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Propagation of Wave
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linear density ey wave source R IR
longitudinal wave iR water wave 7KR?
mechanical wave JIEHs
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[ (1) so that . ]

4] © The phenomenon where media are disturbed, affecting each other and transmitting energy,

thus forming waves.

ENMERNZEES > FHEALEE > ENEIEER - sUPREH -

{ ® be classified into based on . }

47 : Waves are classified into transverse waves and longitudinal waves based on the

distinction between the direction of medium vibration and that of wave propagation.

RENK T ERE TR B TORAYITRETT A (& o R LR -

[ (3] is perpendicular to . ]

4 - When the direction of medium vibration is perpendicular to that of wave propagation is

called transverse wave.

TIVEIREN A ) EER TRETIEET R R -

[ (4] is parallel to . ]

#i4g : When the direction of medium vibration is parallel to that of wave propagation is called

longitudinal wave.

TIVEIREN A ) TR TIRETTHET R - R RHEN -

[ (5] pass from to . }

4] : When wave passes from one medium to another, its frequency does not change.

S — A S —E SRR G -
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[ ® the more the more . }

4 © The more the tension of the string is, the faster the wave velocity will be.
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At the end of learning the chapter, students are able to acquire the following concept:
— ~ TRNEE IR EEE - HENEASNEEIE -

To understand that waves involves the transmission of energy and momentum, but it does

NI

not transmit the medium itself.
T~ SRR AT o B BAREDRY 0 B BRER RGN, 0 W REER AR VE T BTN E
] o

To know that waves can be categorized as longitudinal and transverse waves, or

v

mechanical and electromagnetic waves. And can give examples of each category from
their daily life.
TRRE B Y EEA S VER o RN o (B EEAER SL -

Understanding that waves can travel from one medium to another without changing its

1]

frequency, but the wave speed will change.
TPl TR R B R T SR TE A R - MERERT SRR

Understanding that the wave speed of a rope is related to its tension and linear density,

=

and can calculate it numerically.
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To understand how media vibrate in transverse wave.

A periodic transverse wave travels in the horizontal direction on a thin rope, causing each point
on the rope to undergo simple harmonic motion. At a certain moment, the waveform of a segment
of the rope is shown in the diagram, where x and y represent the horizontal and vertical
coordinates of each point (referred to as particles) on the rope, respectively. It is known that at
this moment, the velocity of particle P is directed downward and its height is below the
equilibrium position. As the wave continues to propagate, when particle P reaches the lowest

point, which of the following statements is correct?

(A) y<0 for particle a (B) y=0 for particle a (C) y<O0 for particle b
(D) y=0 for particle b (E) Particle a reaches the highest point

— A4l b R KPS AT AR BN > DARRAE B B (FRERRIRE) - AR 2
h—ERHVRAEIFTR - x By 51 BURERME R (RRERL) H/K B AR
HArEWAE > EHILRER P EBRE TR ABERR T SRR E - B ES
1TH#E - BB P (D7 EBENS - YIS = e 7

(A) B a #Y y<0 (B) 'E&: a Ky y=0 (CYE®E b (Y y<0
(D) &% b Hy y=0 (E) E&: a FlERSH

}.(lcm ) y(cm)

3 ///\\ ] / "“\ K ~ X ~‘_>\\

5 / \.\3 b/ \\ / \ " b \‘\

0 - . - — - —— v r—— Y(m) 0 As Y
2 D v 7 v °l T .2 im)
1 2 3\ 4 5 6 7T B 9 1 :J’K\4 {f 6 7 8 o9
\

(108 5175 6)
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Teacher: This wave is transmitting, and particle P will reach the lowest point later.
How will particles a and b move?

Teacher: First, I want to ask if particles a and b will propagate along with the wave or just
vibrate nearby.

Student: Wave will transfer energy but not the medium, and this is a transverse wave.
Therefore, the medium will vibrate up and down, perpendicular to the direction of
wave propagation.

Teacher: That's correct. At this point, we can draw a wave shifting to the left or right that
matches the waveform in the diagram to determine the direction of wave
propagation. Since the problem states that particle P's velocity is downward, we can
see that drawing a wave to the left corresponds to the downward displacement of
particle P. This indicates that when the wave propagates to the left, particle P's
velocity is indeed downward.

Student: Got it! So when particle P reaches the lowest point with downward vibration, I can
draw a waveform moving about one meter to the left.

Student: Makes sense! Referring to the subsequent waveform, we can see that particle a
vibrates downward, indicating a vertical displacement y<0. Particle b, on the other
hand, will vibrate upward, indicating a vertical displacement y>0.

Teacher: Excellent reasoning! Therefore, for this problem, we choose option A.

EhN  EERAESE) HAF e E R PR PR (RS - A0/ VE a B b ErA0{TREEIIE 7

Rl ECIERER: a B b gl IR L BRI B RE -

B gEIEEE > HAGEENE  HE R > RIEMEg ETMRE > EE
NIRRT -

ERT %8R > EIRFEERTR PR ARG S - EELE EAHFEIRRE - KB A

HETTIE - SRR HEEES PR R T o A RZE AR o] DI EETE B P

[A] NV » FoRRAE/EHERT » BB P HVEEEA T -

B2 BEUEE | FTLAAISR SRR R PR M REVE R (AL > A DIE—(E A AR ghE —
RV -

B4 0 FEmEEEFHE ALY - AILIEHERS a [ MRE) - BIEE A% y<0 - E
B b g1t LikE) - BIEES y>0 -

EED - REAVHERL AT | TP MRS 2 (A -
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To understand the variables that affect the wave speed of ropes, and being able to

calculate its numerical value based on the corresponding formula.

John fixed one end of the rope to a tree and oscillated the other end vertically while applying a
horizontal tension of 200 Newton, disregarding any changes in the length of the rope.
The rope has a mass of 2.0 kilograms and a length of 4.0 meters. What is the wave speed of the

rope?

/INBERHAE A — I [E E SRR I W6 S5 B N IRE) - BT KSERLST 200 AR > A
BHSUMETREHVEIE - IR —EE 20 A7 » RE 40 AREVMET » KT R Ry (] ?

Teacher: Do you know what factors are related to the wave speed of a rope?

Student A: I remember that if the rope is pulled tighter and the tension is greater, the wave
speed of the rope will increase.

Teacher: That's correct. Are there any other factors?

Student A: I know! If the rope is lighter, the speed of wave propagation will be faster!
Student B: Wait, I think it's linear density. Isn’t mass the same as linear density?

Teacher: Great observation! Let me remind you that the weight of the rope and linear density
are not the same. Mass and density are different concepts. For example, metals and
cotton can have the same mass, but the density of metal is greater than that of
cotton. This illustrates that mass and density are different concepts!

Teacher: So, we need to calculate the linear density first, which is the amount of mass per
unit length. Remember to use meters for length and kilograms for mass units, so
that we could obtain the wave speed with the unit of m/s. Therefore, the linear
density is p=2.0/4.0=0.5 kg/m.

Student A: I understand! Finally, we can plug in the values into the formula for rope waves:

v = \/E » where the rope tension T=200 N and the linear mass density of the string

p=0.5 kg/m. Therefore, the wave speed is v = ’% =20 m/s.

3R AMBREERE TR FAPEERE
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Vibration and Sinusoidal Wave

SR EE AR RS20 - PARCIESZIR RN ReHISEIA] - B4 - R ~ AR ~ 4880 ~ JiRiliE ~ IR
% o WARRE ISR 2 R AR B 2 fe rh ey 3R AR A -

B¥F thEE BF thiE
amplitude g period FHHH
crest psdlEs simple harmonic motion | fEEE##HE)
displacement % sinusoidal wave TEZ Rz
equilibrium position ST E tension 57
frequency e trough SEAS
linear density of mass HEHEE wavelength e
pulse AT COR7)
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refer to . ]

Bilsy -

In a sinusoidal wave, the point with the maximum positive displacement refers to the crest,

and the point with the maximum negative displacement refers to the trough.

MISC0)52) 3 7 A - NI E 2% ) = A AN =UIVR 7 0 VR

the distance from to . ]

Bl -

The magnitude of the maximum displacement of medium is called amplitude, which is the

distance from the equilibrium point to the crest or that to the trough.

IVE i RO SRS R R - RSP SR e B0y 2 A e -

the distance between two . }

The distance between two adjacent crests or two adjacent troughs is called wavelength.

AR S 1R i AR S IR 2 P R - o Ry B =

thereby increasing }

By -

When tightening a guitar string, its tension is increased, thereby increasing the wave speed

along the string.

HIEREROIIR - W52 _EAYTRTT > FEIER S R R

greater result in larger . ]

BIey -

When swinging the end of a rope with greater force, it results in a larger amplitude and
transmits more energy with the wave, without increasing the wave speed.
FHHAET I B N ATTEOR - ISR IRIERCR AT EIRARE B AR - B &R
R R o

BYR AT EERE TR FRPEFREF
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At the end of learning the chapter, students are able to acquire the following concepts:
— ~ TR B - B Y EIREIHIRER (4 -
Understand the relation between the wave transmission and the vibration of the medium.
T SRR A AEREER LG o B R R~ DR~ EE S SRR -
Know the physical terminologies related to periodical waves, such as wavelength, wave
speed, period, frequency, etc.
=~ THEFEBEITZHY - ER Rz B BAE I
Understand that the forms of periodic waves exhibit periodicity in both time and space.
Y~ e E S 1Y A T HE R 2R

Can select and apply valid formulas to determine wave speed.

o IEERE s

BlE—

st TR 2 - AR B ZE [ E A B I

Understand that the forms of periodic waves exhibit periodicity in both time and space.

