G Fow 10 BI%KHE 2

B4 GER 10899 K7 -

ZEf 0 RELERFTTLARIE 7 Z0oREEE 7107 AR (EH 7x107 m) © FHIEE 2.49G Hfz% -
FHE 2/ VRRZEIE ?

B2 T 249 3% [ 10 (9 9 k2L > 2.49%10°Hz -

o BB AR EFRETRLE FEP FEHE B
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1-4 ¥REREN
Introduction to Physics

\

FE YIS RER T SRR E BRI RV - R T 2 A E TR n R
HENER K I WAEMEIEEER - Fi& - 70 20 HEC B ERESRVERNE - UiEE
Tam > fRHAE RN AR - IR BT TR ] A ZE R @

\

mH = ] BT LA M IR SRR A A S5 - SRR A PR AR TR R L -

BEF thiE BEF thiE
orbit WA duality M
inclined plane EAEET] quantum theory =1
microscopic fc special theory of relativity W H S
macroscopic B laser E=E0)
electromagnetic wave B magnetic resonance imaging | fZiHEIRRER
wave HE nuclear energy ZHE
particle K+
18 BYR AR ERRE TR FEP FERE B
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o

develop . }

BIe -

Copernicus developed the heliocentric theory and published it in 1543.
SHE# R T H O - WAE 1543 F453% -

K

As , first , then , and finally . ]

HGR

As the temperature of an iron stick increases, first it glows red, then turns orange, and

finally becomes “incandescent.”

EYREHDRET SR - —FlRR AL » S TRE RS > RIRER T B, -

o

such as . ]

Bl -

Several factors can affect chemical reaction rate, such as the materials of the reactants,
temperature, concentration, cross section area, and adoption of catalyst.

FHERZR G E LB EE - 4 - EVRIREE ~ O/ - R - BABEEAIE
{ERIEIS I -

o

depend on . ]

Bils)

The radiation spectrum of a furnace depends only on its temperature.

V& NEsE HEVERED R > (ERUAFYEER R -

o

be independent of . ]

Bilsy -

The radiation spectrum of a black body is independent of its material.

PRGBS CRL A SR

o

be different from . /Be different from? ]

EE

Is the speed of light measured by a stationary observer different from that measured by a

moving observer?
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After this lesson, students should be able to know:

— BB CIES HIRE R - B A -
the discrete nature of the energy of black body radiation proposed by the quantum theory.

= PREMHETERES RO R A Y > INIHERSIFRIEAZE ] - WIREY - 2 fHEHY -
speed of light is constant proposed by special theory of relativity, which therefore
abandon the independency between space and time. Time and space are thus regarded as
dependent on each other.

= TS s FRE AR 5 S R o B ~ v g AR - R
S~ JERLSE ~ LR > B - BIRETES -
about some major scientists and their contributions in the development of physics, such

as: Galileo, Kepler, Newton, Huygens, Faraday, Maxwell, Planck, Einstein, etc.
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(L3 ) The development of physics is dependent on the effort made by many scientists. The

following scientists (a) to (c¢) mark the important milestones in the development of

physics:

(a): Concluded that the motion of planets follows certain clear laws.

(b): Derived the velocity of electromagnetic waves through the electromagnetic field

equation.

(c): Concluded that the relative velocity between the wave source and the observer

would affect the frequency of the wave being observed.

Which of the following options (A) to (E) is the correct correspondence between the

scientists and their conclusions?

Kepler Doppler Maxwell
A @ (b) (c)
B) | (b) (a) (c)
© | (b (c) (a)
@ 1© (a) (b)
E) | (c) (b)

(=) VSRR A AR A3 0 Y 2N AT R e S8 fre i EE S AR Y
BRI T A g L L O R AR
(BRI A HH BRI R 2R

Z

A 1 IRRBERE AR

N
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o N #h Nl SN
(A) FH Z &
(B) Z HH 2]
©) Z A H
(D) & HH Z
(E) FH & Z
(D4R E 102 FE2H] 21)
fZFH Solution :
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Based on the data of observing planetary motion, Kepler concluded three laws regarding

planetary motion. Maxwell integrated and extended the theories of electromagnetism and then

derived the equation and transmission velocity of electromagnetic waves. Doppler proposed that

the velocities of the wave source and the observer relative to the medium would affect the

observed frequency. Therefore, the answer is (E).

4 -
B
4 -
g
4 -

Teacher:
Student:

Teacher:

Student:

Teacher:

Student:
Teacher:

Teacher:

Student:

Teacher:

Student:
Teacher:

Teacher:

What’s the shape of the earth's orbit around the sun?

The shape of oval.

Who discovered the laws of planetary motion around the sun and proposed three
laws of planetary motion?

Kepler.

Kepler discovered that the earth orbits the sun in an elliptical orbit, so is the sun at
the center of the ellipse, or is it somewhere else?

The sun is not at the center of the ellipse, but at one of the foci of the ellipse.

Very good. This is the first law of planets summarized by Kepler.

When an ambulance approaches, the frequency we hear is higher than the siren of
the ambulance. Which phenomenon is this?

Doppler effect.

Who unified the relationship between electricity and magnetism, and came up with
the concept of electromagnetic waves?

Maxwell.

So the answer is (E).

When Maxwell deduced the electromagnetic wave equation, he also calculated that
the wave speed of electromagnetic waves is always equal to the speed of light,
regardless of the speed of the light source or the observer. This conclusion violates
the relative motion view of Newton's mechanics and leads to the birth of Einstein's

special theory of relativity.
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(L) The surface temperature of a star is related to the color of its starlight. When we watch
the stars twinkling in the night sky, we can see the colors of the stars are white, blue,
yellow, red, etc. Which of the following pairs have the same principle of color
generation?

(A) The flare of stars and fireworks.

(B) Red stars and the redness of Mars.

(C) Blue stars and blue flowers.

(D) Red stars and the red light we see in volcanic lava.

(E) Blue stars and the blue light we see when gas is burning.

() MEAREDREE 2R R BAEOAR - B RMBERZETPIRRE - 1JF
HERBIOAH ~ B~ 51~ 403 - MYIBIET - SR EARYFRER & E ?
(AYIRLE BLEIEHTKOE -
(B)sL O ZEL O -
(OB N 2 B AYAE -
(D)4 {RL B BK LLIFA S LR YA -
(E)ES (1AL B FUHTIA SR S8 LIV DTG -
(108 FEEZHI 3)
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#ZFH Solution :

N2 25 A CBEREDRIEARR - AT{URAGEES (—AATEREEST ) - KILEErILDE
SR R R IAURE 55 5% AL - B S AT ey IR ] » $508(D) -

The light illuminated by stars is determined by its surface temperature, which is similar to the
black body radiation (or so-called thermal radiation). The volcanic lava looks red also because
the surface temperature is so high that it generates red light, which is the same reason for stars

that produce red light. Therefore, the answer is (D).

Teacher: Charcoal is originally black, and how does it change after being heated?

Student: Charcoal produces red light when heated.

Teacher: If the temperature is higher, will it also produce red light?

Student: It will turn orange and finally yellow.

Teacher: What factor is related to such color change?

Student: Temperature.

Teacher: Most things in our life don’t produce light by themselves, but why can we see their
different colors?

Student: Because the object reflects the light from its surroundings.

Teacher: Yes, most objects would absorb part of the light around them and reflect the rest.
Therefore, what we see the colors are those reflect from the objects.

Teacher: Does the fluorescent lamp produce light because its temperature is high enough?

Student: No.

Teacher: Very well, the light produced by a fluorescent lamp is of a specific spectrum. The
mercury vapor (mercury atoms) inside absorbs energy and emit light of a specific
spectrum. ....

Teacher: So what are some other things that produce specific colored lights?

Student: Fireworks, the blue flame of gas, firefly.

Teacher: Very good, so the answer should be (D).

L RRIFEAZRER - R A (L 2
B RRIIER G & HADE -

AN MRREREE RS ?

B2 gRNRG - BEERED -
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Composition and Interaction of Substances

RET I = RE YR S A
RET I = REYGEEN = E A

EIEMBIF TR 4E AR I E RIS R T EUSL R RS H =T BB =REAY L - T
IrEEPTE IR A R - a8 EIHBIRIES ~ W5 - DGR -

ZIN
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Composition of Substances

N\

IEEETETAREYVE - R TR - AR Y T HRYIRRR - R rE =
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EF thiE EF thiE
diamond Eha pressure FET7
graphite s boiling point izt
carbon atom B S+ melting point Jeastin
arrangement HEFI 5= melt J&Ak
characteristic (nature) (e solidification V||
periodic table of elements | ZHAZE thermal conductivity | ZVHE
temperature R shock/shake/tremble | ZE
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look like (NL). ]

: Diamond and graphite look like very different substances.

OB RHEAEAHEE TR - EEEACEEIA N FRIE -

be surrounded with/by . ]

: Each carbon atom in diamond is surrounded by 4 carbon atoms.

POy EHERRIE T E > B 4 (EhRE T

be arranged in structure. }

: The carbon atoms of graphite are arranged in a two-dimensional honeycomb structure,

and then stacked in layers.

R BRI T PRV eI RS RS - F e ek -

the way S. +V. }

: Temperature and pressure can change the way atoms are arranged.

o FEE B ER T ] DA AR 2

be not always fixed. }

: The arrangement of atoms is not always fixed.

T AR R -

at temperature }

HGR

Water is in liquid form at room temperature.
R T » KEFEREE -
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After completing this unit, students should acquire the following concepts:

— - o TEEEVEREN R/ NETT R FIERIAE - YR E T AE - B1E
SMEAE -
Molecules are the smallest unit that has material properties. Different arrangements of
atoms have different physical properties but the same chemical properties.

T RSB R] DI R T ERY TR - B LEIREE (=R8) HYE -
Temperature and pressure can change the arrangement of atoms, and the macroscopic

phenomenon is the change of its state (three states).

o IEERE s
{5l RE—

(L) At present, the maximum data storage density that can be achieved by the memory

technology is 108 byte/cm?2 (1 byte=8 bits), but nanotechnology is very likely to break
this limitation. In the design shown in the figure, the hydrogen and fluorine atoms on
the surface of a diamond respectively represent 0 and 1 bits. If the atoms of the carbon
nanotube probe head (such as nitrogen or boron) can attract or distract the hydrogen
and fluorine atoms, the forces can be used to distinguish 0 and 1 byte. Which of the
following statements about this nanotechnology is correct?

(A) The diameter of the hydrogen atom is about 10 nanometers.

(B) The larger the atomic diameter of the carbon nanotube probe head is, the easier it
is to distinguish the difference between 0 and 1 bit.

(C) This nanotechnology is expected to increase the data storage density to more
than tens of thousands of times the current highest density.

(D) There are two kinds of atoms representing 0 and 1 bits on the surface. The larger

the diameter is, the easier it is to enlarge the data storage density.

29 BYORAABEFRETRLN PR FFERF
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D KT IEFER T 2 AR T O I CEEREFEL

ERETEWEY taain bz £ 0 vy - aeraiss
=1 B 108 byte/cm2 ( 1byte=1 iz 7r4H =38 fir
7 ) ABFOREHR ] gE 22t FIR - 400E]
Frsiyaest S aERE B SBE R T A]
Ty AREE 0 B 1 firot @ HSORNE RSB
HIJRT- (AnEEdl) - HE Bl R o Bl A
A5 [ EHE R T - AETR A A 0 B
1 izt -

YN AOR B A RARYRCL - A7 IEHE ?
(A) SIRETFIVERRLR 10 70K -

(B) FoKbRETRETEARY R+ B AR A AR &R 0 81 1 firjT

(O) HFRRIE AT SR R R e 2 E i e B ENREE L E -
(D) firfcZRim EAFR 0 B 1 i oAy + - HESAARAAE NS &R

(98 EELHN 4)

fiZ5E Solution :

R INEEANGY 1~3 2(A) » ZoRBE RS R T E IS0 > g FlE sy 0 81 1 firoc -

H AT LSRR E S B 108 byte/em? » AHEHY 1 A RETLEH V108 = 10* fir7T
2o 1em=10% A e DU FHUBMTEAL - RIEEEE AIRELY 10%10%=10" % » 498K
- 3R 0 B 1 ieiYEF BR8] - MEER IIEEE RS - BUEC) -

The diameter of an atom is about 1 angstrom to 3 angstroms. The smaller the diameter of the

probe atom of carbon nanotubes, the better it is to distinguish 0 and 1 bit. The current recordable

data storage density is 10® byte/cm?, which means the length of 1 ¢cm can record V108 = 10*

bytes © As 1 cm = 10®A, if atom is used as the unit for byte, then the storage density can be

increased by about 10%/10* = 10* times, which is about tens of thousands of times. The smaller

the diameter of the atoms representing the 0 and 1 bit, the larger the storage density is. Therefore,

the answer is (C).

Teacher:
Student:
Teacher:
Student:
Teacher:

Student:

What’s the unit for the scale of atoms?

It’s Angstrom (ANG/A).

How many nanometers are there in 1 Angstrom?

One nanometer is equal to 10 Angstroms.

When you use a pen, what kind of pen point can help you record more data?

The finer one.

BOOQAABSEFRETRLN PRP FFRR
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Teacher: If each character you write is 0.5 cm in length and width, how many characters can
you put into a line on the paper that’s the size of 10 cm X 10 cm?

Student: Twenty words in a line, as 10 divided by 0.5 is 20.

Teacher: So a total of 20 X 20 = 400 characters can be put onto a piece of paper. Then, how
many Angstroms is 1 cm equal to?

Student: One centimeter is equal to 10 to the 8th power of Angstroms (1 cm = 10% A).
Teacher: So if we use atoms to record data, how many atoms can be arranged in 1 cm?
Student: A total of 10 to the 8th power (10%) of atoms can be arranged in 1 cm.

Teacher: When the atom is used as the storage unit, the storage density can be increased by

tens of thousands of times, so the answer is (C).

EEN A R R RE B AW 2

B BA) -

EH 1 FORFERRIRE 7

B4 1 30RER 103 (Inm=104) -

EHT B PRI SR A E ARV RS - WL DLGCERELE S VDRI ?

B R A USRS SR -

EHD 1R 10 297 x 10 A8y HEL AR EEAVAREHE 0.5 27 ATE—1TH] LA
LRk (EFIE 7

B — 7 LAECER 10 BRRL 0.5 = 20 {5 -

CRN  9%E > Pl —iRARGEIL AT DLECEE 20 X 20 =400 {7 > HB 1 A7 F R EIRE ?

BA D 1 ASER1I08 KL 1lem=10% A

EEN ARG 0 BRRL » AR ARECERE R, - 1 A a LAHES 2 DB+ 2

B 1A a LIRS 10 19 8 R5(10°%) (BT -

N PRl R OREEER LR o AR SR DU IR S - B ) -
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(2% ) Based on the concepts of atoms and molecules, which of the following statements

regarding the three states of matter (solid, liquid, gas) are correct?

(A) When a substance melts, the types of atoms making up the substance do not change.

(B) The density of iron is so large that it can’t exist as a gas.

(C) The microscopic meaning of temperature represents the speed of particle motion.

(D) The change of matter’s three states is related to temperature, which has
nothing to do with pressure.

(E) When a substance vaporizes, the distance between neighboring molecules

increases.

(th0) DUFT-ELy T-HYER: - ACEYIERI =R > T YIRCIIRLE A ?
(A)YPrESE by - SHERETAVREEE A E s -
BYEHVEAEN - SEELSARREFAE -
(Cy LRI E R AR T E S RIZIREE -
(D)=REEMLEURREARE - BLER IR -
(EYPIESAEHERET > 71 RIAVEEEEE A -
(HUH 108 Fri—rpEe= 18)

fZFH Solution :
YER) = RE ey E R B R ) 7 A g > (BRI R J??F‘aﬁﬂ’\]ﬁffﬂ
HR o MR FEEEREEE o RS IES - Fra Y E R nI R | A o HBUED) -

The three states of matter may change when the temperature or pressure change, but the types
of atom species remain the same. What changes are the arrangement of atoms and the degree
of active atomic motion. When the temperature is high enough, all substances can transform

into gas. So the answer is (D).

Teacher: How do you melt an iron stick?

Student: Heat the iron stick to make its temperature exceed the melting point, and then the
iron stick will begin to melt.

Teacher: What happens to the atoms of iron after they absorb heat?

Student: The movement of the atoms will intensify.

Teacher: Very well. Besides temperature, what other factors will change a substance’s state

of matter?

Student: Pressure.
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Teacher:

Student:

Teacher:

Student:

Teacher:

4
Btk
4
T
4
Bk
4
T
4
Btk
4

KTV FRT A ERT P oy VT EFEREF

That’s correct. The process of evaporation turns the substance from what state to
what state?

From liquid to gaseous.

That’s right. Then among the three states of a material, under what circumstances
can the atoms of iron have the largest distance?

The distance is the largest between gaseous iron atoms.

Very good, so the answer is (D).

AzrE A e R E L 2
SRR IIEY - SRR R B AR - B S RBEL -
e BIFRTIRIGAER - BIETATEE(E?
R TR RSN E S EERRIA -
R > BrTRE - BAMERRESEEYYE AR ?
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IEHE  HRIEERA b2 PR IR G A 2 B R R R RE I 2
RREEE RN ARG -

J28h 0 =RE > WMREIRRE N AVEIR TR RERE R ?
SRRV T - Eﬁ%ﬁ?ﬁ °
R > FRLIEZREEE (D) -
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2-2 EFRIGERE
Atomic Structure

EBIFE TR R S PRETA R 2 BT -

BF thiE BF thaE
scale RIE rebound IS
internal structure N4 cannonball oG
element TTR plum pudding model FiEEZ A ] R
embed FER planetary model 1T REEER
electrical neutrality B proton BT
electron BT neutron ¥
hit/collide bk nucleus R
deflection fmiT elementary particle BRI+
alpha particle o i F quark =g
gold foil %A
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B HEBGQREERTGF Sentence Frames and Useful Sentences

©® During reaction, will not change, but

would change.

#l4) © Atomic Theory assumes that the constituent particles-atoms of different elements are
different. During chemical reaction, the type and number of atoms will not change, but
the arrangement and combination of atoms would change.

" RSN FEIRYTT R - B BN AT o BB R -
R - (e EAENE  BE(LENREESEE FHHIHE -

® The positive charge inside an atom is such as

The negatively charged particles of electrons are like

##4] : The positive charge inside an atom is distributed uniformly throughout the volume of
the sphere such as pudding. The negatively charged particles of electrons are embedded
inside the atoms like raisins.

R WHVIEEGAT | 85010 - WAENE T RIG a5 SRR T
AIER -

©® Most of , but a very small number of

#ilt] : Most of the alpha particles deflect at a small angle when they hit the gold foil, but a very
small number of alpha particles bounce back more than 90 degrees after hitting the gold
foil.

RER> o K FREEBEESE HA/ AR B D8 o fr RS - LUESE
90 [R5 ©

o be made up of

#il4] + Protons and neutrons are made up of much smaller particles, called quarks.

Hr Bt R NS AT o
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After this lesson, students should be able to know:
— ~ FEBERES R T N ERAE RIS -
Know the history of how the internal structure of atoms was developed.
= TEEFETNESERE (MR FRIRE) -

Understand the internal structure of atoms (composition and notation).

o BIEERE s
5l RE—
SRER ¢ B4 T ERIE T ARRRRE o

Make students understand the procedure of scientific methods.

(Z£3Z ) Rutherford hit gold foil with particles and found occasional large-angle scattering,
suggesting that electrons orbit around the nucleus of an atom, similar to how the
planets orbit around the sun. Which of the following statements about Rutherford's
experiment and its atomic model is correct? (2 options should be selected)

(A) There is no electrostatic force between the electrons of a particle and an atom.

(B) The electrostatic force between the particle and the nucleus is an attractive force.

(C) If the electrons in the atom lose energy, the electrons can be brought closer to
the nucleus.

(D) Particles occasionally scatter at large angles, mainly due to collisions with
multiple electrons.

(E) Particles occasionally scatter at large angles, mainly because the positive

charge of the atom is concentrated in the extremely small nucleus.
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

KT IEFR T ENET P oo L EEHEFEL L

ZEELIN T EE ST - SHER S A RAERRES > Nimfet BT8R T/~

LT > IEATEGITARE o MR ZE R E SR R AR - TREEIE

b2 (fEEE2IH)

(AL B TR T ARFE ST -

(B B[R AL I RREE ) R 5 [T

OFETFHETFERRER  IEETFEHIETX -

(DAL B &5 KA SRV > LR R 812 (& TS R R -

(ERTRESERAENRSE - TERRBREFHEBREPIB/NIET -
(106 FEEH]32)

What kind of particle did Rutherford use to hit gold foil? What charge does this
particle carry?

He hit gold foil with alpha particles, which have a positive charge.

Yes, what was the result of Rutherford's experiment?

Most alpha particles deflected at small angles, but a few alpha particles bounce
backward with more than 90 degrees.

What kind of the evidence can the backward bouncing alpha particles show?

The over 90-degree backward bounce reveals that since the alpha particles interact
with the positive charge, a very small degree of bounce lets us know that the positive
charge is concentrated in a very small area.

Good, so, is there an electrostatic force between the particle and electrons or nuclei
in an atom?

The particles in the question are alpha particles with positive charge, so there is an
attractive force between the particles and the electron, and there is a repulsive force
between the particles and the nucleus.

The Rutherford model proposes that negatively charged electrons revolve around
positively charged nuclei. What is this model called?

Atomic planetary model, like a planet orbiting the sun.

So if the mechanical energy of the planet decreases, do you think the planet will be
closer to the sun or farther away from the sun?

It should be closer, just like when a satellite is orbiting around the earth, if its
mechanical energy decreases, it would fall instead of drifting away from the earth.
So which two should you choose?

The answers should be (C) and (E).
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(L2 ) Which of the following statements about atoms gsPo (mass number 210) and sgRa

(mass number 226) are correct?
(A) The number of neutrons inside the nuclei of 2.jPo and *3$Ra differ by 16.
(B) The number of protons in the nuclei of *{5Po and *3%Ra differ by 16.

