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Fundamental Measurements

BT EALRTE RS R TR MR
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1-1 RE - ESH4RH
Length, Mass, and Time

AR R R ERE ~ B BB R B A R HE S -

BF thiE BF thE
unit BHAT mass HE
numerical value e kilogram (kg) NIT
International System of Units (SI) REIH] | gram (g) INTE
length £ milligram (mg) =
meter (m) NR balance / scale R
kilometer (km) INH conversion / convert | #AEL(n)/(v)
centimeter (cm) NI hour 153
millimeter (mm) =K minute VAN

second b
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[ (1] , the symbol , is the SI unit of . ]

4] © Second(s), the symbol is s, is the SI unit of time.
I RARV PR AR - ok s

® Units that we commonly use to indicate are ,

, and .

ffil4) © Units that we commonly use to indicate length are millimeter (mm), centimeter (cm),
meter (m), and kilometer (km).
BT FARARRERVERAL - A=K (mm) ~ 2253 (em) ~ AR (m) B A B (km) -

©® We know that is equal to , thus we may convert
to .

#4) : We know that 1 kilogram (kg) is equal to 1000 grams (g), thus we may convert kilogram
(kg) to gram (g) and vice versa.

HATFIE 1 A Fr(kg) FHY 1000 2 5(g) » Al T (kg) FIEAAY(g) AAHEHRA -

« BEEHE »

AR TR - ZAEEBLITER
By the end of this section, students should be able to do the following :
— ~ TR IERERE R PRRE E
Understand how to measure the mass of an object by operating a balance properly.
.~ RECEERERATAYARVIN o N IEREREHRELE R -
Be able to compare the relationships among different units and convert their magnitudes

correctly.

Y f AR RS TR R EERRY B
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BlE—
st ¢ SRR R PRI AR AL -
Students can use a balance and know the weighing process.

(L) The list below is compiled by A-Me. The first and second entries are the reminders
and the corresponding reasons before handling an equal arm balance. Choose correct

reasons from the options given that are appropriate.

Reminders Reasons

Adjust the balance until the pointer | Calibration can reduce the

is at the zero point before weighing. | probability of inaccurate weights

Handle the weights with the Proper handling can reduce the
2 | tweezers. The weights cannot be probability of weights getting
used by hands. rusty.

(A) Both are appropriate (B) None is appropriate
(C) Only the first reason is appropriate

(D) Only the second reason is appropriate.

(FF30) TRABMEEEETH ~ 2 IR EMRPRAERFIE I ERA - R
HEERNEGGHE > NS e e ?

ERHEIH HIERAN
| HEYLaAT > BRI RS g EENE | nTR RS Bl ERE
Z | EHEESRG A AT 20 JERIGES | AR DA A s S

AREEH
AWEEEHE (B) & &5 R & F
OHF&HE > Z4AaH (D)FAREH » 2 &8 -

(110 FEEHEgH 1)

fZFH Solution :

FAREHEYSE S0 EEFERESEEANE  S9ARIERE  MisNEiEg R~
AENE o EHURATSHE FE (D FIRAR R Bd - IKHL > DL T LAV SRS RS AR 8 - FTDLE &
=(A) °

4 BV B AR EERE TR SRR FEERF
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Before a balance is used to weigh the mass of an object, calibration is necessary to ensure an

accurate measurement. It is suggested to use the tweezers or other specialized lifting devices to

handle the weights. This is to avoid rusty weights caused by the moisture of hands, so A is

correct.

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Teacher:
Student:
Teacher:
Student:

Teacher:

4 -
B
4 -
B

EH

B
i

4 -
sk -

Do you still remember what we should do before weighing the mass of an object
with a balance?

We make sure the balance is well calibrated.

That is correct! What effect will it be on the measured results if a balance is not
calibrated?

The measured results will be wrong.

Exactly. Say this balance now is read 0.3 grams before calibration. If we do not zero
the balance, do we need to subtract or add 0.3 grams to the results?

We add 0.3 grams back?

No, we should subtract the 0.3 grams from the measured value. That is why it is
necessary to zero a balance to ensure an accurate reading. Calibration can keep us
out of trouble of fixing weighing mistakes.

Now, how should we handle the weights?

We should use the tweezers to handle the weights.

Why can we not handle them by hands?

It is because the hands will make the weights rusty.

Excellent. The moisture or stains of our hands will cause the weights to rust. The

rust will change the mass of the weights and our measurement will be inaccurate.

RGBT R 8 R S s 2

e R TR E -

28R | NS A E NS4S SIS R RS BE ?

HEEER G R -

J25E B0 R ERIIVEEEDE 0.3 ¢ AREFTRIERVEE R - TR 0.3 g
Bk 0.3 g WE ?

EhE 0.3 g1 ?

JE 2 SR E A 0.3 g FTLALMVEDR 0.3 g RILHIERT R SEEAE » Dk
HERAERE » SR EFREZEIERIME -

AREATERZ 20 o] ZHURETSE 2

JERZ (5 AT AR ACHY -

BY AR ERRE TR FRP EFERE
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EE (REF TR TITSREES o H A AR o B R (L B
SR IR -

BlE_—

st B RE IR RN A [F A N AL -

Students can correctly convert one type of physical unit to another.

(JL3Z ) After Xiao-Zhen enters junior high school, her dad is thinking about a new desk for
his daughter. They go to three different furniture stores and try to buy the same desk
from the most competitive bid. It turns out that these three furniture stores offer
different prices for the same desk. Even the measurements for the same desk vary as
well. The desk at the first store is measured 1.32 m, while the one at the second store
i1s 132.0 cm. The desk at the third one is 1,320 mm. Choose the correct answer from
the options given below.

(A) All the furniture stores offer the same length for the desk but with different
physical units.

(B) The length of the desks at all the furniture stores are incomparable because their
physical units are different.

(C) The first furniture store offers the longest desk because the physical unit of its
length is longer than the others.

(D)The third furniture store offers the longest desk because the numerical value of
its length is bigger than the others.

(P30 NEETEP 2% SSBEMERGVE R G5 T BEE=2F28 -
RNEMIRE B FIR BATETILE SRBRE - ANF R EAFREAER
FEAE BEEEHERA — - HIENERER 1.32 AR () ZJEEDR 132.0 &
gr(em) - PIERIE 1320 20K (mm) »  NHIREI 2 A 2
AH ~ Z - A=RENERREMEE - B AH -

B)H ~ &~ AENERARERALE - NAHAE -
(OHJENE Rt » RBHEIRK
(D)AERTE R R - BT RK -

° BV B AR EERE TR SRR FEERF
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#ZFH Solution :

et E R R A —FrABIRAYEAL - B4 : AT A SR AR B2k o AT AT
o~ 2 AIERVERE R 1320 22K > AR 1 AR (m)=100 2253 (cm)=1000 Z>K(mm) > Ffy
PE 1% » =FENEEREHAHE -

Before we compare the length of these three desks, their physical units should be unified first.

For example, all the physical units should be converted into millimeter. In this sense, the length

of the desks at the first, second, and third furniture stores are all 1,320mm. Because 1m = 100cm

= 1,000mm, the length of the desks at the three stores are the same after conversion.

R

B
1
B
- ¢
B

EH

Teacher:

Student:
Teacher:
Student:
Teacher:

Student:

Teacher:

To compare three different physical quantities of the desk, we need to unify their
physical units first. Which unit do you have in mind?

Can we convert the units to millimeter?

Yes, you can. How much meter is 1mm equal to?

1 mm is equal to 100cm and 1cm is equal to 10mm. So, Im is equal to 1000 mm.
Correct! So what mm are the desks at the first and second furniture stores?

The length of the desks at the two stores are the same, 1,320 mm. The same length
means that all three stores offer the same desk.

Exactly. If we convert the length of the desk at the first store to mm, we can get
1.32 m X (1,000 mm/1 m) = 1,320 mm. That number tells us the size of the desks
offered at the first and third furniture store are the same. It also tells us that the

132cm at the second store is equal to 1,320mm.

By T =R EB LA/ » MRS —EMOVEN - (RFIEICEE R E
i EBHARR (T 2

HAREDK -

g 0 1A R(m)E A 2ok (mm)IE ?

1A REERY 100 2857 0 1 A5y XEERY 10 22K > ATl 1T AREER 1000 2K -
280 | HBHEM Z)EHE SRS 7 Al E %2 oRIE ?

HE 1320 =2k > Frl=RENER—HE -

448 s WEH B R EMERZE ¢ 1.32 mx(1000 mm/1 m)=1320 mm > f7LLE
JEEANJE Z R —ik & o CEIREEIERDE - el DUSEIZ)ERY 132 cm %5
#1320 mm -

BPpRABEFRETRIY FRP BFR[TF



-';Lo“%; st L — Jhe— b > A ) A - e .
O wT TR T R ERRT P e I EEHEMT Y

1-2 RSB G5
Measurement and Estimation

(EERA T AR EATEFRET A > DURGRENNS » FIEMEGERR AR &8 i
Loy - Ao rsaanfaflst - K2 AEATETEE -

BF thiE EF thE
measurement / measure | & (n)/(v) calibration, scale 7%
data g7z error AR
estimation / estimate fhEtm)/(v) digit Ay
accurate value R average value SEEE
estimated value (GEKIE record atik

Y f AR RS TR R EERRY B
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©® The measurement can be recorded as , of which is the
accurate value and is the estimated value. The data implies
that the minimum scale of the is

#4] - The measurement can be recorded as 166.9 cm, of which 166 cm is the accurate value
and 0.9 cm is the estimated value. The data implies that the minimum scale of the ruler
is 1 centimeter.

AEAER TS0 166.9 cm » Hodft 166 em FZEHEE - 117 0.9 em U2 (HEHE - FooR
BRWENZIE R 1 AT -

[ ® We can measure several times to . 1

#14] : We can measure the length several times to minimize the error and improve the precision

of measurement.

BT LUEE L IMERIE - DU 3R 2= AT E AR R s -

EBEREHE »

FEETARITR - BAEEELITER
By the end of this section, students should be able to do the following:

—~ TEFREIRHIRETT

Understand how to represent data.
- FRAAIE AR

Understand the concept of measurement.

o FY AR RS TRLY PR FEERY B
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BllE—

st © BAHE TR A o RESSC BERC R T (E R A THE -

Students can understand how to take and record accurate values and estimated values.

(L3 ) Based on the right diagram, determine which value of Line AB is the most

appropriate?
(tp30) MEAE T AB REMRE - NN E SR {T”' -
s o ‘IIII‘IIII[IIII‘IIH‘IIII |
(A)3 cm (B)3.0 cm b 2 e
(C)3.00 cm (D)3.000 cm
(91 FHE—JHEM 29)
fi#3H Solution :

R Rl TEE/NZIE Ry 0.1 cm - HISE(EXHGCSREMEII—(LEETE < i AB 4REEHY
RERCHERF 3.00 cm > Hf1iy 3.0 em SylEHE(E » M 0 L (G 2)HY 0 - Al fhEtE -

Because the smallest mark of the ruler in the diagram is 0.1cm, the measured value needed to
include one accurate value and one estimated value in one digit. Line AB is measured 3.00cm in

length. The value of 3.0cm is accurate, and the last digit of 0 is estimated.

Teacher: When we describe physical quantities, what two parts should we include?

Student: A numerical value and a physical unit.

Teacher: What is it that the numerical value should have?

Student: An accurate value and estimated one.

Teacher: How should we record them?

Student: The accurate value should be recorded by determining the smallest marks on a
measuring device. The estimated value should be the next digit after the known
value.

Teacher: What is the smallest mark of this ruler?

Student: The smallest mark of this ruler is 0.1cm, so the measurement of Line AB can be
read as 3.00cm.

Teacher: That is correct. The 3.0 cm is accurate value, and the last digit 0 is estimated.

Teacher: The estimated will be determined by the one who uses the ruler. In this question,

10

the estimated value is 0, but not all the estimated ones are necessarily zero.

Fd f AR EERTTREP FRP EFRE F



) KT TR T A R P oe I EFHREFL Y

11

£
B
4
B -
£
B
£
s
£
£

HERCREEER - R (EE T ?

B IR -

AR -0 oy ] B 2 YRR (EER 57 2

RERE(E A — Az fhEHE -

REREE AR HEEZ A ek 7

AENE(E MERC o5k 22 fe/ NZ RV B - T aHE Ry N ERY R —AL

i SRR NARE R AR ER AL 2

B/ NZE By 0.1 em > ATLLA LAGC#RRK 3.00 cm

2t > HPHY 3.0 em RyfgtE(E - 0 AL (EAERY 0 > AR MLETHE -

EHERR IR EE BT (LET - EEF AV EEHER 0 (EIAEATE SEHERD
WIHED -

BPpRABEFRETRIY FRP BFR[TF
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Students can understand the meaning of measurement.

(FL3Z ) Which of the following statement is incorrect?

(A)When we make a measurement, we need to choose proper measuring devices and
units

(B)Measurement errors are inevitable, so a measured value needs to be included an
estimated value.

(C)A physical quantity should include a numerical value and a physical unit.
(D)When an estimated value included as many digits as possible, it makes the

measurement more accurate.

(tf30) ARAERER » A&k ?

(AN E R ABER R E Y THE KB -
BHE—ERHE » TR ELNESAEETET -
(O)52EEHTHE A B & B S BRI R ER T
DY HEBAA S AL - RHERAERE -
(ERREE )

fZFE Solution :
EEHEERBEAE TENE/ NI > MhEh—0r - Rt EEEHE A - #Tr

2 E

R - Pl SAEEN ISR HEZ AR e E AR -

The estimated value is plus one figure beyond the smallest measurable digit of a measuring

instrument. Adding more than one estimated digit to the estimated value will only make the

measurement more uncertain. It is also meaningless. More estimated digits in a measurement

can not improve the accuracy of measurement.

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

12

A physical quantity should include a numerical value and a physical unit. What two
parts should the numerical value include?

An accurate value and one digit of estimated value.

How many digits should we record in an accurate value?

The accurate value can be determined by reading the smallest marks of a measuring
instrument.

That is correct. How about our estimated value?

It is one additional digit to the smallest measurable digit.

R § AR EERE TR R FEERT
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Teacher: Exactly! Only one additional digit is allowed for our estimated value.
Student: So, D is wrong because the estimated value can only be one digit.
Teacher: That is correct. Adding more than one estimated digit is not significant and

meaningless.

LRl SERAEREE BT AL - BT X E R ?
B4 0 AEME(ER—LfhETHE -

Ehf - AEMEE SR BT ©

B fERCs I E T RAYR/ NI -

LRl 2R AEEETHE ERZ AR ERTE ?

B AR NIE > (SRR AR -

ERL %8R | prRAMEEHE R g -

E2E 0 FrLAD)BESEARY  (HEHERA L -

EH BHY > HESES METELAIRE - FTLULESRT -

13 BV B AR EERE TR SRR FEERF
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1-3 REEFREEE

Volume and Density

ENERENTE  EREE > WEBERESVRRINER - i E 2/ % 3%
AR REIRY A HESS - AR TR > 595 B AR R ) - R E Y
TEKZE - A RERF AR A B S AR/ N R AR BEAY B (4 -

BEF thiE B¥F thiE
volume GEYi liquid level MR TH
density R liter (L) NFF
shape LN graph e
graduated cylinder =H vertical ordinate sy

horizontal ordinate,
displacement method BEARL feae i
abscissa
cubic meter (m®) / kiloliter (kL) | IZ75/AR/ZA3€ | origin of coordinates | AXAEEJF Bh
cubic centimeter (cm®) / milliliter
ILITRGTIZFE | set to zero FEE
(mL)

14 FlY AR EARETREY (FEM EEENRY
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O Taking as the vertical ordinate and as the horizontal
ordinate (abscissa), draw the relational graph of versus
of .

##4] : Taking the mass as the vertical ordinate and the volume as the horizontal ordinate

(abscissa), draw the relational graph of mass versus volume of the aluminum block.

LUE B Rt - Bafi oo - f4g h snBR Ay E SRR ARAYRH (RIE] -

[ 2] be proportional to . }

4] : When two different objects have the same volume, their masses and volumes are directly

proportional to each other.

ViReH R Ry - HE S SR ERIELE -

o BEEHE »

FEEETARITR - BAEEELITE R

By the end of this section, students should be able to do the following:

—  TEIAMAPEKER SRS - Ba)eElRe -
They can understand how to use the water displacement method to determine the volume
of different objects including the floating and sinking ones.

o EEFEW) - leR(V)EEEM) =FRHIE 4 0 d&=M/V o FTDUEERYE FEALR
g/mL = kg/m® -
Clarify the relationship between density (d), volume (V) and mass (M):d=M/V, hence

commonly used units of density are g/mL or kg/m°.

15 FYf AR R TREN R FERR S
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Students can manage to find the volume of a floating object using the water displacement
method. The key is that the object to be measured needs to be completely submerged in

water.

(L3 ) Xiao-Yu uses the water displacement method to measure the volume of a plastic ball.
During the measuring process, she finds that the ball will float on the water, so she

adjusts some steps of the experiment. Her experimental steps are listed below:

1. Find a graduated cylinder that is large enough to hold the ball being measured. Fill
the cylinder with adequate water and record the initial water level prior to
submerging the ball. Mark this value as X; mL.

2. Place the plastic ball into the cylinder and wait until the water settles down. Record
the secondary water level. Mark this value as X, mL.

3. Using a string to tie the plastic ball and the metal ball. Now, place both balls into the
cylinder. Wait until they are submerged into the water and the water settles down.
Mark the third water level as X3 mL.

4. Untie the plastic ball only and take the ball out from the cylinder. Submerge the metal

ball and the string. Allow some time for the water to settle and mark the final water

level as X4 mL.

X1 mL is known for the initial water level prior to either the plastic or metal ball being
submerged in the water in the steps 2, 3, and 4. Find the volume of the plastic ball.
(A) (X3—X4) em?

(B) (X4—X3) cm?

(C) (X3—Xa—X1) cm?

(D) (X4a—X2—X) cm?

16 RY AR BERE TREY FRP FEREF
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(SO /NEFABEKOE N E— (BRI » B a3 R B sk g 2 KiA -
FTLARF B B B T — SR %E - M THIRTA BRI T ¢

— ~ QUBEE R NIER - ITEEFHEPEAK - sKEIEZIE X mL -

T KRB A ERE Y 0 FKER LR 0 SORKEIIEZIE Xo mL -

=~ DIAHABAT Rl o3 RIAT A SEIBER  BE@ak » RETAEE  » (RS T2
AKET > HOKHEFFIEE » sosf/KEfL B X mL -

VU ~ fEBRAT O M ERAVAAE - ROEBEREUH 15 - 414 BB ZRF T 0 1+

HSE2IAKE T - B/KEERIEE > SesfKE AL EZIE XamL -

1

—

CHAEERA R ~ = U > R A BB S Bk - EEPKEEZE
¥ Fs Xo mL - RISBRBERHVEETAIE Ry 2 /b 2

(A) (X3—X4) cm?®

(B) (Xa—X2) cm®

(C) (X3—X4—Xj) cm?®

(D) (X4—X2— X)) cm® (108 L[ H &% 42)

fZFH Solution :

HP B = HIBREEK ~ SBER R AIAE e =)L AK T S (BB ER 5 B R+ A4l HI G TS
=X —X1) em?® - [fii P BRI AT A1 (B B BR-+ 44T FIREIE=(Xa— Xo) em® - (R YBRBERATAS
FE=(X3—X1)-(Xa— X1)=(X3—X4) cm?® o (5F:1 mL=1/1000 L=1 cc=1 cm?) °

In Step 3, the plastic ball, metal ball, and string are all submerged in the water. So, the formula
for the total volume of all the three items in this step can be written as (X3 —X;) cm®. In Step
4, we know that the total volume of both the metal ball and the string is equal to (Xs— X1) cm?.
With these two equations, we can come to the volume of the plastic ball.

That is (X3 —X1)-(Xa— X1)=(X3—X4) cm®. (Note: 1 mL=1/1000 L=1 cc=1 cm?).

Teacher: What items are there in the water from the water level measured in Step 3?

Student: There are a plastic ball, metal ball, string, and water.

Teacher: So how should we find the total volume of all these four items?

Student: X3 (= the total volume of the plastic ball+ metal ball + string + water) minus X
(=the volume of the water) = (X3 — X)) cm’.

Teacher: Then, what items are there in the water from the water level measured in Step 4?

Student: There are a metal ball, string, and water.

o Y f AR EE R TR R EERR
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Teacher: How can we know the total volume of both the metal ball and string, but without
water?

Student: X4 (= the total volume of the metal ball + string + water ) minus X; (=the volume
of the water) = (X4 — X)) cm’.

Teacher: Now, these two equations can bring us the answer to the volume of the plastic ball.

Student: The volume of the plastic ball is (X3 — X1)-(X4 — X1)=(X3 — X4) cm®.

Teacher: Excellent. By observing the changing water levels in a graduated cylinder, we can
measure the volume of an object. This method is called water displacement. The
key of this method is that an object being measured needs to be submerged in the
water.

Student: If an object cannot be submerged, how can its volume be measured?

Teacher: If that is the case, we need to have a sinker like the metal ball in this word question.
A sinker can make the object stay below the water and then we can measure the

volume of the plastic ball.

ST SRR R (R ?

A AR - SR - WA

AT FTLVBEEER - SESRRIE R BT ?

TR e B OB KA X)=(X— X)) o

AT RSERIU - BRI (RSP ?

B T K - IR RN -

T B BRI AR A TR 2

B (RBER ORI XK (X)=(Xs— X)) e’ -

S ARETRPES FAYRIE Tt P A R R S D T -

B BEERIIIHUZ (G —X)-(Xs— X)=(Xs— Xy o’ -

AT T EEREDIOKAEE  BTTRUHR LR - 1R T -
EBHCEHR VBRI VRS2 AKD -

B EEREE RIS TR TIHEE ?

Al AEREEIRA SR KD - LR S — TN | SIE) » AoH
PSRRI K » AR A SRR A -

18 Y f AR EE R TR R EERR
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Students can understand how density, mass, and volume are related.

(L) Xiao-Cui conducts the experiment below. She measures different volumes and masses
of an unknown liquid in the graduated cylinder, and plot the results in the graph of
volumes versus masses.