A sinusoidal wave travels along -x direction at speed of 5.0 m/s, causing a thin rope to vibrate in
y direction. Let y represents the displacement of the thin rope from its equilibrium position.

At t=0.2s, the displacements of various points on the rope are shown in the diagram below.

The relationship between the displacement y of point P at x=2.0 m and the time t is depicted in

the following figures. Which of the following figures is more correct?

11
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—HIIESZERR LA 5.0 m/s 23RS > i —X J5 [ &y > BB G y T RIRE) -
ELLy RERANAEREE-V- A ERIALRS - AITE t=0.2s B - 4l ER BV - AT NEFTR
AIE x=2.0 m i 2 P BEAVALRS y BEHFE] t HYSR(ERE (R > DU NS AT Ao Ry I 2

v(m) t=0.20s
P
0 2 . K x (m)
| 1.0 2.0

A) 0| 1.0 2.0 (B) 0 10 20 MS)(C) 0 02 0.4\_
v (m) y (m)
OT/\' '/r(s) ()T /\' /\ t(s)

©) | 0.2\/0.4 © |\/ 0.2 0.4\

(104 5595 17)

Teacher: In this chapter, you’ll commonly come across two types of graphs regarding
transmitting wave. The vertical axis always represent displacement of medium
while the horizontal axis can represent position (displacement of wave) or time. The
vertical axis represents the displacement of a particle from its equilibrium position.
If the horizontal axis represents position, you can think of it as a photograph taken
at a specific time.

Student: So, we can see that the wavelength is 2 meters according to the given diagram.

Teacher: That’s right. Now, if the horizontal axis represents time, as all the options shown, it
means that the particle at P is continuously oscillating up and down from the
equilibrium point.

Student: So, we can read that the time taken for one complete oscillation from the x-axis,
which is one period. For example, in option (A), the period is 2 seconds.

Teacher: Exactly! The problem provides us with the wave speed, and we also know the
wavelength. Therefore, we can calculate the period of this wave. Because [wave
speed(v) = wavelength()\) /period(T)], the period T=A/v=2/5 = 0.4 seconds.

So, options (A), (B), and (E) can be eliminated.

12 3OO AMBEFRE TR FRPETRE F
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Student:

Teacher:

R

EH

0o I REHEFL Y <

From the graph, we can also see that since the wave is travelling towards the
direction of —x. As a result, the next moment after t=2.0s, point P will move above
the equilibrium position.

So, looking at option (C), in the next moment after t=2,0s, point P indeed moves
upward. Therefore, it’s crucial to note that the diagram provided in this question

starts the discussion from t=0.2s!

RENER U R R (M - HERET AR M EAVALE - Bl TR RR AR OF
AR ) B - Hellipt (R E R mEe P B - LR AR E
5 > R (BN & LR E R I pT i Ay —5RIE R -

DORTLMERE B SGRVASRIE T - AR IR R 2 AR -
OB EE R o GBS AR EAYES o AR AL S R R R

BEAE LT RS -

© FTDAIRMTRTEUE R AR se B —KIREIATERIIR ] > e 28R - ATPALUETR

(A) Bl > EHRE 2 5 -

Dok | AN HAGIEAMTEE - JRATMAIER & > BrPAR] DA R AR

N BURRW)=R AR W/ EIA(T)] > FrAERE T=v=2/5=0.4 Fb - FTLL (A)~(B)~
(E) JEATLLSEHHIES -

bR AT LUE R Ry R A x (B - BT DA =0.2s TN —(iElibEH] - ERS P g Rk

PO EE EARES -
FTEAGEREETE (C) BEIME t=0.2s (W - P B B EHRE) - Fr AEEy
BIERRE H4aHEIE 1 =0.2s BRAGETERAY |

BB AMBEERT TR FAPETERE



VR T R R P o I RIERFEL

BIE_

i ¢ SEENT B LG o Bl R ~ R~ B SRR TLRERERLHI R
Know the physical terms related to periodic waves, such as wavelength, wave speed,

period, frequency, etc., and be able to derive the wave speed.

A continuous periodic wave is shown in the diagram below. If each particle on the thin rope

oscillates up and down 12 times in its original position within a minute, which of the following

statements is correct?

(A) The wavelength of this periodic wave is 15 cm.

(B) The amplitude of this periodic wave is 4 cm.

(C) The frequency of this periodic wave is 12 Hz.

(D) The wave speed of this periodic wave is 2.4 cm/s.

(E) Ittakes 18 seconds for this periodic wave to propagate from a position of 3 cm to a position
of 27 cm.

— AR AR AR - 40 T B AR > S AllAl B SERME R B8 b T RE 12 20

AT AL ] TE 6 2 —
(A) BLEHAR TR B F 15 cm - I y .
(B) BLAESRAIARIE Ry 4 cm - T EAANA e

(C) LMLHEERR ARy 12 Hz - N TRy
(D) MEERREIRE R 2.4 cmls -
(E) LIRS 3cm REEREE] 27 cm FEFERF 18s -

(101 5575 2)

Teacher: The first task of reading the diagram of wave is to figure out what the horizontal
and vertical axes represent. Since both axes represent position, you can think of
this diagram as a photograph. Can you find the wavelength and amplitude of the
wave from the diagram?

Student A: Yes, we can directly determine the wavelength, which is 15—3 = 12 (centimeters).
Student B: And the amplitude is the distance from the equilibrium position to the crest or

trough, so the amplitude should be 2 centimeters.

Student A: I know! If the rope is thinner, the wave will travel faster!

14 B AMBEERE TR FRPEERE
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Student B:

Teacher:

Student A:

Student A:

Teacher:

Student B:

ZHhi

B
B2
B
B2

4

ZHh

But, how can we determine the frequency from the diagram?

We can’t directly determine the frequency from the diagram. But you may derive
the frequency from the statement of “each particle on the thin rope oscillates up
and down 12 times in its original position within a minute.”

I see! But the definition of frequency is how many times it oscillates per second,
so the frequency is f=12/60 = 0.2 (1/sec = Hz).

And then, based on the frequency and wavelength, I can calculate the wave speed
(v), which is the frequency (f) multiplied by the wavelength (L), that is,
v=fA=0.2-12 = 2.4 cm/s.

Finally, since wave speed is constant, the time required to transmit is equal to the
distance divided by the wave speed. For a wave with a speed of 2.4 cm/s, delivering
a distance of 27 - 3 = 24 cm, how much time does it take?

It’s just distance divided by wave speed to find the time! So the needed time is

t=v/s=24/2.4 = 10 seconds.

BIZZRRAREINT - & oA e B AR T - N R I ER AR AL E - P
PAR ] DS E R G — TR R (e T - T m] PAEEH & R ARiE 2 Ry ]
g ?

MERSE 15-3=12 ("77)

MR =B i B E S0 & 2 BERE - FTLRIEIESZE 2 A0 -

THIE | AT HORHYES - R EIRAY RS g R |

AL B e B ERERARIE ?

(IS TRAMREEZE N AR - BB E 44 B E R R B
JreE B NRE 12 R EARE R

T | BRI E RS T EIREN I T AJHEASE 12/60=0.2(1/sec=Hz) -
PEE - H TIRRNI R - FATLIEH R R » RW)=IERE- R &0 - Wk
& v=A=0.2-12=2.4(cm/s) °

RF - Bt KRR R RORFEE E - FrLARTRE (ERVIS RS I FERERR LUKz 28 E])
Al > WEER R Ry 2.4cm/s {7 - [HIREERE 27-3=24 N7y 0 FREACZ /DI
g ?

W EERERR IR m LU R T !

BT LU S EAVHE (L) (t=v/s =24/2.4=10 F) -

BN AABEFRETRL PRPETRE F
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The Reflection and Transmission of Rope Waves
\
SRBRAE Ry B —TEE B > AR R R RIAE T IR - SRAEEBERE A
[EIRE 2 A B RO A B S B BB 52 WEEREARCETIS ~ iBAI B A ST > AR (% -

BE¥F thE B¥ thE
fixed end [ 7E Uit reaction force AERT
free end H FH Ui reflection S5
incident wave AGEH transmission w5t

[ O reach first reflects first/reach later reflects later. }

#4) : The part that reaches the endpoint first reflects first, while the part that reaches the

endpoint later reflects later.

e R ZE VR 3 SU R Y - 1R B N Rh A B 1R A -

3O A AN ERRE TR PRAFERE T B
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(2 be bilateral symmetry with

#i4) « The waveform of the reflected wave is bilateral symmetry with that of the incident

waveform.

G 2 R SR BSR4 S o

(3) be relative to

4 : The reflected waveform is flipped upside down relative to the incident waveform when

transmitted from a lighter to a heavier rope.