(C) The number of electrons in the atoms of 2§2P0 and zégRa differ by 4.
(D) Both polonium and radium do not exist in nature.

(E) The radioactivity of both polonium and radium come from the X-rays emitted by

their nuclei.

(FF30) THIRERY saPo CHEE 210) R Tk ssRa (HEH 226 ) JF5-HIRL - {74 1EHE ?

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:
Teacher:

Student:

Teacher:

(A) %4Po Fil *geRa Wi 5 % Y h T HOHZE 16 -
(B) %4Po 1 %§Ra Wi [H 1% VB FHUHZE 16 -
(C) %iPo I iRa MR FHHVEFEAEZE 4 -
(D) $MBERIETTE @ IEE AR ARG
(E) $NFISBETIET 0 20 B HC R AR X -
(101 EEZH 47)

What element does s4Po stand for, and what’s its atomic composition?

Po means polonium, and 84 means polonium atom has 84 protons, or the neutral
polonium atom has 84 electrons.

What does the mass number in g4Po (mass number 210) represent?

The mass number is the sum of the number of protons plus the number of neutrons
in an atom.

Yes, so 43P0 means how many protons, electrons, and neutrons, respectively, are
there in the polonium atom?

The number of protons in the polonium atom can be found from the number in the
lower left corner, 84. The number of electrons in a neutral polonium atom is equal
to the number of protons. The number of neutrons can be found by subtracting the
mass number of 210 by the number of protons, 84, which is 116.

Great!

Who was the first to discover radium?

Madame Curie was the first scientist to discover that the element was radioactive by
extracting radium from asphalt.

What kind of rays do radioactive elements usually emit?

3OO0 RGRRERT TR FEp

EFEHT
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Student: Radioactive elements usually emit three types of rays, namely alpha rays, beta rays,

and gamma rays.

Teacher: So what’s the answer?

Student: The answer is (C).

ERi

B

1 -
B
-

sk

4 -
4 -
g
4 -
B
5 ¢

B4

s4Po 12 (E 55 TR T 28 S Ho R T-4H e 7

Po FoRENMTE » 84 FToRENE T 84 (HHE T - siE P MEAVENE THNEA 84 {
BT e

saPo (HEH 210) BEEHVEFERAEEZEMEE ?

'E BB FE T NEVE T B0 b BT -

2 FTLL %3P0 FRENE T NEAE T ~ BT~ T A%/ D EE 2
SR N ERESE  i] IERGEAUE N AT 84 RRETHE  HHEER 210
JREE T 84 15ET T HA 116 F -
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2-3 ERRXEEH
Fundamental Interaction

Tr4EYTE RV UREEEASI G E A > 3Rl By © BB ~ SEHETT ~ 8% 00 ~ 591200 0 WS AL
T RAVE SRR R EF AT - B aEM IR ES « 15 ~ MR EFME - g
FI58Rf% T RS9 TR TR IR IR T DR E A > Rl & 84 5 S VERTI R &

EF thE EF thE
gravity H] distribute PAKf]
electrostatic force FRE electric charge i faf
magnetic force taE 73 electromagnetic force | BT
gravitational acceleration TR contact force g )
gravitational field EEWAL strong nuclear force | 58f% /]
iron powder sk strong interaction B AER
magnet 025 weak nuclear force §91% 77
magnetic field line fe 4% beta decay p

4 BB AGREFRE TR FEP RN E
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CIREF R T 2 AR P 0o TEFAEFHREFT Y <

o have discovered kinds of in nature, namely:
s . ,and .
4] = Scientists have discovered four Kinds of forces in nature, namely: gravity,
electromagnetism, strong nuclear force, and weak nuclear force.
FIEEZREH G AFEVURES) > rhlE - B ~ S8 - 58107 ~ 59107 -
E (2] with mass }
5] « There must be attractive gravitational force between any two objects with mass.
ERR(EEAERNYIRG M - BEAERS [EAS (T -
E © is (directly) proportional to . }
%4 : The magnitude of gravitational force is proportional to the product of their masses, and
inversely proportional to the square of the distance between them.
BN EEBERYIRG 2 EERMRIELL - B IR PO REE -
E O suchas , , }
4]« Contact forces in life such as stretching a rubber band, closing a door, standing on a scale,

etc., are, on a microscopic scope, caused by electrostatic force.
AE TR T o B - B RAREE ~ BEFT ~ Bh EASEETEE o AR R R
B -

is proportional to . }

i -

The mass of a cup of water is proportional to its volume.

—MUKRVE & > BLERVBGREIEEE -

B RPRAREFRETRIL (FEP FEERYE
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[ (6 is a brand-new effect, . }

5] : The weak nuclear force is a brand-new effect. In this process, both the mass number and

charge numbers keep conserved.

9IZIIERATSEIRAIEN - fEILEiE T EEECFIR - EEESTR -

o BEHE »

e LR - BATEERDINER
After this lesson, students should be able to know:
- TREETIKEHFET] o PAEEE S RCE T R EERYRA (R -

Understand the inverse-square law of distance regarding gravitational and electrostatic

forces.

~ TREVUREEAE R DA AR > KRB E AR -

Understand the scale, strength and effect of the four basic interactional forces.

» BIEERE o8
BIEE—

(LX) The gravitational force between two particles is proportional to the product of their
masses and inversely proportional to the square of the distance between them.
Xiaojun wants to estimate the earth's mass M from the gravitational constant G, the
acceleration of gravity g on Earth's surface, and the radius of Earth R. Which of the

following should be the correct calculation?

(0 RERENEAS DB HE BHSRERIELRL - 1T B HEERE VTR L - /R
TIEEASIIHEE G ~ #ERRAEAVE IR g - MIHERFEE R RS RHERHY
HE M MR HAYIEME E R UE R T oI ?

(A)M—gR2 (B)M=G?R2 © M= (D)M=§—; (E) M = gGR®

(100 E2341] 68 )

we HIFFNEFREFLY
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ﬁﬁ% Solution :
ERBEHESAES AR WHIEE TR () » BEAS [ JTHEE(G)HIVRE % - =X
?%1/5\  FREES IR -

Students need to know Newton's Universal Law of Gravitation, and the relationship between

gravitational acceleration (g) and the gravitational constant (G). Then we can obtain the answer

by combining the two formulas.

4
s
4
sk
4
4
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Teacher:

Student:

Teacher:
Student:
Teacher:

Teacher:

Student:

Teacher:

Teacher:

Student:

Teacher:

What is Newton's law of gravitation?

F=4
R

Then what’s the relationship between gravity and acceleration due to gravity?

Gravity equals to the mass of an object times the acceleration due to gravity!

That is correct! Fy = mg.

So what’s the mathematical form of gravitational acceleration in related to the

gravitational constant G?

_GM
TR

That’s correct.
Now the question wants you to estimate the mass M of the earth. How do you derive

the answer?

2
R

M=
G

Yes, so the answer is (A).

ARSI AT (T ?

GMm
2

F=

ARVEEEE B EE IR 2 P I B (e 2
BENERYRGE BRE NI |

B > Fg=mg

It - SR B A AT S [ B B B (A A ] 2

_GM
§=7
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(LX) The reaction rate of nuclear fusion inside the sun is fairly steady, and is enough to
continuously supply Earth's energy needed for 10 billion years. According to research,
the main interactional force that affects the reaction rate of nuclear fusion, is the same
fundamental interaction as the process by which neutrons decay into protons, electrons,
and another electrically neutral particle called an antineutrino.

Which of the following is the main force affecting the reaction rate of nuclear fusion?
(A) Electrostatic force (B) Strong force (C) Weak force

(D) Gravity (universal gravitation)  (E) Electricity and magnetism

(H ) KGN B LG S HI S EERAETRE - e ISR HHER 100 EAEAVRETRFR K -
RIEWTIE > B IE & RERRE EEAEA ) > Erh TS E 1 s —
(B ) e e = G AR s N Al ) N e 26N SR (B A S I 1 v PRI
Fa[E Ryse Bn I & MOPE R AR £ Z/E R T 7
(AFFES B O OEN (A5 (BEYEIHE#ES
(103 FEE2021)
#ZFH Solution :
F A VURERAE TR M: - B0 R AR R - =] DUAIET tERE Y 7F F 0 -
We can determine the type of interaction of this question by means of distinguishing the

differences of the characteristics and associated particles among the four types of fundamental

interactional forces.

45 BB AR EFRETRLE FEP FEHE B



OV BT TR TR KT P 0o IIFFHFREREFLY

Teacher: What are the four basic interactional forces?
Student: Gravity, electromagnetism, strong force, and weak nuclear force.

Teacher: Good! What are the situations in which gravity take place? Could you give me an

example?
Student: The satellites orbiting around the earth is the result of gravity.

Teacher: That's right. Gravitational force exists owing to masses, which force is always

attractive.
Teacher: What about the electromagnetic force? Could you give me a few examples?

Student: Most of the contact forces in life are electromagnetic forces, such as the force of

pushing objects, the force of hitting a ball with a bat, buoyancy, and so on.

Teacher: Very good! So, electromagnetic force exists due to interaction between charges,

which can be either attractive or repulsive.

Teacher: Then, can the strong nuclear force and the weak nuclear force be observed in daily
life?

Student: The strong nuclear force and the weak nuclear force cannot be observed in our daily
life.

Teacher: So what’s the effect of strong nuclear force?

Student: It’s a force that allows atoms to maintain its stability.

Teacher: What about the weak nuclear force? What does it act on?

Student: The weak nuclear force is the beta decay process of nuclear decay, which changes

the atoms.

Teacher: Correct. So in this question, what kind of force should be the main factor that affects

the reaction rate of nuclear fusion?

Student: The weak nuclear force, because it is mentioned in the question that this force is the
same basic fundamental interaction as the process of neutrons decaying into protons,

electrons and antineutrinos, and that’s so-called weak force.

Teacher: Correct, so the answer is (C).

ERN VU AE R 753 Bl ?

B4 B~ WD oy~ 591%T -

EEl - ESIEHAVIEI AL - Al DLERGINE 2

B4 HESEERE > gieE IFRIVEER -

Rl %8 FILL ENHRNZER - B ARSI
ERN AR IV 7 T AR B0 7
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we IFFFERREF

AE R SR R LR R BN - HEERPERYSD > EREEFTERRYT ~ IE T
FF-
R > Frld - SEHEIRI RN T Z IR R R k5 [T -
AEEaAZ SRR g% I A0 > T DUE H R 4B PR 22 20E 2
SEf% SIS I A G PR A -
AR aEAZ ST HE R & (e 2
SR T LIERFRRERY T -
Rer > ASIEg9% e 2 EAETER ?
GIRZ I IERL TSR B R - EE R TR AL -
IEHE > NIEHE T BRI G e ﬁﬁﬂﬁf%ﬁfﬁﬁﬁ FERZ =t e 2
g9t%77 > N Ry H s S b T 228 plE 1~ BT E—
MEAZHIEA  EREERBUEIIIT -
Y > FTLLAEZER(C) -
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Movement of Objects

RET L= R YR ML 2
EET I = RE PG IGER s E A

FEAR BT SRS B e BT AR Y e E 3% MR ER AR BE T R SR (A e X-T [
V-T [ > a-t BFRIVES - 5| ATEES = e - BEE T RYRGESSER 12
[R5 » Bt M ea b T RAYD - UIERTT ~ 5800 ~ BRI TD - KRG SN S 3
JE& > 5IASE M= RITEERE > WAEREAEE IS -
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3-1 Y)ReRYiEED
Movement of Objects

N

régiEEBE S - FTRRRVAR(EAAYEE - Ol © BRER ~ U8 ~ I - PR
R~ G ~ RERE -5 o [FIF - BRI R B RS R ] > AR R
AR P (S S » A SRS (8] > SRy HAE SRR

w0 > BET A A B A T R SRS o Bl R B R AR AL

BF thiE BF thE
curved Sy acceleration JiIpESE
straight JERCSED| instantaneous velocity M Har R
path length PRI free fall H 74 e
vector A & circular motion [ElEapEE )
distance R gravity BT
displacement firk% parachute A
average velocity SRS Taiwan High Speed Rail ==
average speed SRR
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we HIFFNEFREFLY

KTYIFERT 2 BT 7

E ©® The distance between and is . ]

#4] : The distance between my house and the train station is 1500 meters.

TR K BN BEHTEEREE 1500 AR

[ O from to ]

4]« The displacement vector is the vector of an object moving from its initial point to the

final point.

(L F% PR SR B R AREH R &

[ ® divide by . }

5] - When we divide the displacement by the elapsed time, we obtain the average velocity.

BT PR ARG - 1S RRZ G E AP B -

[ O faster and faster }

4] © At the moment of skydiving, due to gravity, the speed of falling goes faster and faster.
kARt - INEETTRITEA] > (E155% FHYZRFERCRR -

E (5] reach . ]

4] + A rain drop will finally reach its terminal velocity, due to the balance of gravity and air

resistance.

A BB B2 ST H AT » TR e TR T -
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By the end of this section, students should understand:

—  ERVRSESINENYIEEE - {8 S BSER  SPIEREE - B R ~ IR
The definitions of physical quantities that describe the motion of objects, including
displacement, path length, average velocity, instantaneous velocity, and acceleration.

~ ARIBIES) BRI (RIE - HIETYIRGHEENIARE - SRS S BN R RRH AL - 25 A [EIHH
BRI A[E] -
Determine the states of motion of an object based on the kinematics graphs. Or depict

correct kinematics graphs with respect to the given states of motion.

o BIEER o8
BlRE—

AR - SNR

(J£37 ) In a baseball game, the batter hits a high-flying home run by swinging the bat diagonally
upward. If the air resistance is not considered, so the baseball is not affected by external
force when flying in the horizontal direction in the air. Which of the following graphs
can represent the relationship between the horizontal speed vy of the baseball and its

elapsed flying time t before landing?

(=0 #REREEFE G > FTRE A TR BT - BHERE ST - HEAFRERET -
NI ERAE 22 TP ART T /KT R SZ2HN PR - RIS a) 2w PR ER
7K IT IR ERIE vx BLESE MR THF ] ¢ YRR (& 2

(A) % (B) v, (C) oy,
A

(D)

(E)
vx
M,

(101 FE2H1 66 )
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#ZFH Solution :
FHE B Rl R e R > BRERAEZZ P RATIRKSE T A A2 IER - IR HE—E R &

ZHNTIIVIRG o BT DAKERF SR E o AL - BRERAEZKSPE 5 BV ZRREE R/ - A BEiF e
8 NIEEEZEA) » BT Vx @ERHEEEN S - ABERFE e -
From the description above, we know that the baseball is not affected by external force in the

horizontal direction when flying in the air. So, the baseball moves at the same speed in the

horizontal direction, and its speed does not change with time, so the answer is (A).

Teacher: When an object is not acted upon by any external forces, what’s its motion state
like?

Student: It remains at rest or in constant velocity motion.

Teacher: Good, which physical law is the above assertion based on?

Student: Newton’s First Law of Motion.

Teacher: Yes, then what’s the gravity direction of the baseball in the air?

Student: It’s downward.

Teacher: Correct, is the baseball in the air exerted upon by any horizontal force?

Student: No.

Teacher: True, then how does the baseball’s horizontal velocity change in the air?

Student: The horizontal velocity does not change; it is a constant.

Teacher: Very good, in the graph of velocity vs. time, what should be the curve to depict the
motion of constant velocity?

Student: A horizontal line.

Teacher: Great, so which graph is correct for the baseball’s horizontal velocity vs. time?

Student: It should be a straight horizontal line, so the answer should be (A).

ERN VISR IR - S IR ERAVIREE ?
R AR e CEF L EE) -

Rl REF > BB R ?

B AR —EEh e

LRl gk AV > EEEKEEZE TR BIRVE TR Rl 2
B BERZEIWESEET -

ERl - AR PRS2 EK T REY I E ?

B4 %A -

LRl IERE > AL > BERTEZE VAP ERE - A s RE ?
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B KPR AR EEEE -

LR AT A (RS HE AR (RE T o GERFE A ES) - HE R ETIEE
ik ?

BAE L —RKPES -

ERl - REE > NIEHREREY/KP 2R SR (I BR (] - Rz e b 2

B4 0 KPEGHE R - IEZEEA) -

\AN

BlE_

(L3 ) Typhoons often cause huge damage to Taiwan, so it is important to understand the

characteristics of typhoons. The picture tracks the path of the center position of a
typhoon with the date (recording starts at 2 am every day and is recorded every 6 hours).
From 2:00 a.m. of 08/06 to 2:00 a.m. of 08/11, which trend curve is closest to the
average speed of the typhoon center changing with time?

(Hh32) BeE\z EPRFEEEE SR ERKE » NIt EReEF N T g E I -
4018 o S L O B B H (LA | 08/11 % B8y l
KE (FHZEE 2 G & 6 /NFes:
— Ao [ 08/06 B 2 I ZE 08/11 82 2 I HH

R B L RS B A R BT R ( [o8/10] § [ 08/09
(SR © BT T %0808 1
1 08/07

’ _08/06 %8285 |
WOMRTRATNR P EREE

ZEOERFOREERAE
(A)  BE (B) B R (C) B
b
o o
i# 5 speed
(D) i (E) R PERF : time
(108 520 37)
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#ZFH Solution :

FhE H A Ry e RS 1R 8 > HA 6 /NIFECER— 2 » IR AT RS b YRR R < FERF e 72
Ry 6 /NEF o FHES TR R BR AR EIZZ - SR BRI R P 2R - NG RZZEE - Al HEm R
AL IR EERERCA - FIRGREE AV Eh RS EOR - dalEl )/ ATEE2 )] - 8/6 HARAHYRGELIRS
Z EIRYFEIPRELIOR - 8/7 ~ 8/8 HYWAREREIFREZ MR/ N - 8/9~8/11 [P - AL AT
8/6~8/8 FRAIZ NG » 8/9~8/11 A S » [NIL » AR ZRAZ Sk - Py - Fr
LU SEREIFE YRR AE - EZEeE T &L 230 B[R - 1F 8/8~8/9 I
R EME

From the question we know that this is a typhoon track map, and it is recorded every 6 hours,
so it can be seen that the time difference between each point on the map is 6 hours. The average
velocity between two points can be obtained by dividing the path length by the time difference.
Since the time difference is fixed, it can be deduced that the greater the distance between two
points, the greater the speed of movement between the two points. It can be observed from the
pictures that the intervals between points during 8/6 are relatively large, the intervals between
8/7 and 8/8 gradually become smaller, and the intervals between 8/9~8/11 gradually become
larger. Therefore, it can be seen that the rate of 8/6~8/8 gradually slows down, and the rate of
8/9~8/11 increases gradually. Therefore, it can be known that the rate decreases gradually and
then increases gradually. Therefore, the graph of the relationship between speed and time should
first go down and then go up, showing an upward concave curve, and the speed has a minimum

value and a minimum value during 8/8~8/9.

Teacher: The dots in the typhoon track map represent the current position, so what can be
used to judge the speed of the typhoon?

Student: The distance between two points.

Teacher: That’s right. The larger the distance between two points, the faster the moving speed
at that time,
Observe the distance between 8/6 and 8/9. How does it change?

Student: The distance between two points is getting shorter and shorter.

Teacher: Very good, so how does the movement speed of the typhoon change from 8/6 to
8/10?

Student: Slower and slower.

Teacher: That's right, and so on, how does the rate change from 8/9 to 8/11?

Student: It gradually become faster.

Teacher: Very good, so in the whole process, the speed slowed down first, and then speeded

up.

> BB AR EFRETRLE FEP FEHE B



Teacher: Therefore, what kind of curve should the relationship diagram of speed versus time
be?

Student: Student: A curve that goes down first and then goes up.

Teacher: Exactly, so the answer is (D).
This kind of concave curve means that its extreme value is the minimum value.
Around 8/9, the distance between two points is the shortest, so the speed at that time

is the slowest.

RN SRR RS AL S AR - RONERAVLE > AR ERE o AT R EEAH]
e 2

B2 ARG AR -

EHN  J28h > WURGRERVEERERON o AR E R By ERAGER -
i< 8/6 F1| 8/9 Z [HIAYEERE - EUATE(EIE ?

B4 0 WL R R AR -

EEf 0 BAE > FTLUMRERBEEAE 8/6 F] 8/10 RSB ERANA 84k ?

S GRS L

ERT SR o MRIELIEHE > R 8/9~8/11 HYZRAR AR ?

A T mE

LRl REE > FILIREIHYBRE » SREEE - B -

R R - BRI HIRE (RE > e TR ARTE ?

B 5‘&?}:? » 181 EAYHRER -

EEl 0 SEIENE - FTPAEFEZED)
}E@J:[HEI’JEE%R?E - EHSEE R/ ME
AE 8/9 AT - WAREREIAVRERERIGE - Fr LB AR -
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3-2 Fia=KiEsEE
Newton's Laws of Motion

B = REE HAVER LS IEBATSE R B G IR E & 7] Z IR (% -
i FERERAEASE T - R4S EOIRIEEST - ZRA T ERAE = RSN E Y
BFERNAE - A1 0 Bl ReRY SN E SRS -
sH = 0 AR R R YL E R R AE EEER @R BT R T

B -
¥ thE BF thaE

logical ZERETY rapidly/quickly AR
inclined plane/ ramp R Newton’s Laws of Motion | - i#E S 1%
free fall HH& RS resultant force =V
regularity R action force eI
inertia {i=Rs reaction force [AERI T
hammer %7 cancel out B
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Although S. +V, S. +V. }

: Although he introduced the logical framework of analysis and reasoning, his hypothesis

was not qualified as modern scientific attitude and method.

HEIMS | A B HERR A R R AN - (HAAYEER A SR AR SRR 57X -

By (V.-ing), S. + V. }

HGR

He designed a series of inclined plane experiments. By adjusting the angle of the inclined

plane, he could observe the change of acceleration, and then verified the regularity of

falling objects.