Which of the following graph made by Xiao-cui is correct?
(Mass (g)Volume (mL) )

(FP) /NEREETAD N B RV E SR - AR EERRGER - DIEE TIRAeHE R HRGfRE
» A H LR AG AT [ A B RER YRR (% - /N RE B AV E e & T3]

ERARLERMS - I
BRE—@XF LHE

©) D)

?é 60 g 60

z 40 i 40

& 90 | 90

(mL) (mL)
020 20 60 020 20 60 0—20 20 60 056 20 60
REEEE (g) REEES (g) REEES (g) R2ESE (g)

(106 FEFH =+ 19)

fZRE Solution :

HlE FT R A TREGE - TP R SR E (HEAE=0 15 'HE=0) > FrLIBE A aRIE
AR - Q¥[E RGNS - BEREE - FrLSEEE S IELL - BRI SR E PR
RIELR - Q)ERAGHSTE K 25.0mL 5 > B8y 20.0 g » [NIELHERS A (A8 E Ry 188 103 [ 85 LUKz
#H(20.0 > 25.0)HYFI E&R

According to the graph, we know

1) before the water is poured in the cylinder, the reading of the digital weighing scale should be
zero (when mass = 0 and volume = 0). It tells us that the line that shows how different volumes

and masses are related should go through the origin (0,0).
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2) the density of different amounts of the same liquid is always the same. The line plotted will

be straight showing that as the volume increases, mass increases by the same amount.

3) when the volume of the liquid is 25.0 mL, its mass will be 20.0 g. In this sense, this line should
be straight and go through both the origin and the data point (20.0, 25.0).

Teacher: Can you see what steps Xiao-Cui takes in the diagram? What are the results?

Student: Firstly, she puts an empty graduated cylinder on the balance and zero it, so the mass
of this empty cylinder is zero.

Teacher: Good job. What else on the diagram can you find that shows the volume of the liquid
verse its mass?

Student: We can draw a line that shows the relationship between the volume of the liquid and
its mass. This line will go through the origin (0,0).

Teacher: That is correct. What are the measured results Xiao-Cui gets in the second step?

Student: The volume of the liquid is 25.0 mL and its mass is 20.0 g.

Teacher: Excellent! Because Xiao-Cui uses the same liquid, its volume and mass are
proportional to each other. In this sense, what remains constant?

Student: Density remains constant.

Teacher: Great job! Now, do you know which graph to choose?

Student: (D).

Teacher: That is correct, so the answer is that a fine, straight line will go through the origin
and the data point (20.0, 25,0).

Teacher: Based on the definition of density, find the density of the liquid in her experiment
using graph D.

Student: 1.25.

Teacher: How about the unit?

Student: g/mL.

Teacher: That is correct. The density of the liquid in her experiment is 1.25 g/mL. Our answer

should always have a numerical value and a physical unit so that we can express

“how big” a physical quantity is in a meaningful way.
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ERN B PR — o N TEENE 7 SERBR R ?

B4 NERENERBUEE T L > WRE TS - FrLUERESTHIER > B
MEEERE -

Rl AREF - NIBEE— T DS - TR R B B AV (RE_ B R ?
BE s RAfAME S s

ERN ek o AVEEITHE R o NEATHIE SR SR ?

B4 KRRy 25.0mL > HE 5 200g -

RN gk | il HIE A R e MRVASTRBUE B EVIELE - LIRS A —RAS
A& OREFIELE 7

BAe o BREOREE o

R ARG PFTDUE IR BT 7

24 (D)-

EHI : BHT O FTLIEEE - REBFERAVR ELR > HiEiEE20.0,25.0) -

RN MRIREEAER - F1ED)E P RS E AN ?

B4 1250

Zhh . Be ?

B4 o/mL -

ERT  BHY REEEERE 1.25¢mL > EE THE ) BT B e se R Y
TR e

21 Bl A ARATE B HCE TRL R A F R



@ KT TR T A KT P O IIFF R EFREFL Y

*EE MENHRX

The World of The Matter

BT EALRTE RS R TR MR

KRB 2RVPIE RS - oY EERE(L > BB EREYENTE - 2EERE
WERIETT A > MiaTamie B EEIVEE - 4% RAVREFR R ITAL SO IR BDR
J&EZ FEIHIRE (% » B iR emAR VR Ay il )77k - R B A JE A a0 rl g R A T ) B O B T

SRR BETT -
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2-1 REME
Know About the Matter

I =REEE LU T BN EER B EAY D70 - STamPYERVIEE - T0& R &Y B4

BF thE EF thE

matter Yr'E melting / melt & E(n)/(v)
state AREE solidification / solidify WEE (n)/(v)
solid [E15E sublimation / sublime FHEm)/(v)
liquid TREE deposition / deposit HEEE(n)/(V)
gas ey vaporization / vaporize B Em)/(v)
physical change Y gk condensation / condense AAEMm)/A(v)
chemical change B8 evaporation / evaporate B (m)/(v)
physical properties Y ME boiling / boil FEBE(n)/(V)
chemical properties {EEME melting / melt B ()/(v)
pure substance aiyra

mixture EY)
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[ (1) is the state of . ]

%4y - Ice is the solid state of water.
K7 KAV EIRE -

® The process of a becoming a is called
In contrast, a becoming a , is called

5] : The process of a cube of ice becoming a drop of water is called melting. In contrast, a

drop of water becoming a cube of ice is called solidification.

[T Ry R BG H B AR Ry b - AHRCHY  TRBG S o [EIRG R Ry (] -

[ © varies with . ]

4] : The temperature of air varies with time and location.

SRHYRE ST ~ AR -

EBEREHE »

FEEETARITR - BAEEELITER
By the end of this section, students should be able to do the following:
— ~ REIEREHET Y ER S LB LA -
Distinguish between physical and chemical changes.
~ TR EROR SR £ o B ERR

Understand the main constituents of Earth's atmosphere and their properties.
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Students understand the differences and be able to distinguish between physical and
chemical changes.

(3£ ) The following picture shows two operations that A and B do to a copper billet,
respectively. Which operation makes the chemical change?
(A) Both of the two operations do
(B) Neither of the two operations does
(C) Only operation A does
(D) Only operation B does

(o) T B R W BRI SE 73 B A T RN £ R R ER VR /R B - B A2 WAL (R A e MR
VSRS R BB - REIHIE ()3 IRk 2

AR
(B)miﬁi L X Y
o /
(@)= 2 R
(D)RE Z R Wi \@‘ -

Fh L AR, 4 5 Ao 3k E 4R & @ A1E

() 4k 7 8 A2 (B )

(106 EFE DG 4)
fiZ3E Solution :

FRERIE T URIIREEE » R Kbt oy T4 (L - AR WiER (L ZIRME PR
btk - SR THEMCA B BRI - R LESE -

In operation A, the only thing that changes is the shape of the copper billet, not the molecular
structure of the material; therefore, it is a physical change. In operation B, the molecular
structure made the copper become copper oxide after the oxidation. Thus, operation B is a

chemical change.
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Teacher: The changes in matter can be categorized as either physical change or chemical
change. What are the difference of the changes in the two?

Student: Physical change only makes a difference in the look, shape, or the bulk, but not on
the structures or the properties.

Student: Chemical change generates new matter by changing the structures and properties of
the matter.

Teacher: What changes in operation A? Why?

Student: Operation A is a physical change because only the shape is changed, but there is no
difference in the structure of the matter.

Teacher: Good. Copper is still copper, even as it becomes thinner, so it’s just a physical
change.

Teacher: What about operation B? What changes in it, and why?

Student: Operation B is a chemical change because the surface of the copper is oxidized.

Teacher: Yes. Since copper becomes copper oxide with the heat, and copper oxide is a

different material from copper, this is a chemical change.

Ef . PERE(Ly RYEESEAEERE(L > SERMEE LR R R e BRI 7
B UESERYENVHEREEE RS > [HINE -~ RS R R0 -
B4 RS bRYEHREM R SRS > WELNIYIE -

R AR (L ? R ?

B4R WEMERYHEEE > HERAIRSE » I EHERATEE -

Rl REE > SR T HNES > FRDUL R YL -

RN A LERER L ? R

B ZBFRAESEEL - WAFRmHEwEL T -

Zhl B SHERRIEER S T o SLEEHIYIE - FrlliEie ek -
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Students understand the percentage of the main gases that the air consists of and their
properties and usages.

(L3 ) As the following picture shows, the gases that the air consists of are A, B, C, and D.
Which of the following statements about the four elements is correct?
(A) A is an inert gas exists as monatomic.
(B) B is neither flammable nor combustible. It is often used as the filler of food
packaging to avoid from oxidizing.
(C) C is combustible and has active chemical properties. It is the gas that flora and
fauna need for breathing.

(D) D is the compound gas including carbon dioxide and hydrogen.
(HF30) W N EFTR - ERHEFROSRRHEC  ~ 20~ AT UFR - BEFR S DU R o HYER
B > TRBI Al A 7
(A = DIEFE T EFEZE R TR -
(B)Z * Au[REARIEE - HAHNE EmE s - Dl E(bEN -
(O + AN - (EEMETEE - REMEYIFIR TR RS -
D)7 : HESRE  BaF _S(tK - SRFRE -

(103 LB 1% 24)

#ZFH Solution :

FHREGR N2 DUER T TIRESFAE - SRR O 2R T THIRHES - A AT ME
HEOAE W RER Ar B —HEERFE T BRNEERG—E - NAEHE LA
IEE S T RIRGREE - &A CO2~ Hy ~ H20 % - #7E(D) -

A is nitrogen (N») that exists as diatomic. B is oxygen (O;) that exists as diatomic. It is not
flammable but combustible. C is argon (Ar) that exists as a monatomic and one of the inert gases
due to its inactive chemical properties. D is a compound gas containing CO2, Hz, and H20. The

answer is (D).
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Teacher: The diagram shows that gas A is contained the most proportion of the air. What do
you think gas A is?

Student: Nitrogen is contained the most proportion in the air, so gas A is nitrogen (N2).

Teacher: Good. What can nitrogen be used for?

Student: Nitrogen (N2) exists as diatomic and is inflammable and combustible. It is often
used as the filler of food packaging.

Teacher: So now we know that option A is incorrect. Gas B accounts for 21% of the air. What
is gas B?

Student: Gas B is oxygen.

Teacher: Right! Oxygen (O2) is combustible, so option B is incorrect.

Teacher: The question says that gas B is often used as the filler of food packaging to avoid
oxidizing, and gas B means nitrogen (N2). What is gas C, then? And what are the
properties?

Student: C is argon (Ar), a kind of inert gas. Therefore, the answer is (D).

Teacher: Exactly. D includes carbon dioxide, hydrogen, and water vapor, but the sum of them

only accounts for 0.1% of the air.

RN ETERRETERS > (MMTREFE SRR ?

B4 ZRTEERZHIEER > ATLIHZEERN: -

ERl - REF - AREEECRA (TR 2

B SR N IR T TIPS FAE - A A B » BETER e BET -

AL FTPAA)EIRAYS » SR LAEZA TSR 21% - L2 TTESRERE ?

B4 ZREER O

ERl 2 | E5R O RG B - (B)EIHR -

ZHl: EHS T 2 BANE R e DS bBEM BIEEER N - INET
JESRAG 7 BT 7

U FRER AT IR © FTUEERD) -
i ERER - EOOTEET AR SR - BEERS Bt
RT3 — -
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2-2 BREEE
Solution and Concentration

IEERKEREVEERG S E B RS - i a I RE R B L —FE RRERRE-
B TR T AR ARE (4

E¥ o E=p e
solution B weight percentage concentration | Ef & [ 77 e
solvent eyl volume percentage concentration | Befg H 77 %R
solute NE parts per million (ppm) HEgZ— GBRE)
aqueous solution (aq) | 7K | solubility TSRS

undersaturated solution,
dissolve S fi REIFIA R

unsaturated solution

concentration B saturated solution SRR
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® The the concentration of , the it will
and the it will be.

#4) © The higher the concentration of brown sugar water, the sweeter it will taste and the
darker it will be.
ENEKHRE RS » EERERAE - BHE A -

=

® The weight percentage concentration of is %, which means

that every 100 grams of contains grams of

#4] : The weight percentage concentration of the sugar water is 75%, which means that

every 100 grams of sugar water contains 75 grams of sugar.

HEKHVE B 1 7R Ry 75% » AR E 100 A5dfiKd - &5 75 AR -

[ ® The increases with increasing/decreasing . }

#4) : The solubility of most solid solutes increases with increasing water temperature.

KE[TT A BB - L/ nrt &g -

« BEEHE »

FEE AR TR - BAEEEEII MR
By the end of this section, students should be able to do the following:
— ~ BEIEMESTRUAE NS -
Calculate the solubility of solutes correctly.
.~ BRI ENA TR ROREIRA R o

Distinguish between saturated solutions and unsaturated solutions.
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Students can understand what solubility is and calculate the solubility of aqueous solution.

(JL3Z ) There is a glass of 150g citrate solution with 40% weight percentage concentration.

After adding 65g citric acid to the solution, mixing, filtering, dry and weigh the filter

paper, there is still 5g of citric acid not dissolved. If the temperature of the solution

never changes during the process, which answer is the closest to the solubility of the

citrate solution under this temperature?

(A) 45g/ 100g water (B) 80g / 100g water

(C) 91g/ 100g water (D) 133g / 100g water

(F30) FEH—EE T » HE—MEEE AR 40% AERRE KK 150 g » B AERS:
% 65g FBFEEE - REBAUHRZAFF % - 28I H Sg B RS - SEETA
ORISR - QIE I R SR S e A R B B Ry 2

(A)45 /100 g 7K (B) 80 ¢/ 100 g 7K
(C)91 ¢/ 100 g 7K (D) 133 g/ 100 g K
(103 FEF g5 45)
fZFE Solution :

AR & A s 150 x 40% =60 g > ATLAI/KAE 150 — 60 =90 g » FR4&RifE /K oh iyfes
BliE 65 —5+60=120g -

AR 1 120/90 =X /100 » X =133 > #AfRE R (D)133g/100g /K -

The citric acid contained in the solution was 150 X 40% = 60 g, so the water was 150 — 60 = 90 g.
The citric acid dissolved in the water is 65 — 5 + 60 = 120 g.

Then the solubility is: 120 / 90 = X / 100, X = 133.Therefore, the solubility is (D) 133g / 100g

water.

Teacher: The weight percentage concentration of citrate solution is 40% means how many
grams of citric acid in every 100g of citrate solution?

Student: 40 grams.

Teacher: What if the concentration remains the same, how much citric acid will there be in
150g citrate solution?

Student: 150 x 40% = 60g.
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Teacher: Great. According to the question, “after adding 65g of citric acid to the solution,
mix, filter, dry, and weigh the filter paper, there is still 5g of citric acid not
dissolved,” how many grams of citric acid are further dissolved? And how many
grams of citric acid are in the solution now?

Student: 65 — 5= 60 g citric acid is further dissolved. There are 120g of citric acid in the
solution in total.

Teacher: The definition of solubility is “the amount of the solute that every 100 grams of the
solvent can dissolve.” According to this, how could you express the solubility of
citrate solution?

Student: 120/90=X/100, X =133.

Teacher: So, the answer is (D) 133 g/ 100 g water.

Teacher: We learn that the weight percentage concentration of solution can be more than
100% from the answer. As the answer shows, the weight of a solvent can be bigger

than the weight of a solution.

EHT - SRR KSRIVE R 7 RRE R 40% - (URE 100 AwefeEioKd » 5%
D RERRERTE ?

B4 40 5%E o

Chl . PNSRAREDRREE 150 g WM RR KSR - &H 2/ DIEERRRIE ?

Bk 150 x 40% =60 g -

T RAF T FIIAERS R 65 g 1EFEMRE > SIH S MRRREARSIE | SR SOS R
T ? KB P HESE 4TI 2

B NOBfET 65-5=60g - #EIIH 120 g ISR

il ARENESRE TS 100 AT TUARRINEE AR o ARSI TR
B A1 e ] DUETEFR R 2

Bk 120/90=X/100 X =133 -

EHN . FTPABZEE(D) 133 g/ 100 g 7K -

ZH EEF > WM EER > KRN EE T 7B - AalgEEE 100% © Rk
WENEEA REEESARNESR » IEWHERTER -
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Identify if the solution is saturated by utilizing the concept of the solidity.

(L) The diagram below shows the solubility as a function of temperature of material A
and B. Ming is conducting a solubility experiment according to the information from
the graph. Ming adds material A and B to glass X and Y, which contains 10g of water,
respectively. The water neither evaporates nor decreases during the process, and the
temperature of the solution remains at 40°C (as shown in the two diagrams on the
right). Which is the most likely result of the experiment?

(A) Precipitate in both X and Y
(B) Precipitate in neither X nor Y
(C) Precipitate in X but Y

(D) Precipitate in Y but X

(HF30) TEER ~ ZREYVE RS SR 2 BE(RE - BRI RIR ISR 5
B EREA 10g KBy XY Mtrd > s3EIIIAR ~ ZWEYE - 8iE
IKARZEE Y > HIETRARESER 40°C - AUEEFTR « NI nlRE 2

i

it

HHERZR R 45E 53R 2
(A) A U (B) WA PR HT T
O)X AU > Y FREEE (D) X PRI 0 Y FREVILE
#1401 qa
120 /
= 80t :
8 60 f___ifr:f,,_?__a
G 40+ !
Z 20} |
o 10 g7k 10 g7k
0 20 40 60 80
i E(°C) X Y 4
(109 FEHHF g% 15)
fZFH Solution :

PR ] TR R A A R B FE T ) » BRI Ry 60°C By - HPTERYIAREE By 120
g/ 100 g 7K > [NFEHTR 10 g /KEVAERE 12 g HYFRPIE © 1 EREERERy 40°C I - I5ERE
W2 Jk/V o [HEHF 10 g K RERERTHPVE/N 12 g > #0 X PED0E - HlE ] K ZPPE R

PR
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fige FEE WD FE AR G 0 &R By 60°C 1S » ZWPERYIAMRRERy 50 g / 100 g 7K » I H]
K110 g /KI5 5 g (YA - TERERE Ry 40°C I - (AR 2 71 [ERF 10 g oK
BRI ZPVE RN 5 g 0 BUY MR -

From the graph above, we know that the solubility of A decreases with decreasing water
temperature. When the temperature is 60°C, the solubility of material A is 120g / 100g of water,
so every 10 grams of water dissolves 12 grams of A. When the temperature drops to 40°C, the
solubility decreases. This is when 10 grams of water dissolves less than 12 grams of A, and there
is precipitation in glass X. From the graph it is known that the solubility of B increases with
decreasing water temperature. When the temperature is 60°C, the solubility of material B is 50g
/ 100g of water. Therefore, 10 grams of water dissolves 5 grams of B. While the temperature
drops to 40 °C, the solubility increases so that every 10 grams of water dissolves more than 5

grams of B. As the result, there is no precipitation in glass Y.

Teacher: Solubility of most solid solutes increases with increasing water temperature.
According to the left diagram, the solubility of A meets the above-mentioned
conditions. So, what is the solubility of A when the temperature remains at 40°C?

Student: It’s hard to tell. But we know that the solubility of A is less than 120 g/ 100 g of
water.

Teacher: Correct. When the temperature is 60°C, 10 grams of water dissolves 12 grams of A,
but when the temperature drops to 40°C, the solubility decreases as well. At this
moment, every 10 grams of water dissolves less than 12 grams of A. So, is there
precipitation in glass X?

Student: Yes, there is.

Teacher: Great. Then is the solubility of B more or less than 50 g / 100 g of water when the
temperature is 40°C?

Student: The solubility of B is more than 50 g/ 100 g of water.

Teacher: That’s right. The left diagram shows that the solubility of B increases with
decreasing water temperature. When the temperature is 60°C, the solubility of B is
50 g / 100 g of water, every 10 grams of water dissolves 5 grams of B; when the
temperature drops to 40°C, the solubility increases, and 10 grams of water dissolves
more than 5 grams of B.

Student: Oh! That’s why the answer is (C).
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B RS AR G ORI TR - A B T R R R
RERFEHIA PRI o EBELERE 40°C 5 » VBT EL KOTSRS RS D 2

BUE T BRI | R B SRR 120 2/100 g K -

EA A5 | AR 60°C BF » 10 ¢ AKTTIEAR 12 g HIFFVE « TAH R Ay 40°C
W > SRR D o I 10 g AKETERRATERYYED NG 12 g - FFEL > X R
K S A URIVE 2

B g -

B ARAT o HSZVETE 40°C IEELKATERERE > FEZARE NG 50 /100 g AKIE ?

B ZWVEHTERREAR 50 g/ 100 g K -

e ) BT ZY BRI E TR - 2 R 60°C B 2
VEIERIE R S0/ 100 /K > I 10 g KOTaRE 5 g HIZAE « T
RER 2 40°C B » ARRIERE _EFF - BERF 10 g KITIARRIN ZAWE AT S g -

B~ VS K EE(C) -
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-3 BN
Separation of Mixtures

IEEETEE ~ ik~ CREOITAF R GYIR T A BL S R R -

BEF thaE B¥F thiE
mixture SEREY) crystallization GhERE
separation / separate JrHEE ()/(v) chromatography g aTA
filtration A filter paper TEAR
filter EN)=t adsorption W (n)

-

[ ©® We can separate from by

ffl5) : We can separate salt from salt solution by crystallization.

FATRT DAFE R4S S A B B B /K R B K -

-

[ (2] can be used to separate from .

fila) « Coffee filter can be used to separate coffee grounds from coffee.

TR AT LU AR A A e L -
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By the end of this section, students should be able to do the following:
— ~ e PRR S YIEIER o EES =

Distinguish the corresponding separation method of the mixture.
= e BRI R AEE R R -

Distinguish the principles used in different kinds of separation of mixtures.

o BIEERE s
5l RE—

S RE R B K th B SRAY 7L o A BRI R Y R B T R B ]
Students know how to separate salt from salt solution and can identify the correct abridged

general view of the experiment.

(FL3Z ) Which of the following approaches separates salt from salt solution?
(A) absolute alcohol; salt solution
(B) ring stand; salt solution; filter paper
(C) salt solution; evaporating dish; spirit lamp

(D) DC power supply; salt solution

(0 FEIEE TR RARIE  Wh—IH o] DR EE/K A B o B ke 2
(A) &R © BK
(B) #8245 H/K AR
(C) BUK ; ZERII 5 ARG
(D) EiEIRER  BK

g

7

Ji=d" 7%

(91 FEHE—ZTHM 3)
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#ZRH Solution :

IEGERE S > B RAY/K & o284t - hEE S n B B A G AR 283 I | - BUEE(C) -
EETH(B) IR A RIS R A N T BEYE - BT AR KR - JEROR /A DL A R AR -

PR/K—RRER T LU AR AR - IR0 -

Solution: Water has lower boiling point than that of salt, so water evaporates and salt sticks to

the evaporating dish after heating. The answer is (C). In (B), filter paper separates matter owing

to the differences among different material particles’ sizes. Since salt is dissolved in the water,

the particle is small enough to pass the filter paper similar to water, the filter paper cannot

separate salt from water.

Teacher: What property can we use to separate salt and water?

Student: Salt and water have different boiling points.

Teacher: Correct! Which has the lower boiling point, salt or water?

Student: Salt does.

Teacher: Then what evaporates first when heating the salt solution?

Student: It’s water.

Teacher: Exactly. We can separate salt from salt solution by crystallization. Which option is
crystallization?