AR TS A T PR EE VAR T - RIS SR AR S AR & £ T ERfE -

O from to

4] : The incident wave travels from a heavier rope to a lighter rope just like achieving the free

end, so the reflected waveform will not be inverted.

SR R B AR RSB - B R B E il > RATRIE A SRl -

©® be the same as

47 - When a rope wave is incident on another rope of the same density, the properties of the

transmitted wave are the same as those of the incident wave.

A S VE RS 53— 0% » BSR4 TR T R

17 BUOPRGBEERE TR FREPTFRE
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At the end of learning the chapter, students are able to acquire the following concepts:

— ~ TRAE R VER - A Ay ST BLE T E R YR 2
Understand the phenomenon that when a rope wave transmits to different mediums,
partial reflection and partial transmission occur.

T AT AR BN ~ B R Z FEER IS (R~ R R - ki) B
I (an: B NERE] ~ ZEAMEE ) By SR EERR 1 -

Analyze the differences and correlations in physical properties (such as wave speed,

v

frequency, wavelength, amplitude) and waveform (such as upside-down, reversed)
between incident waves, reflected waves, and transmitted waves.

= TRERAE RS B im0 AR B R A R
Understand the characteristics of incident waves and reflected waves when wave
propagation reaches a free end or a fixed end.

U~ T Al (SRR EIREIESAE (SREE/N ) RO RH M n] DUAR R
LIRS H FHImRHTREE ©
Understand that when a heavy rope (high linear density) travels to a light rope (low
linear density), the characteristics of the reflected wave can be considered as similar to

those of the wave reaching a free end.

B PRSP ERRETREIN FRPEIRETH
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B ¢ TRRAERAT AN [FIAE T (SR MRV IE
Understand the characteristics of rope wave propagating between different ropes (with

different linear densities).

Ming created a pulse wave, which traveled from Rope A to Rope B. Observing that the waveform
of the reflected wave and the incident wave are flipped upside down, which of the following
descriptions is correct?

(A) The waveform of transmitted wave and the incident wave is an upside-down shape.

(B) The frequency of the reflected wave is the same as the frequency of the incident wave.
(C) The wavelength of Rope A is smaller than the wavelength of Rope B.

(D) The linear density of Rope A is greater than the linear density of Rope B.

(E) The mass of Rope A is greater than the mass of Rope B.

(F) The wave speed of Rope A is smaller than the wave speed of Rope B.

/NBRELE —(ERREDE > DL B R ABE IR £ 248 0 BB A G By b ERE
RN 71{n] & T 2

(A) EHTR B ASHROR Y BT EAE -

(B) REHTHZEE ARRIRARAME -

(C) HE=/NAZMER & -

(D) H4BE S RIN LR EE -

(E) HEFEERNCER -

(F) FR4ERZ 2R/ N Z4lR7 2R

Teacher: We know that since the reflected wave is flipped upside down, same as the wave
encountered a fixed end, which means it traveled from a lighter rope to a heavier

rope.

Student: Does that mean Rope A has less mass than Rope B?
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Teacher:

Student:

Teacher:

Student:

Teacher:

R

sk -
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We are not sure. The heavy rope and the light rope only means larger and smaller
linear densities. We only know that the linear density of Rope A is smaller than that
of Rope B. Therefore, options (D) and (E) are incorrect.

Regarding option (A), since the transmitted wave can be thought of as passing
straight through, the waveform won’t be flipped upside down or reversed left and
right. This option is incorrect either.

Exactly! The wave speed is equal to the square root of the tension divided by the
linear density. In this case, Rope A is connected to Rope B, so the tension is the
same. We can know that the wave speed is inversely proportional to the square root
of linear density. As Rope A has lower linear density, we can infer that its wave
speed is faster. Option (F) is incorrect.

Teacher, I also know that the frequency is dependent only on the source of the wave,
so the frequency of Rope A is equal to the frequency of Rope B. Option (B) is
correct.

That’s right! When Rope A and Rope B are connected in series, their frequencies
will be the same. Now, let’s discuss the wavelengths in option (C). According to the
formula of wave speed v = f A, with fixed frequency, where the faster the wave
speed (v) is (as in Rope A), the larger the wavelength (A) will be. Therefore, option

(C) is incorrect.

B ER TR 00 BN ERRE] > o] DRI AR A & 7 B E & E s - B HHERAE
EIRFIEAE -

FiT DU 4R 28/ VA 24805 2

BIAHEEIR » BB BRI R RGBS AN > (EHIE R ARG ENA
ZHBARETS > BESAMEEAETHVEREE AN - ATl (D)~ (E) ZETERIEHE -
FAFY (A) BETE > RS ] DU EFE R L > FTbUE A Y L TEET
NEEAMHK - HIL > (A) HZHEE -

JREE | TR R AR B DAGE R T 7 FEBAARSR - 1 4B 2L 482 SR —i
FrDASR ST AHE] - FrlURz 2R e 3% H B A B FE BRI R B » PR By FR AR AR 3 P
/N BT DLFR SRR AR - (F) 28509 -
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B ZATPGERIESRERIAE - FrLAHREER L4 - (B) BEIHIERE -

RN EHY | FTDLERREEEARAY R AREL 248 > SEEREAEE - AR (C) B8 - I RAYEE
20 RV AT v=Eh o ISR ERVIEDC T » ey PR A - R Rtk -
AT (C) tgshay -

pIEE_

S ¢ TR AR v B ] T Y SRR T
Understand the characteristics of reflected waves when wave propagation reaches a free

end or a fixed end.

A string is fixed at its left end and free to slide up and down at its right end. When t=0, a wave

travels to the right as shown in diagram (A). After t>0, due to reflections at the endpoints, the
first appearance order of the waveforms (B), (C), and (D) is: [ Note:FH=A, Z=B,N=C, ] =D]

(A) BCD
(B) BDC

(C) CDB

(D) DBC

(E) DBC

—5 EmEE - Alm T B ETEE) o F =0 I — AT ELE)EFTR -

A t>0 1% » AR GRREH S - T HI(Z) ~ () (1B E R e & T 5

B @FENT) —
®) @)X 79N
© T 4
O @) ~—
® (TN awm ~
2 i
4D |

(80 HX]
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Teacher:

Student:

Teacher:

Student:

Teacher:

Sk
B

Eh

This pulse wave first meets a free end, so how should its reflected wave look like?
Comparing with the incident wave, the reflected wave should be reversed left and
right, but not flipped upside down. The wave is traveling to the left, and the
waveform is steep on the left and gentle on the right. So, I think option (4) would
appear first.

That’s right. Next, the wave encounters a fixed end, and the earliest part reflects
first. Therefore, the reflected wave’s waveform will be reversed left and right, and
the fixed end will provide an reaction force, causing it to be flipped upside down,
which matches option ()

And then, when the wave travels to the right and meets a free end again! So I know
that the waveform is reversed left and right, but not flipped upside down.

Since the original displacement of the oscillation was a downward waveform, it will
continue to move downward. Reversed left and right means steep on the left and
gentle on the right, which is depicted in diagram ( ]").

Great, so the overall sequence is (N)(Z.)( "), thus the answer is option (D).

SEEAREDR E BT E Bl > BTV ERY ST EZ AN ?

RS ER ASTRAREL » MERZ B AR » B B NANERED - AR/ IR - HRP
BRI A P4R - FEZBERE() -

28 P N AERE E N - JeRISe TR > BTSRRI —E g A
T e v G 4a MR S AE AT - FTLL B R EEE - /& (2) -

ZA& K XAREEIREEE By | FTLURE G - ENAEARE] - BTLARE
R AIRBIV LS LR [ NI > —BG4ERfE - AR B ERG
BV WEEE(T) -

RaF > FTARERIER Ry(R)(Z)(T) » BZEFEZED) -
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1-4 REVEMERE
Principle of Superposition of Waves

SRR BRI S DAGER HFAER SR - A A B T SN AR

L hig L thig
interference 4 destructive interference WS T4
constructive N . ) g L N
i R speed of medium oscillation | 71& FYHRE) 2 E
interference

[ O First , and then . }

4] - When drawing a graph, first depict the individual waveforms of the two waves at a specific
moment, and then find the respective displacements of each wave at that point. Then sum

up their displacements, which represents the displacements of the composite wave at

various points.

BBl - S R A R 2R 5 R 2B > PR e {16 A% B (I A% AR
‘G| - Bl ERORAESBEZ IS -
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do not change after . }

Bilsy -

The independence of waves means that the waveform, wave speed, frequency, period, and

wavelength do not change after two waves interfere with each other.
REHTIILME Ro R S G AR TR ~ R ~ SR ~ I~ e - A GIEBIIERET %
R -

o BEEHE »

FEEFESEARE TR - BEEBRGLINE S

At the end of learning the chapter, students are able to acquire the following concepts:

—_ N

TRV A B R - W REAE BT R B IR AU AL RS B R 2R
Understand the principles of linear wave superposition and be able to depict and calculate

the superposition of displacement and wave velocity.

© TR BN RN R B DR B A

Understand that the superposition principle is based on the independence of waves.
Toao 8 o BTy Rt Ve R R M- W e -
Know that wave interference may be categorized as constructive and destructive

interferences.