ﬂt%ﬁ?r—%ﬂﬂ%ﬂrﬁ‘%’:%ﬂ o AR IR A R - B EIRERYEIE - RS
V&SN TR -

The more/-er + S.1 + V.1 ..., the more/-er + S.2 + V.2 ]

#4) - The steeper the incline, the greater the object’s acceleration when sliding down.
FHEERL > Yfe TN ROK -
E (4] is called . ]
#l4] : The tendency of an object to resist a change in motion is called inertia.
YIRe A 4 Fr A EER R - T AEN: -
E (5] be referred to as . ]
4]« The first of Newton’s Law of motion is often referred to as the law of inertia.

AR — B - e R E T

act on/upon . ]

HGR

Since action and reaction forces act on/upon different objects, the forces don’t cancel each

other out.

TEFIIEEMEF DB IR A > INRETTFErdlss -
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##14] © An object remains in its state of motion unless it is acted upon by an external force.

VIRe G IRFF IR R EBNINGE - PRIFR BN E -

o BEHE »

el

After studying this section, students should understand the following concepts:
— ~ PSSR LR T S . A INTHRETIEFENE -

When an object is at rest or in uniform motion, it means it is not acted upon by an external

NI

force, or the resultant force is zero.
= VRSEBIRECEE SR ZINIER]  HEEAEREI T - TR E B2
B JIREEE
When an object changes its motion, there must be an external force acting upon it. The
motion and the external forces are proportional if the mass of the object remains the same.
=~ EA BRI A - FRFHE - RIMEETT R - (EREAEYG L
WU AR
Action and reaction forces always appear and disappear simultaneously. Action-reaction

pairs don’t cancel each other out because they always act on different objects.

-
KT FRT 2 EKT P og I REFHREFL S
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(LX) An exploration submarine loses its propulsion power, and can only dive or surface
through the control of water displacement. During the process of ascending, the crew
have to decelerate the submarine, in order to prevent the people in the submarine from
being harmed by the sudden change of pressure.

The water body of the area is known to be stationary, and the total masses of the
submarine before and after the water displacement are both considered m, the
magnitude of the buoyancy force is F'3, the magnitude of the vertical resistance is F&,
and the magnitude of the gravitational acceleration is g. In the process of decelerating

and ascending vertically, which of the following equations is correct?

(P —FEERENEME S LA E) ] - HAER K ~ PEKDUZERITERERY REE E - 12
Bt By TR e ETPERE A  HE A RGE LUK ZBRIERE > TEAAR
HETTVERE R - EAIEZ/KIUKAGRR I - B R /K KRR E B A
Wk m > FrZiF IV EE R Fe~ HMEIHVEER Fr o MTEIIMZEREREER
g > AIMEVERE O B 7 AR ETHAYAERE g - YRR AR (=8 b 2

(A) Fp+ Fr=mg (B) Fp — Fr = mg (C)Fg— Fr <mg
(108 FEEZH] 50 )
fZFE Solution :

IER A Y VEERE BT HEAR - Az d T2 IR 4 - RIS H CAVEME R BT
LIRS A T - BB UEes 8 e 3 (SF = ma ) > SIAIEHEN & g T -

el > &8 E F Feim b B mg T TEPH B 5 [HAHEL > 805 Frial T
NIEL - weE70 © (BEEIERE T > U FRIE » ) ZF=mg+ Fr— Fp>0 > NIEE]
Fp—Fr<mg -
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First find out the relationship between the process of the submarine decelerating and vertical
ascending and the external face. According to the question, the submarine decelerates and moves
upward, so the acceleration is downward.

According to Newton’s Second Laws of Motion (213 = ma), the resultant force of the submarine
should also be downward. At this time, the resultant force includes: the buoyancy F is upward,
the gravity mg is downward, and the vertical resistance is opposite to the direction of the velocity,
so Fris downward. Therefore, the resultant force can be obtained: (according to the acceleration

direction, downward is positive). XF = mg + Fr — Fp > 0, so Fp — Fr < mg.

Teacher: The submarine decelerates and moves upwards. Can we know where the
acceleration of the submarine is heading?

Student: Acceleration is going down.

Teacher: So, in which direction is the resultant force going?

Student: the resultant force is also downward

Teacher: Yes, which law is this based on?

Student: Newton's second law of motion.

Teacher: Very good. Is the direction of gravity, buoyancy and resistance of the submarine in
the water fixed?

Student: The gravity is always downward, the buoyancy is always upward, and the vertical
resistance is opposite to the direction of motion. So when the submarine is upward,
the vertical resistance is downward.

Teacher: Very good. The upward force is only buoyancy, while the downward force is gravity
and vertical drag. The upward force is smaller than the resultant downward force,
so what is the inequality between these forces?

Student: Fp<mg+ Fkr.

Teacher: So which is the answer?

Student: The answer is (C) Fp — Fp < mg.
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NHYET  HIEEELE ) Z R A R ?
Fp<mg+ Fr -
AT A ZE 2 Wb e 2
EFEE (O Fp—Fp<mg-

3R AMBEERE TR FRP

iﬁ‘:‘:\)‘

R



S KT TR T R AR P 0 IFCEFREFLY S

BHlE—

(L3 ) A metal ball, whose mass is negligible, is suspended from the ceiling by a thin wire, as
shown in the right figure. The relevant forces of this system are as follows: W is the
gravitational force acting upon the metal ball, W is the gravitational force of the metal
ball acting upon the earth, T is the force exerted by the suspension wire on the metal
ball, T is the force exerted by the suspension wire on the ceiling, and T3 is the force
exerted by the metal ball on the suspension wire. Which of the following statements
are correct? (3 answers)

(A) T1 and T> are action-reaction pair forces.

(B) W1 and W2 are action-reaction pair forces.

(C) T1 and T3 are action-reaction pair forces.

(D) T and W are action-reaction pair forces.

(E) Th, T2, T3, W1 and W2 all have the same magnitude.

(130) —BEKDUVE B 1] BHSHAHERASE 1 E R RACH - AR EIFTR © t RSB 2
TIESATT @ W sz BERFTZHVEE ST » W2 Ry @ BRESHNERANS [T » T Rt
FRBBERAY T - T RREERHEHRACRI ST - Ts Ry BERHEI RERAY T - THIHL
ACOREE TR 7 (JFEEE 3 1)

(A) TV 81 Ty B R {ERIBEIER ] - G
(B) Wi 82 W2 L RIS AE T - 15
(C) W82 Ts G RAE R JTEA R AE R T -
(D) Tv B2 W B BRI B2 AEFE T 17
(E)T1~ T2~ T~ Wi EE W2 R EGHEE - T

)

tw,

(103 £EE2H 66 )
#ZFH Solution :

HETE G REANENERT > FEER IR LI - &6 h— L EAE % -
MAENNEERGHEE > bR TIRBES RIERDERERTT > BrEE-FEHORE -
HEEB)(C)(E)
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To determine whether the forces are an action-reaction pair, the key is whether the two objects
have a direct interaction relationship. To decide whether the magnitudes of forces are equal or
not, we can rely on whether the forces are action-reaction or balance forces. Therefore, the

answers are (B)(C), and (E).

Teacher: The gravitational force that the metal ball receives from the earth is called gravity,
so what is the reaction force of this force?

Student: It is the attraction of the metal ball to the earth.

Teacher: Yes. Then, what is the relationship between action force and reaction force?

Student: Two forces are equal in magnitude, opposite in direction, and act on different
objects.

Teacher: Yes, then how to judge whether the two forces are action and reaction force?

Student: The force-exerting object and the force-receiving object of the two forces must be a
pair of directly acting objects.

Teacher: Very good. If the objects receiving the two forces are the same, can these two forces
be action force and reaction force?

Student: Impossible.

Teacher: That’s right, if an object is acted on by two forces in different directions and remains
stationary, what should be the relationship between the magnitudes of these two
forces?

Student: These two forces are equal in magnitude and opposite in direction.

Teacher: Very good, so what is the reaction force of W;?

Student: The reaction force of Wy is Wa.

Teacher: Yes. Which one is the reaction force of T1?

Student: The reaction force of T is Ts.

Teacher: So, among T, T2, T3, Wi and W», what is the magnitude relationship of these forces?

Student: The magnitudes of these five forces are all equal.

Teacher: So, which three options are correct?

Student: The answers are (B)(C)(E).

RN BB EMERIRS IR ETT - HEE(E IR A E T2 A TEE ?
B BEBEREHIEREES (T -

ERL Y o B > (BRI IEEE A D Z IR (R > BT 2

B WEDERMASE > RN (EREAFEEPRE L -

ERl ek o AAHIETN T > B R (B JTELR AR R DAYRE(RIE ?

o4 BUODAMBEERE TR FEP EFFERTF



N KT TRT A ERET oo IFFCEFREFT

SE - WIIWNEEDYIRREL ivRe - R S E R ERTYIAS -

LRl ARG ARWE D EYZ IR HIERY > SR (E T AT RE R R DB AE T
0 2

B4 0 AHJEE -

ERl ek R (EVe 2 2IW(E TR ERIMEM > BORRAF LIRS - s
W FTHI A NGRS - A0 AT 2

B EMIRAR/MEE > TR -

ERl ARG > B W BIRAE R T2 WRE 2

BT WMEIRAERTIE Wa e

B TV AYBIE R T2k 2

BT NHIRIERTIZETs -

ER OFTEL T~ To T~ W R Wo o SE 28 (E TRV R AERE R R (T 2

24 BRENEEEHESE -

Ehl NIEFEW=(E ?

BE BFEB)NCNE) -
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3-3 £EFEPERMNT
Forces Commonly Seen in Daily Life
\
BT A RS AEI T - SR AR A E R RV (B Em T - ST R
J1) B (BEE ST W7~ ) WSS R A A E B P HERE R A -

nh = 7 e DR B AEE ] - ARG GRERAERRIERE ST - H B RS IR SR AV R
& > 40 - PR B TRERIE A

EF thiE EF thiE
contact force P rough Rk
force at a distance ) smooth HIEHY
magnetic force w5 brakes AR
electrostatic force FEHES critical value EEAUE
normal force EES] return to its former shape | [E{8
friction JEETEE ] spring R
static friction AREEYR ) elasticity GH P
kinetic friction BhEEE )
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include R , etc. }

: Common contact forces in life include friction force, tension, normal force, etc.

G RV A RS ~ 57~ R -

be perpendicular to . }

: Normal force is perpendicular to the contact surface.

IEE G E R -

be parallel to . }

: Frictional force is parallel to the contact surface.

PRI & LR T P T

is more likely to + (V.R)). }

: When a road is wet or slippery, a car is more likely to skid.

ERIHURE - BT EAE ST -

return to . }

: When the external force is removed, the rubber band will return to its original shape due

to its elasticity.

EBERINIR > B NE S HYEMETRER -

increases from . }

: A force that pushes the object slowly increases from zero.

TEEIIRGEY T > (eEBHmRIS IS -

is applied to (V.R)). }

i -
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Hooke's law is applied to devise pointer scales used in everyday life.
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By the end of this section, students will:

— ~ Boa s T RAYREE T o TR IE [ & S BRI o B T R -
Knowing contact forces commonly existed in everyday life. And to understand that the
normal force is perpendicular to the contact surface, while the friction force is parallel to
the contact surface.

~ TESEMEIRE N - HERDCEARIE - BYNIR/INIOELE -
Knowing that within the elastic limit, the change of spring’s length is proportional to the

external force applied.

o BIEER o8
BlRE—

(L) Under normal conditions, less friction is better for which of the following situations?
(A) The friction between the sole and the ground when we walk.
(B) The friction between the snowboard and the snow when we ski.
(C) The friction between the hand and the handle of a tool when we use it.

(D) The friction between the brake pads and the wheels when we brake on a bike.

(=0 AEIEFARDE T - FEIE S EEETT Nadr 2
(A)FEESIR > BEFRELIN AT 7 [ EEIR T -
(BY/FER - VAN BT M 7 R T -
(OFEAT AR » FETEEF ZRNEE]] -
(DS B e - e Bl T Z IR EEIR T -
(94 F£E2H 33)
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#ZFH Solution :

e m] (EY)AGGER - 0 o] DLEEYIRG R - RERS/HSE M RIHVRREEE )T - A BEIAIAIAE - M8
M TREK > FETEMARESE  EREE SRR WG ES) - EEE RO -
BB GFT 0 - SRR EEEET] » (YIRS PVBEURGE - At AR RO PR -

EM BT - SRR o BT (AT

Frictional force can either decelerate or accelerate objects. As we walk we need static friction to
move forward. We also need static friction when using tools so that our hands will not slip. Both
of the examples above are static friction that drive objects to move. The greater the friction, the
less likely it is to slip. On the other hand, the brake needs greater kinetic frictional force to
decelerate the object quickly to achieve the purpose of braking. Only the kinetic friction between

snowboard and snow need to be small to allow skiing quickly.

Teacher: What kind of external force does the action of walking rely on?
Student: Friction,

Teacher: Yes. So when we walk, should the direction of the friction force be forward or
backward?

Student: Backward.

Teacher: No, we rely on friction to move forward.

Teacher: So, when the friction force is greater, should the walking speed be faster or slower?
Student: When we walk, the greater the friction force, the faster the speed is.

Teacher: Very good, if we grip the screwdriver tighter when we turn it, which forces will

increase?
Student: Normal force and friction force,
Teacher: Great. We rely on friction to drive the screwdriver to turn.

Teacher: So, is the friction force during brakes a dynamic friction force or a static friction

force?

Student: When we step on a brake, the car still moves forward but decelerates, so it is kinetic

friction.

Teacher: No, the area of motion friction and static friction is whether the contact surface is
sliding, not just whether there is movement. Therefore, when braking, the friction

of the wheels should be static friction.
Teacher: If the kinetic friction force is small when we brake, can the car stop in time?
Student: No. Larger kinetic friction is needed for the car to decelerate as quickly as possible.

Teacher: Correct, then when we ski, what is the main driving force?
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Student: Skiing is usually carried out on slopes, relying on the component force of gravity to

accelerate people forward.
Teacher: Very good, so when we ski, is the frictional force kinetic or static?
Student: It is kinetic friction.

Teacher: Yes, then when we ski, should the friction force between the skis and the snow be

smaller or larger to slide faster?
Student: The smaller the friction force, the faster the acceleration of forward sliding.
Teacher: So which one is the answer?

Student: The answer is (C).

ERN : EEATESEREAESNT 2
EhG 2R AGEREEEE IR T o B ATEZ R ?
B R -
D AR o FRAPTRRIEITRER > B DA IR BEE T [ AT > A RERTHE o
FTLL > BT THOR - BB R A LU R B 2
B2 ERRI o EEERITTEOR o PRI RE R o
D RG> AVEEENEE T o JRIGHRIES o WIREE TR IE 7
B IRAIREEES] -
RN R MR SEEE T EhiRas sy -
R BRI ERFHEER ) > RN T R R AR 0 ?
B2 OREERY o TR RIS (EIRER - FTLUSEIEEETT -
ERN . AHE > SHEEREREERAY R BAEN IR SR > A REELESA
FESIACHIER © L > RAEERE > S AU BERIERL EAFEEE -
B > FFEER T AN AEE 7] DR R e 7
R AT - TREEHARHER T > T REFDURCE -
ERN  IEHE > DA R R KRS - BREEEETE
RN HEEERT  ATEREN ) SR ?
B REIEE ARSI o EFEETIFATHORAY 300 o (AR AT -
ERN RYF - NS HEER D) > BT B R R e ?
B BT
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(L) An object is stationary on a horizontal plane initially, and then it is acted upon by a
force begging from small to large. The relationship between the friction force and the
action force is shown in the diagram. Which of the following statements about friction
is correct, based on the diagram (choose three answers)?

(A) The object begins to move immediately as

—_
soon as the force acts on it. =
~t
(B) When the force goes from O to P, the object S 2 P
remains at rest. éh 1t Q R
(@)
(C) When the acting force is at point P, the © o
1 2 3

friction force on the object is the largest.
(D) When the acting force is at point P, the action force
acceleration for the object is the largest.
(E) When the force moves from Q to R, the acceleration for the object becomes

larger and larger,

(30 — PR ER oK _ERAMGET Ryis ik > RACIRE 2 — H/INTREVER DMER > H
BT Z R TS0 F T ENRR AR A0 AR » (RIBILIE > 5175 BR R DAY A (o &
IEHE ? (fEBE=IH)

(A2 (e % T ER 44 ) - g
(B)fEFAIA0IBAE O BI P BEFS » UL - 7] 2 P
(OFEFITANE P 855 » VIR A - 4 4] S R
(D)EFA T4 P ERS - VAN - B .
(E)EFISTAIEE Q ] R 2565 » M/ EBhigAn 1 2 3
e AL fER 1 (48)
(96 TFEEHN 43)
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#ZFH Solution :

FHEER I E I IHIRR (RlEl - 7T DU E] OP ke » R JME(F T - HIEEET]
=SMEMERTT > &71=0 > SVIRGIRFFRELL - HBRERYEEST ) RREEEET] - PQ SRECHIES]
MHEMIMEER Y] » SRR E SRR S AR 0 - A (R pl05®) - vl P BEEIE
TNV B RAFIERTT - IR E R DG AT EYIRG A8 - [Nt QR SRECHIERIVIEGE
KEBIHVIRGE © QR FAATIERINY RIS IS ZNEE T - MBS E BN A& R e E -
ARSI THIRIN > SAIRGHYERE AR/ NTT A » ML > BEEF F JTROR YIS 2 2RO &
77> NI FEABCRHTANZREE - HUEE(B)(C)(E) -

From the diagram of frictional force versus acting force, we can see that, based on the OP line
segment, the friction force increases with the increase of the acting force. Since the friction force
at this moment is static friction force, the object remains stationary. The PQ line segment
corresponds to the same reaction force, which means that the motion state of the object changes
from static to sliding. Therefore, it can be seen that the friction force corresponding to the P point
is the maximum static friction force. At this time, the force is just enough to make the object start
to move, so the QR line segment means the object is moving. The friction force corresponding
to the QR segment is kinetic frictional force, which keep constant during the moving process. So

the answers are (B), (C), and (E).

Teacher: When an object is at rest, is it necessarily acted upon by friction?

Student: Not necessarily. If the object is not acted on by other forces in the parallel direction,
then the frictional force is zero when the object is at rest.

Teacher: For the same object, is the magnitude of static friction fixed?

Student: No. When objects keep stationary, the frictional force would change according to
the parallel component of external force acted on them. When the action force is
greater than the maximum static frictional force, the object begins to slide.

Teacher: Does the kinetic friction force increase as the object moves faster?

Student: No. The frictional force of an object in motion is a fixed value.

Teacher: Yes, from this diagram of the relationship between frictional force and acting force,
we can see that PQ corresponds to the same acting force. What does this mean?

Student: The PQ line segment corresponds to the same action force, indicating that the object
starts to slide from a state of rest.

Teacher: So what does the OP line segment represent?

Student: The OP line segment indicates that when an object is at rest, the frictional force of
the object increases with the increase of the action force, but the object remains at

rest, so this is the static frictional force.
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Teacher:
Student:
Teacher:

Student:

Teacher:

Student:
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Is the motion of the QR line segment uniform motion?

No. It’s the acceleration motion.

Is it a uniform accelerated motion?

No, it’s variable accelerated motion. Since the frictional force at this time is kinetic
frictional force, the magnitude keeps constant, but the action force continues to
increase, the resultant force would increase. Therefore, it is a kind of variable
accelerated motion with increasing acceleration.

So which answers are correct?

The answers are (B), (C), and (E).
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3-4 KBEEE)
Celestial Movement
\,
HERET R H B 2 R En IR SR - 5[ EE A T OGR B H ORI R > EfER
BH Bl FH H 030 > 2RI — KR ETE SR & H EE) - K EEES) - BN Ee S8 TR

SR ERATRER S -
nH S 7 P PR SR A AR BRI - DURGi i 2 G i B K A RS -

BF thE B¥F thE
geocentric theory Hi LR focal point/focus R
heliocentric theory HLas be proportional to TEEERR
popular/prevailing EAT constant HE
fix/modify EIE square ¥
ellipse WEEl cubed 177
circular [BIFZHY analyze T3t
violate R perihelion distance T H EERE
orbit i aphelion distance 7 H pE
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E (1] because of (N.). }

4] © Ptolemy's geocentric model was widely accepted because of the church’s support.

N R HYSSR > FEEPRAYHIL SR e 2

E (2) move around in circular orbits }

fil4] © Heliocentric theory holds that all planets, including the Earth, move around the Sun in

circular orbits.

HUEiEe sy AIEHEREENITTE » BB #ESE R EE) -

E (3) violate . }

5]« Copernicus's heliocentric theory violated the teachings of the Catholic Church at that time.
SHENHLE  EFERRIHGEE -

E ® alarge amount of }

4]« Kepler used a large amount of data left by Tycho and discovered that the orbit of Mars

revolve around the Sun is elliptical.

o NEEEEAE THUREER - S KEGRGEBETE -

E © one of the (a plural noun). }

4] : The Sun is at one of the foci of the ellipse orbit of its planets.
KIGAAET EMSEEER H o —(E R E -

E (6] in the same period of time. }

4] © The line connecting the planet and the Sun sweeps the same area in the same period of

time.
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E @ the average of }

4] © The orbital radius is the average of the perihelion distance and the aphelion distance.

SRS o 2T H R H FERY S

E (8] be proportional to . ]

4] : Kinetic energy of objects is proportional to the square of their speed.

VIRaHIENRE - BRI RRIELE -

EBEEHE »

TEEEEE AR TR - A EEGLITER

By the end the section, students should:

— TRFGREFNERBE) - FEEMIREEIGR - (Hith BRI [FRF G K5 A -
understand that the movement of the stars you see every day is mainly caused by the
rotation of the Earth, but the Earth also revolves around the Sun.

TR = KA T R E A

understand the three Kepler's Laws of planetary motion.