Student: The answer is (C).

Teacher: Who knows why approach (B) cannot separate salt and water?

Student: 1 know! The size of particles of dissolved salt can pass the filter paper, so this

approach doesn’t help separate salt from water.

Rl BT AT DR PR P4 2l o B B R /KR 2
B4 T BEHUKAE AR
LD 2sh | EIER/KHYRES o WREEERYEE ?

B4z EEo

EHT : OFTDL - BEUKHIEGERE - (TEE SRS ?

B K

T ZHY o FTRATRAMT T DUEE A AR TR K Th Ay B ok o DRI EEIE R A A
0g ?

B4 BFEEO) -
EHl VA ERIEEEEB)IY A R (A RE T BEEE UK IE ?
B | TSI T FEROR/INAT DUBAEIRAR - AU AR o B )
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Students can distinguish the principles used in different kinds of separation of mixtures
and the properties of the separated substance.

(L3 ) Which of the following statements about separating pure substance form mixture is not
true?
(A) Paper chromatography separates substance through the differentiation of
solubilities.
(B) Filtration separates substances using the differentiation of the size of particles.
(C) Crystallization separates substances using the differentiation of solubilities.

(D) The filtrate generated from filtration might be mixture.

(th0) MIEREEY TR STV ER T A M #hER ©
(A) R CEIVERAI R ERERFERIBEYE -
(B) EEEEA FRERLR/ YA E o B
(C) #hbbiEBA ISR A FIAR T BV A
(D) MWIEEFTEEIHIEIR AT RE R e «

(PR SRR )

fZFH Solution :
IRAREE A BHRUR G YR YE BRI BE IR R AR BEE - 13RS -
Paper chromatography separates substance using the differentiation of the absorption ability of

the materials in mixture, not solubility.

Teacher: What property does chromatography use to separate substances?

Student: It uses the differentiation between the absorption ability of different substances in
mixture.

Teacher: What separation method do you think that uses the different solubility to separate
substance like it is said in (A)?

Student: 1 have no idea. Is it filtration?

Teacher: It is extraction. Like decaffeinate coffee, it uses the solubility of coffee to different
solvents to extract caffeine and decrease the concentration of caffeine in coffee.

Student: Oh, I get it.
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3-1 RAVEEERSE

. The Propagation and Features of Waves

IrEEAET OB G - FERENLL TR M E B | &y R TIERR R IR B
T o B > DURAYIREN S [ EMEAE )T RITE E B PAT » oo AR SR Wi - S 4 AR el
HEHZ B &8 > TREHER L -

BEF thiE B¥F thiE
wave HCRZER) rarefaction wave B
ripple (KR 4L wave velocity Rz R
wave source ) periodic wave PR
vibration source PRI full wave 2
propagation R wave crest Rzl
medium & wave trough DA
vibration IRH) wavelength e
mechanical wave JIEEN amplitude el
non-mechanical wave IESTEN frequency B
transverse wave ¥4 Hertz (Hz) sk (Hz)
longitudinal wave 4ienz
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[ (1 is perpendicular/parallel to . }

4] : The wave whose source vibration direction is perpendicular to its traveling direction is

called transverse wave.

& FREN T R B R E S e G AHEE E > IS AR o

[ (2] vibrates once, is generated. }

4] « The vibration source vibrates once, a full wave is generated.

PRIREIRE)— K > BhELE —(E 2 -

[ ® The , the the period will be. }

4] © The slower the wave source swings, the longer the period will be. And the frequency must

be smaller.

MR EREN SRS - AV S AR SRR

EBEREHE »

FEEEE e AR IT% - BAEEFIITNER

After studying this section, students should be able to know that:

—  PURIENIR SRR FTUERTE
become familiar with the meanings of the characteristics of periodic waves.
TR SRR RPN R - A EENE -

Understand that wave propagation only transmits the waveform and energy, not the

medium.
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Students are familiar with the relationship between the frequency and period of periodic
waves and understand the average velocity of the vibration of a medium.

(LX) A periodic wave travels through a rope; the wavelength is 60 cm, the amplitude is 25

cm, and the frequency is 2 Hz. When t = 0 s, the waveform is as shown in the figure
below. It is known that point P is on the rope; what is the average velocity of point P

during t = 0~2.5 s?

(th0) —BEIIMEAER AR Ry 60 cm > HRIE Ky 25 em > SHR By 2 Hz - {ERF[H t=0's B
HYR AR - B0 P Ryl E—&h > RIE t=0~2.5s JHfE > P BLAEEIHY

PG R N2/ ?
(A)0
(B) 20 cm/s
(C) 120 cm/s
(D) 200 cm/s
(109 FEFHHHZ 45)
fiZ38 Solution :

AR A EDOREAIRE S - WANEEE - FRLL P R & BN o AR
(FER £=2 Hz » FERFIEHA G RRI% - SCEHI T=1/2 s=0.5s  f£t=0~2.5 s Hft] > P
B E R AREIEEL 5 R(2.5/0.5=75) - BRI P BEELH#E 2.5 s 1% NEIFIFALE » SRS
Rt - PRSI [E=0/2.5 =0] » BZER(A) -

Wave propagation only transmits the waveform and energy, not the medium. As a result, point P
simply moves up and down. Period is the reciprocal of the frequency, and the frequency if f =2
Hz, so the period is T = % s = 0.5 s. The motion of point P repeats 5 times (2.5/0.5=5) during t
=0~2.5 s, which means that point P moves back to the initial position after 2.5 seconds, and the

displacement is 0. According to the formula, “average velocity = displacement/time,” we can get

the average velocity=0/2.5 = 0, so the answer is (A).
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

T -
IR
4 -
LR
T -
IR
4 -
LR

Eh

Is the wave on a rope a transverse wave or a longitudinal wave?
It is a transverse wave.

Good. How does point P move?

Point P moves rightwards.

A wave on a string is a transverse wave, and it only transfers waveform and energy,
not the medium.

Oh! Point P only oscillates up and down.
That’s right. What is the period when the frequency of the wave is 2 Hz?
The period is the reciprocal of the frequency, so the period is 0.5 s.

Period is 0.5 s means that it takes 0.5 second for point P to make a complete
movement. Where is point P when t = 2.5 s if when t = 0 s is as shown in the figure?
During the time period, point P makes 5 complete oscillations and gets back to the
initial position eventually.

Good. Since the definition of average velocity is the displacement per unit time,
what is the average velocity of point P?

Point P gets back to the initial position, thus the displacement is zero. The average

velocity is then zero.

HER MR B EN ?

fEiRe -
1R4F - FrbAdE BHY P BEERZ ARl BUE ©
P B R aEE) -

AR | T LIRS R R - A6 S ¢

12 | PREA G F T -

a4 | SRR 2 He » SRS B AT

B BRI - FTLUBIE 0.5s -

JBHT0.5 s A2 P B — KL 05 s - =0 s EEEIAIE - 1=2.5 s P B
TEWETE 2

P BEEARIEIRE L 5 K - FTLUR I EIBIFSEAI R -

R4 | AR R M AR R AR - P BSRSBIN TR A NS /)
g ?

P BLEEFIRAE - FILUES B - I TSR

J/

/Jl\

X ©
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Students understand that the wave propagation only transmits the waveform and energy,
not the medium.

(ZE3Z ) As shown in the following figure: throwing a coin into a fountain on one windless
afternoon, and the coin falls at point O, ripples are generated on the water. It is known
that the radius of the wave increases by 1 m per second. There are two leaves on point
P and Q, respectively, which are 1 and 2 meters long from point O. If O, P, and Q are

on the same straight line, then what will the distance between the two leaves be, 3

seconds after the coin is thrown into the water?

(=0 A0 NEFTR > AR PRFEEET N AERTRUE B O BEE A — A > (E/KiE FE
A —EEF /KR - EREFEACKHYFEEERMEIN 1 m - 52 AR > f2/KiH
FEEEEO RS I m & 2mHAY P ~ QWKL > phlE—FR&%E > HO P~ QfEF—
HERE o AURERE R AOKS 3 #01% » WA Te AR /2 /b 2

(A)3m
(B)5Sm
(C)6m
(D)9 m
(103 £ F =% 35)
fZFE Solution :

RUBs B HIHRENELR (IR 7 M 22 B > FrUKRe — T - MEXEES) (B8 ) B4
iy - EREHIRRE B BN - AEERENE - E/KE LEEEO R 1 m 2 mAY P~ QW
B RE—RY%E HO P~ QEFR—HE L ZFEFANES) - HEMR EEA
g - R Rt b RE) - BT A S SRR 2 R 3 m o S(A)/ZIEREEEH

Ripple is a kind of transverse wave because the vibration of the medium and the direction that
the wave propergates are perpendicular. When the medium is interfered by energy and generates

the wave, the only thing delivered is energy and waveform, not the medium.
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There are two leaves on point P and Q that were 1 and 2 meters away from point O, respectively.
Also, point O, P, and Q are on the same straight line and are interfered by the ripple. The two
leaves would not be transmitted along the wave, whereas they only oscillate up and down at their

original positions. So, the distance between the two leaves remains 3 m. The answer is (A).

Teacher: Point O is the vibration source because we throw a coin into point O. The ripple
spreads in all directions. How do the two leaves that are on point P and Q move,

respectively?

Student: They moved along the wave. The leaf on point P moves leftwards and the one on
point Q moves rightwards.

Teacher: According to the feature that the propagation of wave only transmits the waveform
and energy, not the medium, is a ripple a transverse wave or a longitudinal wave?

Student: The ripple is a transverse wave, so the leaves on point P and Q oscillate up and down
as the wave spreads.

Teacher: Exactly! What is the distance between the two leaves at point P and Q?
Student: The distance between the two leaves remains 3 m. It doesn’t change.

Teacher: Great. Similarly, the medium of the longitudinal wave won’t move along the wave

neither. It only oscillates back and forth.

EHN  AE O BEEA—AEENE - Ll O BERIRIR > AR AENUE  UTATHE » AP ~ Q W
Y& BE 77 il B RSN ?
PEE RS MR - PREHEIEE A - Q BIHVIR RS -

D SRR R EHEIPNIRE R - WA EIENE o KBRS ?
A 0 KRR - FTPA P~ Q WERERYIREE - GIEE L ATATHE - B TRER -
SRR 28l | LA P~ Q WL T EIEZ 22 D?

B P Q WESHTE I SR - {RVE 3
D RY > P REAIARRAE - M E N SR E AT - Hg AR

18
HE

E?

A
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3-2 BEWER
The Formation of Sound

SR B AR TR RS ) A - B AR ERGE T E LA R
IMEREAR - BRI REDE R

EF thE B¥ thE
strike R disturbance EE)
source of sound R Robert Boyle I (SEER AP NEN
tuning fork =X speed of sound R

|

o disturbs the surrounding air, causing the air to . }

#l4] + A vibrating tuning fork disturbs the surrounding air, causing the air to change in density

and propagate the sound wave.

TRENTHIE X G EEERAER - (FERELFEE(E - WRENE FIMEREHE -
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® When hits , we can clearly hear , indicating

that sound can also travel through .

-
KT TR EENKT P O I EEHTFL Y

#1457 : When our neighbors hit the connecting wall with a hammer, we can clearly hear the

knocking sound, indicating that sound can also travel through solid objects.

PRAEEADfE DASBER T TG EERY - FRMAES A IE Ml R » o th ] Fh A

{81 -

E © travels more quickly through than through

#1457 : Sound travels more quickly through solids than those of liquids and gases.

FEMERG T > B AR R > hERAe BCRRE T R -

EBEREHE »

FEEEE AR TTE - BAEEBII MR
After studying this section, students should be able to know that:
—  TRRERRELR R ~ SRR (4 o
understand the relationship among wave speed, wavelength, and frequency.
* FIEER FRES T E A RE AR

know that sound waves need a medium to travel.
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Students can determine the frequency of the wave from a graph.

(L3 ) A tuning fork makes a sound that has a single frequency, and the feature of it is as
shown in the figure. Y-axis represents the displacement of the vibration. Which of the

following is the frequency of the sound of the tuning fork?
(P30 HoF B RRNEY - CRVRERBNERS L WEFTR >y BHEIRE
FIALRS o e SRR HVIRR S TNV 2y

(A)1000 Hz
(B)800 Hz \/\Uf\/\/

(C)400 Hz T
(D)100 Hz - 100
(97-2 FHI 41)
fZFE Solution :

FEIET =] K1 JRZ 46 1/100 FOAYRSRE] » H{FE 4 A EA - PR 1 (EHEEA Fs T=AVZERE=(1/100)
Fh/4 ZR=1/400(FD/2R) © FEER(TUFD)ELEEARDY/ ) B R IS » HBUEER Ty 400 (ZU/FH)=400(1/
=400 Hz ([R5 “XECILFEYEEE - HOaTE AL FER ) - ZZEEEC) -

From this figure, we learn that the wave travels for 1/100 second, and there are 4 periods totally.
Thus, the period T = At/times = (1/100) s/4 times = 1/400 (s/time). Since the frequency and period
are reciprocals of each other, the frequency is 400 (times/s) = 400 (1/s) =400 Hz. The answer is

(C). (Note: because “the times of oscillation” is not a physical quantity, it can be deleted in units.)

Teacher: In this figure, the x-axis represents the time duration, the unit is second, and the y-
axis represents the displacement of the vibration. How many waveforms are
generated in 1/100 seconds?

Student: Four complete waveforms are generated.

Teacher: Good. The time that generating one complete waveform is called “period”
(second/time); then what is the period of this wave?

Student: Four complete waveforms were generated in 1/100 second, so one wave is generated
in (1/1000)/4=1/400 second. The periods would be 1/400 (second/time).

Teacher: Great! Since we know that the frequency (time/second) and period (second/time)

are reciprocals of each other, what is the frequency of this wave?

>0 BV B AR EERE TR SRR FEERF
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Student: The frequency is the reciprocal of the period, which is 400.

Teacher: That’s right. What about its unit?

Student: It’s time/second.

Teacher: Exactly. The unit of frequency is time/second = 1/second = Hz. And Hz is the most

used unit for frequency.

ERN  E P REERE - B > Qe EIREIHIALR - £E 1/100 FhgEEAE T R (E5E
BEHVRE ?

B A 4 (EE RV -

EEW RYF o A | ESERARIE T C B AR AR fy 1 (EEEARD/ZK) » HR AR
fallg ?

2 1/100 P 4 (52 BV > FTLAEE 1/400 FhEed:—(E5 - A8 Ry 1/400(F0/2K) -

ERN RN | BAMTATE SRR (R B A (M2 E Ry (B18 » FREL R SRR 2

R RIS RS Ry 400

LR IEHE o SEERAVERALIE 7

BT R e

LRl Jg8h > FRIVEALE © RM=1/Fb=Hz - Hz B 15 B HHPHREAL AT -

BlE_

S B EER - BESEN R T E A R EE
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To prove that sound wave needs a medium to deliver through an experiment.

(L) As the following figure shows, an electric bell is put in a glass cover with an aspirator.
The bell was stricken by the hammer that is connected to electricity and made the
sound. After that, we aspirate the air out of the glass cover gradually, which of the
following statement is true regarding the change of the sound?

(A) The frequency of the bell vibrating changes.
(B) The sound of the bell is evacuated by the aspirator.
(C) Losing air makes less barrier for the sound propagation.

(D) Losing air means lacking the medium of sound propagation.

BPpRABEFRETRIY FRP BFR[TF
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(30 40 B - BB BUE I R R R R R TS - 2
BT ZE ORI - D85 R LA OO 5 R ?
(A) #HEREDREEE -
(B) $EHHEANRBEIE T -
(©) ZERHY » BT BT IR -
(D) ZEHD » HE IEEEAINVE -

(109 FRF & 15)

fiZ3E Solution :
BN 18R BWERFENE(GRZER ~ /K BEHEE) A REEHIE -
Sound wave is a kind of mechanical wave that requires medium, such as air, water, or glass, to

propagate.

Teacher: A British scientist, Robert Boyle, conducted an experiment that he put a bell in a
closed glass cover and kept striking the bell with a small hammer. After that, he
aspirated the air out with an aspirator. If the bell were replaced with an electric bell,
what would the result be?

Student: The sound volume decreases.

Teacher: Why is that?

Student: Because sound propagation needs a medium.

Teacher: Good, then what is the medium in this experiment?

Student: The medium is air. The aspirator reduces air, which is the medium, and the sound
cannot be delivered without air.

Teacher: That’s right. Before aspirating the air out, we could hear the bell because there was

a medium delivering the sound. What else delivers sound except for the air?
Student: Nothing else does.

Teacher: The glass cover is also a medium, so the whole process of sound propagation
includes air and the glass cover. Glass is solid and it transmits sound. Whether solid,

liquid, or gas can transmit sound, so we can hear sound when we are swimming in

the pool.
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Bk BEEIRIEE -

S B 2

Bk RS T R -

S A - PR A R ©

S R HAREERGERDT AR AT A -

S Sas e IR AR A - RIS S (R T
G - B HA R 2

Bk AR T
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3-3 ZENES

Three Elements of Sounds

réfEE R BYTHRIE « FHHEER - FOEDGE o W ER R e Bl — )
H o WaTamie s i e & -

EF thiE EF thiE
play HZ timbre F=pEEN
loudness By waveform V537
decibel (dB) 41 H(dB) musical tone “eer
tone ok noise l5 3
air column ZE RN regularity R

O Every increase of on the decibel scale is equal to a

increase in .

4] : Every increase of 10 dB on the decibel scale is equal to a 10-fold increase in sound

intensity.

TN 10 5 H - BE e 10 £% -
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[ ® The made by depends on . }

#4] © The tone of sound made by a string instrument depends on the length and mass density

of the string.
sZSEE AT TR S HUANZHREBIEBHE -

EBEREHE »

TEEEE e AR TT% - A EEGLITER
After studying this section, students should be able to know that:
— ~ RES TR R Y S IR R YRR A
Be able to determine the relationships among the characteristics of the wave and sound.
C TR E R (BT BRIE 2B

To understand the relationship between the loudness and the amplitude of sound waves.

» BIEERE s
BlzE—
SR g HETE =R > FrHERDREYEE -

Students can correctly connect the three main characteristics of a sound to its
corresponding physical quantities.

(3£ ) In music sheets, f, p, or other dynamic markings are commonly found, which mean the
volume (loudness) of certain notes. These markings signal a gradual change to the
dynamics. Which of the following characteristic of a sound wave is mostly related to
such markings?

(A) Wavelength (B) Wave velocity
(C) Frequency (D) Amplitude

(tp=0) %658 EH A £ p FIEELST > KFOREHE IR TR (EX) © Bzt
BEHA T FE e B R iy N B T 1 e A A 7

(AR (B)Rz 2
(&2 (DY{fRIE

(109 FEF & 10)
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235 Solution :
RN S S AR ERE - RILBUETAIRIE X NERE - B R(D) -
The loudness of a sound is determined by the intensity of that sound where sound wave travels.

This tells us that the loudness of sound is related to its amplitude, so the answer is D.

Teacher: Which characteristics of a sound wave describes its loudness?
Student: Frequency?

Teacher: No...Let’s imagine, when you strike a drum harder, which feature of the sound
change?

Student: The sound becomes louder!

Teacher: That is correct. When the volume of an audible sound increases, the energy that
sound carries increases. That means the drum needs to be struck harder to achieve
this effect.

Teacher: Rope waves are another example. When a rope is swung higher, that creates higher
crests and lower troughs. The amplitude increases. That means, our hands generate

more energy.

Student: I see. A higher wave results in louder sound and vice versa. Volume (Loudness) is
determined by the amplitude of the sound.

Teacher: Exactly. A harder strike generates a greater amplitude of a sound wave. That tells us
more energy 1s generated, but the frequency of that sound won’t change. Neither its

waveform (timbre) nor its wave velocity varies.

A RN R 2

Bk BRI ?

A RRIE - AEE - BT » SR E R HEE (LR ?

B G |

A A | FRAA BT A R TS B AT -

4 PRI Tt PRI O AR - IR
EAA - PRSI TRt RS (AR -

Bk~ P VRS RIE LA B AR » R A N AR A VA -

AR B SRR - (SRR (OR  FORER T

= (BT R EPEEY (56  ERHEE |
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Students can understand the relationship between volume and amplitude.

(L3 ) Now a day, many apps (applications) are available for smartphones. Some of the apps
can measure the volume of sound waves in our environment. When the sound is getting
louder, the figures on sound-meter apps increase. Which of the following characteristic
of the sound wave may best describes this phenomenon?

(A) Wavelength (B) Wave velocity
(C) Amplitude (D) Frequency

(B30 S EERFHA] NaEETZAFAY App (JERIREZ0) > Hoh—EEm] R EHIAEE
BEHE R - EE RN - App BURIVEUE AR - AIHEIERY A 2
RN E AR 7

(A)Fif (B)JRz i
(OfRIE (D)sER

(105 R &5 24)

fZFE Solution :
HENA/NAE S HIRIRE R AR - MeEE X/ NEREAEE N AHRIE R/ o BUEC) -
The loudness of sound is related to how much energy that sound wave carries. It also means that

the magnitude of the energy can be seen in the amplitude of that sound wave, so the answer is C.

Teacher: Which characteristic of a sound wave can describe volume?
Student: Amplitude.

Teacher: That is correct! What does a greater amplitude tell us?
Student: The volume of a sound is higher.

Teacher: Exactly! The higher the volume of a sound, the more energy it carries. Its medium

vibrates more and the amplitude of that sound wave increases.

T 2 EEARINERUTRE I e ?

B4 0 YIRS

R BEHT | BRAIRERA - TR EEELE ?

B4 HREEEA-

ERE : Jgeh | NREEMA > oREHAVESREERGE - BTl ERIRENERGEA
R I IRIE AR -
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3-4 BRIEERERER
N The Propagation and Application of Sound Waves

R B G A AL RS - Y ST Ry Bl - 0/ i8R AR R H AR
FHYRER] -

BF thiE B¥ th3
reflection S&s interference +iE
obstacle [EEREEY) ultrasound Ll =)
echo [EIE= sonar = 0|
absorption UL

-

[ ® Sound is to when it hits a surface.

#fl4) : Sound is more likely to reflect when it hits a smooth and hard surface.

EEFNEDCE - BRENYRe R EEE S5 LR

The frequency range of sound that can hear is about Hz. }

)
®

#i14] : The frequency range of sound that people can hear is about from 20 to 20,000 Hz

(times/second).

— R A PTRETSEIHVREE EPERERE - REIFE 20~20000 FFECR/FD)ZH -
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After studying this section, students should be able to know that:
— TR EBY ] DS R AR EE A > TR SRR AR
To understand the different frequency ranges of sound waves that different animals can

hear, and be able to identify the specified frequency range.
T~ SRR SR SR ST E R -

To know wave reflection and the application of sound wave reflection.

w BIREERE s
BlE—

BREA  IE R RO HERLDR BRI o AR TP R AT EY) -
Students can determine the frequency of a sound wave according to its velocity and
wavelength, and then identify the animal that can hear in the given ranges.