PR AR P 0g HIIFXEFREFLY <
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Understand the principle of wave superposition and be able to depict the waveform of

composite waves.

When t=0, two unequal-height pulse waves are traveling in opposite directions on a taut rope, as
shown in the diagram. Given that the wave speed on the rope is 10 m/s, which of the following

describes the shape of the rope wave at t=0.9 seconds? Ans:(D)

R =0 PO - AE—RALBRARAE_EA W (A = HIBRIER 3 Bl A 22 R [T T HE - 4]
B o EFISEREVRZE Ry 10ms > JIFE 0.9 #0i; > SEREVZIR G TEI# 2 Z&3EK: (D)

-
—

L t=0®

A | 1 1 to
| -8]/-4.0 | 4 | 8 (m)X o i
I T N N | | /.\= ———t f X
HEE "Q/W\ || 844 O 4. glw
(A) | | | | -
|| __.E'. Wy D | 8 (‘m:fx t=0.08
(B) | /\I/\l 1

—8 8 (m)% —t— ;/z/\;-: - S
B D L

1 | -

. —8 Q | 8 (m)X t-0.08
o N i /\7'\ Seks e
L | | =8 | ./I‘J\..B“‘"jx Ay >
(E) i ! | | i _| 2 -43!10' 34 gm

-8 0 8 (m)*

(93 {5571 4)

Teacher: When it comes to the superposition of two waves, the first step is to plot the height
of each wave individually, and then sum up their displacements respectively.

Student: So, we can start by looking at the wave on the left. At 0.9 seconds, both waves travel
a distance of 0.9 - 10 = 9 meters. Therefore, the front end of the left wave, originally
at -6 meters, will move to the 3-meter position after traveling 9 meters to the right.
Next, the tail end of the left wave, initially at —10 meters, will be at the —1-meter

position after moving 9 meters to the right.
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Teacher: That’s correct. The wave on the right originally had its front end at +6 meters, so it
will be at the —3-meter position after moving 9 meters to the left. And its tail end,
initially at +10 meters, will be at the +1-meter position after moving 9 meters to the
left. So, we first draw the new positions at t=0.9 seconds following the original
wave shapes, and then we consider the superposition of the waves. Since a linear
superposition remains a straight line, the segments from —1m to 1m are still linear
after superposition.

Student: I see, so we can divide it into three regions: —3m to —1lm, —Im to Im, and Im to
3m, to discuss the appearance after wave superposition.

Teacher: That’s right. Let’s start with —3m to —1m. In this region, there’s only one wave,
so it maintains its original shape, with an amplitude of approximately 1.5 meters.

Student: Moving to the -Im to 1m region, because at 0 meters the oscillating displacement
of the waves are about 0.6 meters, when superimposed, it adds up to around 1.2
meters.

Teacher: Exactly! In the range from 1m to 3m, there’s only one wave, so no need to
superimpose; it maintains its original waveform of each wave.

Student: So, the final result after superposition, when connected with a straight line, will

resemble as option (D) in the diagram.

ERN B RIER RN > B2 IR LS eE A VBB RS - 55 D T
WA LRSI -

B 0 LI DURE /2B HYR » 0.9s Wk 5 HATHE 0.9-10=9m HYEERE - FTLI/EE
KA AARAE —6m L BERATE Om BUEA{E 3m IVLE - FH2 > BRI A
FE—O0m By 1EAE 9m HEE £ —Im KT -

ZHl 48 ABIME AR AT ASEH6m - /5 E 9m > BEE{E—3m HYHL T - iR
Ui R AE+10m > 7E/E7E Om SREAE+1m W7 - FTLUR IS IR R AR 7
=0.9s FFHUHTLE - FACERNVEN - RN ESBIIE —EHEEL > BT
—lm~1m F1 > ELE B IIRIIEELR

g R o At AR AT EA R > —3m~—1m ~» —Im~Im ~ Im~3m ={f@ -
i B BN HIBR T -

LRl A 0 SEE -3me—1m o AR A — R AT LAERT IR IRIEAMELE 1.5m 2 -

of

juiii g
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B4 0 HE-1m~1m &I 0 N5 Om B E7 - AR AR 0.6m > R DUBIZ 122/
{EAEESK » AMEAE 1.2m A -

EH  HHY | RE Im~3m A - BT B - R MR BRI

B IR RBIIZRAVEER - FEGHER - siE2E (D) /T -
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1-5 B
Standing Wave

S I e A AR E B DR B MRS - DR AR A S A -

B¥F thiE B¥F thiE
antinode HE R standing wave B
node E(E

[ O between two /between A and B }

4] : The distance between two adjacent antinodes is half of a wavelength, and so as the

distance between two adjacent nodes.

RS IR AR o ey —F » HUAE 4 AEAS BT -

@O twice/two times

~

4]« The amplitude of standing wave is twice of that of its incident wave.

EER ZHRIE - RolRASTRIRIERY 2 £ -
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© remain /continually

4]+ With respect to standing wave, nodes remain stationary; antinodes continually oscillate,

undergoing simple harmonic motion with maximum amplitude.

HELNINS - GiRER A B RERR—EIrE - DI RIRIE s E ) -

(4] , forming (4rEkE4) ) =and a fixed end forms

fila) = A fixed end remains stationary, forming a node in standing wave, while a free end is free

to move, forming an antinode of the standing wave.

5] X i 5] AN B > T2 BRI B TR - T E H s S AR - TSR AR R -

© the first , the second , the third , and so
on/and so forth.
#14) - When the oscillation frequency is an integer multiple of the fundamental frequency, they
are respectively called the second harmonic, the third harmonic, and so on, or also

referred to as the first overtone, second overtone, and so forth.

%@ﬁ?%ﬁﬁZﬁ%@m REFRAE Y  BoRES  ARFEAS T

S — >

CEREITEE -
O the + ek

%4 : In a standing wave, the lowest vibration frequency corresponding to the lowest pitch.

BERE i/ NIRBIER - SHERAR AT -
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At the end of learning the chapter, students are able to acquire the following concepts:
— ~ ST R Y (R B -
To explain the condition of generating standing waves, and its characteristics.
=~ BRI AR LR B E FE SRS
To describe the definition and features of antinode and node.
= AEAFEZE - GEPEEDEE R - O RESERE G -
To explain the concepts of fundamental frequency and harmonics, specifically the
relationships between the length of the rope, wavelengths, and frequencies in the standing

waves.

w BIREERE s
BlzE—

st ¢ EREEREVRIY - HESR AR BUL RAVER (4 -

To calculate the relationship between rope length and wavelength in a standing wave.

Tighten a uniform thin rope, fix it at two points separated by L. When three antinodes are formed

on the rope, what is the wavelength of the standing wave?

1 2 3
A) 3L ® =L (OL D 2L (E)3L

R A A 4HARF B - W D E AR Ry LAY RS - B A AE I SR A = (ERE R -
BERHY AR Ryfrl 2

~
BRI E 0 HFEFREFIL v

. i = feg 2
! 2 ® 5
3 t“rg,%}
D) z L (B)3L I L |
(105 ¥55W3 2)
30
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Teacher: First, let's draw a diagram of the standing wave according to the problem.
The fixed ends on both sides should be nodes, and there should be three wave crests
in the middle. The distance between adjacent nodes is half a wavelength, which is
the distance of one wave packet.

Student: There are three wave envelopes in the diagram, so the rope length L is three times
of a half wavelength.

Teacher: Exactly! We can write the equation

L_3

= EA, and rearranging it givesA = %L. Therefore, our answer is option (B).

EE . EHARMRBEE  KE— THEERAYREE - Z2AREEE - FrPU2EE: -
HrRSEA = (EAE RS - R AT BN R AR A & - st — (R En
PEAE -

B B A=A - BT R LA E R ER R =

Zp 0 288 | AT AT

L=20 REE TR = L BRI (B)-

BlE_

st ¢ ETEEEG T o AR EUR EIRRAVRI (R -
To calculate the relationship between the rope length and specific frequencies in a

standing wave.

As shown in the diagram, a 5.0m long uniform thin rope with a mass of 0.010kg is attached at
one end to the fixed exciter point P on the table. At the other end, it passes through a smooth
fixed pulley Q and suspends a weight of 1.0kg. The distance between P and Q is exactly 4.0m.
Adjust the vibration frequency of the exciter until three distinct standing wave nodes (excluding

the nodes P and Q) are formed between PQ.

If the speed of the rope wave is equal to \/;, where T and p are the tension and linear density of

the rope, respectively, what is the vibration frequency of the exciter at that time?

(A)3Hz (B)10Hz (C)35Hz (D)41Hz (E)140Hz
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ﬁDIﬁﬁT £ 5.0m IR - HE R 0.010kg > — IR EIEAE 2 LAVE RS P&
Sy Um&O LN Q B EE R 1.0kg IVEY) > PQ [ElIG 12 4.0m ° FHRHEIRESHT
?EEJTFE? EF PQ A = EIBRERVEROZET (5 P~ Q WIETRL) Rk HEERZHYER

RER E P B T B p Rl BB SR RRETE > Al E R IR VIREIIAR s 1 7

(A)3Hz (B)10Hz (C)35Hz (D)41Hz (E) 140 Hz
'% 4.0m %‘
P 'Q
i OO0
4.0m
I i

(98 f557H 15)

Teacher: There are three wave nodes between the fixed ends, indicating that there are four
wave packets, as shown in the above figure. So the rope length of 4m is four times
of half the wavelength, or two times of the wavelength.