» lEERE s
f5lE—

(£ ) Kepler introduced the Law of Areas by analyzing the data left by Tycho: a line
connecting a planet to the Sun sweeps out equal areas in equal times, as shown like
the gray areas in the figure. It is known that the Sun is the focus on the right, and then
for the planets on the points A, B, C, D, E,
which position the planet at has the greatest L)

kinetic energy?

A)A BB (OC (D)D (B)E
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(103 FEH 19)

fiZ3E Solution :

H5e i s E BB EIFE Y - 17 R EURE R S nyE B [ - i E AT AT
{ER sk AR [F] - ELAFEEAHTE © INFRAVIR BRI R & > IR R SR P > N ERE
BRASE T RCIERE - R R BT EIRE SR ©

According to Kepler's Second Law, a line connecting a planet to the Sun sweeps out equal areas
in equal times. It is known from the question that the five gray areas cover the same area within
the same time interval. Since the arc length of area A is the longest, we can know that the speed
of the planet on point A is the fastest. Besides, since the kinetic energy is proportional to the

square of the speed, the kinetic energy of point A is the largest.

Teacher: What’s the shape of a planet’s orbit around the Sun?

Student: Elliptical.

Teacher: Yes, does a planet move around the Sun at the same speed?
Student: No.

Teacher: From which of Kepler's laws can we find the speed of a planet?
Student: From the law of equal areas.

Teacher: Very good. The law of equal area tells us that when a planet orbits the Sun, the area
swept by the line connecting the planet and the Sun is the same within the same
period of time. As can be seen from the figure, the elapsed time of the five gray
areas is the same, so the gray areas are also the same. So how to identify the fastest

point that the planet moves at?

Student: The motion of a planet is the path of the elliptical orbit. The longer the path passes

within the same period of time, the faster the speed is.
Teacher: Great, at which point does the planet move the fastest?

Student: At point A
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Teacher:
Student:
Teacher:
Student:

Teacher:

Yes, what is the relationship between kinetic energy and velocity?
Kinetic energy is proportional to the square of velocity.

At which point does the planet have the greatest kinetic energy?
Point A.

So which answer is (A).

TTESERIGHVEE - BERR 2

HAIE -
EET TR AR R G B ?
e

{TEAVERAR - AJLIEbE SR THE e AT 2

AL e RS AT ©

Ry > FEERETRM - TTESERG > HEREA - 1T 28RS R R
AV TATEAR(E] o phlE el DAKIE > TR Gl s e A s AR ] - DRI K B
FRAARIE] o ARELN (T A1 AL — (R 2R e PE 2

TR ES) RAREEE EAVEEE > A E R SR AR > AR -
TN > Bt DAV —Rh AR R Pt 2

ARG R PR -

2t > AEENRE BHER AR (R Ry fTE 2

BIRE LR T ERIEEE -
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(L) In July 2020, three spacecraft left Earth for Mars. At this time, Earth is at A and Mars
is at B. The spacecraft is propelled into an elliptical orbit by a rocket and sails under
gravity, as shown in the figure. It doesn’t enter the orbit of Mars until it is about to
meet with Mars, and finally meets Mars at C. Given that the orbital period of Mars is

1.9 times that of Earth, the time required
the Orbit of RS

the Spacccraft’l
I/

for a spacecraft to travel from Earth to

meet with Mars is the closest to which of

the following? C A ‘l
(A) 600 days H

/
(B) 360 days N é K

N =
the Orbit of Marg e

(C) 300 days ~ o Se "
(D) 260 days

(E) 180 days

(th32) 2020 £ 7 A 3 ERZEMFEIERHEATEK R - BERFHIERTE A 2 - KEAE B
fig o RZEM DK FTHEENHE AMBEPUEREE ST M7 QEATR > HREEDKE
G FEASTKENIE - &EN CREEE - CHADKEAEEB RIER
ONEIEIHEY 1.9 1% > AIPRZEAT R ER i 3S BIEDK B & FTRRI s %4T 51

=

RZEfighs T
(A) 600 K %o
(B) 360 & _ ,
(C) 300 & C o A
(D) 260 K \HeEE e S )
(E) 180 % N

KELEEE . o
. B P -

(110 FE2H 56 )

fZRE Solution :

RS MNTTESE=EH  SF—REAE I STE - ZPuEPR =7 BRI J7 Rk
TEEL » RZEAHT A R EE C izl - K EWH B FFE C Jim - B K 2 GRS
HEFRFPREY 135 BE(= 180 & — 45 &) » K2 &8 HAERE TR ER AR IR 1.9 % > 6
FERTRDK 2 EEH — 75 693.5 H(=365 H x 1.9) » B C HVAEELYS 135 [ » (KELAIA]{E

s 135 &
I B HF) C A 260 (= 693 H X o) -
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According to Kepler's Third Law of planetary motion, the squares of the orbital periods of the
planets are directly proportional to the cubes of the semi-major axes of their orbits. When the
spacecraft arrives at C from A, Mars also arrives at C from B. This trajectory accounts for 135
degrees (= 180 degrees — 45 degrees) of Mars' orbit around the Sun, while the orbit of Mars
around the Sun is 1.9 times the earth's revolutionary period. It takes 693.5 days for Mars to circle
around the Sun (= 365 days X 1.9), and the angle of B and C is about 135 degrees. According to

135 degrees

the ratio, it can be estimated that it takes 260 (= 693 days X
360 degrees

) days for Mars to travel
from B to C.

Teacher: When a spacecraft travels from the Earth to Mars, can it go directly from A to B?

Student: No.

Teacher: Correct, but why not?

Student: Because when the spacecraft moves, Mars also moves around the Sun. When the
spacecraft reaches B, Mars has already moved to other positions.

Teacher: Yes, in this question, what does it mean when it states that the spacecraft starts from
the earth at A and finally reaches C?

Student: It means Mars also reaches C from B at the same time.

Teacher: Good, from the diagram, can you tell the time required for the spacecraft to travel
from point A to point C?

Student: No, because the distance from the Sun will affect the speed of the movement, if the
spacecraft relies on the action of gravity only. Therefore, it requires the movement
of Mars to help us find out how much time it takes.

Teacher: So how do we know the time it takes for the spacecraft to get from point A to point
C?

Student: When the spacecraft reaches C from A, Mars also reaches C from B at the same
time.

Teacher: How long is the rotation period of Mars around the Sun?

Student: The period of Mars' revolution around the Sun is 1.9 times that of the earth's rotation
period, so it’s 365 days X 1.9 = 693.5 days.

Teacher: Correct, then how do we know how long it takes for Mars to reach C from B?
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Student: BC is the movement trajectory of Mars, which can be simplified as a circular motion

with constant velocity, and the time required is proportional to the angle. The angle
of Mars from B to C is 135 degrees, and the entire circular motion is 360 degrees. It

693.5x135
360

can be calculated that the time needed is = 260 days.

Teacher: Great, so the answer should be (B).

i
B
4

BA:

ZH

B
i

B4

ZHh
B4
EH
D OKEGERG AEIEL - EHIBR AN 1.9 %> FrPUE 365 H X 1.9 =693.5

EH

Btk

ZHh

RZEFEAMEREDKE > ATLUERER A B2 B il 7
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Ryl e ?

N RZEMTE BT - KB GEERGRIEES) - ERZEMEE B ARz > KE
ECEEP AT E T -

IREL > AR > AIFRRZERGH A BRHYHIERH SRR F2E C g > TR
BRE?

KEAEFBAEFE B it 22 C iz -

> AR DI E R > RZERGH A B E C pa Pl FR AR S 2
AT R EESEE IR IRYEE - BURESHYRERE & 2 B S R ZE ALY - ATle
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Sy > HEER] DIEREIS IR ZE A A BRE2E C pa 75 ZHYIR ] 2
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Y DK BEERGHY AR AIE ?

H -

1EAE - AL EEERIE K 2 B i f C x> FTEZSAIE ?

BC X EHVESIHES - AT ARG EEALH R 2R RIS - AFR Ak B e
RRIEEE » K EH B 2 C HYAEEE 135 [ - (& (E Bl EEE 360 & - A LUE
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Electricity and Magnetism

RET I = RE YR S A
EET I = RE PG IGER s E A

AREES SHER LR TR - B SRR ESSUE ~ FERARNE - FEEANIAVA R RO - E
S5 | N BRI B ER RAIE S - BB BRE T A Ze i T Al HIBEE R A
BT AR HNESS T F) 2 Rl (5 - B T JRER > R ME R R B AR TR A E R > B ¢ S
# o R - SRERNK - BRET - RS - IR 0 BREDURAVRIE R AHRA R EE - 40 - EEEHT
JFEE ~ SERYEZES ~ 5 - T - G B N ETRUES -
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Magnetic Effect of Electric Current

FE ORI A B AR GG R S HRE RS S R AR

K FREANE 2 AT E IR - B8 - BRI T e > HIEERRUT R A A AVREES T 1R
VR (7 > 5 [ A ZFER Z SO B SR ARES fff © 1 R B ER HEHINEES 2. B SR Y
1255 3. SRRV ERINEY - Btk - SROHEIRMCSERIIER] > B8 © B R E -

B¥ thiE BF thE
electric current BT four fingers rafs
wire LR ring R
magnetic field W55 perpendicular FEEHM
magnetic needle 5an emit B
deflect e inject COUN
be linked to/be associated to | [ solenoid PRGVE
nearby g electromagnet LS
concentric circles [E]CAEl motor B
distribute paN(il hair dryer WK Jal
Ampere’s right-hand rule A FER washing machine e
thumb s
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O In , sb. discovered that (S.+V.).

#4] - Im 1820, Orsted discovered that a wire with electric current in the north-south direction

would deflect a nearby magnetic needle.

1820 FJEiirRrid mA B - HArILIT RAVELS - St st ny R -

‘ ® point to ’

5] © A magnetic needle would point to the north, if there are no current flowing nearby.

A IR Alpggst R -

‘ © with the use of ’

4] : The motor in a hair dryer rotates with the use of the magnetic effect by electric current.

WA f 22 - B SSE J B » A A -

o BEEE »
FEEERETCER » BAEEELITTES
— ~ THREIRGENIR S > R A FER]

* Boask B SR AR Vs N FEF BB -
By the end of the session, students should be able to :

1. Understand the phenomenon of the magnetic effect of electric current and Ampere's right-
hand rule.

2. Know the application examples of the magnetic effect of electric current in our daily life.
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w BIREERE o8
BllE—

i ¢ BEH R G TEA - ARSI [ AR RIS T A -
Can utilize Ampere's right-hand rule to determine the direction of the magnetic field from

the given direction of the electric current.

(L3 ) As shown in the figure, two circular coils with a steady current passing through them

stand opposite each other. If the influence of geomagnetism is ignored, what is the
direction of the magnetic field caused by the two current-carrying coils at the midpoint
of the line connecting the centers of the coils?

(A) To the east

(B) To the west

(C) To the north

(D) Upward

(E) The magnetic fields generated by the two coils are in opposite directions.

(0 B A TR E RV BT AR ETHA T 1L > ANE PR o a2 iy 5288 - AR
AR 4R [ O S o R A Y RS 7 1) Ry T 2

(A I
(B[P 3
©radt SR ceu
(D) - A

(B) Wi 43 &l 728 A AR5 05 TRIAH I
(107 FEE2H17)
#ZFH Solution :
JeFETE H TP eV A > BRI A e - HE A SR AR HINES T 1R 93 Al
Ryfr] > FEAIFRH R SR BB O AR > B ER YA T
First determine the direction of the current of the two coils, and then use Ampere's right-hand
rule to determine the direction of the magnetic field generated by the left and right coils. Finally,

sum up the direction of the magnetic field at the middle of the line connecting the center of the

coils.
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Teacher: How do we use Ampere’s Right-Hand Rule when determining the magnetic field of
a circular coil? Is the direction of the thumb point to the direction of the current, or
the direction of the magnetic field?

Student: With respect to a circular coil, the direction of the four bending fingers is the
direction of the current, and the direction of the thumb is the direction of the
magnetic field.

Teacher: That's right! If the current direction is not known, how do you find out the current
direction of the coils on the left and right sides?

Student: The positive and negative electrodes of the battery can be used to determine the
direction of the current, and the current flows from the positive electrode of the
battery back to the negative electrode.

Teacher: Good, could you please tell me, according to Ampere’s right-hand rule, which
direction is the thumb on the left pointing to?

Student: The thumb is pointing at the east.

Teacher: Going to the original question. According to the right-hand rule, which direction is
the magnetic field of the right coil facing?

Student: The magnetic field faces east.

Teacher: Yes, the magnetic fields of the two coils are both facing east, so which direction
should the magnetic field at the center of the line connecting the centers of the coils
be directed?

Student: To the East.

Teacher: Great, so which is the correct answer?

Student: (A). The correct answer is (A).

4 HITEI AR BIRERES » 40faR 2R Tzl 2 KiHe T R e + 8
SR 16 7

sk : BBV AR - DRSS R AR A - KIS R TR -

A 28 | RRE RN I TR BT - 40T HIERE ?

sk S F SRR DT+ B B R - S -

A A AR (KIBLE TR 2B B R A S 2

sk AHMEEIEE -

A EHT » FEIBIFSCRIE - FIF 2R TR A R e
IR 2
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B MESERR -

ERl R WE SRRV AR - AR B L SR T LR ARG » T RIFER
(IR 5 = 2

B4 [HIR -

D R NS ZEWMEYE ?

B (A IEHEEZEEA) -

BlE_

il ¢ IR ERR TR RMUE - Rt IR B A GRS T S ERVELR g2
FIMETITER > s s eES) -
This question requires not only understanding the magnetic effect of electric current, but
also knowing that wire carrying current in magnetic field could rotates by the effect of

magnetic force.

(FL37 ) Which of the following electric appliances is associated with the magnetic effect of
magnetic current?
(A) heating effect of microwave ovens.
(B) speakers in the classroom for amplification.
(C) motors of washing machines.

(D) electromagnets in a car recycling yard.

(30) PUNWbE R 28 A s BT - T AR ) AP RS IR B B 2
(A)TIEFH TR
B)F =S FHEHII -
(C)FARMEHI B -
(D) SE B B -

#ZRH Solution :

AErhE R ARV ~ M SEREIE RIS 2 - FIERREERINL IBARIRV BRI S - A0
M AR ey -

In our daily life, speakers that create sound, motors that utilize electrical energy to rotate, and
electromagnet that control magnetic switches are all that use magnetic effect of electric current.

Teacher: What are the applications of motors in life?
Student: Fans, blenders, washing machines, hair dryers, range hoods, etc.

Teacher: Good, what products have speakers in them?
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Student: Audio, headphones, mobile phones, TVs...etc.

Teacher: Yes, where is the electromagnet used?

Student: In car recycling yards, container handling, electromagnetic locks, and electronic
locks.

Teacher: Great, then by which principle are motors, horns, and electromagnets made?

Student: Motors, horns, and electromagnets are all components made using the magnetic
effect of current.

Teacher: Excellent, what is the purpose of the magnetron, the main component of the
microwave oven?

Student: The magnetron emits microwaves.

Teacher: Correct, so which answer should you choose?

Student: The correct answer is (A).

Ehl - FRISMAESEEAEAST o AR ?

B2 EEJERS ~ SRTHE AR - WRJEE  ROHE A
ERN  AREF > HIOEEH L AR A R g 7

B B8 B PR EReFE e

LRl J2sh o M EEMLE LA LER TR ?

B2 JREEEEg - EAEHRE - FERLEH - T

ERL O FREE -~ WU - FEREEK - EE A IR RS R T AE 2
E2AE BB - WA - ERHLHE - A S E R R T -
LRl A AN L AT AR > BRI ?
B WIEE G R -

Rl R NS ZEEE 2

B4 EHEEFRZEA) -
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Electromagnetic Induction
\

BRI PR AR B HE A\ SBEBRL S - SRRE & R A P e AR R RE DU Ry R R AT
PR TAT0ERE  MIHIETRIEERAYITE « AYCER © BEERATELNINLS - &k
DUAREE L I SREAY L - SEHERUERIIER] - A SR - BERGS - ERIANE - Z 5O ~ SEAR
s ~ HEREERR S

B¥F thEE ¥ thiE
induction RLE wireless LR
coil 4R switch B [EH
oppose HT stable RER
magnetic line of force g 4 a period of time — ELAE R
generator SEEE moment Wi ]
transformer Ll Lenz’s Law BRER
induction cooker EhE induced current EEE R
microphone 2o Faraday EHLE
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(1) have trouble when (V.-ing).

fil4) © Faraday initially had trouble when conducting experiments of generating electricity from

magnetism.

ERLER—BRG  FEMFEE A E R o AN

(2] ; on the contrary,

#4] = Electric current can result in magnetic field; on the contrary, can magnetic field cause

electric current?

BRGNS - MHEHY - 5 R DARE A SR 7

® figure out that

4] : Faraday finally figured out that only change of magnetic fields can cause electric currents.

R RIS EER] > A EAINEE S e A B

o BEEHE »

FEETARITR - BAEEELITER
After studying this section, students should understand the following concepts:
— T AREMIRIEE S R A RIA
Understand what electromagnetic induction is and how it happens.
= SRR RERYER

Know the applications of electromagnetic induction.

’
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BllE—

SRBH ¢ ML REA A VO{EE EASRIE - USRS SRS ERRT - MR VU E AR - A Eber
FEEAETEER ?

This problem uses four closed coils passing through a uniform magnetic field at the same

speed to determine whether the four coils generate induced current.

(LX) There are four rectangle closed coils through a homogeneous magnetic field at the same

speed. Which two coils will generate the current?

(=0 VUEFERZ SR A - DRI 2R i — (A Arhds - s (B SRkl - &L e

g ?
1 A 1 H
XXXK KKK KKK KKK XX XXX KX XXX XX KKK
XXXK KKK KKK KKK XX XXXHXHX XX XXX XXX XX
XXX KKK KKK KKK KA KKK XXX KX KKK XXX KX XHXK
*xxxxxXXXﬁxxxxxxxx fXXXXXXXXq%XXXXXXX
XXX X XX XXX XXX XXXXX
B 3o ¢k 300K X X X X X 2o s xop x e xx x x
X)X X X X xi&xxxxxxx HKAPRRRKP XXX KXKK
I X X X XX XXX HXRXX XXXXX
XXX KKK KKK KKK KKK KK HXHRHXAXAAXHXKXHAXXXK
)% X OO X XXX XXX XHXRAXHXOCCPXX XK XX
33 xx X % ok xd x x x x x XHXRXHXFHRXHXAXPAXAX KX
XXX XX XXX HPX XK KX alalalaletel x&ﬁxxxxxxx
C

#ZFH Solution :

B A BEAGEN - MIRES AR - DIMEERE DS EAEER -
REEER - JA A B C GBI EEIE - WEEI&GVE L RIERA A B C 4 L -
GEAREER - 2% B Bl D 4F - MiZNVARE) - (HARINATRE TSR E - fibiR g
HIREEER -

Students need to determine if the magnetic lines of force changes, in order to decide if there are

T

R

induced electric current being generated.

Teacher: In this figure, what do the crosses in the magnetic field represent? Do they mean
that the magnetic lines of force are entering or going out of the paper?

Student: The crosses symbolize that the magnetic field is entering the paper.

Teacher: How will the number of magnetic lines of force change in the coil A?

Student: Coil A leaves the magnetic field upwards, and the number of magnetic lines of force
in the coil decreases!

Teacher: That's right, so will the coil A generate an induced current?

o BB AR EFRETRLE FEP FEHE B
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Student: Yes.

Teacher: That’s right. Then when the coil B moves and when the coil of magnetic lines of
force moves, will the number of magnetic lines of force change?

Student: Half of the area of coil B is within the range of the magnetic field, and half of the
area is outside the range of the magnetic field. When coil B moves, the lines of
magnetic force do not change.

Teacher: So will there be an induced current on the coil B?

Student: The number of magnetic lines of force in the coil B has not changed, so there will
be no induced current on the B coil.

Teacher: What about the coil C?

Student: The coil C is entering the range of the magnetic field, and the number of magnetic
lines of force increases, so the C coil will have an induced current.

Teacher: Very good. What about the coil D?

Student: The coil D moves at a constant speed in the magnetic field, and the number of
magnetic force lines does not change, so there is no induced current.

Teacher: Excellent! So which coil will generate induced current?

Student: Coil A and Coil C.

Teacher: Perfect!

RN AEE PRI XOURFR o RERII4R > AR B AR ?

Bt NOURPRERON B HE AR -

ERL . EHY A REINAIREIGREE - AT EE 7

Bk A GRRER ERERANLE - RNV IR EH B |

ERN U288 0 ALl A SRIE g L RUEE R IE?

B g

EHl : BE T AV B SREFEENET o WIISRREREENRT - HITISREH EE 2

B4 0 B G —FEEESGEIEN - —FEEESEES - B KERVEETTE
W8 e -

RN AREF - AL B 4RFELE - FRUEERNS ?

B4 0 B REINHINIISEHIRANE > ATll B &8 EAEHREER -

Rl IERE > AUEE C REERIIFIE ?

B CRE A ARG EE - WIREBEN - NIt C KBS A REER -

ER AR - HIEE D 4RIENE?

B4 0 D QREMENSENEE) > WIREHANE > Nttt A IEER -
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B ABLCEE -
EAf © SEEIEHE |

BlE_—

StHH | HUEEEMRVENER - A EREs « FEEM - EIUE - fET R - A - #HE
FIFHRE T4 B ML - A RUEE IR YA o -
Know that the applications of electromagnetic induction include transformers, generators,
induction cookers, wireless chargers, microphones, etc. These are applications that utilize

change of magnetic lines of force to induce electric current.

(JL3 ) Atransformer has a main coil of 10 turns, the secondary coil of 20 turns. Now a stable
direct current is input to the input end. Which of the following statement about the
output end is correct?

(A) The output voltage is 0.

(B) It generates direct current with constant output voltage.

(C) It generates alternating current with output voltage halved.