(3L ) The table below shows the ranges that elephants and rabbits can hear. If an audible

sound wave is measured 1,000cm in 15°C air, at 34,000 cm/s, which of the following
statements is the most reasonable?

(A) Both the animals can hear this sound

(B) None of the animals can hear this sound

(C) Only elephants can hear this sound

(D) Only rabbits can hear this sound

(P30 Ry MR BN P RE I R 2 AR R B - AE 22 SRORE Ry 15°C  BRIR R 28 Ry 34000
em/s VEEEE N > 3R R 1000 cm > HiE 2 BSANTEN > QSRR T
&l o MR RS S S RE R R S H RO A e S B 7

(A) MRSV TErT 2 HhER - &4 | 58848 % §.[E (Hz)
(B) FtEENY)ENTEA FLAEERL - X% 16 ~ 12000
(C) HEFARLIERT]  MRTIEAT - %3 360 ~ 42000

(D) MR RTIEEE] > MASRIEAE] -
(107 R P&+ 32)
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#ZFH Solution :

R R TR BEHYE - WITEEIYIVEEEEREE - FrUFRIRBEE HEA - R
BEHIRR o fRIBRG R v BIHR f -~ &R A NBAGR v==1x L RILEEHEER
34000+1000=34 Hz » HIEERFEHR » HHRRIEG T HEFRAVER, -

The table provides the ranges that the two animals can hear, and the frequency of the sound given
can be determined based on what is known about that sound wave. The relationship among v
(wave velocity), f (wave frequency), and A (wave length) is v = f X A. This formula can
determine the frequency of the sound, which is f=v/A=1,000 / 34,000 = 34 Hz. According to the

hearing ranges shown in the table, the answer is C. Only elephants can hear this sound.

Teacher: This table shows us the ranges that the two animals can hear. We only know the

velocity and the wavelength of this sound. How to find its frequency?

Student: We can calculate the frequency of this sound wave based on its velocity and the

wavelength.
Teacher: That is correct. Now, what is the relationship of these three qualities?

Student: The relationship between v (wave velocity), f (wave frequency), and A (wave length)
can be written as v = f x A. This formula can determine the frequency of this sound.
That is f=v/A=1,000 / 34,000 = 34 Hz.

Teacher: Fantastic! Which of the animals in the table can pick up this sound wave?

Student: Elephants can hear a sound at the frequency of between 16 and 12,000 Hz, so only
elephants can hear!

Teacher: That also means that rabbits cannot hear this sound. Is the frequency of this sound
too high or too low?

Student: The frequency of this sound is too low.

Teacher: Correct. The frequency of 34 Hz we got here is too low for a rabbit to hear as rabbits

can only hear frequencies over 360 Hz.

- B H TR S TSIV IER SRR > ml AP AR A LR B A
Kt > BEJEHS IR AR 7

B 0 WD ERBLG R - HERIARR -

Zhl R AV EMZ EAVEE R R fEle 2

AR Oy BURPR £~ R AR R v =% A NILEERZIEAR Ry 34000+1000=34 Hz.

ERN KRR | RIGR TP EYEER - S DTSSR e 2

B2z 0 KA DIEE] 16~12000 Hz (YRS - HA ARREES LR -

Zhl - RTIEAE BRFIE SRRSO ?
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Bl EHT SRR - RPIFTEE 34 Hz o LR TAIREINE S RITHR 360
Hz 38/ B FIERE -

BlE_—

SRBH ¢ HER R BT EEEY S ST
Students can understand a sound wave reflects when it hits an obstacle.

(3£ ) In the diagram below, we cup the hands around our mouths to amplify sound while

talking to people at a distance. Then people are more likely to hear what we have

said. Which of the following statement explains this phenomenon?
(A) Sound waves can propagate via different mediums

(B) Sound waves are created because of the vibration of an object.
(C) Sound waves reflect when hitting an obstacle.

(D) Difterent frequencies of sound waves come with different tones.

(op=0) QAR - EAMEERA ARG > AT REERE e L5080 (4
HHEA BEEE AT AYEE - EER 5 £ SR PR Ay — TRy i 2
(AYEERE IT AR FH A [F] S B A -
(BYE R E N R IRe kBN AL -
(OB BT AR &R -
(D) A [FEIFAREER G A FHIEH o

(100 FFJEAEEEREH 18)
#ZFH Solution :

siahi P T-E S - wlEIEA R VU T SRRV - NIRRT 25 - R
AT Ek - (FEEESEE > BUEC) -

When we talk, the sound waves from the mouths start traveling in every direction. Using the
hands cupping around our mouths allows the sound waves to reflect due to the obstacles. Thus

the sound and reflected sound can travel along the same direction, allowing the sound propagates

farther. The answer is C.

BPpRABEFRETRIY FRP BFR[TF
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Teacher: We know that sound waves propagate in every direction. We also know that we cup
the hands around our mouths to make sound waves travel in one direction and people
at a distance can hear us more clearly. Do you know the reason behind this logic?

Student: Because sound waves that hit our palms, then reflect. This makes the sound reach
longer distances.

Teacher: That is correct. After the reflection, the sound waves coming from the vibration of
our vocal cords repeatedly sends the reflected sound waves further forward. That is
why our voice can travel longer distances. What are other examples happening in
our lives that illustrate the reflection of sound waves?

Student: When we shout out in mountains, we can hear echoes.

Teacher: Fantastic!

W EERFORE DU\ S ERE - T EEEEEEE N S E > BT AR AR
ORI > B RTIE?

B BRI TENE > T e DIEeEE -

ERN 28R | BEWTERSE > HIREINVEEE - SBIIEEA R ERTE R
A RS EEER o LT EA TR SRR RN S ?

B2 0 AR ORIE AT DA R e !

ERT . HEXNET !
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Light, Image and Color

BT A LATE RS & RIEE - R

AREEEE R ATE T RAET - RN A TEATERIRE - i ey
EHRR IR - DURBACHRR (R - SRERE MTRERF e A B RIEONT H S A i s
A EEE 2 2R

63 FIY p AR RS TR (R EERET B



gon%‘; st L — Jhe— b > A ) A - e .
O wT TR T R ERRT P e I EEHEMT Y

4-1 XpVEE

§ The Propagation of Light

2 UL ) BRITUEEIAGRE A TRV B ERE T = o WA A H B (R R
OB RN T HUE AR EDCHYEETEE AR  1EAh - S AEAYEE -

BF thiE EF thE
light By light source R
image A velocity R
color BH speed R
propagation EHi% vacuum H7ZE
pinhole imaging LA medium viN=1
analemma/ sundial HZ inverted ENEREIY
shadow 5 relation fH %
move straight forward | BEL&R AT opaque ANEARY
real image =il
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[ ©® When light hits a/an object, it . }

#14] - When light hits an opaque object, it creates a shadow behind it.
ENGIEF RN ERHNYE LR EgaHERESEY

[ ® People invented to help . }

4] : In the olden days, people invented sundials, which work on the principle of straight-line

propagation of light to help them measure time.

B RHY AR ey BN - SRS H 2R B P T -

[ ©® Ifyou , you know that , and you also know that . }

%4 « If you hear thunder after seeing lightning for a period of time, you know that the thunder
is far away, and you also know that light travels in the air much faster than how sound

does.
WIRE RS R — A TR - vAIETT SRR E - T AE =R
PSR RS LS TR S

BEER w

FEE AR TR - BAEEEII MR
After studying this section, students should be able to know that:
— T E R EREE
Understand the phenomenon that light propagates in straight-lines
* Beaso CHYEHE R
Know the speed at which light travels
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Students are able to understand how light propagates in straight lines.

(L3 ) Students in Mr. Chang’s class give various examples of how light travels in straight
lines when the unit about light is introduced.
Which of the following statements would not be explained only with straight-line
propagation of light?
(A) Grandpa needs a magnifying glass to make text on the newspaper larger while
reading it.
(B) You see a shadow on the screen when someone passes by in the middle of a movie.
(C) if arod is set straight up on a sunny day, its shadow is formed on the ground.

(D) Rays of sunlight that shine through the small gaps of tree leaves and branches cast
spotted shadows of the tree on the ground.

(HRSZ) Fars bl bRy - 3651 % ) AVEEIT > R HRH TSRS F - (M EFA(E
FHOCHY B SR SR8 20 I gk 2
AFEABFRABEERRSE » KR ERYFRBOK -
BYEZHEmATA NE# » Bm L FEEROIIANE
(OFERZE T » st BB — 375+ » R L e R -
(D)5t i et S fEl A/ NI ZE B - FERIEE I | - T2 RicsERh -
(98 55 " ZCHEH 2)
fZFE Solution :
EPAEBMI(C)EIH T » i B4R AN A —IRCHE(E TR DAEYIRG 1% T 5
B A E FDEHY B ERE AR R - BETH (D) RER DA R - AT I CRES
TR ZE P B R H A PR (8 NG B DA AT DS RS ER B SR (SR AR - REE (]
AGETH(AMZEIHTRORE: - HERLE A - HEGHFEIE - R T B EEAR 4
BEDCAEAE T EEGITRAR - SCAITHFE 2 &R AT » FrLAUEE ZE R (A) -

BPpRABEFRETRIY FRP BFR[TF
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Firstly, Option B and C can be explained only with straight-line propagation of light. In either
option, there is an opaque object that blocks the path on which light travels, and a shadow is
formed behind that opaque object. Option D can also be explained only with this nature of light
as most sunlight is blocked by tree leaves and branches. Only a small portion of the sunlight
makes it through the small holes and to the ground. Back to Option A with a magnifying glass.
That glass itself'is a convex lens. How it projects images involves how light propagates in straight
lines and how light refracts in different media. The principle of refraction will be explored later

on. Option A is, therefore, the answer to this question.

TS BT SR %
How a magnifying glass refracts light rays

Teacher: What do you think this question is meaning to ask?

Student: What is straight-line propagation of light.

Teacher: That is correct and what does this nature of light tell us?

Student: Light travels in straight lines.

Teacher: Now, what if there is an opaque object on the path where light travels?
Student: Light is blocked and a shadow is formed behind that object.

Teacher: That is correct. The two diagrams depict how shadows are formed from two different
light sources. Now, can you see which of the statements given are examples of
shadows?

Student: B, C, and D.

Teacher: Excellent. How about Option A with a magnifying glass? We could enlarge images
using a magnifying glass. How to explain it with straight-line propagation of light?

Student: Magnifying glass can enlarge images should also be an example of straight-line
propagation of light.

Teacher: That is correct, but how lenses magnify images also involves the principle of
refraction. Light refracts when passing through two different media, which are air and
lenses in the case of a magnifying glass. We will explain more thoroughly about this
principle later on.

Teacher: Light refracts when traveling through different media. But this does not compromise

the straight-line path of light travelling in the same medium.
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B4 (TR ERERE -

0 J2Eh | HVE AR R E AR EIETE ©

B SUENRSE—EH -

EHN 4 ASRZOLRE BB > BRIERE S Sk ?

B R NILEYIRGR iSRG T -

EHl Jgeh o B NI WEREIRTR o BT DA SRR K TR BRIE 7

=12y
LARRE LAY X ARAE LAV HFY

24E B) (O D

ERN  ARE o APERAFTER RAVBCRER - ORGSR » B e EehyE HENE 7

B ERtt AR E e EER S -

LR B BRBCREAEGS: - FIRFEN ROtz RS F 2 N A EE b
FRAVITERER SR  HTHTRBR & A Z 1R SRl

ERN  BORSRAEARETER]  #EAG T EEAER BN A 225 BEEERR
VS SERF EERVIRE - FTLL > SURVEER R A REAEF—HI T E (MR o g
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Understand the speed of light is much faster than the speed of sound in air. Students can

figure out the distance between them and the thunder using this time difference.

(L3 ) After you see a flash of lightning, you hear the thunder 5 seconds later. How far away
does the lightning strike from your observation point? (If the speed of sound at that

time is about 340 m/second)

(30 MERERE % &8 5 Phis FERER » S5 (heT 384 PIE R IEREED ML K
K2/ DINR? (s &I By 340 A RAD)
(A)1650  (B)1600  (C)850  (D)1700
(FEHF 23R E 4-1)

fiZ3E Solution :

HHAEERRLT Fs3 x 108 (M) » AR - MEEERIE Ry 340 ARV » e ER
FREEER > By AP EE S8 (Y e e 5% L RE B2 P MRS Fr (G HYRSF A A DA R - dcis I RG
B DAY B e T BE A4 Ry B R P (AR IR ]:340 AR/ FP x 5 #b = 1700 AR -

Light travels very fast through air - around 3 x 10%(m/s), but the speed of sound is approximately
340 meters per second only. As a result, the speed of light is much faster than the speed of sound.
For this reason, it is acceptable to assume that we immediately see the lightning once it occurs.
Therefore, the traveling distance of the thunder can be determined by the speed of sound and the

time required to hear: 340 m/second x 5 seconds =1700 meters.

Speed of Light

FEIERINBRERDT R T - FRREI - FHREPRTTR
Because of this difference in time taken for light and sound to travel, you won’t sense both of

them at the same time. Thunder (sound) travels more slowly than lightning (light).
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Teacher: Do you know what is the speed of light in air?
Student: It is around 3 X 108(m/s).

Teacher: That is correct. What if we compare that speed with the speed of thunder given in
the question? What is the time difference between light and sound?

Student: Light travels much faster. To be precise, the speed of light is about 10° or 1 million
times faster than the speed of sound.

Teacher: Exactly. That also tells us that light has already arrived at the destination when sound
1s just hitting the road. So we could neglect the traveling time that light takes?

Student: Yes, it is.

Teacher: Excellent. Now, how can we calculate the traveling distance that the thunder takes
from the lightning strike to us?

Student: We can have the time at which sound travels multiplied by the time we hear the
sound of thunder after seeing the flash of lightning.

Teacher: That is correct, so the distance we are looking for is 340 m/second X 5 seconds =

1700 meters.

EET IR PR R %/ DI 2

B KUYES X 108(M) -

EET 0 IERE » FA SR IR [ P 4SS U REARELIE 2 A K405 D s
Iz ?

UL ORHTHIEDMRS - ARHEELY 10°6% - R — T -

HET a8 > IR BRI BT B A ML BT - IR MRS
DL/ ST A (B 2

B o L -

EET R BT ATT AT F P R 2

B (EEFIPIE % o BRI OIS IR T -

EHIEHE » FTLAPIEE AR AURERE R340 AR /Fb x 5 Fb = 1700 AR -
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N Reflection of light and Mirror imaging

YCAERR RYRe DAV G E A AR S NI 15 LUE Rz ise - SLRIREITT
GRETER > BDEHIS A ER ASTA  EROCIRIEA FIAVE S > 20 Em R - M e
VR > RN AESRA R R o o] DEYIREHIERIION ~ /N & -

EF thiE EF thiE

reflection K 5t(n.) normal VAR

plane mirror/ flat mirror - H B scattered reflection B
convex mirror RTIETEC virtual image G
concave mirror [\ TF 58 reversibility ] 3
incident light NG converge (V)
reflective light SESp diverge SEEL(V.)
incidence angle A focal point FEEBE
reflection angle &= interface ST
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[ (1) be made from to . ]

4] : Rare-view mirrors for buses and traffic mirrors for driveways are made from convex
mirrors to improve visibility.

T ] BRI A e A BT Y A BEAR IR SR A S S A 5

® When from a concave mirror, mirror to form a/an
image.

##14] : When an object is placed away from a concave mirror, the mirror converges light rays

to form a real and inverted image.

VIR 5 T - SCS R e R R I E G

[ (3] smooth surfaces reflection of lights . ]

#i4) : Many objects in daily life have smooth surfaces that allow complete reflection of lights

and clear images are formed by reflection.

4GP R ZREDCENIYIRE - REA RFHSESRAE R E -

« BEEHE »

FEE AR TR - BAEEEII MR
After studying this section, students should be able to know that:

— TR TR CHY A S (R HE B R S ER TS
Understand how to determine the reflected path of light based on its incident path.

= TERFHSRAIEGEE -

Understand how images are formed by plane mirrors.
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Be able to adopt the normal line and identify its relationship with the angles of incidence
and reflection. Also, can grasp the equal relation between the angle of incidence and that

reflection in terms of plane mirrors.

(LX) Xiao-fu conducts an experiment using a laser pointer to prove the law of reflection. On
the diagram, a laser beam bounces off the plane mirror and changes its direction.

Which of the following paths is the direction that the reflected light travels.

(=0 DNEHAENEEE PESE A EEVER > WEFTR - SR HA R
PN AR HATHERTRE SR Ry 8] TP W — (k&R 2 B

(A)H =

(B)Z e BHR_

(O] Z;

DT B g 7
B
&=

(99 A S)

#ZFH Solution :
B AR P ESRAV T AL(E ) - PAEIASRIY T [ ERL EE BN /A » TASRIEZ A A= (AN E Py
TUR) » BN S E R AR AEERRAA - Nt w] i E T ARy ASR s
FEIERERY S RS - BER(C) -
The direction of the normal line should be determined first. The normal line is supposed to be
perpendicular to the surface of a reflecting material, which should be pointing to the left.
According to the law of reflection, the angle of incidence is
equal to the angle of reflection. Therefore, the direction that 53‘ %j
the reflected beam travels can be determined based on where
the normal line is. Option C is the correct answer. Eis N4t A

T

- ¥ ’ 3
aE A E LR oh B3 e T L S A 3

According to the diagram, C is the correct path on which

.

S -

the light beam travels after reflecting
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Teacher: Do you know the relationship between the angles of incidence and reflection?
Student: They are equal.

Teacher: That is correct. What line can help us to determine that the angle of incidence is
equal to the angle of reflection?
Student: The normal line!

Teacher: Excellent. Which line in the diagram given is the normal line? What information
can we base on to determine where the normal line is?

Student: We should find the surface at the point where light reflects. In this question, that
surface is the plane mirror.

Teacher: That is right. Now, is the normal line vertical or perpendicular to the surface of the
plane mirror?

Student: Perpendicular.

Teacher: Yes, the plane mirror in the question is set up vertically, so the normal should be a
horizontal line, pointing to the left as the diagram shows.

Teacher: Now tell me which path is the most reasonable one on which the light beam travels
after reflecting?

Student: Option C.

Teacher: That is correct. Let’s draw the angles of incidence and reflection together on the

diagram according to the law of reflection.

AT EVBMPYRTE AT AR SR 2 A HER 08 2

Bk A

T SR8 BT IR R IR A A IR S 2

B R |

T BT BB ATES T BT SRR T R (R & (E %
FAE P

Bk L RUNE RSB AR TES -

T U IR BN BT R R IR ?

B EH -

Bl 48 B TESURETL - FLUSSIEZ AT - thskRire - LR E FrT

T ORISR A R B SR R A AR 7

B PIBALE -

T BT SRR DR A A S RS AR R LR A A
RS P -
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Understand how images are formed by plane mirrors.
(L) On a sheet of white paper, you write down two English letters in lower case, pb, and
stand this paper upright at a distance of 5 cm in front of a plane mirror. Which of the

following English letters will look the same in the plane mirror?

(30 A EBAMAR LT Tpb ) WIETEAF EILHYFHIFA]T S com &

I Sl 2 1 5P R A T A T A 42 2 %
(A) dq A
(B) dp Slcini
(C) pd 2
(D) gb é
L/
Zl'i
i
5
GRE)
(Bhk-43 SRz CH4)
#ZFH Solution :

PSR GIRER - SR G R/ MER - /5T - FROM
by EAEIEAC ST (dq, -

Based on how images are formed by plane mirrors,

; the image formed in the plane mirror is virtual and
5cm C 5 em as the same as the object in size. Even though this
__________ 2_““" B image is upright as the object, but the left and the
--------------- 5—------- - right is flipped. As a result, the two English letters
; appear left-right reversed in the mirror — dq.
CrEm) ~— FES G ompauii

F - ey
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Teacher:

Student:
Teacher:
Student:

Teacher:

Student:

Teacher:

Student:

i

4 -
B
4 -
B

ZHh

Now, if there is an object in front of a plane mirror, what is the size of the image

formed in a plane mirror in relation to that object.

The image would be the same size as that object.

That is correct. Is this image virtual or real? Is it erect or inverted vertically?
This image is virtual and erect.

Exactly, are the left side and the right side of this image the same as the original
object?

No, both sides are flipped.

Excellent. Now, we know the image formed in a plane mirror is the same as the
object in size. This image is also inverted laterally, erect, and virtual. If we write two

English letters, pb, on a sheet of white paper, what we will see in a plane mirror?

dq.

A AR — IR A — VISR > FLATR R B A NP RS 2 A (PR (4
0 ?

GHI R/ NMOPIRGAE]

e L
P
) g ~

v S<Sa.

e
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~
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- =3 - - = -

748 €@

#f - QBB QBRI ? FILERE IR ?
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st » BV A RS — R

O A AR -

AT~ AR B M P ST AR S B A/ VAR ~ Fe AR R MO TE Ve
7 VR A4 TR 300 Tpb ) 193E » BAMEST RS
PRI 2
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Refraction of Light

SRHERITEERR - WSS RATERE: i rad s RAVETEE SR E -

B¥ thiE B¥ thE
reflection S 5% refracted angle et
refraction it speed of light iR
incident ray PNCRES apparent depth 1%
reflected ray ISEsE real depth =P 3
refracted ray PriaR object Y
normal LR image %
medium & virtual image i 152
interface A TH real image Hig
incident angle ABT A principle of reversibility | F] 7 [
reflected angle S5 7
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[ O Please observe . ]

fil4) - Please observe the changes in the direction of propagation of light when it travels from

air to water.

RIS FEK PR R -

[ ® Light obeys when . ]

4] « Light obeys the law of reflection when it reflects any interface.

BN CIPANI]SE S EEARPUY L S STV c

[ ® Light refracts from one medium to another. ]

4] - Light refracts when it travels through the interface from one medium to another.

YA MERY N - BT

[ (4) states that . ]

5]« The principle of reversibility states that light follows the same path if the direction of light

is reversed.

ARIEHER T [ - ATy R FrOARRR AL [ [z » JHE Ryoehy T i B -

[ ©® According to the law of , you would . ]

4] : According to the law of refraction, you would see a virtual image in the water, which

apparent depth is shallower than its real depth.

FHOCHIITEEE - (RIS B SV K PRIE GRS - il RS -
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After studying this section, students should be able to know that:
— ~ TEOCAYITES R o
Understand the principle of refraction of light.
=~ BEETE DS AT I -

Be able to draw diagrams involving light reflection and refraction.

o BIEERE s

plEE—

St ¢ TRz R AFK TP AR

Understand how light refracts when it moves from air to water.