Student: So, one wavelength is equal to 4m divided by 2, which is 2m.

Teacher: Exactly! Now that we have the wavelength, what formula do we use to find the
frequency?

Student: We use the formula of wave speed v=f-A. If we know the wave speed and divide it
by the wavelength, we get the frequency.

Teacher: Excellent! Now, how do we determine the wave speed of the rope?

Student: ) . . T L
The question mentions that the rope wave speed is v = \/% Now, the tension in

the rope can be determined by the weight of the hanging mass, which is 1.0kg and
equals 9.8N. The linear density of the rope is the mass of the rope (0.010kg)
divided by the rope length (5m), which is 0.002kg/m. Finally, we substitute these

. T .
values into v = \/%, so the rope wave speed is 70m/s.

Teacher: We’re almost there! Now, take the wave speed we just obtained, 70 m/s, and divide
it by the wavelength of the standing wave 2m. We get the standing wave frequency

of 35 Hz, so the answer is option (C).
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T B EEN R A = (EETR - ForER A VUEL B0 EERTR) - a4 R 4m
FHFRRAIUGE - AHEHRIER & -

B bl —(ERREEFR 4m BRI 2 > gl 2m -

EHl: OHIRE | AER R R > AR SRR ?

B 0 FRRAT v=Eh o HSRAER R - F AR ER DU R SRR -

ERl - RGNS | BIATAOA SRR AR 2R 2

e Za s

R oy - ﬁ BHEGRIE NI SR S AN 1.0kgw
ki 9.8N - ARAV4R 35 E B 4B E & 0.010kg [RPIAEE Smo HikE 0.002kg/m -
BT Ay = f \ AR R R TOms -

ERL BIRAR DT ?EHJHJH%UE’J/}%E 70 m/s FREAEIFEEIR R & 2m - S EIREY
PR By 35 Hz » B ZEHE (C) e
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Huygens Principle

St 1] P SRR 0 S ] DAHEO T —(BRS ZIA I HiTEAR SR AL - BT H#E T e

BF thE BF thE
Huygens principle RN iy point source BRI
in-phase wave ELEERD~ spherical wave Bl
plane wave SEHIRE wavefront 4]

[ O A is perpendicular to B. }

5] Wavefront is perpendicular to the direction of wave propagation, so the direction of the

wave propagation can be determined by observing the shape of the wavefront.

KT B A THET ) > NEEERZATIN > mTDAHIBTR AT TT A -

34 3OO RAEEERE TR PRPE RS



35

-
VORTIFERT 2 ENRTP 0o TIFAHFHREFTY <

[ ® generated by }

4] : The waveform of a spherical wave is concentric circles, usually generated by a point

source.

BT R HTR 2 FL OB > i R R AT -

[ o If , it will : }

ey - If you lightly tap the surface of water with a ruler, it will create a plane wave.

EIRE— MR RAEKIE FESE - a2 R -

[ﬁ the + L8R ..., the + [LE4R }

4]« The greater the difference in water depth, the greater the difference in water wave speed,

and the more noticeable the refraction of the water wave.

IKZREZEREROR » ZKOR B2 FERUEOR > [EIRF AR YT e R B -

o BEEHE »

FEE AR IR - BAEEEII NS
At the end of learning the chapter, students are able to acquire the following concepts:
— ~ THENATIES -
Understand the definition of wavefront.
T TR o WA DA HIE A ERE T
Understand Huygens Principle and be able to determine the direction of wave propagation

by using it.
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SREA ¢ TR AIRES - WRIERA T BT EE -
To understand the definition of wavefront, and know that wavefront is perpendicular to

the direction of wave propagation

In an experiment in a water wave tank, when water wave enters from shallow water area with
depth of 1 cm into deep water area with depth of 2 cm, refraction occurs at the boundary between
the shallow and deep water. Assuming that both the water depths and the amplitudes of the water
waves are much smaller than the wavelength, so that the square of the wave speed is proportional

to the water depth, which of the following statements is correct?

(A) If the angle of incidence is 30 degrees, the angle of refraction is 45 degrees.
(B) If the angle of incidence is 30 degrees, the angle of refraction is 53 degrees.
(C) [Ifthe angle of incidence is 45 degrees, the angle of refraction is 60 degrees.
(D) If the angle of incidence is 53 degrees, the angle of refraction is 30 degrees.

(E) Ifthe angle of incidence is 60 degrees, the angle of refraction is 45 degrees.

FE—HUKEEE RS > B 1 AR RKE AR 25 2 ArHAoKER - £2K
& LA KIE Y S S e 3 AR TR R - (R KRB/ KO HIRIE B PR R/ IMe % - DABUKIR
F R P T BROKRBICIEEE » RIS e 2 TEAE 7

(A) BEARAR30 - AIHTHAR45 -

(B) # AL R30" » AHTH A 53" -

(C) = AL R4S ATH 560"

(D) 75 ABSFR553 - HIHTHT A F530° -

(E) AHTFAR60° » RIHTH A F45" o
(106 5P 7)

sin 6 v
—2 =21 from the water tank
no; V2

Teacher: Remember we examined the law of refraction

experiment. The question also mentions that the square of the water wave’s speed

is proportional to the water depth. Thus, we can determine that the ratio of water

speeds between the shallow and deep areas is 1:v/2.
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6 . .
% — L We can calculate the ratio of sin of the angles of

Student: Got it, so we can get 5no, — V2

incidence and refraction in the options. Ifit is —, those would be the possible angles

\/—9
in this water wave tank.

sin 64

sin 92 \/—’

Teacher: Exactly! So in option A, which is the answer we're looking for.

e BRI KSR - BT RS T = Y g SRR
SUKEREL: - FTLUIE KBS KB KR 1:V2 -
s THE FIATTDUEN S0 = L ARl S AN A ST A E

sin 8

EL(E R 5o BRERIE I T IR A A BT A

2

R s | TR (A) BB 00— L e MR BT -

BlE_

SR ¢ T RRRE TR AR DAL AT R Y ERE T -
Understand Huygens Principle and be able to use it to determine the direction of wave

propagation.

The propagation speeds of the wave in the two media in Figure 12 are denoted as and,
respectively. The straight line in the figure represents part of the wavefront of this wave. If the
wave propagates from medium 1 through the interface into medium 2, which of the following

could be the propagation mode of the wave in medium 2? Ans: (C) (E)

12 R BIE R 1S T HERE R 3 5l Ry Vi BA v o (8] T B AR IR LI EHER 73 R AT -
ENEIRE | &OB T EREANE 2 AITSIEE R RE RaZ K EMES 8 2 B ERETT
X ? BE: (C)(E)
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(A) v, >v,

(D) v, =V,

Vi

N
~

(D) vp=|v,

Teacher:

Student:

Teacher:

Student:

38

-

we HFFCEFREFITY v

B) v>v, . (©C) v>v,
§§§§ —
/ /
(B) v, <v, //
: fE1 "

(B) v, 3y, , (C) LW v: oy,
\ L
N =
7
@ v, /////.,m
;o el v
// B 12 A2 v,
L
L b
(95 $551H 16)

Let’s start by drawing the path of the wave propagation, which is the line of
incidence, in Figure 12.

I know that the line of incidence is perpendicular to the wavefront. And the arrow
on the line goes from 1 to 2 because it's going from medium 1 to medium 2.
Exactly, so let’s draw the incident and normal lines for each option and then
determine if the refracted lines make sense.

Okay, and the refracted line is also perpendicular to the wavefront. For options A,
B, and D, the incident and refracted lines are not on opposite sides of the normal

line, so they don’t make sense.
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Teacher: Very good! What about option C? Does the refracted line bending toward the normal
line make sense?

Student: 1 know the distance between two wavefronts is the wavelength. Since the wave
speed equals the wavelength times the frequency (v=f -A), and the frequency doesn’t
change when the medium changes, a longer wavelength means a higher wave speed.
So, option C is going from a faster to a slower medium.

Teacher: That’s correct! So, in this case, the refracted angle will be smaller than the incident
angle, meaning the refracted line bends toward the normal. Option C is correct.

Student: And for option E, with the larger wavelength, it indicates going from a slower to a

faster medium. So, the refracted line will deviate from the normal, as shown in

diagram E. Thus, option E is correct as well.