(D) The output voltage becomes direct current with twice the original.

(E) The output voltage is alternating current with twice the original.

(th30) BF—8ERES > L4REMA 10 [E > BIGREA 20 [E > 5506 Al AfREHVEE -
RN 517 s iy AR ] =8 TE A
ABEPERKT OEENERAENERE (O EREAAOmNE
(D)t FRJER S Fy 520 2 AV ELA R (B R ER Ry K 2 AR

(B _FE%E)
fZFE Solution :
TR IS TR B A - A REE A S LA - DUEREE A EUE BB Y - (R

EERA) -
Understand that transformers need to use alternating current input in order to generate changing

magnetic field, which is essential for producing induced output electric voltage.
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:
Teacher:

Student:

Teacher:

Student:

il
B
£

T
4
Btk
4
mf
4

sk

A transformer is an application of electromagnetic induction. How many loops does
it have?

Two loops.

What kind of power supply is the input and output of the input circuit and output
circuit?

They're both alternating current.

The ratio of the number of coils in the transformer will affect what characteristics of
the output?

The ratio of the number of coils will affect the output voltage and current.

That’s right. If a stable direct current is input, will the transformer have an output?
No, because the transformer needs a changed magnetic field to generate induce
current.

So which is answer?

The answer is A, and the output voltage is 0.

SRER A EIARERIIER] - B 2R E RS 7
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Integration of Electricity and Magnetism

SR e T B B R EY DU AR o A A LR Y SRR A AE - EREE LAY
LR EN e > BURBEHOR AR E FHOCEE - N HESR O CHLE EhER A —TE - 2
& MELERER > SEE TR - BRES BN SIHER » SR EAR
HTEGER ©

BEF thiE EF thiE
equation JREx infrared KLY
integration Gk visible light o] B¢
vacuum H7ZE ultraviolet RHNG
propagate/travel 5% X-ray X 4R
magnetic dipole AT y-ray VAR ESH
electric charge B faT electric field B
electromagnetic spectrum | EERZI EL oscillation EE

(v.) rub
radio waves LR BRI (n.) friction (BEEH7) JEEf2E
microwave feuRz Maxwell’s Equations BT E=
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‘ o integrate into . ’

#l4] - Maxwell integrates four laws of electricity and magnetism into a set of equations.

5 ve LG VU E FE AR e > e — TR

‘ ® Based on the fact that , . ’

#i4] - Based on the fact that the speed of electromagnetic waves is the same as the speed of
light, Maxwell believed that light is a kind of electromagnetic wave.

EAN LR B EAR(E - S R Ry o SR TR R

© are effective for __ (V.-ing).

i) : Microwave ovens are effective for heating food.

PO NI BN B I TSRARST -

o BEEHE »

FEEEE e AR TTE - BAEERRIITNER

After studying this section, students should understand the following concepts:

— ~ FIEE YRR A E R SRR MR RIS -
Know the equations integrated by Maxwell from four laws of electricity and magnetism,
in order to understand the concepts of electromagnetic waves.

o EURREEREN o R AR o RAEATETHIRER -

Know the classification of the electromagnetic spectrum and its applications in daily life.
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To know about the major contributions of Maxwell in electromagnetism.

( L3 ) Which of the following statements about Maxwell's contributions to electromagnetism
is correct? (2 options should be selected)
(A) He was the first to discover electromagnetic induction.
(B) He was the first to discover that electric current can generate a magnetic field.
(C) He is the first to predict the existence of electromagnetic waves.
(D) He is the first to experimentally confirm the existence of electromagnetic waves.
(E) He was the first to theoretically derive the propagation velocity of
electromagnetic waves.
(30 THIRER ST LR ERES: EERAYRCI - WRLLTERE ? (B2 2 TH)
(A)y & — BB RES -
(B)/2 25— B ml AR s -
ORFE M FHABHEFEE -
D)yEE U ERS BB FEE
(E)RF— U Hm S B R R RE -
(103 F-E2H] 34)

fZFH Solution :
A [FEERSEEE - DUNEMAHRR RS - I RIS 50RH -
Ask the students to describe the important electromagnetic-related phenomena and who the

scientist who discovered them was.

Teacher: Who was the first to discover that an electric current can generate a magnetic field?

Student: Hans Christian Orsted.

Teacher: Who was the scientist who found out the relationship between the direction of
electric current and the direction of the induced magnetic field?

Student: André-Marie Ampere.

Teacher: Who discovered that the changes in the magnetic field can cause a current to flow
in a closed coil?

Student: Michael Faraday.

Teacher: Who was the scientist who derived the equation of electromagnetic wave?

o7 BODAMBEFRETORLY P FFHER R
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Student:

Teacher:

Student:
Teacher:
Student:
Teacher:

Student:

4 -
B
4 ¢
s
4 -
B
4 ¢
B
4 ¢

B
S
s
i
s

James Clerk Maxwell.

Who was the scientist who determined the speed of electromagnetic waves and

found that the speed is the same as the speed of light, and that light is

electromagnetic waves?

James Clerk Maxwell.

Who conducted experiments to prove the existence of electromagnetic waves?

Heinrich Rudolf Hertz.
So which two are the answers?

(C) and (E).

ISR AT LU ARG - JE3EE 2
JEHT -

PR T  BELECT R 2 A5 TR - BYRHER R EEREE 7

T8 -

SEIRMLGHEE > A DAEEIEASREE EEAEIRAY - SEaElE ?

VERLES o
R o R ERORIIRIEES > EEEIE 7
Byt -

SR (AN - 3 S5 R PEPCAEI » BRITTR B LR AN

IRIEESZ > JZEEIE ?

e tml
sEAIFHE S > S E EWIVEFAE ?
ek -

Pt U PR (] 2
(C)HL(E) -

B AR EE R

FRER g

We FFCREFREFTY &

EEERT
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Learn about the applications of electromagnetic waves in daily life and its property of

being able to propagate in a vacuum.

(L3 ) Which of the following waves cannot propagate in a vacuum?
(A) Radio waves from mobile phones.
(B) Infrared light waves radiated by the human body.
(C) Sound waves,

(D) Microwaves from microwave ovens.

(Hp3) YR B - SR H 2 TR ?
(A) FHERVIEAREEY (B) ARGHRSAS LAVALSDEN (OVBEKE (DYURIERITOR -
BRI )

288 Solution :

iR SRR RO R YE - R BRI SRR o W YRR B B 2 AN[E]

Ask students to name the characteristics of electromagnetic waves and the names of
electromagnetic waves, and to distinguish the difference between electromagnetic wave and

mechanical wave.

Teacher: What are some examples of electromagnetic waves?

Student: Radio waves, microwaves, infrared rays, visible light, ultraviolet rays, X-rays, and
r-rays.

Teacher: What devices use radio waves?

Student: Wireless TV and radio.

Teacher: What devices use microwaves?

Student: Mobile communication, Bluetooth, WIFI, and microwave oven.

Teacher: What kind of electromagnetic waves are emitted by the human body?

Student: Infrared.

Teacher: What is the function of ultraviolet rays?

Student: Sterilization and disinfection.

Teacher: What kind of electromagnetic wave was used to understand the double helix
structure of DNA at the earliest?

Student: W-ray.

Teacher: What kind of rays are used in radiation therapy for cancer treatment?

% BB AR EFRETRLE FEP FEHE B
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Student:
Teacher:
Student:
Teacher:
Student:
Teacher:

Student:

- -
BUE
15
B
- -
BUE
15
B
- -
BUE
15
B
- -
BUE
15
BUE
- -
B
21
BUE

\.'%‘ KT IMEFFRT Z gy &

r-rays.

They can all travel at the speed of light in a vacuum.
Can sound waves travel in a vacuum?

No, it can’t.

So which answer is correct?

(©).

EATA =T e

ESREEY ~ O ~ ADHMR ~ ATERDLE ~ BONR - X AR

AP ELSE B T fm4R 2R R 2

AR - RS -

AP ELSE T {5 FHH0R 2

FimaH ~ BE2F - WIFI ~ fUR 0 -

NG HAVERLR - B UFEE ?

ATHPGR

LRYMEA TEE Ve 2

WHEES -

B¢ 5T fif DNA [EEIEEasts - A B E SR ©

X B4R -
FEIE BRI IR 4 a5 - B ES 4R 2
r G4 o

DL EHYE LRGN, - B A (TR YRR
#hE IR EZE - DR T

R ] DA 22 R (RS 2
BRI AT B2 TP -

Pt DA ZE 15800 2

(OK

0o T REHEEL Y <

What characteristics do the above electromagnetic waves have in common?

r B4R -
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4-4 RV

The Properties of Light
N\

AT 4B NPT EAY S 2 R S M U BN AR BEEDERVE AR E
SEHYSZES ~ I8 ~ 828 ~ 4~ F o o  AEEHTHYR ENER - AR CHY 8 R SRR & -

EF thiE EF thiE
consider o mirror BT
stream H concave mirror M5
particle KL+ convex mirror r Y IHI B
geometric ATy spherical mirror Bt
reflection 5+ wavefront Nsaz]
refraction P&t wavelet R
interfere (v.)

T4 ripple LS
interference (n.)
diffraction GEgT medium E
scattering B immerse I
diffuse 25T straw RE
specular A1) bend/deflection T

®

SRR EERE TR R EERR
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real image = prism TR
virtual image i &
‘ o consider to be . ’

##4] : Newton considered light to be a stream of particles.
AUEEE Ry AR IR AH ERHY

‘ (2) travel in . ’

4]« In diffuse reflection off a rough surface, the reflected light travels in all directions.

FERHREREIR @S REDEREATE 7 EE -

‘ © the nature of ’

%4 : Young’s double-slit experiment demonstrates the wave nature of light.

PR B B - 560 TRV EE

o BEEHE »

FEETARITR  BAEEELITES

After studying this section, students should understand the following concepts:

—~ TEOLHIAE - B D OUHVERATEE - S ~ 38T T8 SIS - Understand
the nature of light, including the linear progression, reflection, refraction, interference and

diffraction phenomena of light, etc.

102 SR EERE TR PP EEEE R
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SR BT R -
Understand the principle of light refraction.

(L) FIG. 1 is a schematic diagram of a wave entering from medium A into medium B.
The wave has a slower speed in medium A and a faster wave speed in medium B.
The solid line with arrows represents the incident ray, and the dashed line is the
extension line. Draw in the answer area on the answer sheet
(1) Normal; (1 point)
(2) The refraction line after the wave enters medium B. The refraction line only needs

to be drawn to the upper right, lower left, or along the dotted line without

deflection. (1 point)

(P [ 10 BEESE A SANE B FRER < BAENE A TUEEe - £1E
B AU BRI o FRIR E MR AGTGR - IR R ERER - fEEEGPIFE RS
o
(1) 5545 (153) Y
Q) WEASNE B ZHRIOFHE - fTHENBEENT  E b

BIRA L RET ~ SCEEERRIT - (155) ﬁﬁa“\\
1
(110 2201 51)

fZRE Solution :
SRS A Y E T BT - AOCH T E G REEALR o WE 1R -
Light travels in a straight line when it’s within a homogeneous medium, and when it enters an

optically thinner medium, it will deviate from the normal. Shown as Figure 1.

Teacher: Could you name a daily life example which is similar to a medium A entering a

medium B?

Stud The speed of light is slower in water and faster in air, so it is similar to the situation
tudent:

where light shoots from water to air.

Teacher: Yes, Then how do you draw the normal (lines)?

Student: The normal should be perpendicular to the interface of the medium.

103 PR AMBRERE TR (FEP EERRY S
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Teacher:

Student:

Teacher:

Student:

Teacher:

Right. So how can normal lines be drawn?

From the point where the incoming ray meets the interface, draw a vertical line
perpendicular to the interface between medium A and medium B.

(The teacher uses a dotted line to draw the normal line in picture 1, following the
student’s answer).

Very good! Then when light enters medium B from medium A, should it be deviated
to or away from the normal line?

Because it enters a medium with fast wave speed, it should be far away from the
normal.

Wonderful! When the light goes from the slow medium A to the fast medium B, the
refracted light path should deviate from the normal.

(The teacher draws a refracted line in picture 1, following the student’s answer).

[FIEE AT AR - DU E A BEAYE B HYATEEHITE 2

YEAE/K PR » A2 SR TP HY R PR - At U B /K A1 22 5@ A 1R -
T B AL SR ?

JEARE T H MBS -

23t > FTLUEASR AT UGS ?

AGE AT RBLY  HAFH YRS > E—REEREENE A BLVE B Y5 -
(CERTNEZ B2 AMEE » 7EE 1§ DIEGETER - )

R > ADCHNE A BEASE B - [EZRFEAGREGERERLR ?

R HE AR ZREREYTTVE - FTLUREZ R A4R -

R e IEHYVE A BEARERAYVE B - TP IEREEELR -
(EHIEEERAEES > f£E 1| EHPTHAER - )

BUORAMBEERE TR P
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Bt ¢ TERGEIR S N REPERZAE - FrHERAVER -
Understand the effects of diffraction phenomenon at different wavelengths and varied

frequency.

(LX) Wang Wei, a poet from the Tang Dynasty, once wrote in his poem: "No one was seen
in the empty mountain, but one can hear people’s voices". It means that though you
can't see anyone in the forest, yet you can still hear the conversation between people
in the woods. Which of the following is the reason for such a phenomenon?

(A) The speed of sound waves is greater than that of light waves, so the sound can be
heard before the sound maker is seen.

(B) The energy intensity of sound waves is greater than that of light waves, so they
can and travel out through the woods.

(C) The wavelength of the sound waves is close to the scale of the distance between
trees, so it is easy to diffract and transmit out.

(D) The frequency of sound waves is higher than that of light waves, so there is a
greater chance for sound waves to reach the observer.

(E) The wavelength of sound waves is shorter than that of light waves, so it is easier

for wound waves to travel out through the woods.

(o0 B TR E T 2R R EHEAGER - EIUMTEARA - Al 2
TERIRIM R AR BEERE - BRI R TR 2
(AR YRR EE e R - BURFE e -
(BYEHIRE B LLY R A - MU S BB E -
(CO)BERZHTIR B ATRIERI R BT » A B RSN EL -
(D)ERHIPERELIER R > AR RIIHERE RS -
(B AR - A 5 Z BB E L -

(102 FEEH1 22)
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fi#RE Solution :

REHFHEFOIT - SRATE TR BN - R RAE - [EGES IR R ER LR - 22
BIRSeRE P BT R PR IR 2 AE -

This problem uses the example of a classical poem to illustrate the differences between the
diffraction phenomenon of light waves and sound waves in daily life, because of their different
wavelengths. Students should firstly fully distinguish the characteristic differences between light
and sound waves, then determine their phenomena differences.

Teacher: In a mountain where the forests are dense, you may hear people's voices without
seeing them. What kind of sound wave phenomenon is this?

Student: Diffraction.

Teacher: Do all fluctuations produce diffraction?

Student: Yes.

Teacher: Why is it not easy to see the diffraction of light waves in life?

Student: Since the wavelength of light is too short, it is not easy to find suitable holes
compatible with the wavelength to allow the diffraction phenomena observable.

Teacher: Which is faster, the speed of sound waves or the speed of light waves?

Student: The speed of light is relatively faster.

Teacher: What is the approximate frequency of sounds that the average person can hear?

Student: From 20 Hz to 20,000 Hz.

. BPARABPEFIRET AP FEP BFEGT T
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Teacher: The wavelength of visible light is about 400 nanometers to 780 nanometers. If the
speed of light is 3 - 10® m/s, then on what scale is the frequency of visible light?

Student: The frequency of visible light is about the scale of 10'° Hz.

Teacher: If the speed of sound is about 340 m/s, then what is the wavelength of the sound
wave?

Student: The wavelength of sound waves is about 0.17 cm~17 meters.

Teacher: The sound can be heard by people in the distance through the woods; is it because
the energy of sound waves is relatively strong?

Student: No, it is because the sound waves are diffracted when encountering trees. Because
the diameter of the trunk is close to the wavelength scale of the sound waves, there
will be a more obvious diffraction phenomenon.

Teacher: So which answer should you choose?

Student: The answer is (C).

T ARSI BATIAATAT LIERR RS S (EE R AR 52 7

A G-

ERN PR SRR IR RS ?

B4 EHY -

ERE RS T AT S EIDCR ISR TR ?

B NRCHINRAH > REIFE =L » A eliREs -

LR BRI ORI - HE LR ERE ?

B T JEERERRCR -

ERl . RN ATEERRVEZ AR - REUEZ /DI ?

B4 0 20 W44 E] 20000 gk o

LA AR R AR 400 ZOKE] 780 0K - AIRIEH Ry 3 - 10°m/s - HREER] Lk
AR R GIAE I8 R E?

B A] ORISR ALILE 107 Hz (Y RE -

LR AR IR 340m/s > AV RS %/ Ve ?

B 0 BRRRRL 0.17em~17 AR -

Rl AR A USRI MR R A TSR] - RN R AR R EEEGRIS ?

B4 AR ERRERBRIIRE LS N Rfolday B B YR RS R
PRSI G ER 52 -

ERl : PTLUE ZREEEE 2

B4 0 BB -
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4-5 #B MENRUE
Doppler Effect

TraaEd NERUERE > R ATE D SRR 5 R R -

BEF thaE B¥F thiE
single BH— away from 21
relative motion ik aptity) ambulance RGEE
pitch o police car =
note =L siren =2
source R horn IR
rest A1k honk (v.) e Eg
toward .. FEHT
L O cither or

#il4) : The observed frequency will change when either the source or the observer moves.

RIS R AR G -
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ffl5) : The observer moves toward the source S at the speed of V.

BB R V o FETRR S -

E © move away from .

4] : The observer moves away from the source S at the speed of V.

Bz DR V o BEEERR S -

EBEREHE »

FEEETARTR - BAEEELITE R
After studying this section, students should understand the following concepts:
— T RSP R R SRER R E L -

Understand how the frequency changes received by an observer.

© TR TR » SRR R  FRSE R -

Understand how frequency changes due to change of directions or magnitudes of

velocities.

» FIFEERE s
{5l RE—
SREA ¢ HH SRR o HERERE o W0 R AERAYEE -

To estimate the distance and the motion of echo by means of reflection time, and

determine the frequency variation of echo.

(L) A stationary ship at sea sends out sound waves to detect where the school of fish are.
After 50 milliseconds, the echo signal of the sound is measured, and the frequency
of the echo is found to drop. If the speed of sound in the sea at that time was 1520
m/s, which of the following is the distance and motion between the fish and ship

when the sound waves are reflected?

FUORREBEFRET RN FAP

EE R
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(A) 38 meters apart approaching.

(B) 76 meters apart, approaching.

(C) 38 meters apart, moving away.
(D) 76 meters apart, moving away.

(E) 76 meters apart, relatively stationary.

(F320) Mg ERFHIEAIAL S - SRR DM SERI E - &R 50 ZRPHIGE R AY[El R
5t 0 AT AARAR T « HEREP R 1520 AR/FD - AT R5IE
B Ry SORHAE SO BRIy - HOAE AL S A PR L B, R R
(AFHEE 38 AR - #Eaa -

(BYIHEE 76 AR » HE4TH -
(O)fHEE 38 AR - EHFET -
(D)HEE 76 AR - =i -
(EYHHEE 76 AR - AH¥IEE L -
(104 £EE2H 38)

fiZ2E Solution :

SR R B S A A ENIRRE K T 1 - FEAIFHED N EUE - HIETECH RS 0
FEfE ~ B - BRI R RS - RN > KZ - AR

First determine the motion state and direction of the sound source and the observer, and then use
the Doppler Effect to determine whether the observed frequency increases, decreases, or remain
the same. When the sound source is approaching to the observer, the observed frequency

increases. On the other hand, the observed frequency decreases.

Teacher: Is it the sound source or the observer that moves in this question?
Student: It is the sound source that moves.

Teacher: When the car is at point O, which person is relatively closer to the car?
Student: The person standing at a.

Teacher: How is the frequency heard by the person at location a?

Student: The frequency heard will become higher.

Teacher: Who is relatively farther away from the car?

Student: The person standing at b.

Teacher: Then what is the frequency heard by the person at b like?

Student: The frequency heard will become lower.

Teacher: For the people standing at ¢ and d, are they getting closer or further when the car

passes point 0?

110 BYOAREBPEFRET R FEP FFRETE
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Student:

Teacher:

Student:

Teacher:

Student:

1
B
1
B
1
B
1
B
1
B
1

B4

R

B

Eh

B

They’re neither getting closer nor further, since the tangential velocity of the car is
perpendicular to the line connecting the person and the car.

Then how does the frequency of the sound heard by the people in these two place
change?

The received frequencies at ¢ and d are the same as the emitted frequencies. They
don’t change because there is no relative movement in the radial direction.

Good. Which two should you choose for the answer?

(B) and (C).
{EE(EE H R ey - 2 REEBZEEE ?

LR =y

EHTAE O BhF - ALt AAHETHY T2 REHT RIS ?

USTE a YA ©

RIEEAE a Y ABEEIHISHA G AIE ?

AR AR BT A IE ?

LEAE b ERHIA e

RIEEAE b Ry ARSI G {AIIE 2

TERIAVARR G EK -

UETE ¢ B e d BRRIA - (R348 o BEAVIERY - BN HET BCEREYE ?