(L) We also know that the light enter the water from air. In which path given is the one that
the light refract in water?

(0 SRtz m P ARDK T - BN EMTTEAVEE - NYPREE (& ERE ?

hNRNPTR N NPT N NP 25
A) \\*m>\\*@>\\¢m>ib¢

(99 5 —IEM 41)

f#ZRE Solution :

PR TSR + S K e SN BRI+ 15K -
T R e I
TR + R B2 R BRI OKT
)+ FROLE SR BT - AEEER S -

S S UK+ TTREAE(AYBY(C) P — e
e 2

(AR A2 RIS (O RBHEES  TIB)H
ST+ FRLUE (D) - @ @
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According to the law of refraction, light travels more slowly through water than it does through
air. Therefore, the rays of light refract more toward the normal as the light rays enter the water.
The normal line should be marked in the diagram first to extrapolate the correct light path. We
know that the normal line is perpendicular to the surface of water (see the horizontal line), so the
normal line should be running vertically as marked the dotted line in the diagram at the right.
Path A remains the same direction as the light travel through air. Path C is the direction that the
light bend away from the normal line and path B is the direction that the light bend toward the

normal line. Path B is the answer to this question.

Teacher: I am sure you still remember the experiment about light enter the water from air.
Student: Gee, it does not ring the bell.

Teacher: How can I say...How about this — is the speed of light faster in water or in air?
Student: In water.

Teacher: No! the speed of light is faster when light travels in a medium that is less dense.

Which one has more density - water or air?
Student: Water has more density than air.
Teacher: That is correct, so through which medium light travels faster — water or air?
Student: Light travels faster through air than it does through water.

Teacher: Good job. That also means that the speed of light is slower when it travels through
water. What does the law of refraction tell us when light travels in a less dense

medium? Does light bend away or toward the normal line?
Student: The more slowly light travels, the closer it gets to the normal line.
Teacher: That is correct. Now, let’s mark the normal line first. Please draw it on the diagram.

Teacher: Excellent! The normal, or the dotted line, is perpendicular to the surface of a
reflecting material.

Teacher: After the normal line is marked, you will see which path is the most possible path
when light enters the water.

Student: Oh! I see it now. It is Path B.

Teacher: That is correct. Only Path B is the direction that light bends toward the normal line.
Path A remains the same direction as the light travel through air. Path C is the

direction that the light bend away from the normal line.

Teacher: Make sure you understand the law of refraction. If you have any questions, my door

is always open.

Student: Will do.
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Understand where the normal line is situated from reflecting surfaces and how to
determine the reflected path of light based on the law of refraction.

(L) The diagram shows different possible directions for a ray of light that enters a waterdrop,
spherical in shape, and exits it into the air. If this light ray travels on a plane which

happens to pass through the center of this waterdrop, which of the followings is the most

reasonable path for light?
(FF30) e EERFEABEIRACE - FEECEAN R RS HaTgery T =R SR A B A

7 o (RG] T AT R R Al RE T TR AL P e — (S o HLE P S s [EIBR
ARZKRERIER Ly > RN Y IMa] 38 B AT RE Ry T THERRAE 2

(A)A—-C—-D—E (B)A—-C—D—F
(C)B—C—D—E (D) B—-C—D—F

(95 FEEE—IHEM 51)

fZFE Solution :

1. MRBEEK T ETTR - REES TR ARG HEERK N HEE  FTLUALREEEE]L -

2. TRABITHIER:  SCHEIEHE  SEAVER EHEEIT AR - ROETE/K AL ZE RN -
F LOCAE 7K B A SE AT A4R -

3. AL KM > 2R ATKRE - (A)BESTE - HAEEBMEZ R LA/
HEACR « FrlL - B)ES{EA IEME » (A)ERITHERE -

4. [EHE - FEACEER > E)EOREF » BAEFEIEZERILEAETERES - BRFEITH
TEfE ©

5. ALl - TERERITHTEEIE/E B—C—D—F » ZEIFH(D) -
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1. The normal line is determined based on where the surface of this sphere-shaped waterdrop
is. Because the normal line is perpendicular to the surface of this sphere, the normal line
should pass through the center of the sphere (see Point 1 and Point 2).

2. The law of refraction states that the more optically dense the medium, the slower the light
travels. Because the speed of light is more slowly in water than it is in air, light shifts toward
the normal line when travelling from the air to the waterdrop.

3. As Path A and Path B showed on the diagram, light enters the waterdrop from the left side.
However, only Path B is further away from the normal when light strikes the surface of the
waterdrop and slows down in the waterdrop. As a result, Path B is correct. Path A fails to
obey the law of refraction (see Point 3 and Point 4).

4. For the same reason, on the right side of this waterdrop there are Path E and Path F. Only
Path F obeys the law of refraction because this path is further away from the normal line
when light leaves the waterdrop and speeds up in air.

5. Asaresult, the correct refracted line should be B—~C—D—F. D is the answer to this question.

Teacher: Do you still remember what we have learned in the math class. How a line behaves
to the boundary of a sphere or a ball when this line passes through the center of a

sphere or a ball?
Student: This line is perpendicular to the boundary.

Teacher: Yes, that is what this question is meaning to ask — explore how light travels in

different media. What should we mark on the diagram first?
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Student: The normal line. We can use this line to determine how light travels from one
medium to another. When light travels more slowly, it bends toward the normal line.

When light bends further away from the normal, it travels faster.

Teacher: Excellent. Because the speed of light is more slowly in water than it is in air, light

bends toward the normal line.
Student: Here! The normal is the line that crosses the center of that sphere.
Teacher: We are close to the answer of this question.

Student: When light travels through air, Path B is further away from the normal than Path A
is, and path F is further away from the normal than path E is. The correct path is
B—C—D—F.
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Image of The Lens
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convex lens i object distance it
concave lens [V 55 image distance (i
object Y focal length g==Y:El
imaging g magnifying glasses ]
real image J=E nearsighted eyes AT
virtual image E 15 farsighted eyes =g
focal point ==t screen e
principle axis T microscope R
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[ ©® Observe the images of . }

4] : Observe the images of either near or far objects formed by convex (concave) lenses.

PRSI A FIVIRE T > By (M) ESFr ey g -

[ e If ) will 5 }

4] - If an object is placed between a convex lens and its focal point, the image of that object

formed by the mirror will be virtual.

WUERPYHEERE] B P - S RE S -

[ (3] , when . }

%4 © A vertically inverted image of an object is formed when the focal length of a convex lens

is less than the distance between the lens and that object.

E LAY A R - S EIENLE R -

[ ® Could anyone give applications of ? For example, . }

4] Could anyone give some applications of lenses in our daily life? For example,

nearsighted glasses are one of the applications of concave lenses.

ANEER AT A S RERNS 2 Eban M A S e AR AR g -

« BEEHE »

|

FEEEE S AR TT% - BAEERFIITNER
After studying this section, students should be able to know that:
— ~ oY T RIESREG o

A full understanding of how lenses form images.
 FIEERAER -

Know applications of lenses.
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Understand how images are formed by convex lenses.

(L3 ) The diagram shows an experiment setup where Xiao-yun can observe how a convex lens
forms an image. She uses a convex lens having a focal length of 10cm and moves the
candle that has been placed in the A section to the C section. If Xiao-yun now wants to
see the image of the candle flame, which of the following arrangements should she make?
(A) Move the paper screen to the D section and find the image.

(B) Move the paper screen to the F section and find the image.
(C) Move the paper screen to either the A or the B section and find the image.
(D) Remove the paper screen and look in the convex lens from either the D, E, or F

section to find the image.
R LESE AR
(=) B Ry N R A S R R S B B B (Y

FEHRAYERIE Ry 10 em o 4R RO H & Y
s - B ENENILE SRR E

{10 cmil0 cmi10 cmi10 cmi

RISIEPATEAY G AILL T —(E T TR — e m e T AT

AIREZER HHY ? B(=+=)
(AR ENE T 1& - SRR ATE -

B)FRFREIECE - FRRERTREIE -

OB 2 FEN L& - i@ aRaE: -

(D)BERARSFE - BT & ~ K& C & DRI 258 17 S 2R P e -

(107 SR P& 43)

fi#RE Solution :

FA Y ESRATEERE By 10em » EIRIE RN EES - e/ AR - SCE T IEILRORE
G - EEIAEUR RN L RRe iR BIREE = -

The focal length of the convex lens is 10cm. When the candle is moved to the C section, the lens
forms a virtual image that is erect and enlarged as the distance between the candle and the convex
lens at this time is shorter than the focal length of the lens. Virtual images cannot be shown on

the screen but by looking at it through our eyes.
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Teacher

Student

EH

B

i -

88

3:\ B
EvtokdE— ] F e
Y i1 S
TR e
o |

498 (V)

/

HF P REE

: This question is about image formation by convex lenses. To answer this question, we
need to depict a ray diagram that shows how convex lenses form images.

: I know how to draw this diagram! Convex lenses will converge any parallel rays at

the focal point. I can use this concept and take a shortcut by assuming that light that

passes through the focal point all travel in straight lines without refraction for

constructing this ray diagram of the candle flame. Whether the image of the candle

flame is real can be determined by looking through the lens, since a virtual image

cannot be formed on the screen. Even though light rays drawn on the diagram seem

to come from one single light source and an image is formed from that single source,

the image to be observed is actually projected by many light rays. As a result, we can

see a complete image of that object as this image is formed by countless light rays.

: Excellent! Ray diagrams also allow us to observe the location and orientation of
images in relation to lenses.

: I'see.

: Make sure that the distance between objects needed and their orientation on the
diagram is correctly constructed. I suggest using a straight edge to guide you through.

: Will do!
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Understand how human eyes work and how to utilize concave and convex lenses as

eyeglasses.

(£ ) Zhi-xin designs an experiment that simulates a nearsighted eye before and after
correction. The experiment procedure is shown on the diagram (there is one error in
the design). Which of the followings is the most effective way to amend this error?
(A) Change the B concave lens to a convex lens having a shorter focal length
than the A lens.

(B) Change the B concave lens to a convex lens having a longer focal length than the
A lens.

(C) Change the C concave lens to a convex lens having a focal length to better fit the
experimental environment.

(D) Re-locate the C concave lens at a position between the B lens and the screen.
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(C) FrELmHAVIESE N A E R AR -

(D) 0B 3 FAYMIE SR A U EAE M L B 2 [ -
(105 R &% 43)

#ZFH Solution :

RIF /K SRS For 1 8 - AT (RIS R/K G SR, (ERERESERT - SR BB HE A -
TR B S AL RMEIA Z A » B AT SRR SR 7R FHIMIE SR » SeaotariEnt - HEE/KEARHY
PSR o SRR TR E AR |

Our eye crystalline lenses are convex lenses. A nearsighted eye is caused by an eye crystalline
lens that has become too thick, which reduces its ability to adjust the focal length for distant
objects. A thick eye lens focuses images of distant objects before the retina. As a result,
eyeglasses for a nearsighted eye require a concave lens to diverge light rays first which are then

converged by a thick eye lens so that the image of distant objects can be hit right on the retina.

Teacher: Let’s compare convex lenses with concave lenses first. Which of the lenses

converges light rays?
Student: Convex lenses.
Teacher: That is right. How about concave lenses?

Student: Concave lenses diverge light rays.
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Teacher:

Student:

Teacher:

Student:
Teacher:
Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Teacher:

Teacher:

1 -
B
- ¢
B
i -
B

i -

Excellent. What do you think of our eye crystalline lenses? Are our eye lenses
convex lenses or concave lenses?

Convex lenses.

That is correct. What does it tell us that a nearsighted eye is caused by? Eye lens
that has become too thick or still has room to grow thicker?

Eye lens are too thick.
That is right. Does an overly-thick eye lens reduce or increase the focal length?
It reduces the focal length.

That is correct! Because a near-sighted eye has a short focal length, where the image
of a distant object is formed, in front of or behind the retina?

The image of a distant object is formed in front of the retina.

Exactly. To move the image onto the retina at the back of the eye, eyeglasses to
amend nearsightedness should be able to diverge light rays from that object first.
This also tell us which of the lenses required for nearsighted eyeglasses — a convex
lens or a concave one?

A concave lens.

That is correct. Nearsighted eyeglasses are concave lenses. If you are short sighted,
please take off your eyeglasses for a moment and inspect the glasses with your
nearby classmates.

Now, we should have the answer to this question. Step 2 is not true. A nearsighted
eye should be a convex lens having a short focal length.

No matter nearsighted or farsighted, our eye lenses are always convex lenses. These
two types of eye defects alter the focal length of our eyeballs, which fail to focus the
image of a distant object right onto the retina. As a result, the images of objects

appear blurred.
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Chromatic Dispersion and Color
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B¥ thiE B¥F thE
dispersion TBEL rainbow FHL
triangular prism =T three primary colors =HRE
decompose STR(v.) absorb WKz
{ O If you let the sunlight pass through a , it will . }

%4 - If you let the sunlight pass through a triangular prism, it will disperse the light into

different colors.

WER(ERGCiRE =F 5 - SR HARBAGHDEER -
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{ ® The three of are , , and . }

#4] : The three primary colors of light are red, green, and blue, since there are only these three

types of color sensors in the human eyes.

JEHI=IRERAL ~ & ~ B N AR A IS = TEEA AR

{ ©® The of we is related to the . }

4] : The color of objects we see is related to the properties of their surfaces that absorb or
reflect light.
AP RARErEE - BE SR UCE S R AR -

o BEEHE »

FEEEE AR IR - BAEEEII MR
After studying this section, students should be able to know that:
— T RYIRGER R B N LR LB A R
Understand that light could absorbed or reflected by the surface of an object, and thus
forms its color.
T EBREAY K -

Learn about the origin of colors.
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Understand the characteristics of absorption and reflection of objects’ surfaces, thus form
different colors of lights. And know the three primary colors.

REFF 3T 2 BN RT & 0g IIFF X REFREFL Y &

( 3L ) With white light, Da-shung sees that Jingle has a blue head, black eyeballs, white cheeks,
and a red mouth (as shown in the picture). What does Da-shung most likely see under
a blue light?
(A) A blue head, black eyeballs, white cheeks, and a red mouth
(B) A blue head, black eyeballs, green cheeks, and a purple mouth
(C) A blue head, black eyeballs, blue cheeks, and a black mouth
(D) Jungle’s head, eyeballs, cheeks, and mouth are all blue

(30 FEH EOERYIREA T - R R/NTIERIEE 6 IREGE R G i a e
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BEEZE T - REMERE » ikt  BEERE -
(OFERES @ RHRTRE X BWERER  BERRE -
(DB ~ HRER ~ Bedei R B VU BRI B R B

(94 FEEE—IHM 4)

fiZ3E Solution :
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The primary three colors are red, blue, and green. Under a blue light, the initially blue head

remains blue. The black eyeballs absorb all colored lights to remain black. The white cheeks

reflect the

incident blue light to appear blue. And the red mouth can only reflects red light, so it

turns black.
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Student:

Student:

Teacher:
Student:
Teacher:
Student:
Teacher:
Student:

Teacher:

Do you know a surface with what color absorbs all the colors of colored lights and
with what reflects all the colors?

A black surface absorbs all colors of lights, and a white surface reflects all colors of
light.

Good. Do “all colors” mean the three primary colors or rainbow colors?

Rainbow colors.

Both the three primary colors and rainbow colors are right. In fact, human’s eyes
can only sense the signal of the three primary colors, including red, blue, and green.
Rainbow colors, such as yellow or purple, are made of these three colors.

What does a blue surface mean, it reflects blue light or absorb blue light?

A blue surface only reflects blue light.

Good, what about a red surface?

A red surface only reflects red light.

What color will the object be if all the color lights are absorbed by the object surface?
It will be black.

That’s right! Then you get the answer.
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Students understand that the color of objects is the result of the reflective light.

(337 ) Why do apples present red?
(A) Apples reflect red light (B) Apples refract red light
(C) Apples absorb red light (D) Apples radiate red light

(H0) PERERIRAL O R NYIEEA ?

(WBREHL (BYRSHTHAT
(OFRBUALK (DYBERHHAL

(EPRtor ez CH4)

#ZFH Solution :

PRI =R > FORHI TR T - ALY ~ B ~ &RoURTaHk - SEFREREATEAL TN
R - B REFRREIERR TN EDE - BEBEE RAREDEEIRIL T - R T
DER AT AR > LIS B AR G Z 4L Y -

According to the three primary colors of light, the rainbow colors of white light can be made of
red light, blue light, and green light. The reason why apples look red is because that the surface
of apples absorbs the colored light except for red light, including blue light and green light, and

reflects only red light to our eyes. As a result, apples look red.

Teacher: How do we see things?

Student: Objects reflect lights to our eyes, so we can see them.

Teacher: That’s right. So, with the same concept, why do apples look red?

Student: Apples reflect red light to our eyes.

Teacher: Good. Why do apples only reflect red light when they are under white light?
Student: Because the surface of apples absorbs some certain colored light.

Teacher: Exactly. Then what colored light do red apples absorb? And what are the three
primary colors of light?

Student: They are red, blue, and green.

Teacher: Great. So, what colored of light do apples absorb if they reflect red light?
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Student: They absorb blue and green lights.

Teacher: Very good. Exactly.
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Temperature and Heat
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Temperature and Thermometer
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temperature B Celsius RS
heat Z4 Fahrenheit HEER,
thermometer R fever Eiye
ear thermometer Hofte boiling point itk
forehead thermometer | ZE RS expansion Bz BR(n.)
measure HIE(v.) contraction U4 (n.)
thermal expansion IR 2 4 burn WABE(v.)
alcohol iR absolute zero MY
temperature scale Dy
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©® The effect of of alcohol is more obvious than that of . }

#4] - The effect of temperature on the volume expansion and contraction of alcohol is more

obvious than that of water.

TS R AR AR I Y 2 28 - EEB/KARZ B -

‘ ® What is the used to make ? ’

4] : What is the principle used to make mercury thermometers?

KRR A PR EE B A TE 2

‘ © is the physical quantity we use to describe . ’

5]« Temperature is the physical quantity we use to describe how hot or cold an object is.

R R 2 SR LR & -

o BEEHE »

FEEEE e AR IT% - BAEEFIITNER

After studying this section, students should be able to know that:

— ~ SEEFHYTERIRES AT H AT RER R ERE -
Learn to use the state of a substance to determine its possible temperature range.
T EEYIREERERAE TR o DU EHRE -

Understand the temperature at which objects coexist in solid and liquid states.
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Learn to determine the possible temperature range according to the state of a substance.

(L3 ) The following table shows the melting points and boiling points of four substances at

one atm. Which of the following options has the highest temperature at one atmosphere?

JEERCCC) | ER(C°C)
£ | 1535 2750
%1210 196 (Bl % ¥R 4% © ' 2 -melting point/ * Zk-
Ko 100 boiling point/ 4#-iron/ % -nitrogen/ -k -water/
$ | 660 2467 &-aluminum)
(A) liquid iron
(B) liquid nitrogen

(C) solid water

(D) solid aluminum

(FF30) TRBVUEYVEE — KRB IR SORES - FE—RREE N » NI IR

R 2
JEHRE(C) | HhE(°C)
¥ | 1535 2750
| -210 -196
K10 100
| 660 2467
(A)BEREHIS
(B)iREHY L
(O)[EREHY7K
(D)[EIREHY $m
(106 FRHF &5 15)
fi#ZRH Solution :

(A)REENY$%—1535°C < T < 2750°C ; (B)/REENYE ——210°C < T <—-196°C ; (C)[EHEAY/K
—T<0°C ; (D)EREHTER—T < 660°C ° BRI B e Ry REHYFK > EE(A) ©

102 Bef AR R TREP FRP EFRR F
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(A) Liquid iron: 1535°C < T < 2750°C; (B) liquid nitrogen: ——210°C < T <-196°C; (C) solid
water: T <0°C; (D) solid aluminum: T < 660°C. Since the liquid iron has the highest temperature,

the answer is (A).

Teacher: Let’s check option (A) first. According to the table, what is the range of the
temperature of liquid iron?

Student: The range is from 1535°C to 2750°C.

Teacher: Good. Let’s check option (B) now. What is the temperature of liquid nitrogen?

Student: The temperature ranges from —210°C to —196°C.

Teacher: What about option (C). What is the temperature of solid water?

Student: It is less than 0°C.

Teacher: Finally, option (D). What is the temperature of solid aluminum?

Student: Less than 660°C.

Teacher: So, we can tell that liquid iron has the highest temperature by comparing the ranges

of the four options. Therefore, the answer is (A).

ERl  BCRMCEBEIH(A) - MRIREIR > RARAEAY ) RERZ AL e 7

B4 1 1535°CHE)] 2750°C -

I RE - FECREEIAB)  RERRAREEZE 2D ?

B4 1 210°CZEI-196°C -

LRl FEACEEIHEC) > BIRRHKHREEZZ 2/ VI ?

B4 0 /NR0°C -

EHD  R{EEEIAD) 0 [ERERHYSRHR S EZ 2 % VIE ?

B4 0 /MR 660°C -

Rl NRE > PEERVOEEIEA R R R ] - ST ISR S R =Y - e RARH Y -
FTELBE(A) -

U
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Understand the melting point and freezing point of water as well as the temperature at
which liquid and solid water coexist.
(L3 ) There are four experiments operated at 1 atmosphere. Each container of the four

experiments has one thermometer and ice/water. The following pictures show the

results of the experiments when they strike thermal balance. If one thermometer

shows 4°C, which experiment does it represent?

(Bl % B3  § R -thermometer/ 7k-ice/ -k-water/ 7 ¥ -k = > k-

only completely frozen water in the cup/ + ¥ 7 -k % = & /k#.-water and a lot

of ice in the cup/ % ¥ F "k 2 > & /k¥i-water and a little ice in the cup/ +5 ¢

¥ 3 -k # rk-only water in the cup)

? 5 -
& &
3t 3
SEWSL
7K 7K
R A KA P L) P R A R
K # kit b gk

B(=+\)
(A)JA (B)B (C)C (D)D
(P30 FE—RABET B~ 4~ N~ THHHEERTIIESN > JhldEE—SORERT &
JKEK > B UAH B B o Bl 2 2 W NIRRT R o EAIER E T —SORE AT
HPREREIN Ry 4°C o R RERT BB —40 8 ?

3 T
x %
st 3
(SESYUSL
%k %k
A AR R P H KA P R A K K
RE KM D E AR

B (=+)

AMHF  BZ ©OA OT
(109 FEF &+ 39)
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#ZFH Solution :
—RABET > JKAVEERIKHYBEE R Ry 0°C » FrLURE T #=0°C » T 2=T »=0°C > T 7
=0°C » JREEHREEUR 4°C - FUE THHERA A IRE - #UED) -

At 1 atmo

sphere, the melting point and freezing point of water are both 0°C. As a result, TAS0°C,

Te=Tc=0°C, Tp=0°C. And since only experiment D could have the result with a thermometer

showing 4°C, the answer is (D).