Zhl - BAMSCAERE 12 EHIEIRTEAER R o LR ASTER -

B BB AR GREUYATES - H4g ERTEEM 1 55 2 > NREHITE — AR EIT
H e

LRl Jgeh o BT R BEHAY ASTERNIASR - HAHETT R~ o -

SR 4Ry T BTSRRI B ATEE R < A5 (A)~ (B) ~ (D) BEIH ARG 42
HEERHIHE - FTLAEHE -

AL ARAFE VAR (C) BERIE - JTHTR G iR mASR - S 7

2R PRAUERSR AL EREERE Rl £ - R FE RO RIRLIER(v=14) » { HIAR
AEREMEMEEE > AL R R - AL (C) BHME R HY
RERFEHT

RN %8R | FrLUSHHEIT S A G L AST A/ - RIS R R AR - (C) BEHIE
fife -

B2 8 (B) BN REANE - EHEESERAVEE - BTG fmis
& WFEE (E) Bos > AL R -
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The Interference of Water Wave

St 1] P SRR 0 S ] DAHEO T —(BRS ZIA I HiTEAR SR AL - BT H#E T e

B¥F thaE BF thaE
central antinodal line rh OB 4R ray B4R
concave lens M5 stroboscope PIsRES
convex lens hy5ioh variable resistor A8 EE[H
first nodal line B—EER vibration source REDR
hyperbola LR apparent wavelength R
path difference PERR water wave tank TR
perpendicular bisector | HHELR
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E O Is equivalent to . }

#i14) - Water surface bulge is equivalent to a convex lens, which can converge light rays and

form bright fringes on the white paper.
K EERHE TN AR - ATEROLER - WAE AR BIPRsREL -

E ® depend on ]

ff4] : When two waves overlap at a certain position on the water surface, their amplitudes

either increase or decrease, depending on the phase differences between the two waves.
B AR AE /KT EAYRAL BRI > HARIE AT RES DI=ek/ b > B i fERZ 6 A
fir7

E © are respectively called . }

&) : Path differences of one wavelength and two wavelengths between two waves are

respectively called the first and second antinodal lines.

MR E) - BRI ~ RS - Rl RsE—HESR - B HEGR

E O cause sb to + VR }

%47 + Each ventral point on the ventral line vibrates up and down over time, causing them to

appear bright or dark on the screen.

HESR EHIEFERE R BERS ] B MRED - (EE M ERR ERFoE - B -

Il

E ® be projected ]

#ile] + The reflection phenomenon of water waves in the water tank can be projected onto a white

paper through the illumination of light.
FIFEHIHRER - ORI/ S R S - P2 5t ERY a4k b -
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At the end of learning the chapter, students are able to acquire the following concepts:
— TR -
Understand the interference of waves.
v TS PORR AR R SRR R AR 2 R
Understand the conditions of path difference causing antinodal lines and nodal lines.
= TS E SRS AT AR IS ~ T B 5 -
Understand the setup and usage of the water wave tank experiment apparatus, and explain

the phenomena of water wave reflection, refraction, and interference.

o IEERE s
5l RE—

St RO B SR PRI R SR -

Explain the phenomenon of refraction in water wave tank experiment.

Regarding the “Water Wave Tank Experiment” apparatus shown in Figure 1, which of the

following statements is correct?

(A) The purpose of the rectangular wooden strip wave generator is to produce circular waves.

(B) The variable resistor is to adjust the current in order to change the intensity of the light.

(C) The distance between adjacent bright fringes displayed on the white paper is exactly equal
to the wavelength of the water waves.

(D) The water wave tank needs to be surrounded by sponge strips to prevent a change in the
frequency of water waves.

(E) When the troughs of water waves pass through strong light, they act like a concave

lens, revealing dark fringes on the white paper.

42
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FEE 1 oy TR EE R ) EET o NIRRT R ERROL o I IEE ?
(A) EITARMRER 28BS ZEAEBIDR -

(B) ATEEEE[HE RS - DIRO RS -

(C) B EBURAYHATRNBEUHEEE > N /KRAYR R

(D) ZKIRZAEHY VU s AR IREIE > DU /KRR A -

(B) 7KRHTKRAEBRCEBR - FHBRLIMIERIIBCR @ 7 804K EREER RS -

ITIITIO)

(108 s5= 175 4)

Teacher: We’ve introduced the setup and usage of the water wave tank. Let’s see which
option is correct.

Student: 1 know the rectangular wooden strip is used to generate straight waves! A is
incorrect.

Teacher: We mentioned earlier that the variable resistor is for adjusting the frequency of the
wave generator. B is incorrect either.

Student: 1 remember if the light source is not parallel but a point source, the apparent
wavelength shown on the white paper will be magnified.

Teacher: Exactly! It has a multiple relationship with the actual wavelength. So C is incorrect.

Student: The sponges are used in the experiment to prevent the waves from hitting the sides
of the water tank, producing unwanted reflected waves. So D is incorrect, either.

Teacher: Then option E is correct. The troughs of water waves act as a concave lens, widening

on the sides and narrowing in the middle, causing divergence of light rays. Hence,

darker regions appear on the white paper.
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Ehh - AP EEOEREERE - MIERRY TR o ARERAPIARE — T UME RO ERE -

B ERIRAIER TR REARELEESGEA! (A) 535 -

ERN  ATEA S AR HAY > R R IR S HER - (B) g -

B4 BECRSOUFEA S e el - A H R BT RAYSUR R & i
* o

ERL s | GNERERAERE R - (C) HAmekEE -

B2 EhRAEIES SRR TR EERIS SR > R HHEEBEATR -
FTLL (D) tA%s -

EHh 0 E BEHIERE - KRR S MIES - ERE % - P g A #HOLRIIIE
F > IEEHR ARt 2 PR O fPRA -

BlE_

s - TRV > R BRI RS -

Understand the interference of waves and the concepts of node and antinode.

Two speakers facing each other are separated 8 meters apart. Both speakers simultaneously emit
sound waves with the same phase and frequency, as shown in Figure (a). A detector D detects
the intensity I of the sound between the two speakers, as illustrated in Figure (b). If x is the
distance from the detector to the left speaker, which of the following option mostly close to the

wavelength of the sound?

1 1
(Ay+m @B)zm (O)Im @®2m (E)4m
T AR T S I AEIEE 8 /AR o A [RIReE g ) .
HEIALL ~ SRR - 18 (a) P - 1_-*90% ]
I DRI R R A 1 muu\ 0\

WiE (b) - 35 x R AEsE /ARy \ayEESE - At
BN 2 N e me T Ny Iel 2

1

(A) ¢+ m (B)

X (m)

ra | =

m O)1m

(D)2 m (E)4m
(99 f55&9H 15)
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Teacher: Our task is to determine the wavelength, from diagram (b). The places where the
sound intensity is the highest at 3m, 4m, and 5m, which are thus the positions of
antinodes.

Student: So, relatively speaking, the places where the sound intensity is weakest are nodes.

Teacher: Exactly. What is the relation between the distance of two adjacent antinodes and
wavelength?

Student: The distance of two adjacent antinodes is half of a wavelength.

Teacher: Very good! Therefore, half a wavelength is Im. That means the wavelength is 2m.

The answer is option (D).

Zhl - BMERHERAE R (€ (b) BE L B R KHHT 73 BI(E 3m ~ 4m ~
SmHUHh T > FTLUE S ERERE I E -

E2AE  HSMHBIARER > B R R geRIt T > BUE AR o

D % AVHASRIHE B RERE - BUY RAYBE ARy e ?

ERA: ¢ AEARHERLZ BEREE - B ER & -

RN ARAFIE | BT RSE Im o AR RILEE 2m - FEEE (D) -
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Sound Waves

BV AW AN 27/ N R
BT AR RS TR 2 B LEE

REGRGIEN > UEBE T B IR > o BEEAINR - s ny i - %
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Propagation of Sound Waves

BN TREIEE A IR - ARl R KSR =R SR E - B AR HIE
TEIE > (NG > /B RIIRED T (R BUR A IR 5 [RAR EPAT - [FIR - 5 2R AR Y E R T

&=

\ugw o

o

E¥F thEE BF thiE
sound wave LN sine wave 1E5ZR;
medium & equilibrium point SEATERE
transverse wave 94 propagation EHi%
longitudinal waves YR pulse wave Ak{ETR
rarefaction waves B vibration b
periodic wave FAER R simple harmonic motion | fijaE #H )
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[ o are mechanical waves that must have a medium to propagate. }

4+ Sound waves are mechanical waves that must have a medium to propagate.

SERE VSR A VEA R HE -

()

(2] is/are related to . }

4+ The speed of sound wave in air is related to humidity and temperature of air.
BT ZE R P SRRy 2R BLZE RS RIROR B A B % -

®

Without , we would not be able to . }

@4  Without medium, we would not be able to hear sound.

WRILANEFE - B AIE R AT -

« BEEHE »

EEEARREITE - 2AEERLITNE S
At the end of learning the chapter, students are able to acquire the following concept:
— ~ BRI ARCR R R TR AT -

Understand the waveform of sound waves and the formulas to calculate wave speed.
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Determine the distances between two objects through the phenomenon of echo.

The rescue team planned to use a rope launcher to connect ropes between the two sides of the
valley. One of the team members clapped his hands continuously to measure the distance to the
other side of the cliff. He claps faster and faster, and when he claps 20 times in 6 seconds, the
clapping rhythm is synchronized with the echo. Knowing that the speed of sound in the air is
340 m/s, what is the shortest distance between the team member and the cliff on the other side
of the river valley?