#f o pa ke d BRI AAGER > BT DGR R B N R AR . > BT A B e
A H R -

RIFEiE R pE Y N BE SR SRR A (S {bE 2

c B d PRI EIHIPRELE HFRME > J2A8(E IR A 1S T [ HAE
i o

ARV S 2R MR T A (] 2

(B) & (C)
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Energy

R = RE AR RS
RS RFREECHR LR

ARESEREE AL RO RS THYRE B AR 23 - DU RE BT A Ak -

HBE I TEDhS | ARE B VRS - Wi M 488hRE ~ fLRELLRERRE - TR REF IRV AT
Bl o AEEMBRET A FURERAN (T #EH  ROREERE BRI - WA FE 0] T igfind - &
TP A A B > W TR B TR AIIR B ELE A © mi% 0 4E 2 NUTEAYE RE~FIAL
TERE > TRZRE R MERTIBRE « IXRER R MBI A -
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5-1 gEEMER
Forms of Energy

FEDIRVESR » T FERERAVIERS - (KT réa4E i RAVSE E RS EIREEA AL » 5[ A
TIERENER - RAEEPE RHVTEAETRIAS - feirar4aHE RN = R H
A
BEF thaE B¥F th3

work I oscillation EZ

joule fFEH conservation SR

positive work )| precipitous BRElE

potential energy fiIgE slope e

gravitational potential energy | EE JJ{i/KE ignore &

adiabatic expansion G AR convert A

elastic potential energy o I RE chemical energy | {EE2AE

mechanical properties JIE2HE light energy YERE

kinetic energy HRE nuclear energy RE
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we VFFXEFREFATY <

o multiplied by .

4] « The gravitational potential energy is equal to the weight of an object multiplied by the
change in height.

HEOUEFERYRGEER EEEEE -

O do work

4]+ (1) When energy is accumulated as gravitational potential energy, we are doing positive
work.
EREEDIEDMRERVAIRR B - BB FIED) -
(2) In adiabatic expansion of the gas, the gas does positive work to the environment

without absorbing heat, so the gas’s temperature decreases.

FESE BV AR TS, RAS VAR MEIED) > HAREN > FrLURBRRE S M -

© convert into

#fl55) + Different forms of energy may be converted from one form into another.

AEEZAAVREE > FIRE AT DA FL st -

« BEEHE »

FEE AR TR - BAEEEII MR
After studying this section, students should be able to know that:
— > THEAFEPEHIRER
Understand different forms of energy.
= JEA EP AR B EOARE HAERTE -

Know the conversion among different forms of energy and calculate them.

e % ¢ E] S ’?ié%;'g?i—g :F;&/&l’{'PJ #ﬁﬁ"‘ E?%*;:;ﬁ:q* =1
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w BIREERE o8
BllE—

il ¢ AR TSP A HVEER - WREETEIED) ~ fIRE ~ BhRE K JIEREE -
Students can understand various forms of energy and can calculate work, potential energy,

kinetic energy and mechanical energy.

(L) If a sphere with a mass of 720 kg has a kinetic energy of 3600 kJ, what is the
approximate velocity of the sphere?

(A)10? (B) 10° (C) 10* (D) 10° (E) 10°

(H132) FE & Fy 720 A THIERES » B 3600 TRAEEAVENRE » RILERERHVERRL RZ/ D
NRIFD ?
(A)10? (B) 10° (C) 10* (D) 10° (E) 10°
(111 FFEH) 5 )

fZFE Solution :

VBB Ba(S)my? o BRIt > P v= [

m

The kinetic energy of an object EkZG)mVZ. So, the speed of the object v= \/%
Teacher: What factors are related to the kinetic energy of an object?
Student: The mass and velocity of the object.
Teacher: Do you directly multiply the mass of the object by the speed of the object?
Student: No. The kinetic energy of an object is equal to the mass of the object multiplied by
the square of its velocity, and then multiplied by one-half.

Teacher: Very good, Ek:(%)sz. If the kinetic energy of the object is already known, how do

we find the speed of the object?
Student: Multiply the kinetic energy of the object by 2 times, divide the mass of the object,

and then take the square root of the obtained value.
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EH T YIREIHE BT R A 2
UL WS R R -

T M R R YRS 0

BUE L ORI BB A R R LR R ks
w R Be(3)my > R CARIEYIESE - TR AR 2

b RYIRBiRe R L 2 5% > HERYREIVE ER - FRHGEIRVE(ER -

pIEE_
SHA ¢ TRRREESTIUERE - BETEY) ~ BAEE - EIIMLAE - MR IIRERYEFR KGR -

Understand the law of conservation of energy, including the definitions and calculations

of work, thermal energy, gravitational potential energy, and elastic potential energy.

(3L ) The ideal spring system shown in the figure can only expand and contract along its
central axis, its bottom end is fixed, and its top end is connected to a flat plate. Under
the external force only gravity, the system stands still and is in equilibrium. The height
of the top is h. Now, after the weight armor is placed on the top of the spring system,
the spring continues to vibrate, and the maximum height that the top can reach is h’.
Which of the following statements about the spring
system is correct? ho

(A) h'may be greater than h,

(B) h” must be equal to ho FITTITITFS.

(C) h'may be less than ho ideal spring

(D) h” may be greater than h, if the temperature of the spring rises due to expansion
and contraction.
(E) If the temperature of the spring increases due to expansion and contraction, then

h” will still be equal to h,
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I HGH 55 2 2 ey AR R RO ] 38 TEAE 2
(A) h"ATHERI ho ©
(B) h"ZFHR ho
(C) h"HIBE/INIR ho
(D) “E5fs HdEE B IR BT > AT h Al BERHY ho -
(B) E5fs& g s RS B > ATh &35 ho

7
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fiZ3E Solution :

SNFRALIEIBTEDS) > e TEHIERGHIRE R - #EtRe B RV -y ER g &~
/[ﬁ °

Work from outside is a process of delivering or extracting energy to/from a system. By means

of the transformation or various energy forms, energy conservation still holds.

Teacher: By putting down a heavy object on the spring, it can compress the spring for a certain
distance. What kinds of energy conversion are involved there?

Student: Gravitational potential energy, elastic potential energy, and kinetic energy.

Teacher: Very good. Then in our daily life, will the spring oscillation always maintain the
original vibration amplitude?

Student: No, the spring oscillation range will become smaller and smaller.

Teacher: That's right. Does it obey the conservation of energy?

Student: It does. Only part of the energy is turned into heat energy.

Teacher: Correct, is it possible that the vibration amplitude of the spring is larger than before?

Student: That’s impossible.

Teacher: That’s right. Then what are the possible relationships between h’ and h?

Student: If no energy is lost as heat, then h' will be equal to ho. But if there is energy lost to
heat, then h' must be less than h,.

Teacher: Great. The temperature of the spring rises. Is it possible because the external air
resistance does positive work on the spring?

Student: Resistance will be opposite to the direction of motion, so negative work is done

instead of positive work.

117 BYOAREBPEFRET R FEP FFRETE



4
g
4
i
4
g
4
T
4
B

21
B
15
BUE
15
BUE
21
B

118

TIFE R T 2 AR &

Teacher:

Student:
Teacher:
Student:
Teacher:

Student:

the spring system increases or decreases?

Correct. So if the temperature of the spring increases, what will happen to h'?
h' will be less than ho.
Good. Then which answer should you choose?

C.

JEUT B (oo 5 R A — L EE R - S A TR RE =RV A ©
HJIfiAE ~ S SIAIRE R ENAE

1R - PR & o R s — BT R AR AR ENIE 0 2
NG > Ao o R O s [ IR )

R B E S ESTREESTINIE ?

EETESFRETN - REEEFE T ENEEET -

e s ERRENEE A AE bh R AR R 7

8 » TP B h 2 BRI FTAE B e 2
G RSB - IV G R h o (A0S AE RHESC BB
% b QAN h -

it - AR ot - TR SRS RN B (E TE DI 2

2% AL S SLEBN T A - P - THIRTED) -

A B BRI AT, - TR S R R E ?
SNRBHMEET) - BT R/ -

TERE » LSRR - TV (L 2

h* & /N h o

AT+ FTLAE ST 2

(©) -
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Doing negative work on an object means that the energy of the object is reduced.

0o I REHEFL Y <

Yes. The resistance does negative work in the spring. Does it mean that the energy of
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5-2 MEBRETHEES
Energy at the Microscopic Scale

APV IRAREELS » 2RAIRER (L B HNECE S T MR RAGEE - N RGN
JIE o B AR AT RE T - RN - RESHVE S - RULEhRER I - [
5 > FASEAS AU OBIEAL » N RESRES oy 2 FERE R 0 BT 2 A (B RN RAS
2 TR LA BRI ) - FTLL RS RV B N B (R A BB R i ae
1b) < SRFERH RISk B A e S LV ARV RAEE & 4206 DR R )
EEEUREE (°F) - DURRHE FF FRVEEDRAE - SRICEEEDRRRIRIR G © BEPRE
(K) =#JRE (°C) +273 - 15-

BF thiE BF thiE
microscopic (G heat conduction A
scale RFE thermal equilibrium ENSffy
molecular o7 Celsius temperature scale | fif FQURLAR
barometric pressure SRR absolute temperature scale | 42 R
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©® with both A and B

ffil5) : Atoms or molecules of solid materials are always in vibration; thus with both kinetic

energy and potential energy.

[E RV E R IR T2 TR EHRES - N A BhRE R ALAE -

(2] can be determined by

%4 : Internal energy changes in an ideal gas can be determined by changes in its kinetic

energy.
HITRRASHYNAERM L » AlAEHENRE LR IEE -

©® On scale,

4] : On a microscopic scale, collisions between molecules cause changes in velocity.

R R AR » 4y TRIRIE G s O 2 -

o BEEHE »

FEETARITR - BAEEELITER

After studying this section, students should be able to know that:

— TR KUY ENRE Bl S BRE AL RE -
Understanding that thermal energy on the microscopic scale includes kinetic energy and
potential energy.

= REREHR IR PR EIR T -

Being able to convert between Celsius temperature and absolute temperature.
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Understanding the energy conversion of the piston system in an adiabatic process for an

ideal gas system.

(L3 ) The diagram shows that an adiabatic cylinder system (including piston) is filled with

ideal gas, and there is no friction between the piston and the cylinder wall. The original
height of the piston is h when it is at rest. If no other external forces are considered
and only gravity is applied, a heavy object is placed on the piston, and the cylinder
system starts to vibrate repeatedly until the piston stops at the height h'. Which of the

following statements is correct?

(A) This cylinder system obeys the law of piston —=

conservation of energy, so the final height h'=h. ,
adiabatic —{ideal gas| |,
cylinde
conservation of energy, so the final height h'#h. AFTIIITTITIT

(B) This cylinder system does not follow the law of

(C) This cylinder system obeys the law of
conservation of energy, so the final height h’<h.

(D) This cylinder system does not the law of conservation of energy, so the final height
h’>h.
(HP30) MR R —(EEETEL R &(27E2E) - WD ABEITERG - HUGZE SR BEMEREE -
HORZEFRR LRSS b BAFREEMINIEAEDIER T REYRERE
mZE b RELRMBIRN R R - BRIREILZER

TEFIE b DL RO TR ? = —
(ML ASUHAEERTI  SURESE = 5 | \
(B) LT 24 A RSP - MUR&TSFE 'he ...

(OMFE AGREFE BT » BRAERE <h - 1 TIIIIIIII?7Z,
DIREL R EHEEETR » Bz h>he

(e 112 S50 35)
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#ZFH Solution :

FRIZRE R FIRRELS: - BREEARE AN IMRIED)R » BERIS E SRR E - IR LR
HGHINAE > DA RS AR E sUZ BhRe ARSI -

Based on the principle of energy conservation, understanding the adiabatic process and positive
work done by external forces, an ideal gas will gain energy and convert it into internal energy,

which can be observed on the microscopic scale as an increase in kinetic energy.

Teacher: Energy in nature can appear in various forms, and different energies can be
converted from one to another. Will the total energy before and after conversion
maintain a constant value?

Student: The conversion between different energies will maintain a constant value.

Teacher: Good. If a heavy object is placed on a piston without friction, what effect does the
change of the piston position of the cylinder system have on the gas pressure?

Student: The piston will go down due to the downward gravity of the heavy object, and the
gas volume will become smaller, and the pressure will increase! Eventually the
piston will stop at the point where the object reaches the force balance.

Teacher: Will the final height h' be equal to the original height h?

Student: No. The final height h' will be less than the original height h.

Teacher: Very good. Does the weight downwards do positive work on the cylinder system?
So should the energy of the cylinder system increase or decrease?

Student: The weight does positive work on the cylinder system, so the energy of the
cylinder system increases.

Teacher: Very good. The energy of the cylinder system increases. What kind of energy
increase is it?

Student: It’s gas kinetic energy.

Teacher: Correct. The gas in the cylinder gets these energies, so how will the speed of the
gas molecules change?

Student: The average speed of gas molecules becomes faster, but the gas is compressed, so
the distance between gas molecules becomes smaller.

Teacher: Then which answer should you choose?

Student: C.

Teacher: Exactly!
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Convert between Celsius and absolute temperature values.

(%37 ) The figure shows the relationship between the radiation intensity and wavelength of
blackbody radiation. Wien's displacement law specifies that the wavelength at which
the blackbody radiation intensity reaches its maximum at a temperature T iS Amax,
which meets the following: Amax " T~2:9 X 1073 (m- K) _ While a person's body
temperature is 36.5°C, what is the wavelength of the maximum intensity

electromagnetic wave that it emits in meters?

(32 A8 B SR B T R R B R R % - AR AR AR T Ay A
B R R B AN B Bohmase » TRV TG © Amas - T~2:9 X 1073(m - K)
EU1 A BE Ry 36.5°C » Il B B KSR BRI I B B 5/ DA R 2

Classical eary {5000 K)

Spectral radiance (KW = - m-? - nm-t)
-
I

0 0.5 1 1.5 2 25 3
‘Wavelength {pm}

A: A = 94 % 10750

fZFE Solution :

R EERTREHEERE - R SoRHREIOR SR E KRS AR A=t > 48]
FHEZ -
Wien’s Law needs to adopt the absolute temperature unit, so we should first convert the Celsius
temperature into the absolute temperature, and put the number into the formula, and then obtain
the answer.

Teacher: From Wien’s Law, how do we calculate the maximum intensity of the wavelength
A

m I!EJ.'?

Student: _ 94x107°

max ~ T

A

Teacher: So do we substitute the temperature 36.5°C directly to get this wavelength?
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Student: No, because the temperature unit of this relationship is K, not °C.

Teacher: Then tell me how to convert °C into K.

Student: Add 273.15 to the Celsius temperature to get the absolute temperature.

Teacher: Right, so 36.5°C=309.65K. What is the wavelength that can be obtained after putting
it into the equation?

Student: The wavelength can be obtained as Amax = 94X 107%m,

Ll E RS BRI R RTRERTE R Amer JEEBEFRTIE 2

’ .2 _ B4x10F
’%E . max ~ T °

ERE . PIDLEBERRE 36.5°C > AL ANE 2

B4 A7 WEEEREG  JREHEAE K AZEC -

EHRN AN EE R CHEAE K e 2

B2 RRIOEENE 273.15 Bl B4REHERE -

EET 285 0 TPl 36.5°C=309.65K - L ARAARIL A USRI & K2/ DIE ?

Bk H[DAFEE R4 X 1075m
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. Conservation of Energy

A EF A HTEE E T DL A AR - ERRIRE B U AR B A\ B RTRE R ATAE)
B0 A FLA N, — 257K - S LA AE B R BENAE - (LA 18 > RV RIS
{LERREMHA R R AE » FRASHIE LTIl LED R REEHR ROLAE - BEPARE BRI - &
AR RE RS IRE R - (AL R - A 2 EIRIED) (J188E) -

B¥F thiE ¥ thiE
lithium battery FREE A fossil fuel e¥apsy st
ATP ATP power generation HEE
dam 7KI%; ordered energy BIFREE
dynamo S disordered energy HEFPRE =
photosynthesis FEEA pumped storage HE=
engine 5% waste heat JEEZL,
thermal work equivalent | AL/ E & turbine A

B ORRARESIRET

AP R

EE R



127

-
RGN Yok (i 0e I EFREFL Y

‘ O S.+ convert into . ’

5] : Photosynthesis converts the sun's light energy into the chemical energy of glucose.

YeETERREARIZHIERE - B RV LEREE -

‘ ® In the process of , . ’

%4 : In the process of hydroelectric power generation, energy is transformed into different

forms multiple times.

IKIEFEAIERE - AE RV AL 2 -

‘ (3) for more than 70% of . ’

%4 - From October to the coming March every year, Taiwan's wind power output accounts for

more than 70% of the annual wind power output.

=4 10 AR 3 A > a8E#EEmd  SRFEERIEERN 70%E -

o BEEHE »

AR TE - ZAEEBLITER
After studying this section, students should be able to know that:
— ~ FEEAFEP A RE EEHREE -
Know the different forms of energy conversion processes.
T ERE R HERERAYAE - HAEBRE A S A Ry T -
Understand the difference between energy and energy resources, and know that thermal

energy cannot be completely converted into work.
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To know the conversion processes of different forms of energy.
(L3 ) The following A-E are five statements related to energy:

A: The generators in thermal power plants can directly convert thermal energy into
electrical energy.

B: The power output of wind power generation varies with seasons.

C: The electric appliances powered through a transformer, even if they are turned off,
still consume electricity when the transformer is plugged with electric current.

D: The energy conversion efficiency of solar power generation is extremely high,
with a small-area panel being able to provide a large amount of power supply.

E: Hydroelectric power generation requires a large amount of water to drive the

generator, so it is mostly installed at the estuary.

Among the above 5 statements, which two of the following statements are correct?

AMA BB (©C DD (EE
(2) RANER~IRy S {EERRE R A BRAYAAL -
DK TSRS S - RES E R R A RE A Ry R A
Z IR EHERE R - A TR bARTER -
7 - DISEBRER (AR ER RS - RICERAGE - LSS BRER A 18 LB A st &

R -
T 1 RIAE S A R o /N R ERE TR K R 8 -
R KRBT R AR RIS R e -

FE AT S SRS > TERERY R IR 2
AF ®BZ OR OT EX
(2w 112 F£E20] 34)
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#ZFH Solution :
THEERBTE RAVEEARS - KHBEBEEF PRSP E - 6 7RSI 2

HAJFE o

1"3‘:6

Understanding the current common power generation types and how the energy form is

converted in the power generation process, and knowing how a transformer converts forms of

energy.

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

What are the common sources of electricity generation in Taiwan?

Thermal power generation, wind power generation, solar power generation, and
nuclear power generation.

Correct. Which of the above power generation forms need electric motors?
Thermal power generation, wind power generation and nuclear power generation.
Good. Can you briefly describe the process of thermal power generation?

The chemical energy of fossil fuels converted into heat energy with the use of coal
or gas. Then its heat energy is converted into kinetic energy when water vapor drives
a turbine. When the turbine drives a generator, the generator converts kinetic energy
into electrical energy and then transmits it to each household.

Very good. Will the process energy be lost during the process? How can we reduce
the loss?

As long as there is current, there will be a thermal effect, so the process of
transmission will lose electric energy. In order to reduce the loss of electric energy,
a transformer can be used to increase the voltage and make the current smaller,
which can reduce the energy loss.

Great, which principle is the transformer based on to change the voltage?

The transformer changes the voltage based on the principle of electromagnetic
induction.

Does the transformer have only one single circuit?

The transformer has two loops: one for input and the other for output.

So the output circuit is not connected to electrical appliances, but when the input
circuit has current, will the transformer lose power?

The heating effect happens when the current passes through the wire, so a little waste
heat will be generated.

What are the situations where wind power generation or solar power generation is

unstable?

BUORAMBEERE TR P
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Student: Wind and sunlight will vary with seasons and geographical locations, so it is difficult
to provide stable energy continuously.

Teacher: At present, the energy conversion efficiency of solar power generation is only about
15%~18%. How can we get a large amount of power supply?

Student: People can choose a place with a lot of sunshine and not too hot, and build a large-
scale solar field to get a larger amount of power supply.

Teacher: What is the source of energy for a hydroelectric power plant?

Student: It’s the gravitational potential energy of water falling from a high place, converting
into kinetic energy to drive the generator and electrical energy.

Teacher: [s it suitable for a hydroelectric power plant to be located near the sea estuary?

Student: No, because the water level difference at the sea estuary is smaller, the power plant
should be built in a place with a larger water level difference.

Teacher: Very good! So which two should be chosen for the answer?

Student: B, C.

RN BB HATE RATRE AR AL ?

B2t K3 - BUTHRE - KIGRESE - IARERE -
Ehl g8k o L REEREP A FREEERAVAHL ?
B 0 KI5 - MU E MALREEE -

AT ARG o IR AR BERIOK T ERHYAEAE ©

E2AE  FIRIRAEEOAR R (LRI L ERRE A ENGE - B F/KZ SR Bt -
IENEEEE R EIRE - IR BN SR FE AR, - SEEAGRIBIRE R RE - AR
o

ERN  REF o fakHYIER R B GRS Y E AR DIRR 7

B HEFERINGEEPIE - NItsnafe iRk EeE - & T ERERR
FuLIN SRR asie = R - (RSN gin] DU DIRRHYREE -

LRl R BRI (TR B R R 7

B2 SEBRESA ] SRR R B SR R R -

ERD ARG o SEERES U B AR 0

B SRS W A o —(EEw A > —EEE -

Rl PTLAER RV A R R A o (Hi ARVEES A I - B ERES g A R
FYIERENS 7

B4 0 HEUBBEEGHATIE - BTl g E A VaraIREEs -

Ehl R IEE - RGeS BN EE AR EY RN AL ?
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B DBt E RS b - E BN EAERTES - FrdE AR E R IR E
HIRER -

ERN : HATKFZRESF ERAYAE EEIRSCR R HE 15%~18% A EGEKEAIHLE ?

B BRSORHEAG RIS » BEARFEERTRISRE0E - Bt ] ISR
ftE#EE -

ERl - KIIERERHYAE BACTZ (T ?

B 0 MIRPKIES S NHYE IO Ae iR R EhREHEZh S Bt - S B ERRE

LRl KIS ERA R B LR AT S 2

B4 MG NRHIEORKATEZRUN - B RS E AL /KALE 2 KA -

D REF | INIEE R R {1 7

B Z-We

BlE_

BOE AR LA RO -

Being able to calculate energy conversion efficiency.