Student

1
st

ZHhi

i -

105

Teacher:
Student:

Teacher:

Student:

Teacher:

Do you know at what temperature water freezes?

The freezing point of water is at 0°C, so water starts to freeze when it is 0°C.
That’s right, so the final temperature of experiment (A) must be at or under 0°C.
What is the temperature at which ice and water coexist, then?

Ice and water coexisting means that the solid state and liquid state of water exist at
the same time. Based on the following graph, the temperature of the whole system
equals the temperatures of the melting point and freezing point, which is 0°C.
Exactly. We can learn from the graph that ice maintains at 0°C when it’s melting.
So, although (B) and (C) have different amount of ice, the temperatures are both
0°C. And which environment coincides the condition the question talks about, which
is a 4°C environment?

: It can only be the cup with liquid water.

[P KA ST I B S5 7

KA EEEIBER: 0°C » LU 0°CBIM K E45HuK -

8 L. (F) SUEATEREMAEITNG 0°C » BRI KSRI KA 2
SRR/ ?

AKERRIKSEE - (RRERSARIEE - RIS TIB - LGRS A AR
EIBSERE - AR 0C .

B
x| A BIBARME

Sok+k Lok | OKHkER | KRR

A B ¢ D | /%SRS
8 TR DUE A EERYBA (R EhER - S50 KIS LR — E4ERAAE 0°C-
FTEL - (Z) F1 () Fra iy /KEEPAR — 12 - (HUREHNE 0°C - (i H Y2
4°CHYIRET » WIMEEREE R — m] & LR IR CFRYIE 2
HETREERAE KA (T) T °

BPpRABEFRETRIY FRP BFR[TF
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5-2 &&=
Heat

HE R TEEEHRENP > KREVRE T - FRSPICENYIRE - EWIPIRE T EE
THECRIE - SEAMHRRRIE - BAIRE T > BB e REIESEOR - SO - E#
IREIA LK > /KGR UETHEVKE HAYENGE - S BB FIHEIRRIE - R ECP
fiy > RS - BUKHIEEEERS - tWgHE -

\H-

BEF thiE BEF thiE
heat & - hnE mass HE
heat source E temperature variation | i &%k
beaker JEFR thermal equilibrium | ZAF-fy
ceramic fiber mesh P ZE e
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[ O For , the is proportional to the . }

fil4) : For stable heat sources, the heat provided is proportional to the heating time.

HIRERNAM S > TR IRAYEE BN ] R -

(2] isa , and the the acts on the object, the
the of the object will .

4] : Fire is a heat source, and the longer the heat source acts on the object, the higher the

temperature of the object will rise.

KK Ry — TR - & BVRE FIEYIRR AR IR VISR L E BT HS s

UU

o

©® In addition to being obtained by contacting with , heat may also
be transferred without .

%4 : In addition to being obtained by contacting with a high temperature object, heat may

also be transferred without a medium.

BERR T RS R SRS R AR R M E A -

o BEEHE »

FEEETARITR  BAEEELITER
After studying this section, students should be able to know that:
— T ARREE RV TR (LRI R - BB EIELE

Understand that for a stable heat source, the heat provided is proportional to the heating

|

time.
- TEBAENETE T AR HER -

Learn how heat is calculated and its applications.
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Derive the relationship between heat and temperature variation.

(J£3Z ) Hua adds solution A, B, and C into three same beakers, respectively. The three types
of solution are 50 grams and 20°C and heated on the same stable heat source. The
results are shown in the following table. If 1000 cals are required to heat solution A
from 20°C to 40°C as well as to heat solution B from 32°C to 56°C, how many cals are
required to heat solution C from 20°C to 90°C (assuming the heat that the heat source

provides are all absorbed)?

irgbﬂﬁ(OC) Hg}FEﬁ N 7 7 7 =N <7
T 0538 | 1538 | 2588 |3 98 | 4578 | 5 35
R

H 20 30 40 50 60 70

Z 20 32 44 56 68 80

A 20 34 48 62 76 90

(Bl & ¥R 4R 8 A 4 # -temperature/ ;% /% -solution/ P¥ ¥ -time/ 4 4 -
minute(s)/ ¥ -A/ ¢ -B/ p-C)

(A)1500 (B)2000 (C)2500 (D)3000

(H32) ANEETE ={EAHEDERR R B h0A 50 A5 ~ SR 20°CHYH ~ 2~ N =T EIA
K AR ERVRRE ZVR_ BN - |2 N RAVER - FHHARH 20°CHnzEiE
40°C > FEEE 1000 RHVENE » ZAMEH 32°ChiEZ 56°C > tFEEE 1000 RAVELE
HIPEREH 20°CHIZAZE 90°CTRE L/ DRIVEVE ? (EEEVREEGEIEEITHS
TR )

(A)1500 (B)2000 (C)2500 (D)3000

(90-2 e L] 38)

fi#RE Solution :

AT 20°CHIEAE 40°C > fE7T 2 73§ » FR%E 1000 -RAVEAE  ZIFIKH 32°Chi#E
56°C - HAET 2 73§ - FEZE 1000 -REVENE - [NIL - FISRIINEL 2 > FEHEE 1000 RE
= RIS 1 s EUEALE 1000 £/2=500 /47 - HIFZTREE 20°ChIZZE 90°CHE] 5 47
o FFE 500 /535 7 =2500 () F&E - #UEEC) -
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It requires 2 minutes and 1000 cals to heat solution A from 20°C to 40°C and solution B from
32°C to 56°C. From this, we can learn that 2-minute heating provides 1000 cals and that the heat
source provides 1000 cals/2minutes=500 cals/minute. Therefore, heating solution C from 20°C

to 90°C takes 5 minutes and requires 500 cals/minute x 5 minutes = 2500 (cals). The answer is

(C).

Teacher: Let’s analyze according to the question statement. It takes 2 minutes to heat solution
A from 20°C to 40°C and requires 1000 cals.

Teacher: Also, heating solution B from 32°C to 56°C requires 2 minutes and 1000 cals. So,
under the condition that the heat source provides heat stably, how many cals does
this source provide per minute?

Student: It provides 500 cals.

Teacher: Sure, 1000 cals ~ 2 minutes = 500 cals/minute. So, this heat source provides 500
cals per minute. According to the table, how does it take to heat solution B from
20°C to 90°C?

Student: Five minutes.

Teacher: Then, according to the idea that the heat provided is proportional to heating time,
how many cals does it require?

Student: 500 (cals/minute) x 5 (minutes) = 2500 cals.

EED . FRPMRIEE B BIRGIOR A - BRI 20°CHNELE 40°C » fE T 2 708# » FRE
1000 -RHYELE -

EHT - ZUATRE 32°CHIERE 56°C » AL T 2 o7 - IR TFREE 1000 R - ARDL @ 78
HENBERVR T - SEEVRETEfRit %/ D-RIVEEE ?

B4 0 500 F o

HET %55 0 1000 -R+2 £3=500 /43 » FrLUEVESSEER AL 500 RIVEE - SRR
FAEFHVERR - PSR 20°CHIEAZE 90°CHE 2225 A I FEUE ?

BAz 0 5574 |

EET Rt E E BB R IEEEAUIE S, - RS2/ D RIVELE 7

BA 1 500 (R/593) x5 (41) =2500 F -
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Understand the meaning and derive the relationship between heat and the temperature

variance of objects.

(3£ ) In room temperature, Yun heats an iron cube weighs 56 grams to make it absorb 700
cals. It is known that it requires about 0.1 cal to heat 1-gram iron to rise by 1°C.
Assuming that temperature changes in the unit °C, which of the following option
could you use to find the temperature that the iron rises?

(A)700+0.1x56 (B)700+0.1+56
(C)700%0.1x56 (D)700%0.1+56

(tp30) 200 T DNEREE 56 seHVEIRIIEL - (BT 700cal HZEVE - EAIEE
Fo 1 SaHY# 0 ORI BT 1°C » REUFFERIL 0.1cal FYEVE - BREomERTE(ELL
CCRyBAL - NHIIE n] LSRR BT HRE 7

(A)700-0.1x56 (B)700--0.1-56
(C)700%0.1x56 (D)700x0.1-56
(92-2 FEEHESH 49)
#ZRH Solution :

HEE AT H=mxSx (T—To) > Hi S ZEEE - m BEE > 7 AT K 0.1cal=1gxsx1°C >
A LR A EEEN s=0.1(cal /' g°C) » #8235 - RFRHAVEEEL - 17 ARE H4EHVEE S © 700cal
=0.1(cal /g°C)x56gx (T—To) (°C) » FtLA (T—To) =700+0.1+56 ° #EE(B) -

In the formula H=mxSx(T—Ty), S represents specific heat and m represents mass. Apply the
given numbers to the formula and we get 0.1cal=1gxsx1°C. So, we know that the specific heat
of iron is S=0.1(cal/g°C). And then, apply the specific heat back to get 700cal=0.1(cal/g°C)
x56gx(T—To) (°C). The result will be (T—To) = 700+0.1+56. The answer is (B).

Teacher: What is the formula to calculate heat?
Student: It 1s H=mxSx(T —To).

Teacher: Right. What does the S mean in this formula?
Student: It means specific heat.

Teacher: Good. What is the unit of specific heat?
Student: cal/g°C.

Teacher: Yes. Specific heat means how much heat that a 1-gram object requires to rise 1°C.

Ho B¢ AR RS TR R F R
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Teacher:

Student:
Teacher:

Student:

Teacher:

Teacher:

Student:

Teacher:

4
s
i
gk
4
s
i
4
gk
i

B

Sk
4
B

Eh

In this question, we need to find the temperature variance. What part is missing in
this formula?

The specific heat of iron.

Exactly. How do you find the specific heat with the formula H=mxSx(T —To)?
Translocate the formula and apply the given numbers from the statement “it requires
about 0.1 Cal to heat 1-gram iron to rise by 1°C.”

Excellent. So, we can know that the specific heat of iron (S) = 0.1(cal/g°C) from the
equation 0.1 cal = 1gxSx1°C.

Finally, how do you calculate the temperature that the iron rises?

Apply the specific heat and the given numbers to the formula.

Correct. According to 700cal =56g%0.1(cal/g°C)-(T —To)(°C), we can conclude that
(T—To)=700+0.1+56.

R (P P SR AR 8 2
H=mxSx (T—To) o
Gl » SLophy S PR 2

EEZL -
R4 > LEBVAY BRI 2
cal /g°C -

B (EAWEREE W - TheE—E C > FEZ/DRivEE -
AR P BT EOR YL - A FiEs D T (HESEIE 2

HEELEL -

¥ B H=mxSx (T—To) » FAFVEEEKHFRATELEWE ?
ARSI " 1 sk > O BT 1°C > REYFEEIRUY 0.1cal HYEVE | 15
{ERCIHT ABEZRK -

SRHYEF > FTLL 0.1cal=1gxSx1°C » H] LARIIEFAYEESY S=0.1(cal /g°C)

A% > MRS TSR R ETH YRR ?

I RLACHYEERL - Bl &R H HURGILR B RV B E T A Sz -

EHE > FRIE 700cal = 56gx0.1(cal /g°C)x (T—To) (°C) » ATLL (T—To) =
700+0.1+56 -

BPpRABEFRETRIY FRP BFR[TF
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5-3 EGzt

| Specific Heat
N

FHERR TR B A FEYIRG 2 B0 > BEPRGG T AHEIENGE - (B4 AP ie AT R A ] -
B - HEME > SRAEE - FHEEACRE - FrfRfvEEME > NIER "t (S)»
REWENETRAVEES R -

EEEVAF Ry S=H/mAT » B Ky cal/g°C - " EEEL ) HEAVPETRISTARE > BAVVEAVE &R -
BORARVN o R o

EF thiE EF thiE
specific heat EEZL energy AEE
heat ZR - IR 2R heat transfer EUH{E R
temperature I thermal expansion B HRZIR 246
heating JijiE=d shrink, contraction W is
state of matter YIS RRAE mass B
matter 7IN=Y elevated temperature, warm up it
molecule 1 temperature lowering, cool down | [#5
atom JF
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©® When we input , we will finally find

%147 : When we input the same heat into two objects, we will finally find different temperature

changes of the two objects.

ERMGTAROYEEHERNAR > RRGHEEENRE

‘ ® Heat from to . J

%4 - Heat transfers from objects with high temperature to those of low temperature.

S B 50 -

L (3) is used to .When . ’

4] : Specific heat is used to describe the difference of different materials. When different
materials with the same mass absorbing the same heat, the temperature changes of them
would be different.

EEEE RO [FERPRIEI TS - AHEE BEARERE - IO EEVE - TSR 2=
GHATAE -

o« BEEHE »

FEE AR TR - BAEEEII MR
After studying this section, students should be able to know that:
— - Z2EEME MR AR -
Learn how to calculate heat by means of specific heat.
T THELEBES -
Understand the definition of specific heat.
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Calculate the heat and temperature variance of different materials by the formula of

specific heat.

(L2 ) Please answer question (1) after reading the following information:

& R H B z 5 =
A 4 4 4F 4F
AR R (C) 80 60 80 60
e (2) 100 {200 |100 (200
v (cal/g-"C) |0.113]0.113(0.217/0. 217

(B % R © £ HH.-metal/+ F-material/4~ 4>~/F & -initial temperature/ 5 £ -

mass/+* #4-specific heat/4#-iron/4%-aluminum)

The information of the four solid metal materials A, B, C, and D with different
conditions is shown on the table. The temperatures of all the four materials drop to

20°C after being in room temperature (20°C) for a while.

(1) Which of the four solid metal materials (A, B, C, and D) losses the most heat by
the time the temperatures drop to 20°C from their initial temperatures?
MA - BB (OC (DD

(th30) sABRE MYIRGE% > [BIE(DE

4 BB v z s =
HE W |4 |4 |4F
4R B (°C) 80 (60 |80 |60
£ (2) 100 {200 {100 {200
w# (cal/g - °C) [0.113]0.113]0.217|0. 217

SHDUEA IR SRR ~ 20 W~ T DB RV EEIIRFTR » PO
JBBLRCEAE 200 20°CHYERIE N —ERiiefal(k - VUSEHR E0E Ry 20°C

(DFF~ 2o~ P~ T VOl <28 B FH 90 P e 22 20°CH > i BT R AR i % 2
AH  BZ O OT
(103 R &% 51)
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#ZFH Solution :

FRIRECEGE S » ATHERS A H=mxSxAT A3 - R EAEH RO AR AT ER#AT N

H s 100x0.113x (80—20)~ H 2~ : 200x0.113x (60—20) ~ H# : 100x0.217x (80—20) ~

H + :200x0.217x (60—20) -

AN AR BE R 2RV EETH > At TR EERGZOK % - I H «81 H sVE &
(m)~ 7= (AT) AMHE - HHEAYEEEL (S) B/ > Fr AR/ (H +<H %) » #
(A) H wffi -

H FFELH v bRl - INRSAEEEEY (S) MHIE - NEEEEEINE Z mxAT AV - H ot

E& S TR » W% m, AT EAH[E - RIEHRIEEEEL (S) 551> S »>S 2> FillH +

AR BER (D)

It is known that the formula of heat is that H=mxSxAT. We just need to apply the information

to the formula to get the results and compare them: Ha: 100x%0.113%(80 — 20); Ha:

200%0.113%(60—20); Hc: 100%0.217%(80—20); and Hp: 200x0.217%(60 — 20).

Also, the question asks for the option that losses the most heat, so comparative method works,

too. Since the mass (m) and temperature changes (AT) of Ha and Hc are the same, yet Ha has

smaller specific heat (S) than Hc, we can infer that A losses heat less than C (Ha<Hc) and is not
the answer.

Then compare Hc with Hp. Because they both have the same specific heat (S), it is only needed

to compare their mxAT. And Hp is bigger.

Finally, compare Hp and Hg. It can be observed that they share the same m and AT, so we learn

that Sp>Sg. Therefore, Hp is the most and is also the answer.

Teacher: Specific heat is used to describe the heat that different materials need to absorb when
one unit of mass rises one unit of temperature. It takes more heat for an object with
more specific heat to rise one Celsius degree.

Student: So, to rise one Celsius degree, the required heat is less when the specific heat of the
object is less.

Teacher: Then does a cup of water need more heat to rise one or ten Celsius degrees?

Student: To rise ten Celsius degrees.

Teacher: Good. So, please remember the three main variables that influence the required heat
(H) are mass (m), specific heat (S), and temperature changes (AT). All you have to
do is multiply them, and the formula is H=mxSxAT.

Student: Now we get it. Thank you, teacher.

o B¢ AR RS TR R F R
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LD EERVERICAER - FREE - THERARE - AT ERUHIEE - EEEL
HRHVPIRmE BT - Frfs U AR E I ROK -

A 0 WRSS | FTLAEEERY NSRS BT o PR UNHTELE R )N -

Zhl . AE—MOK > BT BT R A B R ORI 2

Bg -

ERN ARG FTPAERCES > SEIRGATRRIR (MRVENAEE (m)~ EEE(S)~ K
(L (AT) EB=KNE > ZRIEM IR AT Pl T - 220U H=mxSxAT -

B4 0 JFERAEL o SH AT o

plE_

S ¢ LRV ERE ERK - DR LAYRA (% -
Infer the relationship between heat and temperature changes of water with the same

mass from the heat formula.

(LX) When 100g water is added into a beaker and heated from 20°C to 40°C, the heat that
the water absorbs is Ha; when it is heated from 40°C to 50°C, the heat it absorbs is
Hg. If the loss of heat and evaporation are ignored and the specific heat remains

during heating, which of the following statements is true?

(MDH-=H. @H-=20- (O2M-=H. (D)4~ =

(HR30) FEREM LA 100g HYZK - iREZKH 20°C JIELE 40°C 5 ASE IV E & H
w0 B 40°C JIENE 50°C > ZKEIIHVEVE R H - EIIEER T > /KIVEE
HIR R 73 B R MEA ST H/KHYEEENE S A - A A& 1A 7

(DH-=H. @H-=20. (O20.=H. (D)4H .=
(102 A 38)

#ZFH Solution :
I H=mxSxAT T[4l > JiZWnE EYEEEE E A 8 > PESCEDRE S b IEEE » H
7K EF 20°C 5 H 2f#7K B 10°C  #75E(B) -

From H=mxSxAT, we can learn that when the mass and specific heat of a material are stable,
the heat changes and temperature changes are proportional. Ha makes the water rise by 20°C,

and Hp makes the water rise by 10°C. The answer is (B).
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Teacher:

Student:

Teacher:

Student:

Teacher:

ZH
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ZHh
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In this question, the loss of heat and evaporation of water are not considered. And it
is known that the water is heated from the beginning to the end. What formula will
be used for this question, please?

H=mxSxAT.

Correct. This question tells us that the mass and specific heat remain stable and the
only thing changes is the temperature changes. So, what is the relationship between
temperature changes and heat?

They are proportional.

That’s right.

i H A S REUKHEE R ZE S & - FAM ] DU RE H 2 E — MoK e B
BERE > FHAR » EEGEAR AT ?

H=mxSxAT -

1EHE - FTLAEEREE AR > EEALEEAEE - MO SRS © Frll o JhE
BRIRER NG TR (% 7

o AR N IEEE |

EHT -

BPpRABEFRETRIY FRP BFR[TF
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5-4 #EVEES

Heat Transfer

FEGEREEIEOR - WrTseA =HEF T > Ba - FE - B - SRS -

BEF thiE BF thiE
heat transfer I vacuum H7E
heat conduction, thermal conduction | 2% air 758,
heat convection, thermal convection | EAtE liquid RS
heat radiation, thermal radiation 5% gas ey
metal FHILACE: | solid i
wood HZ medium =1
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[ (1] in three ways: , , and . }

fil5) : Heat can transfer in three ways: conduction, convection, and radiation.

B TR ERE T A (HE - E R -

[ 2] can only in by . }

fi4] : Heat can only transmit in vacuum by thermal radiation.

HLZE o I RE I AR R

[ © In general, more easily than : }

4] © In general, metals conduct heat more easily than non-metals.

—RIM S > EELEIERE a5 EE

o BEEE »

FEEERE AR ITR - BAEEEII MR
After studying this section, students should be able to know that:
— TR o TEEER AR E B -
To know what heat transfer is and its examples in our daily life.
- EIREBES AR E BRI

Comprehend the unique nature of thermal radiation without media.
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w BIREERE o8
BllE—

st ¢ SRR R o BAEEH -

Understand heat transfer and application in daily life.

(BL ) Ming is replicating a scientific experiment called “tea bag lantern” from the Internet,

and the steps are as shown in Picture 24. The experiment is undertaken in a windless
environment. The ash of the burnt tea bag floats in the air like a mini lantern at the end
of the experiment. Ming thinks that the cause of this phenomenon is probably related
to heat convection. When the air above the tea bag becomes hotter and goes upwards,
the cool air comes after, and heat convention is formed. Therefore, the light ash of the

tea bag floats in the air because of the flow of the air.

% ) EA

LS B R e AFLLH &rLJ‘_l’ﬁ; RS X
1§ A8 o 6 R wum' LA LK Re a‘)wﬁvﬁr’utP
£ ioF m-.rﬁﬁ-rff.k;tfa
B(=+m)

(72 % ¢ } =3-cut off the top off the tea bag/ & B ... I} -open the tea bag and
remove the tea/ 3%... % & -make the tea bag a column standing on a table/ #...%*
& -light fire on the top of the tea bag, it burns from the top/ % # ...% ¥ -the burnt
tea bag floats into the air)

When the experiment is done, Ming wants to study this phenomenon, so she makes a
datasheet (as shown in Table 11).

#(+-)
Pe— a FARART B
RE |B—Rk|B=-k|(B=%| 3
Rag:__ 12.0 cm
BRI 10.0 cm
AREA:___  80em
6.0 cm
4.0cm

(B HR:7PaR * &L - -Table 11/ § % p #F -date/ # :F -temperature/ % & -
humidity/ ~ # /& 4 -atmosphere/ % & & /& -length of the tea bag/ * ‘& & ~ & {7
% & -the highest height of the flying ash/ % — =t -first time/ % = =X -second time/
% = =t -third time/ T #5-average)
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(=)

According to this story, if Ming wants to give another example which shares the same
principle after explaining the reason of the “tea bag lantern” experiment, which of the
following option is the most appropriate?

(A) Sun transmits heat to Earth.

(B) Air conditioners are installed at higher places in a room.

(C) Gas tanks or oil storage tanks are painted in light color.

(D) Pan holders are often made with woods or plastics.