(A)340 (B)120 (C)100  (D)50  (E)20

TR AR ST AR ES - DUEZEBEN W - — 4 20+ (¥ FRIEEEEERE - fth
AR > & 6 FhaT 20 W > fHFERRE O [E o EAIZE R PR A# L 340 AR /FD
RIIEZ B B B 2 35 FRl B 0 B R PR RS B 25/ DA R 2
(A)340  (B)120 (C)100  (D)50  (E)20

(99 FEEHI22)

Teacher: This question needs to use the echo to determine the distance between the cliffs.
What do you think?

Student: [distance=speed of sound x time of propagation]. Although the speed of sound is
given, the question does not tell us how long it takes for one-way sound
propagation.

Teacher: Right. The question doesn’t show how long it takes for one-way of the sound
propagation, but we can get the result from other hints of the statements. This is the
key point of the question.

Student: Can we get the hints from “when he claps 20 times in 6 seconds, the clapping rhythm
is synchronized with the echo™? But I still didn’t get it.

Teacher: Correct. First, let’s look at the statement “the clapping rhythm is synchronized with
the echo”, and what makes this happen?

Student: The clapping sound and the echo exist at the same time, which means that the

clapping sound overlaps with the echo sound?
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Teacher: Bingo. Because the clapping sound and the echo overlapped, so it sounds as one
single voice to us, which comes from the overlap of clapping sound and the echo.

Student: So how do we use this to determine how long it takes for one-way sound
propagation?

Teacher: Because the clapping sound overlaps with the echo, we can imagine that the person
who clapped his hands "clapped again immediately when he heard the echo". The
question said that he clapped his hands 20 times in 6 seconds, which means that the
time between each clapping is 6/20=0.3 (seconds).

Student: I see. It means that the time for the sound to go back and forth between the two banks
is 0.3 (seconds), thus the time for the sound to propagate one way is 0.3/2=0.15
(seconds). So the distance between the team members to the cliffs is 340m/s -
0.15sec =51 (m), which is about 50 meters.

Teacher: Right. Very good.

E IR FIFIEI IR - M SRR - KSR A 2

Bt (PR (IR » BN B AR TR (AL SRR P
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R (B T 25 A BT+ TSt e A e -
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B RET o Est R R 03 (B s duR s Rt

0.3
- = 0.15(#) R Zesp e 340m/s X 0.15sec = 51(m) , Bl ALYEEE: 50
AV

EHl: J28E 0 BLEER
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e ¢ EENEEP BN ESR -
Learn how to interpret the meanings of a waveform.

A sound wave moves to the right on the x-axis in the air, and the relationship between the

vibration displacement Ax of each particle and the position x is shown in the figure.

Answer the following questions:

1.  Among points A, B, C and D, which one is the midpoint of compression? And which one is
the midpoint of rarefaction?

2. Among points A, B, C and D, which one is the most tense?

3. Which type of wave is this? Transverse or longitudinal waves?

FHAEZE AP x W LERTHE » S EBORBS Ax HIE < ARIROERT -
R

1. A~B-C-D W—ERpiafrhah 2 Wi—BE A E gL © C RBiEihEE s A hARhEs
2. A~B~C D U—HBAYEE TR K 7 A
3. IR B ? BRUON ? #EE

(FERERR 110 TERA CEEYHE ) £ 5563 H &l 2-1)
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Teacher: The first question asks us to identify the middle positions of the compression and
rarefaction regions. What is the tip?

Student: The direction of particle displacement on the left and right sides of each point. Since
the direction of wave movement is to the right, for the midpoint of the rarefaction
region, the direction of particle displacement on the left side of the middle point
moves to the left, and that of the right side moves to the right. As for the compression
region, the particle on the left side of the midpoint moves to the right, and that of the
right particle moves to the left.

Teacher: That's right, if the vibration displacement Ax in this figure is positive, it means the
displacement is to the right, and if it is negative, it means the displacement is to the
left. Therefore, we can see from the figure that C is the midpoint of the rarefaction,
and A is the midpoint of the compression.

Student: The following question asks about the position with the most tense, then it must be
the midpoint of compression, right?

Teacher: That’s right, because the pressure of the gas is proportional to the density, so the
pressure at the midpoint of the compression region. Now, let’s look at the third
question. Is this wave a transverse wave or a longitudinal wave?

Student: It is a longitudinal wave, because the vibration displacement of particles is Ax (on
the vertical axis of the graph), and the wave speed is towards the x axis (on the
horizontal axis of the graph). The displacement of the particle is thus parallel to the
direction of the wave propagation.

Teacher: Good. That’s correct.
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2-2 ZERITRIER

R Standing Waves in a Column of Air

R HEFEFEYS  BNHEENNZ RIS - MmEREIREREEE - A
EE—ERTRR BB > PRETBHE S IPH E S S BB IR > AT S

b BT EHVER © raaseE Bl R E ] -

BfiAE

EF thiE EF thiE
standing wave R overtone a1
node EOEE harmonic GEREy
antinode HE RS music timbre “eer
air column ZE RN noise 5=
pitch i timbre B
fundamental frequency |
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o can be divided into two types: and according

to

4] : Wind instruments can be divided into two types: closed-wind instruments and open-wind

instruments according to their resonance conditions.

BRI IIRAVIR T > R RPA B 4 s BB B 4 8 W

[ ® We can adjust the by adjusting the . }

#i14] - We can adjust the pitch by adjusting the length of the air column.
BT R A2 R R RS R SR

[ (3] is/are not , but . }

fil4) © The sound emitted by a common sounding body is not single frequency, but a combination

of waves with multiple frequencies.

—ARHERRE RS AV > WA AR A SRR ZHE -

o« BEEHE »

FEEE AR TR - BAEEEII MR
At the end of learning the chapter, students are able to acquire the following concepts:
— ~ BEET R RN Z AR 2 I TR s e R
Learn how to calculate the parameters of standing waves in air columns and understand the

physical principles underlying timbre.
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Understand of the concept of standing waves regarding wind instruments and be able to

calculate the overtone’s wavelength and frequency.

Ah Xiang blows air into a glass tube with a length of 17.0cm and openings at both ends.
Based on the sounds made by the glass tube when the temperature is 15.0°C, please answer the

following questions:

(1) What is the wavelength of the second overtone? ﬂ (cm)

(2) Ifone end is pressed with a finger to make it closed, and air is blown into the tube from the

other end, what is the frequency of the second overtone of the sound it produces? 2500(Hz)

BT FE{E—FRARSE By 17.0em ~ Rl LAV E AWGR » 1E 15.0°C B > JEERT# T2

B
(1) Bz E 2R R R 25 (om)

(2) EHFFEHEIEE I - (EHZRBEAIREE - (e —ImrE NWCGR - Hprss e s
FUZEHIER Rl 2 2500(Hz)
(EpPRAR 110 A FRAE (BEEYE D) $ 2 5559 H #f2-2)

Teacher: First of all, we need to know the type of air column in this exercise. What is the type
of this air column?

Student: It is an open-wind air column. Because the statements show it “open at both
endings”.

Teacher: That's right. We can recall the concepts introduced previously. The two open ends

of the air column are at the positions of the antinodes, thus the length of the column
Ay ==
(L) is equal to an integer times of half wavelength: L=n(A./2), therefore, ~ ™ =,
Student: I see, since the tube length 17 cm, and the question is about the second overtone, so

_2x17 _ 34 (cm)
n=142=3, it can be calculated that "3 3 3 )

56 % 5
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:
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Good. Then let’s look at the second question. The second question is about
frequency, can we use the wavelength from the first question to calculate?

No, because in the second exercise, the air column becomes a closed-wind one for
one end is held down by the finger, the two questions are under different conditions.
So we cannot use the wavelength from the first exercise to calculate the second one.
Nice! Since it is a closed-wind air column, we can recall the concepts introduced
previously. The closed-end of the column is at the position of the nodes and the
open-end is at antinodes. Therefore, the length of the closed-wind air column (L) is
an odd multiple of a quarter of the wavelength: L=(2n+1)(A./4).

Thus, fn = V/A = (2n+ 1)(v/4L)f, = v/i = (2n+ 1)(v/4L) Now, what is the
v and 7 in this exercise?

v is the speed of sound in air, and the formula is: v=331+0.6T. T is the temperature
in Celsius. According to the temperature given from the exercise,
v=331+0.6x15=340(m/s), and since it is a closed-wind air column, n of the second
overtone is 2.

That's right, if you put these values into the formula, you can get:

S 34l
Y = = 2500(H . . . .
£ 4%0.17 ( z]. Pay attention to the unit of speed here is (m/s), so the unit

of tube length must be converted into meters before being calculated.

Get it!

BRI B SAHIE ERE 2 SR AR Y S5 R R 22 SR (TR A YE 7
SRR EZE R > REBEHARE " WimbE ) FVBEEE -

23 RSB ZE R - AR ATERRE B/ 4y - AR (i - &
Fo S ENBL (RN HE) - AL > [ER="FE RAVEE(E] L = n(%") AL =

2L

1

WTIHET > BAVER LZE 17 257 MEHMAES U2 F R n=1+2=3 > 1]

T s .