(L) Areservoir utilizes a water level drop of about 25 meters to generate electricity, and
its flow rate is about 40 cubic meters per second. If it is known that its power
generation is 9000 kilowatts, what is its energy conversion efficiency? (Assume

gravitational acceleration is 10 m/s )
(A)100% (B)90% (C)80% (D)70% (E)60%

(Hp32) HOKEFHAKALEZL 25 ARETRE KRB SN 40 TTHAR  HE
HIHFF T Ry 9000 T EL > 55 M HAE ERHARCR B DL Mo GRE IR EE
By 10 AR/FD 2 ?
(A)100%  (B)90%  (C)80% (D)70%  (E)60% °
(24w ERERERR 110 SRR NE 55 178 H il 6-5)

#ZFH Solution :

WA KL & 72 SoKORURR - HEETERREHVEm I TR - FELLH ST » DORHRE R iR
Based on the difference in water level and the flow velocity, the mechanical output power of the
potential energy is calculated, and then compared with the generated power to determine the

energy conversion efficiency.
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Teacher: Tell me about the energy conversion process of hydroelectric power generation.

Student: The gravitational potential energy converts into kinetic energy from the water falling
from a high place, propelling the generator to convert it into electrical energy.

Teacher: How do we calculate gravitational potential energy?

Student: The gravitational potential energy is equal to the mass of an object multiplied by the
gravitational acceleration and the height difference.

Teacher: Correct, how do we define the energy conversion efficiency of hydropower?

Student: The power output per second is divided by the gravitational potential energy of
water.

Teacher: Correct, so how much gravitational potential energy does water flow have per
second?

Student: The water flow rate of 40 cubic meters per second is equivalent to 40 times the water
flow rate of 1000 kilograms per second, then multiplied by the acceleration of
gravity value of 10 m/s2, and then multiplied by the height drop of 25 meters to get
107 joules/ seconds of input power.

Teacher: Great, so dividing the output power by the input power is the energy conversion
efficiency. What is the approximate efficiency of hydroelectric power generation?

Student: Divide 9000 kilowatts by 10-watts, and the efficiency is equal to 90%.

Teacher: Exactly, so which answer should I choose?

Student: B.

gravitational potentlal energy mgh=40*1000*10%25=107(J)
output power 90{)0*103_909/
0

efficiency=
¥= input power 107

ERN . SRERE/KITEEHIRE B TS -

24 0 FIRUKE SRS MBI AEEAREIRE K - BRI ERRE -

ES: IR EWALIVA= (I I e

B4 0 IR FNE Bk LE AR R LeEE

ERL A APAMATE /KIS R A B AR 7

B DU YR EE o FREUKRVE T RES B -

EHD: IEME - RIEER/KRIVEIIRER %/ VIE ?

B4 840 A RUKRE - HERER 40 3 L 1000 A THVKRE @ Fk LE
JINMAREAE 10 ARVED 2 » FEofe s %72 25 A Rt a] LASE 107 SRRV
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B 9000 TERREL 107 FLEE L 90% -
ST RS ST ?
Bk B

Hif 1% EIR

137 )75 R7KHYE #:=1000kg

TRV A K E A AV E ) {ir E=mgh=40*1000*10*25=107(J)
N i AV R _9000%10°
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Mass-Energy Equivalence
\

AE A Z NETHEVERE T HUERE » HIEES I ARKRE R ME AR R & BRI - e RE
B o R EZRER B KBNS o (R TS RN R K

EF thaE B¥F th3
equivalence S core meltdown & A B
nuclear fusion AT = radiation leak FES AL
fuse RE nuclear waste AL,
neutrino P hidden costs PRI R A
deuterium I cadmium %
helium 2 boron il
positron EET control rod PEfiE
nuclear power plant 1% BB radiation dose RS &
tritium fit cement 7KIE
nuclear fission %5724 loop AR
chain reaction HGHE 7 TE distribution box ACEEFS
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cooling system ERIENST

[ (1) a small amount of . ]

5] : Through nuclear reactions, a small amount of mass can be converted into enormous

amounts of energy.

FEHMERE - DETHVE B EE A ERIRER -

E (2] interact with . }

4] © Alpha particles can interact with nitrogen nuclei to produce protons and oxygen isotopes.

a M T AT DAL R TR > A T SRR -

[ © undergo nuclear fission. }

4] - When a large fissile atomic nucleus such as uranium-235 or plutonium-239 absorbs a
neutron, it may undergo nuclear fission.
w—(EEK  5REE E % (] U-235 B¢ Pu-239) WU —(E 1&g as 4545
%‘E o

{ o be specified by . J

4] : Anucleus is specified by ZAXZAX, where A is the mass number, and Z is the atomic number,
which is the number of protons.
—(ERFIZIFTTE Ry ZAXZAX,  Hrp A 2EEE > 1 Z 2R TF  AFRETH
= -
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After studying this section, students should be able to know that:
— TRENE - EERE B3
To understand nuclear reactions, including nuclear fusion and nuclear fission.
T TRREE A

To understand radiation safety.

o BIEERE s

plEE—

iR ¢ IR AE S BRI AR -

To understand the process of nuclear reaction.

(3L ) Which of the following statements about nuclear energy is correct? (choose 3 items)

(A) Quarks are released during nuclear fission, so electricity can be generated.
(B) Both atomic bombs and nuclear power plants use nuclear fission to release
energy.
(C) Uranium-235 can release energy through nuclear fission for people to use.
(D) The principle of power solar power generation is to directly convert nuclear energy
into electrical energy.
(E) The sun shines through nuclear fusion; the longer the sun shines, the smaller

its total mass is.

(P30 TEIBHPALAERIALAL - WL IERE 7 (JEHEE 3 TH)
(AZ TR E GRS 7 - S n 548 -
B)FE T RN ERE TR A s PR R -
(O)#f-235 ATz AR IR - DU ASRRER -
(DY RFZREM 3% B R 2 H RARMZ RE B Ry R AE -
(EYRFGFE RS ARIUEE » KB - HEEERE) -

(110 S50 33)
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#ZFH Solution :

TZBE R IERT LAY Rtz oy PRI Rl & iR - WfELS FEROH ] B 2 -pE it - 2 DIk
T LR E - HAT e B RE R BNRE - A S EE i AR B RS - XA
BT SRR RAE -

Nuclear energy reactions can be categorized as nuclear fission and nuclear fusion. Both of which
use mass-energy exchange, and the mass reduction is converted into energy. At present, nuclear
power generation uses nuclear fission to generate thermal energy, which activates a generator to

generate electric energy. The nuclear power plant will not explode like an atomic bomb.

Teacher: There are mainly two types of nuclear energy reactions. Which two are they?

Student: Nuclear fusion and nuclear fission.

Teacher: Yes, so which method is used by the nuclear power plants currently?

Student: Nuclear fission.

Teacher: Yes, how does the mechanism of nuclear fission work?

Student: The neutron hit the unstable heavy nuclear atom, splitting it into two lighter atoms.
The total mass will be reduced in this process, and the reduced mass will be converted
into heat energy and released.

Teacher: When the nucleus splits, apart from splitting into lighter atoms, what else is released?

Student: It also releases neutrons and radiation.

Teacher: Very good. So what kind of atom do we currently use for nuclear fission?

Student: Uranium 235.

Teacher: The atomic bomb material is also uranium 235, so will the nuclear power plant
explode like an atomic bomb?

Student: No, the concentrations of both uranium raw materials are different.

Teacher: Good, then how does the sun shine and heat up?

Student: The sun emits light and heat through nuclear fusion reactions.

Teacher: So will the mass of the sun become smaller and smaller?

Student: Yes.

Teacher: Solar panels in our daily life also use the energy of the sun. Is it based on the principle
of converting nuclear energy into electricity?

Student: No, the solar panel is similar to the reverse process of LED's light emission. It is the
conversion of sunlight energy into electrical energy, not a nuclear reaction.

Teacher: So which three should be chosen for the answer?

Student: B, C, and E.

Teacher: Very good!
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Understand the circuit configuration at home and the safety of using electricity.

(9237 ) In Taiwan, three power transmission lines are generally used to supply power to
household electricity users, one of which is a grounded neutral line. Which of the
following statements about the voltage of these three power transmission lines is
correct?

(A) The voltage on the neutral wire is sometimes +110 volts, and sometimes 110 volts.

(B) The voltage of the neutral line is always lower than the voltage of the other two
transmission lines.

(C) The output voltage of the two-hole sockets in most households is 110 volts.

(D) The mobile phone charger has the function of converting alternating current
into direct current.

(30 BN —fEH = RE R MBS R EHE R  Hoh g — 2R Ay iR -
NHIERAE =PREE ik SR BB RO > o IEHE 7
(AR - A Rt110 (R ARFAIE 110 RFF -

(B) P PESRHY BB BA A AR (R FLA R (R ER AR Y B BE
(O)ZBoR REH RN FLIE L g LH B BR AL &y 110 {RF

D) F T ER R AR EEHR HEREAEA -
(4w E 98 FE2M 7)

#ZFH Solution :
FH 2R R i B8 5 BE i iEdh » TR e HE ke o

Learn about household electricity usage and safety through household power distribution and

power transmission conversion.

Teacher: Common household sockets have two holes and three holes. Is there any difference
between them?

Student: Two-hole sockets output 110 volts of alternating current, and air conditioners use
three-hole sockets that output 220 volts of alternating current.

Teacher: The purpose of the third hole is for safety. Is it the neutral wire of Taipower?

Student: No.

Teacher: Very good. The third hole is connected to the ground wire of each household. But

are all three-hole outlets 220 volts?
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Student: No.

Teacher: Then how can we judge which is which?

Student: In order to prevent incorrect plugging, two holes of the 110-volt three-hole socket
are parallel holes, and the two holes of the 220-volt three-hole socket are arranged
vertically or diagonally.

Teacher: The electricity transmission line from Taipower to the home has two live wires and
aneutral wire. What is the difference between the neutral wire and the other two live
wires?

Student: Because the neutral line is grounded, the voltage is maintained at 0 volts. The voltage
of the other two live wires is the output of alternating current. The average voltage
output of the two live wires is 220 volts.

Teacher: Is the charging of the mobile phone directly converted by the transformer?

Student: No, because the battery must be charged with direct current.

Teacher: Very good. A general mobile phone charger has the functions of a transformer and a
rectifier, which can reduce the voltage and convert it into direct current to charge a
3.7-volt lithium battery. So which one should be the answer?

Student: D.

Teacher: That’s right!

Al AR A TR =L - TR R ?
Sk ARTLEREERMAM 110 (REEHTASEEE 4 S FRTR A 220 (RIEFITAE AR

= FLIHRE
I FEALWHER R T ZE 0 BREGEAYTIELRES ?
B Ao

T RF 0 BETLRBES BB - [EFTE S TLBEEDR 220 (REIS 2

B ORR-

E IR ?

B R THIEERE » FTEL 110 (RIS = LIRS E P AyRIFL B TATTL » 220 (RESHO=
FLIBPEA T TL B T ELHES IS B ] -

EH . GEEEEIREE SR TIRKGR  H P - IR R
K G el 2 5 2

g TR R - FTLLEIRKERE By O (RIS - ECMAT K G B S B8R
H - R K ST B T4 By 220 (RS -

El MRS o R E L R 7
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Quantum Phenomenon
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6-1 EFMNEE

. The Birth of Quantum Theory

VRGN [ER L S L ERS » HOAE RysEil - HA N RIVBEAR ER oAmilsR - B
VIR R E SRR - HBDREARE - DL 19 AR E R - SRR AR - TR
FIRH AR 75 > e R PR AR S A BRI A B IR AR - e SRRV BB ERE & > B
Ky E=nhf » Hh E BEESEEE - n RIEREE - f REMOERSR - 8wt 7 RsE
SR - Ht e E T SR o

E¥F thEE ¥ thiE
tungsten bulb SEARIE energy level BEFE
heat radiation ZAEE ST Planck's constant EH v
stepped [JE TN

(T

O a variety of }

4] © A variety of objects placed in a high-temperature oven would radiate the same

electromagnetic wave.

EE S ST SRS - BRGNS A E VBRI -
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[ ® at a given temperature,

|

4]« Different objects at a given temperature, the distributions of wavelengths-intensity of

their thermal radiation are the same.

FrAYIR A [ER RS - PR e R-58 oAt s g fHE -

E ©® In practice .

#i4] : In practice, a cavity with a small hole is just like a blackbody.
"B L —EmA/NLRZEERIRAIFE RS -

E O in dependent of

%) - The spectrum of cavity radiation is in independent of the cavity wall material.

ZE ERR ST Dl B 2 e BE A S SE G

L ©® no matter what

1

4] = All objects, no matter what their temperatures are, would radiate electromagnetic waves.

—UWe > Aim RS - B GRS LB -

« BEEHE »

FEETARITR  BAEEEITES
After studying this section, students should be able to know that:

v S A S RIS -
Know the history and development of quantum theory.

TGRSR AR L BDR AR -

Understand that the black body radiation distribution depends only on its temperature.
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To know the history and development of quantum theory in modern physics.

(L3 ) Which of the following statements about scientific history is correct?

(A) Maxwell uses Maxwell's equation to explain the distribution of black body
radiation curves.

(B) Einstein first successfully explained the distribution of the black body radiation
curve with the photon model.

(C) Planck uses continuous electromagnetic wave energy radiation and absorption,
which fits the black body radiation curve distribution.

(D) Bohr first used the hydrogen atom spectrum to explain the distribution of the black
body radiation curve.

(E) According to Planck's quantum theory, electromagnetic radiation energy is
related to frequency and is absorbed or released in integer multiples of

energy units.

(th2) FHIRHHARIEE SL BRI - A& T 2
(A) eSO AR SRR IR A AR AT
(B) E R LU TR & Je pl Dh i he AR ah 4R o0 A7
(C) E BATEA A LAY BERL IR e B R B U > W5 BRAGHR AT a0 AT
(D) KEEAH G T R dh e oA -
(E) HERATE B Tihoe R EMES SEBERRAR - HURHENEEE TR
BRI
(dmE 111 520 9)

#ZFH Solution :
19 40 RERLZ R - AR B RES Y HhAR 0 1h » SRR B iR B eI &
Eal

AR AR A B R - 2B R eY PR R AR B IR - BT R T IREH
AR > VRSB EREAE 2 R RE B BT hf HyHEE -
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At the end of the 19th century, the electromagnetic wave theory could not explain the curvilinear
distribution of black body radiation. Planck’s quantum theory was the first theory that
successfully fit the curvilinear distribution of black body radiation. This theory holds that the
energy released by matter is not continuous and is related to the vibration frequency f of charged
particles of matter. The energy absorbed or released by an object is an integer multiple of the

energy unit hf.

Teacher: If at room temperature, an object absorbs all the radiation from the outside world,

then what color would it look like?
Student: Black.
Teacher: If this object is heated high enough, will it still remain black?
Student: No. Objects often turn red or yellow, or even look white when heated.

Teacher: We call an object a black body if it absorbs external radiation without reflecting it,
and only emits its own radiation. So what factors are the color of a black body related
to?

Student: The color of a blackbody is only related to its temperature.

Teacher: That’s correct, so is the color of the black body related to the material of the black
body?

Student: No, it doesn't matter.

Teacher: Who was the first scientist to explain the distribution of the black body radiation
curve?

Student: Planck.

Teacher: Did Planck use electromagnetic wave theory to explain the phenomenon of black
body radiation?

Student: No.

Teacher: So what theory did Planck propose?

Student: Quantum theory.

Teacher: Yes, it is the quantum theory of electromagnetic waves. What are the main concepts
of quantum theory?

Student: The absorption or release of electromagnetic wave energy is discrete; that is, the
absorption or release of energy must be an integer multiple of a certain energy unit.

Teacher: Which element of the electromagnetic wave is related to this energy unit?
Student: The energy unit is related to the frequency f of the electromagnetic wave.

Teacher: Very good. Which scientist then quoted Planck's concept to propose the quantum
theory of light?

Student: Einstein.
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Teacher: Very good. So which one option is the answer?
Student: E.
Teacher: Right!
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6-2 SERYHIF 1%
Particle Nature of Light

N

SETESIBIL L - TTAEI LT TAREEA T - BEH SRR TR | - T TR
BRI AR - SRR - AL AR PRI sl
% X S FIRE R AR - (DA AR TR S BRI - IS E L S I
RERISRARRE » BT RTTHRD R T80 » WD R -

SR TR BRI RS R T MRET DL TR R SR T
h 5 1A £ 0 % B=hf -

BF thiE EF thE
photoelectric effect R E work function THER 8L
threshold frequency JERAER electron volt EERR N
light quantum YETF cutoff voltage B
photon pjrmn
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® A be illuminated with B

ffl4) : When a zinc plate is illuminated with ultraviolet light, electrons take off the metal surface,

and the metal plate becomes positively charged.

LIRS eIRE il - i m R - ST EE -

® depend on , but has nothing to do with

%4 - The maximum kinetic energy of electrons depends on the frequency of light and the type
of metal plate, but has nothing to do with the intensity of light.

B RACHINRERR (L nEE H B B L ARTREE

© emit A from B

%4 - The work function is the minimum energy required to emit an electron from the surface

of the material.

DN BUE R T S BRI - FTRR VR MER -
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After studying this section, students should be able to know that:
— ~ TEOUERIEE RGO -
Understand the experiment results of the photoelectric effect and their explanations.
= THOER T -
Understand the quantum theory of light.
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Understand the experimental results of the photoelectric effect and their explanations.

(JL3Z ) The photoelectric effect is the experimental evidence that light has particle nature.

When monochromatic light is irradiated on the metal surface, the electrons on the

metal surface absorb the energy of the incident light, part of the energy is used to

overcome the bondage of the metal surface to the electrons, and the remaining energy

is converted into electronic kinetic energy, escaping from the metal surface and

becoming photoelectrons. Which of the following statements about the photoelectric

effect experiment are correct? (choose 2 items)

(A) The energy of the incident photon is determined by the frequency; the
higher the frequency, the greater the energy.

(B) The energy of the incident photon is determined by the light intensity; the
greater the intensity, the higher the frequency.

(C) The higher the frequency of the incident photons, the higher the kinetic
energy of the photoelectrons.

(D) The greater the intensity of the incident light, the higher the kinetic energy of
the photoelectrons.

(E) When irradiated with the same monochromatic light, the kinetic energy of

photoelectrons has nothing to do with the type of metal material to be irradiated.

(Hp0) StERERE B AN TR E G R - S DB CORA SERmE - SRy
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(A) AEDETRVSERHIARIAE » FRER » SEEMAK -

(B) ASPETHIRERHDLBERAE - 5RERK » SRS -

(C) ABETFHISRRES @ LB TFNERE g Wi -

(D) ASPERVEEEON - SEETHVEIRE G HE 2 0 -
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#ZFH Solution :

EAARIECERER B RS R AR CREEBERIAER - AR E e R
H NI RIS - A Ime DR A Bt & RN M H A E A OB T - IR
IRSERE S B PRI DRSO » B A S A -

Students are required to know the experimental results of the photoelectric effect; for example,
the incident light needs to exceed the threshold frequency in order for the electrons to detach
from the metal surface. If the frequency of the incident light is lower than the threshold frequency,
photoelectrons cannot be produced either by increasing the light intensity or prolonging the
irradiation time. The threshold frequency is related to the work function of the material of metal,

and has nothing to do with the intensity of incident light.

Teacher: When a potassium metal plate is illuminated with green light, photoelectrons cannot
be produced. Then can photoelectrons be produced with red light?

Student: No.

Teacher: Can photoelectrons be produced if the intensity of red light is increased or the
irradiation time is prolonged?

Student: No.

Teacher: Is it possible to generate photoelectrons if blue light is used instead?

Student: Maybe.

Teacher: In the electromagnetic wave theory, if the energy of the wave is increased, which
property of the wave can be changed?

Student: Increasing the amplitude of the wave can increase the energy of the wave.

Teacher: According to the theory of electromagnetic waves, increasing the intensity of light
means increasing the amplitude of light waves and increasing the energy of light,
right?

Student: Yes.

Teacher: Therefore, it means that the electromagnetic wave theory cannot explain the
phenomenon of the photoelectric effect, so who proposed the theory to explain the
experimental results of the photoelectric effect?

Student: Einstein

Teacher: What is the content of Einstein's quantum theory of light?

Student: Light is a discontinuous wave packet, and each wave packet is a photon. The energy
of a photon is Planck’s constant multiplied by its frequency, which can be expressed
as E=hf.

Teacher: Therefore, according to Einstein's light quantum theory, the energy of incident light
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is only related to the frequency, and the higher the frequency, the greater the energy,
right?
Student: Yes.

Teacher: Then Einstein's photoelectric equation Af= %mvﬁlax + ¢. What do they represent?

Student: . . . o
hf represents the incident photon energy, %mv,znax is the maximum kinetic energy

of the detached electron, and ¢ is the work function.

Teacher: This means that if the energy of the incident photon (%f) is large enough and is
absorbed by the electron, the minimum energy required to detach from the metal
surface, that is, the work function (), is deducted, and the remaining energy is the
maximum kinetic energy of the electron. So which factor is the work function related
to?

Student: The work function is related to the type of metal.

Teacher: So which two should be chosen as the answer?

Student: A and C

Teacher: Great!

4 RSO RBIN  EEALET » IR o D B T
75 ?

B R -

ST AIRRIAT AT » AR R IR - AT A AT 2

B T -

A AR EECIA - TR Dl A AT 2

E: AlREADL -

4 (EEREER o TR RN TSR R 2

Bk WG - TTDUER R R -

T IR - HNIEIRE - RRREIORARIBEA - JATAE R T
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B 2 -
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F]FET, E=hf -
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BHLA > 25 2

B4 ZHY -

2if : EREHEADCEITRER If= smvday + ¢ > SYHIRRE 2

B4 W RORAFHDETREE > %mv%ax%ﬁﬁ%ﬁﬂﬁﬁié¥ﬂ@%ﬁ%bﬁ'é * TELIRLEL -

Ehl BFRNARAIDETRER (W) > RHREHEE TR > TUPRE B B R AT
FHEE(RAER > ALZIIE (v) > FERAVEE RSB THIRAEEE - A
L e S5 L N 2= A e 2

ERN NS R (E 7

A4 AELCe

LRl JEERE

BlE_

WO FDLR TR -
Calculate the energy and quantity of light quantum.