AbE FAIRGLE - MZES0~51E

B NHERERELE TReEXE ) SENSEER - EARNEC )R - i EREN

RIRETER  SERETIRE  ROREENXKEEALQZF - WE—E/NKE - /)

@me%ﬁtfﬁ%ﬁ’]mlﬂﬁ;ﬁ,@ﬁﬂ%MLEEE RELAWZER ZRMEMm LA - BENSZE
ERmMERRER - REKEEAESREM xiﬂmﬂﬁﬁmﬁb%ﬁﬁqﬂ °

& 3 ﬁ7/ m//_m // 7 e )

&Lk S A FOLLH w»am% KM%
ﬂﬁiﬁmﬁ’\ Hiﬂkﬂ.ﬁ"é?xﬁ PR HREEOEP
#®1Eh dLI:rﬁ'FME"r‘.
Bl(=+m)
BEY "RXBXE  BBEE—SHNARE st T —REBRLHEER  OR(H)FIR -
x(+-)
i xe RARARAT 4 B
®RE [B—%k|B_%k|B=%| ¥
Rm:_ 12.0 cm
BRI 10.0 cm
AREA: 8.0 cm
6.0 cm
4.0 cm

FRIBEASL > 5/ NGUE ] [F) 5 ”\EH "RERIE ) RTE - AR (LR A
[FEEIBET - RIS A

(A)Kﬁ%ﬂﬁmﬁb{iﬁﬁﬁﬁi@k

(B)Z R B HESRE -

(C) FLHT (it R B R Rl

(D)t T HIE T4 (5 RSB R E -

(110 FE &= 51)
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#ZFH Solution :

REREFEHEHEERER - ARG EEPGER EEHE - NAEETEE
HABGERN n DIEEZE THEIREEE § (B)A2 RTINS 225, If'f?&%um@ﬂﬁﬁzﬁﬂﬁ

o] NRE - AL RS FREE R  (OPRSRRGEE - 1 DURNEESSEEY ] - ﬂﬁ

IR AR HEE 5 (D)/REHEEE IR AVE E R RATATRE - o] DIA SR 88 T A &

BOGIR o UEE(B) -

The tea bag lantern is an application of heat convection. The principle of option (A) is heat

radiation. Sun transmits heat to Earth through heat radiation due to vacuum. Heat can only be

transmitted through heat radiation in vacuum. In option (B), the cool air comes from an air

conditioner moves downwards because of heat convection. That’s why air conditioners are

installed at higher places in a room. Option (C) suggests that objects are painted in light color.

Light colors cause objects absorb less heat dur to minor heat radiation. The woods and plastics

mentioned in option (D) are the materials that conduct heat less effectively and can block heat

conduction to a pan holder. As a result, the answer is (B).

Teacher: The key point of this section is heat transfer and examples of it.

Teacher: Quick review, what are the three kinds of heat transfer?

Student: Conduction, convection, and radiation.

Teacher: Good. What kind of transfer does not require any medium?

Student: It’s radiation.

Teacher: Right. Which process of these options can exist in vacuum without medium?

Student: (A) Sun transmits heat to Earth.

Teacher: So, we know that Sun transfer heat through heat radiation. Does color affect the rate
of transfer of radiation?

Student: Yes. The darker the color is, the faster the radiation transfers.

Teacher: Option (C) considers the relationship between the speed of radiation and color.
Painting the oil tank into a light color prevents it from absorbing too much heat and
rising temperature.

Teacher: How to distinguish convection and conduction? Both of them require a medium, but
what is the difference between them?

Student: The flow of the medium is a must for convection to transfer heat. But for conduction,
the medium only transfer heat, the medium does not move.

Teacher: So, the medium of convection must be liquid or gas. Which option might be about

convection?
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Student: (B) Air conditioners are installed at higher places in a room. The fact that cool air
flows downwards due to low temperature is to make heat convection. By doing so,
the indoor temperature could maintain uniform, preventing cool air from staying
beneath and warm air staying above.

Teacher: Finally, (D). Using woods or plastics as pan holders can prevent us from contact
burns. Which kind of heat transfer is this related to?

Student: Conduction. Comparing with metals, woods and plastics conduct heat less
effectively. It’s about heat conduction.

Teacher: Good. Solid materials can only transfer heat in the form of conduction and cannot

cause heat convection.

ERN . A/NEIAVE RS TR ERE - B ATEREAER -

E . BfMeEE—T > BEVEREA =7 ?

B g HIR - R

N REF o ATE—TE I AV EMERE - AR E 7

B EEh -

EED 98 NUEEE RHVEETH - U—TEMEIREE - J9AENE - hilEBEEREE
7E 7

B (AKRIGHIEMEEEK -

RN PR 0 RIS LEST T = UEAE - RS A RS - IR B ARYE ?

B4 AR BGOSR o SRS R -

EEN O FTRL > BEE(C)ES ERRA RS BB C AR % - SRR E - A DUR R ICR
ZLANFNEESTER - TR o iEREks -

TR B ERBEE > A& SVE?E R RS E (B A RE 7

B 0 SRS E RS > AMHIEEUREY o BEER A EERE 0 MEARE) -

EEN O PTRL BERAY Y E VAR RS ECRAS T R UES - Wl—EETH T RE LU A RAVE 7

B4 B)RRABELFEREE  RER .%ﬁ/ﬁﬁ?f& R T EEAE BE R R

Pilling

(E=PORESS M - DIk ZER— B NE » BVER—EAFELE  #RkZ -
A ﬁ’iJ?(Wfﬁ?i‘E#L%ﬁEﬁjﬁﬂﬁk’ﬁu\zﬁﬁ% 215 R —HEE
e ?

Bk (W TAER A AESOERE  LHESE - AT A o
FEBF  BEVOE -
Sl IFRT - ERE DA BRSO R AR SRR -
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Understand the nature that heat radiation does not require any medium to transfer.

(37 ) Please answer the question after reading the following article.
Solar power is a kind of renewable resource. One of the ways that solar power
generation is using the parabolic collector shown in Diagram 1 to collect the energy.
The reflector makes sunlight to converge on the receiver. By heating the substance that
passes through inside the receiver, electric power can be generated.
Diagram 2 shows the inner part of the receiver. It is a stainless-steel tube on the inside
and the outside is a glass shield. Between the stainless-steel and the glass shield is in

a vacuum. The vacuum prevents the tube from oxidizing and losing heat effectively.

NH AR L,
Lo\

B

FEME RAZE WBIR

E(=t+2%) B (=7
(B4 PR 3|5 Bl-sectional view/ ¥4z B-receiver/ & & % -reflector/
» gk S -incident light/ 7 484k ¢ -stainless-steel tube/ E 7 -vacuum/ 33§ ¢

# -glass shield)

Which of the following option describes the underlined part of this article?
(A) Conduction and convection

(B) Convection and radiation

(C) Conduction and radiation

(D) Conduction, convection, and radiation
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(F32) FERRE MY - [BIE R
Kbgeee—EARIE » Hh—RECRMRE s 7 U FAE ()RR
?M%EE?W&Z%%%H&Z%KBE RE ° BT AR 85 m] (E KB & R e
BUR A RE S N B E ZEFIRFEAT HY - B (17N R R lies A Ei g
HREE ﬁmﬁﬁ%é{ﬁxﬁﬁﬁlﬂ% » SNEEIFE SN > BEEI MR EA A g E
Z MR EZEE Y - BZEEY AT A SR D EVE IR B B AL -
NE A8 L2

REME AZE WK

Bl(=+)

BRI S E A R AR TR RIS YIRS = A 7
AYEE - i
(B)EFA ~ HEH
(OfFE -~ 5854
(D) ~ $HT ~ HiEsH
(108 FEE &% 48)

#ZFH Solution :

BRSNS M E AR AEIREN - Hehh E 22 v DG IR BV SR EER AR - (EA G B
BEST o WUEE(A) o
Thermal radiation does not require any medium to transfer heat, so vacuuming prevents heat

conduction and convection from happening and does not affect heat radiation. the answer is (A)

Teacher: In a vacuum, there is no medium to transfer heat. So, in what way can heat be
transferred? Conduction, convection, or radiation?

Student: Radiation it is.

Teacher: Yes. So, to decrease the loss of heat, vacuuming is the way adopted. Vacuum
prevents heat convection and conduction from happening but not the transfer of heat

radiation.
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ERN AEREZET GV VHIEERERVE - BB BB 7 1L EE - 2.8
it~ 3.HEES

B4 gEgT -

ERN : 2HY > NILEEMRRE - DU D BB FIRRIRK - MRz - n] DUEEEN
B EMEE > (HARETE B R A EE -

plE=

s ¢ T RRLEENE AR — R R ER BN G 2R HEER - 4 IR - B E
EE AR ORE---FMiE o FRRESHLEEEEN IR - @RS B

72 o

Understand that specific heat is one nature of materials and its meaning. Specific heat

cannot be changed by other variables, such as shape, color, mass, heat, temperature etc.

Also, organize the concepts of specific heat and heat radiation and distinguish the

differences of the phenomenon.

(JL3 ) A and B are two metal balls have the same temperature, material, and volume. A is
painted into white and B into black. Both of the two are hung up in the air with thin
strings and left under sunlight for 20 minutes. Later, B is 3°C higher than A. which of
the following statement is the main cause of this result?

(A) White color can increases the specific heat of the metal ball.
(B) Black color can increases the specific heat of the metal ball.
(C) White ball is more likely to absorb radiant heat.

(D) Black ball is more likely to absorb radiant heat.

(F30) HORSE ~ ME KESHEMHEENE ~ 2SR FHEKERE - ZEKERRE
FHRFFIER DS PR R i ZE T TUEAERE IR > 20 Sy M E W 20 &
SR ZEREERERS 3°C » MR s A £ FIA ?
(A)H Bl N B ERAYEL 2L
(B) R I s B BRAVELEN -
(O) 8 T2 B BRI 2 B SR A 24
(D) Rt 5 B BRI 5 R A

(105 FFEEF &% 4)
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#ZFH Solution :
EEEL R AR — TR - R EZEYMER RIS - N 2RI EAEE - RARA

BHEAE

> BEEEVHTE] > (A) ~ B)INE - BARFEE A EIZMES S-OHVELS - BRER S TIL

BREEN > HUEE(D) -

Specific heat is a characteristics of materials and cannot be altered by external factors. A and B

have the same material but different surface colors, so they have the same specific heat. Take (A)

and (B) away. And from the idea of heat radiation (5-4), we know that black color is more likely

to absorb radiant heat. The answer, therefore, is (D).

sk

i -

sk
4
4
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Student:

Teacher:

Student:

Teacher:

Teacher:

Student:

Teacher:

Teacher:

Why are (A) and (B) wrong?

Specific heat is a characteristics of materials. The same material has the same
specific heat and it is not influenced by external factors like shape, color, mass,
heat, temperature, and so on.

Still don’t understand well.

For example, the specific heat of water must be 1(cal/g°C). If it is not, it can’t be
water.

A and B are made of the same material, so they must have the same specific heat.
No matter the metal balls are painted into black, white, or any other colors, the
specific heat of this metal material remains still.

I see.

As for black and white, they have different rate of absorbing radiant heat. Black
absorbs the heat of sunlight but doesn’t reflect it, so black absorbs radiant heat the
most possibly. In contrast, white reflects every colored light, so white absorbs
radiant heat the least possibly. As a result, the temperature of the black ball gets
higher faster than the white ball under the sunlight.

The principles of specific heat and heat radiant are related to the temperature

changes of an object, but the reasons and results are quite different.

(A) ~ (B) FyftrEEst ?

EEER AR —RERF I > A EATRIHIEERVEIE - A2 EIMERRM S -
WK ~ BE - BE - B RfE. e

BIEAK TR -

A7KEIEEE—ETE 1(cal/g®C) » FEATE 1(cal/g°C) » A—EAZK °

FTLARR ZER > [N R e M EIAFE - B DAEESRAAEIE] A St e Ek 2B pe R
0~ HEOSHEAMBAE > @A B AR -
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BUE TR

EHR R EB EE] - SRR B R - BEgRARL
BE BRI R 5 - SR G SRS 2 T RIg RS & 6k » B
ER BRI EST S - BRIL - AT IEE T (BRI B

% -
ST R ELBEE R - AR B R (AT - (AT B

SR > EAAENE]
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Force and Pressure

BT A LATE RS & RIEE - R

RES N ETIIESE SO - DU BT T - Bo & AR 0E T VB S2 » AER I IR R S8OR: ©
B > e BT E & DRV NETG > TS IA T 2SR E
H -
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6-1 YAV (EIE
Force and Balance

FRIZTIHIMERIZCIR > w] o3 R B 0 AIREEE TR - AETERTIVESE - DIRHEAR/NY
FA e WEBRESEE IR NETE

BF thiE B¥ thE

contact force S D) weight hER
force at a distance FEEE ] force balance T3y
gravity BT resultant force =vj|
kilogram weight NITE magnitude KN
gram weight NILE direction 77 1H]
deformation i point of application | 7EFHEL
spring T
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L ©® We can divide the into and according to . }

fil5] : We can divide the force into contact force and force at a distance according to whether

the source of applying force is in contact with the object or not.

AT AT AR e AR A BRI - 00 o Ryl ) Sita e g -

{ 0 If , it means . }

4] - If an object changes its shape or state of motion, it means that there is a force.

VIR S L INSGESRRR BRI S - (IRAR

{ ©® Within , the , the will . }

4] : Within a certain limit, the more weights are hung, the longer the spring will stretch.

FE—EREN - # EEBBERS BRI HREEEE -

{ ® When an object with mass , it will . }

f714) : When an object with mass is on the Earth, it will be exerted by a force directed towards
the center of the Earth.
BHEENYRAERIK > g2EfEEt0IrER T -
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After studying this section, students should be able to know that:
—~ THEJIRVHIE T -
Understand how force is measured.
=~ BREOR (s R AIE DAY AL -

Learn how to use a spring balance to measure the magnitudes of forces.

o BIEERE s
5l RE—
REe - EHE 2 HE -

Understand how force is measured.

(FL3Z) A, B, and C are three same springs hanging on a horizontal stick. There is nothing on
A;a W ,-gram weight hanging on B; and two weights which are W, grams and W, grams
on C. The diagram shows the lengths of the three springs when it strikes static balance.
Let’s assume that the mass of the springs is small enough to be ignored, and B and C

can recover without weights. According to the information, what is W.:W.?
(A)1:2 B)2:1 (C)2:3 (D)3:2

(#30) - 2 - W= AR g é’ 7
KTHE L > PSS, 2RSS E = §
BB R R Wi ATIEIEAES o RS E 2cm &

B Wi AT R Wa AT EAEERS LT Bw, o
1 =51 RIERIGAEEFTT - B0 &y/
2

RS B/ NEIEAET - HL - WS
EHU M EENS % - TIRIERE > B EZCERRHE W Wa B B T 3Ifer 3 2
(A)1:2 (B)2:1 (C2:3 [D)3:2

(108 FEEF1E5 8)
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#ZFH Solution :
TR ve e - SRR Z SN B R ERIELE » FTPA Wi W2 = 211 © #E(B) »
According to Hooke’s law, the force that a spring receives and the distance it extends are

proportional, so W1:W> =2:1. The answer is (B).

Teacher: How long does a spring extend when there is a Wi-gram weight hanging on it?

Student: Two centimeters.

Teacher: That’s right. What if a W»-gram weight is added?

Student: It extends 1 more centimeter.

Teacher: Exactly. The key for solving this question is Hooke’s law. According to Hooke’s law,
how are the force that a spring receives and its extension related?

Student: The force and the distance of extension are proportional.

Teacher: Right. And now we can get the answer. Wi-gram weight makes a spring extend by
2cm, and W2-gram weight makes a spring extend by 1cm.

Teacher: So, what is W1:W3?

Student: It’s 2:1.

Teacher: Great. So, (B) is the correct answer.

CRN . AIECEE TN REE R WAV - EERRE T/ DIE ?

BA T 2cm-e

EHN R8s | AVERE EEE R W VA RTE 7

B4 BHE lom -

ZHN B S AR R T e R - S R U R S A AN I R E
A (HTERAHRIE ?

B4 SEERTZAMNIE R REIELL -

N 28R A DAL A DU AR T HcE L EE R W IVEES R E Ry 2cm (i
FEER W ISR S lom -

SRR C FTLA Wi s Wa SR EEDE 2

B 2:1-

N ARG R EREB) B S X -
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Understand how to use a spring balance through “force equilibrium.”

(L) As shown in the diagram, an 100gw horizontal force is applied at each of the ends of
spring balance A in opposite directions, and spring balance A remains static balance.
The reading is X.. Spring balance B is hanging under a holder. When an 100gw force
is applied downwards vertically, spring balance B remains static balance. The reading
is X.. If the spring balances are light and negligible, and they do not exceed the elastic

limits during the experiment, how many are X, and X.,?

[ pp—

100 gw ¥ 100 gw
s =10

K &
B (=+7)

E(=++t)
(M#%HR#FR " -A/ ¢-B/ kT L 5 -horizontal tabletop/ B (= -+ = )-
Diagram 26/ [B](= -+ - )-Diagram 27)

(A)X.=0,X:=100 gw (B)X.=100 gw, X, =0
(O)X.=100 gw, X, =100 gw (D)X, =200 gw, X, =100 gw

(F32) A NE R > ST R m ER AT A~ K/NELRy 100gw HYZKSETT
SEEETT ORI L P HLIRRS » SR X w o AIZEE PR » SRR L E SR
o BEBELASGER T ~ KR/NRy 100gw BY)T > 5EEEFELORFFAF I F-HHIRAS - 38
BRy X 2o G PP EEREE A DR - Hiadfe i s rP R s R
0 Bl X e~ X2 fERZ/D?

100 gw il 100 gw

.
7K - 5 @
Bl (=1 %)
B (=+-t)
(A)X = =0>X2z =100 gw B)X s =100gw > X~ =0
OX = =100gw > Xz =100 gw D)X s =200gw > X2 =100 g

(109 FEEIFE5 38)
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#ZFH Solution :

FRISTREE T 2 PHRIRGE - RIS =0 > NI - SSEFPRIIm AT Z AV ST AR MES: - HE
AR BUHE R IEE TRV « U X +=100gw » X 2=100gw ° #{#E(C) -

The resultant force is 0 because the spring balances are static balance. From this, we know that
the forces at both ends of a spring balance are the same, and the readings represent the force.

Therefore, Xa = 100 gw, Xz = 100 gw. The answer is (C).

Teacher: From this question, how do the spring balances change?

Student: They are static balance.

Teacher: Yes. What is the resultant force of the spring balances?

Student: The resultant force is 0.

Teacher: Good. So, the forces at both ends should be equivalent.

Teacher: What do you see from Diagram 267

Student: Each of the left and right ends is applied 100gw force, and the forces are opposite.

Teacher: That’s right. The forces applied at both sides are against each other, and “the reading
= elastic force= force = 100.”

Teacher: What do you see from Diagram 27, then?

Student: There is an 100gw force applied downwards at the bottom of the spring balance.

Teacher: Yes. But be aware of that the top of the spring balance is also applied 100gw force
upwards. This force comes from the holder and makes the resultant force zero.
That’s why it remains static balance.

Student: We get it.

Teacher: Now we know that both ends of the spring balances in these two diagrams are
applied with 100gw force. Do you know what the reading of a spring balance
depends on?

Student: It depends on how big of the forces applied at the two ends.

Teacher: Exactly. And we get that X, = 100gw, X. = 100gw. (C) is the correct answer.

Student: Sir, but aren’t the spring balances affected by gravity?

Teacher: Sure, it is. But the question says that the spring balances are light enough to be
neglected. This means that gravity doesn’t count.

Student: I see. Thank you, sir.
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Ehh . BHEARFIERT - SRR B S (T TEE ?

B4 AR IE

EHEN . BHY 0 FTDUESERNAYE ) o EZAAIUE ?

B4 &11=0-

TN RS > PRLUSEERERTEFT 2SN - TEZ A -

EH BRI AT BEIE?

B IR GRS SR T 100gw BT > BRI SIAI1E 5 EAEH -

ERN 28 0 BEEE o AW I O ARS LS o i [9E S SRR =Tt b 7=100gw] -

ZE  RFHEE(C AR T HEE ?

B 0 BESRRE N 72 E— 100gw FTERI AT

EE B (HREEEEENN BT ERSZE] T 100gw BITER A E o S {E TR
B0 (R ENAE I RE » A RElREEF IIREE -

B 4Py IRTTRE T -

Ehh 0 P RATRFIAIE T SR E P AR EE R R > #2 E 100gw FITER T 0 ARIEEA SR
S ZE SR EE AN S ST 2

BRfp o SESERREHVREE R R e T 2 89 TR RN o

TR 455 B X +=100gw > X 2=100gw > BEIE(C) By FHEEZ |

B4 AL AR EE NN R g2 B E S 2

RN ERGE  (HEH RIS E SR LUZE » E (R R M g g
EREATZNEE ST -

B JRARASE - AT
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Frictional Force

PSS IFAE R I s Ry Rl - AT REPH YGRS - TR I ZR YRGB - (RIGYIHG
SRR R S ELEEh - m] DAy R R ) BB ST o AEE 4 B
TRNINZE > DR A S SRR S IAH BRI RE A

B thiE BT thE
contact surface PEfgH foam ok
abrasive paper b4k desk mat HE
static friction force FREEES) chain PRI
kinetic friction force | BEEET] wheel iy -
block wood AR lubricating oil SV
glass plate BRI
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©® Whena , making .

#74] : When a person walks, the foot exerts a force backward to the floor, and resulting a forward

frictional force exerted by the floor, making the person move forward.

NGERRHE - RlFIR ST ST » SEFSHAZ 28t i (20 RS2 - NI 8 A TR RiTAE -

® When , friction is generated between and the

f715) : When a car is accelerating, friction is generated between the rotating wheels and the

ground.
PRELAENOZRRS - @y Bt 2 R - S AR -

® Whena is working, will

f74) : When a machine is working, the existence of friction will reduce the efficiency of the

machine's operation.

EIFAE RIS - BEBCHIEE - GRS -

o BEEHE »

FEEETARITR  BAEEELITER
After studying this section, students should be able to know that:
— TRREEE SRR E TR -
Know how frictional force is calculated.
T TS BT/ NIIRE

Understand the factors that affect the magnitude of kinetic frictional force.

i
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Understand Newton’s second law of motivation and Hooke’s law applied on the

phenomenon of elastic force and frictional force.

(L3 ) As shown in Diagram 1, a 600gw block metal is hanging on a 10cm spring, and the

full length of the spring when it strikes static balance is 15 cm. In Diagram 2, the spring
and block metal are put in a horizontal tabletop. One end of the spring is connected to
the wall, and the other end is connected to the bock metal. A 600gw force is applied to
the block metal leftwards. When it strikes static balance, the full length of the spring
is 14 cm. It is known that the spring recovers to the original length after the experiment.
Without considering the effects of the mass of the spring, what are the magnitude and

direction of the frictional force that the block metal receives?