(LX) In the laboratory, there is a laser light source with a wavelength of 200 nm and a power
of 3.0W. It is known that the speed of light is 3x10®m/s, and Planck's constant h is
6.6x10*Js. What is the approximate energy of each photon emitted by this light source?
A:9.9x101°J

(30 EERE A — G a3 YR 200nm BHYESDEIR > TR R 3.0W - EXDEE R
3x10°m/s » HEASTHEE 1 K 6.6x107Ts » MLV EHEYEFRERE %/ b 2
A:9.9x1071)

(4wE 105 455 19)
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#ZFH Solution :
HDETREE=E T B EBIRER] - DURDEE=RER] - BV R EEETAVRER -
BT R T O S R BURR = hx S =6.6x10%% 20 =9 9x 107 -

Students can calculate the energy of each photon by photon energy = Planck's constant times

frequency, and the speed of light =frequency times wavelength. photon energy= Planck's

the speed of light C R 3x108
P I g =6.6X1034x ———
wavelength A 200x107°

=9.9x10'°J.

constantX frequency=hx

Teacher: According to Einstein's light quantum theory, how can we calculate the energy of
photons?

Student: The energy of a photon is equal to Planck's constant times the frequency.

Teacher: Then how can we get the frequency from the speed of light?

Student: The speed of light is equal to the wavelength times the frequency.

Teacher: So how many Hertz is the frequency of a photon? Can the speed of light be directly
divided by 200 nanometers?

Student: No, it needs to be converted first. 200 nanometers is equivalent to 2 times 10 to the
power of —7 meters. Then multiply the speed of light 3 by 10 to the 8th power, and
divide by the wavelength to get the frequency equal to 1.5x10'° Hz.

Teacher: So what is the energy of a photon?

Student: The energy of a photon is equal to Planck's constant 6.6x10** multiplied by the
frequency 1.5x10'° equals 9.9x107"? joules.

Teacher: Excellent! That's right.

Zh . BRECE TR 0 RHDETREEFETEE ?

B4 L TR EFNE IR Eek EARE -

RN A A E RS SRR 2

BT JEERERN R B

EHN  FTLOETHVRRER 2/ Dikek 2 T LLEREROEEFREL 200 ZR0KIE 2

B4 AT IR - 200 FORAEERR 2 3 E 10 (Y—7 TG AR - FRPOEE 3 ke
10 /9 8 T7 » BREUKAREL AT DUS EFEHEERY 1.5x10" #Z% -
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6-3 MERRENME

The Wave Nature of Particles
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T F T 2 T P 0 T EEHEET Y

O Diffraction of .

4] - Diffraction of matter waves is only observable for extremely small particles, like electrons,
neutrons, atoms and small molecules.
YIE R HGERT ISR - HAefEmv Nk (BIET ~ 7 ~ [RFRVINTT) B3l
ZE o

(2] shared Nobel Prize for the discovery of by

4] : Davisson shared 1937 Nobel Prize for the discovery of the diffraction of electrons by
crystals.

AR AR SR B TGS JE1S 1937 SFAYRE H A -

©® The wave nature of .

5] : The wave nature of the electron was experimentally confirmed in 1927 by C J Davisson.

BT HIEEIEAE 1927 F£4 CT BRI E b -

« BEEHE »

FEEEE e AR TT% - BAEERIITNER
After studying this section, students should be able to know that:
— ~ HEIBE YRR AAE B TR -

Know that how matter waves of electrons were verified via experiments
o TEREYEEARSNE - BERFEEBV LT ORI ME -
Understand that all materials have wave properties, but only the less massive particles are

easily observed.
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Know the concept of matter waves associated with electrons.

(FL3Z ) Which of the following statements about matter waves is correct?

(A) Elementary particles in motion do not have the properties of matter waves.

(B) A baseball moves at a speed of 150 km/h, and its matter wave properties are
significant and easy to observe.

(C) Electrons are charged particles. In the experiment where the electron beam
penetrates the metal lattice, due to the Coulomb electrostatic force, although the
diffraction pattern of the electrons is obtained, it may not prove that the electrons
have the nature of waves.

(D) The nature of matter waves only exists in uncharged particles; for example,
neutrons are uncharged particles, and the experiment of neutrons irradiating
crystals can reveal the nature of matter waves.

(E) Single electrons with appropriate energy pass through the double slits. When
we observe the screen behind the double slits, each time the electron leaves a
bright spot on the screen and repeat the same experiment many times, then

the accumulated bright spots on the screen can form bright and dark stripes.

(tF30) NHIARIVYE R AR & A 7

(A) B PHYEAKL T~ B AR HIME -

(B) #REKLA 150 2 H/ Ny ESRIES) - HYTE AT EEE H SR8 -

(C) ErEmEi T BT RFEeESEVERT  HREmFFEINIERM
HEPNSEIE T RIS EZE - Bk RessHE T HANRAIMEE -

(D) PrE R E B FAER A ERRLT © f40 - -2 AW ek T BT
Gy RGBT RERBRYIERAIIEE -

(BE) EEREERNEETRAYRE  BRURERTTFR  SXKETERE
ERTEER - EESRMEETER - R L RERE TR G

EFARAX °
(109 FE(HH)EZ 1)
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#ZFH Solution :

TRRYIE
HYRE -

TNEATE BEEEYRGHRE - HEER/ IR - B RA 2R 5 EE

Understand that matter waves are the characteristics of all objects with mass, and only particles

with extremely small masses can reach a scale that is observable.
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Teacher:
Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Does de Broglie's matter wave claim that only electrons have wave properties?

No, all matters have the property of wave.

Why can’t we observe the phenomenon of interference or diffraction of matter
waves in our daily life?

Because the wavelength of the matter wave is related to the mass: the greater the
mass, the smaller the wavelength. Objects in life, even when it’s sand, have matter
waves whose wavelengths are too small to be measured by any instrument.
Therefore, they cannot be observed.

Can we use an electron beam to penetrate a metal lattice and get the diffraction
pattern to prove that the electron has the property of fluctuation?

Yes, if diffraction or interference patterns are observed, it can be confirmed that it
has wave nature.

Very good. So which should be the answer?

E.

Great!

EfREENEN - 2EREFAAREIMEEL ?

& FrANYEH SR EMTE -
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R B YVE e ROVE AR - BRI RN - BETIYIEE  BIfEE
b BB REVNEHE SRS SRR E - Rt ABzE -
BT AR HE T R eS8 - SEIEEE 28 v LESHE T 2 A K E)
HPEE I 2

B ARBUAEIGN SRR - S S E B EE -

1RAT o FTLAE ZE e HE0 [ 2
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Understand the meaning of matter waves and compare them to the wave phenomena
observed in daily life.
(L3 ) Which of the following phenomena can verify de Broglie's matter wave theory?
(A) When the water waves pass through the leaves on the surface of a lake, the leaves
shake up and down with the waves and do not follow the direction of the waves.
(B) The damper of the 101 building can reduce the vibration amplitude of the
building shaking during the earthquake.
(C) Noise-canceling headphones use the reverse electronic signal input to cause
disruptive interference and reduce noise interference.
(D) The charge-coupled device (CCD) of a digital camera uses the photoelectrons,
which appear when light reaches it, and then convert light waves into digital
signals.

(E) The electron beam passes behind an aluminum foil, showing the same

diffraction pattern as that of X-rays.

(H=2) IHIERGIME o] AR S (e A s B Y E R e 7
(A) 7K et bR TET-0 » SET-REY BN SR8 - A REKOR AR TS (A A
(B) 101 RAEHIPHIEES o] LA R Ay R i B2 SRR BNIEE -
(C) FEEMEEARA Hdm ARSI BET-5R5T A ERBHA 04 - ek DI iy 48
(D) BALFABAVEOCTIFFIADEITRIROETHR - EADCE T RO R
AL ERE -
(B) BT REHIEHEKTT - A X HHGHE RIS EE -

#ZRH Solution :
Bz A0 ERSRRBERRARRIE » Jk oy B E S R A ] -
Observing the properties of various wave phenomena in daily life and distinguishing those with

the concept of matter waves.

Teacher: Can you tell me some common wave phenomena in daily life?
Student: Moving straight forward, reflection, refraction, diffraction, interference, and

Doppler effect.
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Teacher: Very good. Can all of these phenomena be explained by the particle properties?

Student: Only diffraction and interference can be explained by wave properties. The
phenomena of moving straight forward, reflection, refraction, and Doppler effect
can be explained by the particle properties.

Teacher: What is the concept of matter waves?

Student: All matters have wave properties.

Teacher: So, can we observe the interference or diffraction of matter waves in everything?

Student: No.

Teacher: Why not?

Student: Only particles with very small mass, such as electrons, have wavelengths large
enough to observe.

Teacher: So, are all interference or diffraction fringes generated by electrons considered a
phenomenon of matter waves?

Student: Yes.

Teacher: The photosensitive part of a digital camera uses light to emit electrons. What effect
is it?

Student: It is the photoelectric effect.

Teacher: Dampers can reduce the vibration amplitude during an earthquake. Is it using the
concept of matter waves?

Student: No, the vibration reduction is achieved by using the properties of mechanical waves.

Teacher: So, what is the correct answer?

Student: E,

Teacher: Excellent!

Rl SREEATE AL RAL RS ?

B4 HGETE - B ATE S5 T # NETUE
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6-4 R4
Wave-Particle Duality

Pt
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‘ ©® Whether A or B, or C ’

f7l4] : Whether electrons or light, or even all matter, has wave-particle duality.

AeEmeE Ot REFANYE - BEFR M -

[ ® A behave like B. ’

4] : Electrons behave like waves in a large number of electron-beam double-slit experiments.

REERE TR EEEREER - ME TR R EWRE -

‘ © play dice. ’

5] : God does not play dice!
GNP

o BEEE »

BRI © AR TS |
After studying this section, students should be able to know that:
— TR SRR -
Understand the concept of wave-particle duality.
T THEFETEEE R o I ERsE Y E R T AR LR -
Understand the electron double-slit experiment can underpin the assertion of the

probability distribution of matter waves.
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To Know what substances or phenomena have wave-particle duality.

(L2 ) Which of the following statements about quantum phenomena is correct?
(A) Light is a continuous electromagnetic wave, while electrons are discrete particles.
(B) A laser light can produce interference fringes after passing through double slits,

and an electron can also produce interference fringes after passing through double

slits.

(C) Only light waves can produce diffraction fringes, while electron beams cannot

produce diffraction fringes.
(D) The photoelectric effect can explain that light has wave-particle duality.

(E) All matter has wave-particle duality, but cannot be observed simultaneously.

(Fp30) AR ETIRGRAYRCL > W A 7
(AYCREEN R > 1 T2 N EEIRT -
(B)—HE SO B EIAER ] UL TR —(#EE T d R R A L
FEAFIRIREL -
(OVAFCRRE A LB RAL BT MR A GeHTRAT -
(D)C A v USSR CHR ML — 521 -
(EFTEEHE RN — 8% - EfAEREEAE -

#ZFH Solution :

Fi G e B EERR 0 B RO — 52k - (HVREE s & E e R LB S5 — ([ « %
BRI EAURL 14 - TR T RE AR DI BB+ B A8 -

All matters and electromagnetic waves have wave-particle duality, but either aspect can only be
observed through specific experiments. The photoelectric effect illustrates the particle nature of

light, while the interference fringes of electron double slits demonstrate the wave nature of

electrons.
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Teacher:

Student:

Teacher:
Student:
Teacher:

Student:

Teacher:

Student:

Teacher:

Student:
Teacher:

Student:

Teacher:
Student:
Teacher:
Student:

Teacher:

Student:

Teacher:

Student:
Teacher:
Student:

Teacher:

KT FRTE EaRT P 0 T EEREEL <

According to Einstein's quantum theory of light, the energy of each photon is equal to
Planck's constant multiplied by the frequency. Does this mean that Einstein believed
that light is a particle and does not have the characteristics of a wave?

No, light still has the characteristics of waves, wavelength and frequency, so the
energy of photons is related to the frequency of light waves.

Yes, then can the photoelectric effect verify the properties of particles or waves?

The photoelectric effect can only be explained by the particle model of light.

That’s right, so what phenomena can verify that light has wave nature?

Wave nature of light can be demonstrated from phenomena such as single-slit
diffraction or double-slit interference.

So light has wave properties and particle properties at the same time. Can these two
properties be observed at the same time?

No.

Very good. According to de Broglie's matter-wave hypothesis, does all matter have
wave properties?

Yes, all matters have wave properties.

Then why can't we see the interference phenomenon of particles in our daily life?
Just like the interference fringes of light are related to the size of the slits, the
wavelength of the objects in life, even as tiny as sand, is still too small. It is impossible
to observe via daily life experiences.

So what kind of particles are we using to observe matter waves now?

Electronics.

In most observations, is the property of an electron classified as a particle or a wave?
Particles.

How does the current electron double slit experiment confirm the wave nature of
electrons?

Interference patterns can be obtained by using a large number of electrons to pass
through double slits.

Can we observe the particle nature and wave nature of the same particle at the same
time?

No.

Very good! So which answer should I choose?

E.

Very good!
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Know the double-slit electron interference experiment can demonstrate the wave nature

of electrons, same as that of double-slit light interference.

(FL3Z ) Which of the following statements about the double slit experiment is correct?
(A) The interference fringes of light can be observed through the use of double slits,
but the interference fringes of electrons cannot be observed.
(B) The interference fringes after an electron passes through the slits can be observed
through the use of double slits.
(C) As long as a few electrons pass through the double slit, the interference fringes can
be observed.
(D) Double-slit interference fringes of electrons, which can confirm the concept
of probability distribution of matter waves.
(FPS0) DUT BRSSP By st - {74 1EmE ?
(A) FIFEEpcaE vl DUBZE DR FAREL > (BREEBZFIETHY A REL -
(B) FIFI*EpkaE - n] DU R T —RHEE 1 i A PRGEIR Y I REL -
(C) RE/VESERATE TR S - BRI R FB R -
(D) BT RVEERE TR - T BEYERARIMR -

fZFE Solution :

BP0 ] DU B - BT RGN TR RO R B L B S T Y TR AR K
GAREEN - M—FRETZE i > FRUHEEHAZEE TS - HET R
EEpaEE S - A LIRSS E I R A

Double-slit interference can verify the nature of the wave. The interference fringes of the electron
double-slit need a large number of thousands of electrons to pass through the double slit. At the
beginning, the electrons pass through one by one, and bright spots appear on the screen, which
is the particle nature of the electron. The concept of the probability distribution of matter waves

can be verified by the double-slit experiment of the electron beam.

Teacher: Why can the phenomena of diffraction and interference verify the wave nature of
the objects?
Student: Because the nature of particles cannot explain the diffraction and interference

phenomena, which can only be explained by the wave theory.
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:
Student:

Teacher:
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Are matter waves the same as water waves or sound waves? Are the matter waves
of electrons the waves that transmit energy through electrons?

No. Matter waves are not waves transmitted through matter.

Very well, what the matter wave describes is the probability distribution concept of

matter appearing in space. Can you explain the probability of a dice?
The dice has 6 sides, and the probability of each side showing is é. If you only throw

it three times, the same number may appear, but if you throw it many times, such as
30,000 times, then the number of times each number will appear will be nearly 5,000
times.

How do you explain the probability distribution of electron double slits?

A single electron hitting the screen will produce a bright spot, and the appearance of
each bright spot is independent. However, after accumulating thousands of electrons,
there will be a lot of bright spots in some positions on the screen, and a small number
of bright spots in some positions, similar to the distribution of interference fringes.
So the final interference pattern of electron double slit can explain the probability
distribution of the matter wave of electrons.

Very good, so which answer should we choose?

D -

Wonderful!
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. Spectra of Atoms
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continuous spectrum L transition s
emission spectrum Eigz Pyl ionization R b
absorption spectrum W U 5 ground state AR
line spectra BHER R excited state EERE
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T IREF R TEENRT
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correspond to }

]

: A particular spectrum line corresponds to a certain light wavelength.

E—RPERDEESR - HIEERPERDERE -

be produced by . }

: Each isolated bright or dark line in the spectrum is produced by light emitted or

absorbed by electrons.

YRl PRI A SRR SR AR - EE T BRSO LAY -

be caused by }

: Some certain absorption lines in the spectrum of the Sun are caused by the absorption in

the Earth's atmospheric molecules.

ARG eab B HEELR AR 2 It ER AR TR AT S HE

only when }

T

Radiation occurs only when an electron goes from the orbit in an excited state to another

orbit of lower energy.

A THE—EBEEATEE » A S —(ERE BE(RAVEIERS - A g3 AaEsT -
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After studying this section, students should be able to know that:
* S R T CRG Y M S R
Know the classification of atomic spectrum and their properties.

TR B R A A RS SRR PR IR
Understand the hypothesis of the Bohr hydrogen atomic model and the concept of energy

levels.

w FIFEERE s
BlE—
Bz E e S

To understand the properties of atomic spectra.

(L) Figure 1 shows the emission spectra of hydrogen, helium, and mercury atoms. After
observation, the three students expressed their opinions as follows:
Student A: Just as barcodes can be used to identify different commodities, the spectral
lines produced by different atoms can be used to identify the types of atoms.
Student B: Different atoms produce different wavelengths of spectral lines, which is
the main reason for the different colors of substances.
Student C: Atoms only emit spectral lines of specific wavelengths, which is evidence
that atoms have discrete energy levels.

Whose statements are correct?

e (1 0 R R
- [T 0 ) I
[ s

300¢ 400¢ 500¢ 600¢ 700¢nm
Figle

(A) Only A (B) Only B (C) Only C (D) Only A and C (E) Only B and C
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fiZ38 Solution :
JRFHIEEE R B FHE0 RS » B A EDTRENRE FRERA —1F o BT ENE - HEER
R ER AL > B TREE RWREIS ZREEE -

The emission spectrum of atoms is a characteristic spectrum, since the spectral lines of different

elements’

atoms are different. Atoms can only emit light of a specific wavelength, and the photon

energy is the energy difference between two orbits.
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

What kind of spectrum are these diagrams? Are they emission spectrum or
absorption spectrum?

Emission spectrum.

Yes, how can we get the emission spectrum?

The light emitted by the thin and high-temperature gas is separated via dispersion of
a prism.

Yes, what can we know about the spectral lines emitted by these different atoms?
Different atoms have different energy levels because of the different numbers of
electrons and nuclear charges. Therefore, the spectral lines of different atoms are
also different, just like the lines of different barcodes are different.

Can Rutherford's hydrogen atom similar to planetary model theory explain these

spectral lines?

we HFFCEFREFLY <
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Student: No, because the theory related to electromagnetic waves, there should be continuous
spectral lines, not discrete spectral lines.

Teacher: Very good. Could Bohr’s hydrogen atom model hypothesis explain these spectral
lines?

Student: Yes.

Teacher: What did Bohr's hydrogen atom model assume?

Student: The first assumption is that electrons can only stay in specific orbits. The second
assumption is that electrons absorb or emit light at the energy difference between
orbitals when they transition from one orbital to another.

Teacher: Good! So does Bohr's hydrogen atom model correspond to discontinuous energy
levels?

Student: Yes.

Teacher: So which students' statements are correct?

Student: A and C.

Teacher: Then which is the correct answer?

Student: D.

Teacher: Very good!

D S R R 7S LR BB RO RS ?
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To understand the Bohr hydrogen atomic model and the corresponding spectral lines.

(JL3Z ) Which of the following statements about the Bohr hydrogen atom model is correct?
(A) Electrons can orbit in arbitrary radii.
(B) Electrons can only orbit in certain radii.
(C) Electrons can jump between different orbits.
(D) When an electron transitions in different orbits, it will definitely emit photons.
(E) When electrons transition in different orbits, the energy of the emitted

photon is equal to the energy level difference between the two orbits.
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Understand the assumptions of the Bohr hydrogen atom model, and then derive the relationship

between the emission spectrum of hydrogen atoms and the energy levels of hydrogen atoms.

Teacher: Could the scientists at the end of the 19th century determine the orbit of electrons?
Student: No.
Teacher: Can we know the structure of atoms through Rutherford's scattering experiment?

Student: It can be known that the positive charge is concentrated in the atomic nucleus in a
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very small range, and the electrons move in the periphery.

Teacher: Very good! Is it easy to determine the position of electrons?

Student: No.

Teacher: So the orbits of electrons proposed by Rutherford are like planets orbiting the solar
system, which can be in any radius. But Bohr put forward the hypothesis that
electrons can only move in specific orbits. According to Bohr's hypothesis, the
transition of electrons in two orbitals will release light of a specific wavelength.
What is the relationship between the energy of this light and the two orbits?

Student: If a photon is released from a high energy level to a low energy level, the energy of
the photon is equal to the difference between the two energy levels. To transition
from a lower energy level to a higher energy level, a photon of energy equal to the
energy level difference needs to be absorbed.

Teacher: So the transition may absorb photons or release photons?

Student: Yes.

Teacher: Which three should you choose as the answer?

Student: B, C, E.

Teacher: Right!
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BSNEEER More to Explore

PBS LearingMedia
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https://www.pbslearningmedia.org/

MIT opencourseware
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https://ocw.mit.edu/

Khan Academy
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https://www.khanacademy.org/

Interactive Simulations, University of Colorado Boulder
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https://phet.colorado.edu/

Collection of Physics Experiments, Charles University in

Prague
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https://physicsexperiments.eu/en/physics
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https://www.physport.org/assessments/
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https://pansci.asia/

ISLE Physics
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https://www.islephysics.net/
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A Reference Handbook for Senior High School Bilingual Teachers in
the Domain of Natural Sciences (Physics): Instructional Language in
English

[ 10" grade ]
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