(Bl % ¥ E:#5R ¢ X =¥ -ceiling/ k- & w -horizontal tabletop/ % £&-wall)

RIEAR
15¢m ’ lem |
600gw .
TS | E
600gw (Bl—) ()
(A)40gw, leftwards
(B)40 gw, rightwards
(C)120gw, leftwards
(D)120 gw, rightwards
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WlE (—) s R RA 10 em HY5EE [ - i (EEE 5 600 gw HYEE
B PR R 2R R 1S em - Q[ (Z) AR SO RSB E
PR AL GG — I ERETEREE > o0 —Um i PR B PR - ¥ @I T —(E RN
F5 600 gw > JKSPRIZEAVALS] - FFIEVHFHE 2R R 14 om - EAIEE/EER
REEKERE - SRIHEEE BV - QLS FTZ 2 B TIHA/ N
KA > R TR ?

RIEAR
Joem 14cm
600gw ’ | -
KTEE |g
600gw (Bl—) ()
(A) 40 gw - Jj[H][E]/E
(B) 40 gw > J A
(C) 120 gw » Jj[A][A] /2
(D) 120 gw > JFIEEA
(106 FRHF &5 41)

fiZ3E Solution :
600/(15—10) =X/(14-10) ->X =480(gw) * &JEIRAE) > Iz ETIEE - 600=480+f— f=

120(gw)
600/(15-1

[ o (D) -
0) = X/(14-10) — X =480 (gw). The motionless block metal means the resultant force

is zero. 600 =480 + f— =120 (gw) (rightwards). The answer is (D).

Teacher

140

Student:
Teacher:
Student:

Teacher:

: Do you know why the spring receives the same pull in Diagram 1 and 2 but they
extend by different distances?

Because there is a frictional force in Diagram 2.

Yes. How do you know the magnitude of the frictional force?

Use Hooke’s law?

Yes. You can get the resultant force through the fact that the force and the distance
of extension are proportional. Later, you just need to use it to minus the pull. The
result is a negative number. Take the absolute value, and you will get the magnitude

of the frictional force.
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Teacher: The equation is 600/(15-10) = X/(14-10) — X =480 (gw). 600 =480 + f — f= 120
(gw).

Student: Understood. What about the direction?

Teacher: The shorter distance it extends in Diagram 2 means the elastic force the spring
receives is smaller than in Diagram 1. So, the frictional force is rightwards and

offsets partial pull, and the elastic force gets smaller.

Hhl  [FEIERAMEE B (E—)AI(E ) - BERIHEAZ TAEEERL (B R E
— g ?

gk R R(E ) B AR - l4cm
600gw | |

FE ek

gt KRB

ERl 8 o AR EE R R R I AN 2

B SRR v E S ?

N 02 HERTZAN B R ERIELL ] USSR 2SS 2R S
JRESREFTZ IR T  BEETIREHEFT 2 IR A - BUEHE
IR BRI AN |

14cm
= 600gw | |
_ 00 %
A
15cm
i .
6OOgW &4 =g B ATE nE A4

HET 0 BT R 600/(15—10) =X/(14-10) —X =480(gw)* 600 =480 + f— f=120(gw) *

B JFARAE > IR ST T [AIE ?

THD . RABE R REERY » FoREERTZHE I EEE —/ » BRG]
B T ERSTHISNTT o [ T TR )N o

141 B B ASEEFRETRLY PR FEERT F



) KT FRT A ERERT oo P EEREFT Y

BIE_

st A NN B T TP o LR R AR R 2 R
Compare the magnitudes of kinetic friction force and static friction force through the

“kinetic friction formula” and “force equilibrium.”

(ZE3Z7 ) There are four ways of applying forces at the static block wood on a horizontal
tabletop shown in the diagrams. Each of the arrows is 1kgw force, and a block wood
is 3kgw. The block wood in Diagram B isn’t moved by the force, but in the other
diagrams, the block woods move horizontally. In these four diagrams, the block
woods receive different magnitudes of frictional forces, they are fa, fs, fc, and fp,

respectively. which of the following options best describes their relationship?

L & A T
A)fa>fo>fc>1s (B)fa>fc>1fp>1p
(Ofp>fs>fa>1c (D)fp>fa>f>fc

(P30 KPR E—{E I ARF LA EIHIASE » 53 RIS ZUhE T > 2R - 251
P A RTIRHIAREL R Tkgw BT > RBEEE Fy 3kgw « JEi/J1% - ZIEIRYARBE
A HEZMEIER T ARSI RES) - fEElUE B o R
BRATZ BRI IR/NATE » o3l Es e~ £2 - For > £ AN SIBEA & i

2
L & A E§
A)fe>fr>fa>f2 B) fa>tu>fr>f-

O fr>fo>fe>1fx D) tr>fu>fo>1n

(96-2 LB AT 43)
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#ZFH Solution :

OB INNE - B8 (DREEAIME - FIQ)YIRSHVE R B MERF I ZM (IE
77 Ftll > YIRSFrZIER IR RIEEETIATR - B SRR 27K T AT - 3%
BEE T B 0 I ARBRPATZ A HYIE R E RTINS > T > 7 SRR/ NG > T >
N> e

The factors influence kinetic friction force include: (1) the nature of the contact surface and (2)
the sum of the weight of an object and the force (normal force). When the object receives the
bigger normal force, the bigger the frictional force is. In Diagram B, the block wood doesn’t
receive any horizontal force, so the frictional force is 0. The normal forces the block wood

receives from the table are A>D>C. Therefore, the magnitudes of the frictional forces are

A>D>C>B.

Teacher: Do you know what factors affect the magnitude of kinetic friction force?

Student: The normal force of the object and the nature of the contact surface.

Teacher: Yes. The normal force means the force that the object receives from the contact
surface, including the weight of the object and the vertical force.

Teacher: We can see the magnitudes of normal force that the block wood applies to the
tabletop are A>D>C, so the magnitudes of frictional force are A>D>C. What about
block wood B?

Student: Block wood B is motionless, which means static friction. Because there is no
horizontal force, the frictional force is zero.

Teacher: Good. So, we can get that the magnitudes of these frictional forces are A>D>C>B.

the answer is (A).

RN RRHEAWLNE - GREEEETIH AN ?

B4 T WG A B R A RS

ERN A H P RIE TR 2 B R R T Ba e EE - ILESNIHY
f!LE/\E’

EHN AR DB ARBRSE R AR IR NGH > T > 7 Fr DUBEZETIHY
RN >T >0 HEEZARERIE ?

B4 IARBRARERLE > FTLUERHEEE - IR ORZEVKHHET] > BTPUEETT R 0 -

ERN : RE o HSRPIRAERE TR NER > T >A> 4 BEEFEA) -
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6-3 EAH
Pressure

we I CEFREFL Y

FEE S 7RI IRIER] - WEESREE 2 BRTT ~ U ~ HeTR

ARARELEE(L - (BT AR ERAIRRE TN BT » A& 48 RIFE RSB )

EF thiE EF thiE
pressure 277 pascal G|
force 77 normal force NP2
symbol FFoR scalar i
perpendicular FEH Fluid Sk
per unit area (SAER AT bar &
distribute bagis] mercury 7K
scaling of unit B AR elevation TE
atmosphere KER Pascal's principle MR
standard atmospheric pressure | f24E K 5@ BX JJ(atm) | constant [ EHY
millimeter of mercury ZoRoRE(mmHg) temperature B
Torr (mmHg) o5 2Rk
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[ (1] is defined as , and it is . }

fil5) : Pressure is defined as force per unit area, and it is perpendicular to the surface of the stress.

BEArAEAT 2T /BT HERTIEZ JIHfEEE -

[ ® Press , proving that from to . }

fila) : Press a plastic water bottle can make the water spray, proving that when fluid flows

from high to low pressure, the speed would increase.

1R ER BRI L B8 TR (R BRI RO (R BRI/ NI AE - R R R -

{ ©® When , it is . }

4] : When we drink beverage with a straw, it is an application of atmospheric pressure.

ERFIARESER - ERE KRB HIER -

{ 4] is caused by . }

4] : The atmospheric pressure is caused by the weight of the air.
ZERAVEEIERNAREE ] -

{ ©® According to principle, we can . }

4] According to Pascal's principle, we can easily lift heavy objects.

FRIZIEHTRFE > FRMIBEEE S EEEY) -
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After studying this section, students should be able to know that:
—~ TREBRTIHVES -
Understand the definition of pressure.
T TRERTIAIER -

Understand the applications of pressure.

o BIEER o8
BlE—
SREH ¢ 45E T o REFIER RS B (IELE S ELR RS R RO ) o B AT RS
HBEZ BRSTRIN ©

Understand “force equilibrium” and the pressure of fluid statics (which is proportional to

the depth and density of the fluid) and infer the pressure on every point of the fluid statics.

(LX) There are two devices on a horizontal tabletop in one atmosphere (as shown in the

diagram). Point P and R are on the fluid surface inside the glass tubes, and point Q and
S are on the fluid surface in the container outside the glass tubes. Which two points
are in one atmosphere?

(] 7 P4 - #33 ¢ -glass tube/-k 4L-mercury/-k-water/-k T % & -horizontal
tabletop/®](-+ 1 )-Diagram 19)

(A)P,Q (BR,S (COP,R (D)Q,S
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(30 FE—RREREREE T B ER/KCFAEAYRISEAERTR © B P > R fiRL
IEEENAVRE > Q ~ S BN BEE E SN 25 YR - Hh Ui (EALHY
SRR Ry — RSRJBE 7

B+ )

(A)P,Q (BR,S (C)P,R (D)Q,S
(110 FR &= 37)

fiZ3E Solution :

PRI 2 RS 4R AR AL SR EmE T S B =0 - Q BE K S B RS 0 K
E BN - P USSR 2 BRTTEE Y Tatm o [G]1F o FRIFARG 2 BRI TRVIN - BEZRIEEL
TRERIELE > BTl P~ R BERERE L latm /N > RERESZERELE Q- S B/ - AT
Hl:1atm=76cm 7KERIT: » AL P &6 SABE=0 > [f] R BEFUEE>0 - {H/NAY latm > #EZE Fy(D)

BN
TR

air

The fluid in this diagram is static, so every point fulfills the condition “force equilibrium”: the
resultant force = 0. Point Q and S contact with the outside directly, so they are in one atmosphere.
Also, the pressure of fluid statics is proportional to the density as the depth changes. The
atmospheric pressure at point P and R is less than one atmosphere because the depth of the fluid
at point P and R is less than at point Q and S. It is known that 1 atm = 76 cm mercury column,
so the atmospheric pressure of point P is zero, and the atmospheric pressure of point R is not

zero just less than one atmosphere. The answer is (D).
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Teacher: If you drink beverages very often, you are supposed to be familiar with the principle
of this question.

Student: Why?

Teacher: When we drink with a straw, the air in the straw is the first to be drained, and the
drink raises into our mouth. Does anyone know why?

Student: Because of atmospheric pressure.

Teacher: That’s right. When the air in the straw is drained, there will be no pressure caused
by the weight of air. And the atmospheric pressure outside the straw squeezes the
drink. Thus, the drink goes towards where has less pressure. It is the same for this
question.

Student: Could you please elaborate, sir?

Teacher: If the atmospheric pressures inside and outside the tube are the same, there will be
no fluid to be squeezed and raises. The fact that the fluid at point P and R is higher
means that the atmospheric pressure at P and R is less than one atmosphere as the
outside is. Also, because 1 atm = 76 cm mercury column, the atmospheric pressure
of point P is 0. As for point R, because the pressure cause by 76 cm water column is
less than 76 cm mercury column, the pressure at point R is a bit smaller than 1 atm
but not 0. That’s why the answer for this question is (D).

Student: Understood.

ST B - AR BB ORI A R -

B R -

HHl BRI RSB AR OISR - R NI RIS - G0k B8 LT
ST > 75 AR By BRI 2

Bl KRS -

T Q8 ERENIIZE R - B RERIERIES] (RSN
SRESEREIOR) B8 > FORIBHAEEE 7/ NI TR - ISR -

s AU RIS ?

SR SRR RN SR — 5 IR B B AS W E_E T o LA BRZA P -
R FBH RS - #5 P - R IIEHOSEE - #VINASNFIZZ R Tatm - 17
latm=76cm ZK§RKE » FTLL P 86> SBR=0 » Z7) R B o FHRY 76 A5 KHE LAY
BE 1/ 76 2353 /KSRHE » FBA R B> SRR RHR/INY latm TiFESE » MOHEEE %
FEBED) -

B4 TR
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Understand the relationships among the pressure, area, and force of the fluid statics on

the basis of Pascal's principle.

(L) There are connecting tubes filled with water on a horizontal tabletop. The diameters
of them are from small to big as from the left to the right. Plugs A, B, and C put on
the nozzles of the tubes match with each tube, respectively. The plugs perfectly fit in
the tube wall and water surface and can freely slide. Let’s assume that the frictional
force between the plug and the wall is negligible. When the three plugs are static
balance, the water in the three tubes are at the same height as shown in the diagram.

Which of the following statement is true about the weights of the three plugs?

% i 23

Bl (+ )

B i EE 5 ¢ A2 -left /Hr-middle/ A-right/ FH-A/Z-B/F-C

(A) A=B=C
(B) B>A=C
(C) A>B>C
(D) C>B>A
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(H30) KPR L EEE A - B O ORRFERIRKEEE - SE=
BEOL  SEEEOOCMERENE - 2 - W=)5%8 - JEZEBERE - K%

EEa D ERE EHEES) - RRGLZEEE R RIAVEERT) - & —IhEE T
APy > —EARYKIEE & > AR > JIBEREZER - 2 ANEER
KNG > IR A 2

3 L =
B (+\)
AF=2=H
BZ>H=KH
OH>Z>H
DF>Z>H
(108 FEH % 39)
fiZ38 Solution :

&g Tier R Rfes et HESENAELE - BOHS - KESER=YE
= (NER=FZBIIAE - FARIRBRD=27/fR] > AIHES mRacRryHs - frZiVE
BEOR BRI - HUED)

l} . SEUERAEZ -
L i

According to Pascal's principle, pressures at the same height but different points in a fluid
container are equivalent. The diagram showing that the three plugs are at same height means that
they have the same pressure. And based on the formula [pressure = force/area], it can be inferred
that the larger the area is, the more weight it takes. By comparing the areas, we can know that

the answer is (D).
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Teacher: Do you guys understand Pascal's principle?

Student: Yes, but could you please explain it to us again?

Teacher: Are you aware of that the three plugs are at the same height above water? What does
this mean?

Student: They cause the same pressure to water.

Teacher: Exactly. If the pressures are the same, does the larger contact area mean the bigger
or smaller force?

Student: It means the bigger force.

Teacher: Sure. So, which plug is the heaviest?

Student: C is the heaviest.

Teacher: Correct. The answer is (D).

EHl  RFATLHEE TR R 2

B4 /o HERIAA A ERE X

LRl T RFAAERHE (AR SRR F S 2 SRR ?

B 0 ZYIRPKISERUE R — 1% -

ERN %8 AFRBRTIRHE - AR EREOR - SRR TR ISR NTE ?
S SR V) LT

D OEE 0 A (EEER A ?

B4 AREEHEAK -

Rl IR RIEEZED) -
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Buoyancy

TR IFRE R - B E R IR - B RAERETE > FER T EEE D

JFH 7 e sl -

BF thiE EF thE
buoyancy =] driving force HEE) T
upward EESED] convection EAp
weight HE spontaneous SN
average SEg separation PaN:|
density T volume Hefs
submerge (f) & downward force ERPA;
sink L gravity EHJ]
float i displaced fluid HERE 2 RS
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L O Because is greater than , . }

fil4] : Because the pressure of the lower water is greater than that of the upper water regarding

an object, buoyancy is formed.

N R IRe 2 21 N /KA EE TR Bk > BUSEGE ST

L ® Through , we found that by . }

4] - Through experiments, we found that buoyancy is equal to the weight of the liquid

displaced by the object.
FHEE o MBI ERYRSHFIRIGE R -

P |

4] © Water and air are both fluids, so buoyant can exist in the air.

TKELZE R Rt ie - B2 mAL AR -

E O Does anyone ? }

f7l4) - Does anyone know why objects with density greater than water sink in water?

A ANRE R TR AKOREVIRG - &R /KENE 72

{ (5) is most famous for . }

4] © Archimedes is most famous for the discovery of buoyancy.

PR SR A Y > BRI IR
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After studying this section, students should be able to know that:
—~ TR
Understand the principle of buoyancy.
T THEEFTIRVIER
Understand the application of buoyancy.

o BIEERE s
5l RE—

s T ERYIRS K P EE TR @

Understand buoyancy of objects in water.

(L) Solid objects A and B are put into two same graduated cylinders filled with 200 ml
water, respectively. When the water is static balance, the readings of the graduated
cylinders and how the objects float are shown in the diagram. The two objects neither
absorb water nor react with water. It is known that the density of water is 1 g/cm?, what

can be inferred?

S00mL

(A) The mass of A is 50 g, and the mass of B is 80 g.
(B) The mass of A is 50 g, and the volume of B is 80 cm”.
(C) The volume of A is 50 cm?, and the volume of B is 80 cm?.

(D) The volume of A is 50 cm?, and the mass of B is 80 g.
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(30 MEEEERNERT > FEAREEK 200mL » S45H1EAF - ZWEE YRS
R PR - PIRGHYF D UBTP S E R RVEEBAE AR - 5 RPIEG S
IKEEAA LB E EARK EAVKATEE R 1 glom® FIAT SR T 5 IWRLE AR 2

(AFHVEE RS0 ZHVEER 80 g
(B)FAVEE S 50 g » ZHTRSHEFy 80 cm’

(C)FHYEEFE By 50 e’ > ZAVBEFE By 80 cm®
(D)EFHIRE R S0 em’® » ZHVEE R 80 g

(110 FEEH &% 40)
fiZ38 Solution :
FH RS TR A PERE R RS AR T AR IR = 250-200=50cm3 » {HRH)) (1R /KK @ iE BN ARTNT
71 BEANKIA 50g - MR BETE  FTACNEE=F =P REEE > FTlZvE

E=HEFH/K > B 8=280-200=80g -
ZIITRE > PR RSTE S KA 2 KESHE © 2881 >280-200=80cm’ - {7 5E(D) -

SR > Al R <R
B T

R RE =
EA
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The volume of A equals the volume of the displaced water: Volume A = 250-200 = 50 cm®.

However,

since A sinks at the bottom of water, the weight must be larger than the buoyancy,

which means its mass is over 50 g. And because B is a floating body, its weight = buoyancy =

the weight of displaced water. This is how we get that the mass of B = the weight of displaced

water = 280-200 = 80 g. because B is a floating body, its volume will be larger than the volume

of displaced water: the volume of B > 280-200 = 80 cm”>.

-
sk -

EH

B

EH

156

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Through this experiment, we find that the buoyancy equals the weight of the
displaced fluid, right?

Yes.

When the weight of an object is larger than its buoyancy, the object sinks to the
bottom. Vice versa, the object is partially out of water, and the weight of the object
decides how much it will be out of water. The lighter the object is, the less buoyancy
it needs to strike a balance, and the less the weight of displaced fluid will be. As a
result, there will be more volume that is out of water.

Sir, but in this question, object B neither completely sinks nor completely floats.
Good observation. This means that the buoyancy is quite close to the weight of the
object. By knowing that the buoyancy depends on the volume and density of the
displaced water, we can infer that the mass of B equals the mass of the displaced
water.

Now we get it. Thank you, sir.
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Infer the buoyancy of an object in water by “force equilibrium.”

(L3 ) Scuba diving is an activity that a diver carries a diving tank (a steel cylinder contains
compressed air) and dives underwater. The diver wears a vest that is inflatable and
deflatable. The volume of the vest as well as the buoyancy of the diver can be changed
by the tank inflating or deflating. By inflating the vest, the diver can spontaneously
float without paddling; and by deflating the vest, the diver can spontaneously sink in
water without paddling. If the vest is appropriately adjusted, the diver can stay at the
same depth without paddling. This technique of adjusting how much to inflate the
vest to maintain the diver at the same depth is called “neutral.” Scuba diving is an
activity that requires companions to attend so that they can look after each other.
Proper plans are needed to scuba dive, and records are also needed after scuba diving.
The diagram is the records showing the time duration and depth of scuba diving.
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The volume of a diver without equipment is Vp, the mass is Mp, and the density is Dp;
and the volume of the equipment is Vg and the mass is Mg; and the density of water is
Dw. From which of the following equation can keep a diver moving at 10 m underwater
with “neutral?”

(A)VpxDw=Mp

(B)(Vp+ VE)*xDp=Mp

(O)(Vp+ VE)xDw=Mb+ Mk

(D)VpxDw+ VexDp=Mp+ Mg
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(A)V xxD =M x
(B)(V A+ V #)xD =M i
OV A+V e£)xD =M A+M =z
D)V . xD s+ V XD x=M A+ M =
(109 FEEF &5 46)

#ZFH Solution :

TR ) BRI MR EIRERRE - SRR D D= ER] - TE I=HEBE KA ARG
TV o+ Vow) o SRLUB/KEE - HUEE(C) -
“Neutral state” keeps a diver at the same depth underwater and means [the buoyancy = total
weight] at the moment. And buoyancy = the total volume of displaced water (Vp+VEg) times the

density of water. The answer is (C).
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Teacher: 1 suggest that you read the article after reading the question.

Student: Okay.

Teacher: Why can a diver keep himself at the same depth?

Student: Because of static force equilibrium. The weight equals the buoyancy.

Teacher: Good. Then why does the vest floats on the water? Is it because it gets lighter?
Student: I think it’s because the total weight doesn’t change but the total volume of the vest
becomes larger, so more water is displaced, and the buoyancy gets bigger.

Teacher: Excellent. I’ll give you a thumb up.

Teacher: So, how do you calculate the buoyancy of the diver?

Student: The volume of displaced water times the density of water.

Teacher: Yes. The volume of displaced water equals [the volume of the diver and equipment],
so the buoyancy = (Vp+VE) xDw.

Teacher: Also, it’s “force equilibrium,” so [the buoyancy = total weight]: (Vp+VE) xDw =
Mbp+ME. The answer is (C).
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BSNEEER More to Explore

PBS LearingMedia
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https://www.pbslearningmedia.org/

MIT opencourseware

B4R B MIT BB (& R T R BB
it -

https://ocw.mit.edu/

Khan Academy

ATERRE > ARV R A YR A o

https://www.khanacademy.org/

Interactive Simulations, University of Colorado Boulder

g EpCEEE > bR T BRHMEAE -
https://phet.colorado.edu/

Collection of Physics Experiments, Charles University in

Prague

R EERGET NER - WHE S FEAR -
https://physicsexperiments.eu/en/physics
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PhysPort, PER

YA EWHRERE - 2 FEMHRE LR - mHEREREE
https://www.physport.org/assessments/

22
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https://pansci.asia/

ISLE Physics
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https://www.islephysics.net/
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