Y PEEIRMESEES > B EE MR (HRMIRE AT
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Understand the physical meaning of timbre and pitch and grasp the relationship between

column length and the wavelength of the sound wave.

When carrying out a frequency-intensity experiment on the sound produced by a fixed-length air
column with the speed of sound 340 m/s, the results are shown in Figure 8. Which of the

following statements are correct?

(A) The pitch of the sound produced by this air column is completely determined by the sound
with a frequency of 1 kHz.

(B) The fundamental sound produced by this column of air has a wavelength of 34 cm.
(C) The air column is open at one end and closed at the other.
(D) The length of this air column is 17 cm.

(E) If the air temperature gets lower, the frequency of the air column's sound will also be

reduced.
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KIMEFFET 2R T & 0o FFCEFREFT Y
ERHR 340m/s > B RERIE 2 2RISR VR B TR B

HEERAE 8 FOn - BT S ICRRLE [ 2 R
(A) IR SIS 6 - SER R 1 kHz 1y 2

FEE
5

B E ©
(B) MHZERHZHEFETIIR R 34cm - |
(C) HMZ=gIHEE—IHEFEO—WEAO - T 2345678 9
(D) LZESRILHIRIES 17em - gy R
(E) BZEFBERE - AlZSESBRRIERE -
(104 F45% 22)

Teacher: There are five options in this exercise. Let’s check one by one. First, option A.

It says that the pitch of the sound produced by the air column is completely
determined by the sound with frequency of 1 kHz. Is this correct?

Student: No, the lowest frequency of 1kHz is the fundamental pitch, which determines the
pitch of the sound. But the timbre is determined by the combinations of the
fundamental frequency and other overtones, rather than relying on the fundamental
frequency only.

Teacher: True, so option A is wrong, and then look at option B. It says that the wavelength of
the fundamental frequency sound is 34cm. Since we know that the fundamental

frequency is 1kHz, we can determine the wavelength.

, _ 340
Student: A ==~ = — = 0.34(m) = 34(cm . )
f  1coo (m) (em) Option B is correct.

Teacher: Good. Now, let’s see option C, it says that this air column is open at one end and
closed at the other, which is a closed-wind air column. Then how can we tell if it is

an open-wind or closed-wind air column?

Student: We know from the frequency formula that we had deduced before, fo= L

(n=1,2,3,...). If it is an open-wind air column, the first three frequency ratios should

nw

be 1:2:3 by order. If it is a closed- wind air column, the formula would be '# ~ 2z

(n=1,3,5,...), and the first three frequency ratios should be 1:3:5 by order.

So as the figure shows, it is a closed-wind air column.

B AR R TR PP RS Y 3
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Teacher: Very good, then option D says that the length of the air column is 17cm. We already
know that this is a closed-wind air column. Let's use the formula of the frequency of
the closed-wind air column to calculate the length of the air column.

nw _ nw

Student: From the formula 7 — sL, we can know 4f.

If we use the fundamental frequency fi to calculate, the result would be

340
41000

= 0.085(m) = 8'5(07“], so option D is incorrect.

Teacher: Finally, let’s see option E. It says that if the air temperature gets lower, the frequency
of the sound produced by the air column will also decrease. To check whether this
statement is correct, we need to find out the relationship between the air temperature
and the frequency of the sound produced by the air column. Now, let’s try.

Student: When the wavelength stays the same, from ¥ = f X 4 we know that ¥ % f and
v =331+ 0.6T 1t shows that the lower the temperature T is, the slower the speed

of sound v is. So when the air temperature T drops, the sound frequency of the air
column will also drop.
Teacher: Right. Since the length of the column is fixed, the wavelength keeps constant.

So option E is correct, The T in formula ¥ = 331 + 0.6T ig at the unit of Celcius.

Thus, the answers are BCE.

ERN EEA B - R (EE RS > B CE A BRE - B R
B SER AR 1 kHz (B E - 5 2
B4 T A 1kHz Ba (AR > T REY - AT HENSE - HEEIRER
AERE - MEEENHEZEHERTIE -
ERL %88 0 FTPL A BEIRUESEHY > PEEE B BEIH - BEIEERELT AU R R 34em © BEAR
IRFME&FERESE 1kHz > A DI HA SRR R 22/ DIE ©
340

g A=?=ﬁ=lﬁl.34(m) = 34(em)

> 1 B IR -
EET B FAGERMTE C BRI BEIEEI AR R A Ry —UwbE L —ImPA L a2

PAEZESRAE > AP 2E ST H TS bR B B P 22 /U 2
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nw

B D BRRALACHIE - 6 AT - PR AR AR T T 2
(=1.2.3,...) » FIECAD R B 2 R3S - A = (B AR 122

nwy

3 A BB AR - SR ASE T T =135, = B
HNEIATER 113 5 HOfkARHE E FTafOmAcE - B2 b ass -
AT T BEER DB BRI R ERER Tom - M HIEE
BRI T - BRI 2 e A 2 S 2 R T
T f=m L= . e
iy T w s wa T e R IR SEA S A - A

__ 340
41000

= 0.085(m) = 8.5(ecm) | i D BETE S

ERN AR IRFIARE E BIH - HZERURERRK > AIZ R BRI R gl (K >
HIER 72 FOREFNZE FAE S BAR AR A » SHARBEAZ R -

B QR Y = F XA ER ERSER T 18 v« f, yv=331+06T,
AR T BNV o B RURE T TR - RSB IER
T -

T BET o AR = 3315 06Ty T A 2K - RAEREE » FIUEER
g% o It E SEIER IFREH) - SRS Z B BCE -
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2-3 HIREBIHIS
Resonance

AREEEI AR (HE0G) HU3RE (4T b —FEENAVETRS > SRS 5% A RS FE AR B
FREEE A FIFARAVEENY - TS LLREAE IR BRGNP BB LR HIF EA R - (e Rk VIRa T HL AR
PAREAHR - —RIENT - VIHEZENTAVR B ER - VL~ &5 KREIZIAR
B NEEINRATESR NS A S 1) B SRR ERT K EHIRE BN SRR
MR Uz B - EEAERIIREIR G TR T R - RN HRIGFTEAVE S R EY
WA - ARt SR R TS | -

e

B¥F thiE BEF thiE
natural frequency SRy EES goblet 1= HlFR
resonance iR~ SIS instrument aees
resonance box HSFE stringed instrument e
amplitude i wind instrument EUeEs
tuning fork 1=

62
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{ ©® When is equal to , it may cause due to . }

#1457 : When the sound frequency is equal to the natural frequency of the goblet, it may cause

the glass to break due to resonance.

ERBEREN SR B AVEREY - A REEREEM A R -

® There are many examples of occurring in , both
good and bad.

4] : There are many examples of resonance phenomena occurring in daily life, both good
and bad.
MRS A HEAAETIES At AR -

©® When , if the frequency of the matches the vibration
frequency of the , the amplitude will become larger and larger.

4] : When swinging on a swing, if the frequency of the applied force matches the vibration

frequency of the swing, the amplitude will become larger and larger.

EHKERRT o ARG ST HPRR S SR IR BRI & > RIPRIE S Ak -

B RRARERRETREIP FRPEEIRE E
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At the end of learning the chapter, students are able to acquire the following concepts:
— ~ SHRMEHYIEES - WHEET—/ N ZRENE AR RS -
Learn the physical meaning of resonance and combine it with the conditions of standing

waves in air column introduced in the previous section.

w BIREERE cs
BlE—

A ¢ AHIFEIGHIER SR - ACHIE 22 SRRV R

Determine the type of air column and its characteristics through resonance phenomena.

There is a protruding pipe on the wall. Xiao Ming wants to use resonance to estimate the length
of this section of pipe. He placed a sound frequency generator at the open end of the pipe to
make the sound wave into the pipe, and gradually increased the frequency from 600 (Hz) to 1500
(Hz), then he found that the water pipe would resonate only with 800 (Hz) and 1200 (Hz).
What is the length of the pipe? (The speed of sound is 344 m/s)

Ans: 43(cm)

T BB — L KE - /NTE RIS T A SO & I KB R - MR E A a5
BAEKE DR EAERN > (E3R 600(Hz)BHaa 2 HIE] 1500(H2)HR] - 583752 K
& A TE 800(Hz) 5z 1200(Hz)i &7 e A= HE1S - AIRZKE MY RE R 2 (B 344 m/s)
Ans: 43(cm)

CENPRRR 110 MEEFERAE CEEYE D) F 5 5 62 H #f]2-3)

Teacher: Class, the exercise asks for what is the length of the water pipe, does it make you
think of any formula?
Student: There are relevant formulas about standing waves of the air column in 2-2, and it

includes the length of column (L).

we VFFXEFREFATY <
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Teacher: Good. Besides, the statements tell us the frequency, so it seems that we have to use
the formulas to determine the length of the pipe. Now, if we want to find the length

of the column (L), what are the factors we have to figure out first?

_m
Student: From the formula ‘» ~ 2z, weneed fx ~ v andn to get L. Also, we need to check

if it is an open-wind or close-wind column?

Teacher: Right. Because we have fa and v for the statements, the things left are n and the
type of air column. So let’s start with its type. From the statements, we can see
that it has resonance with 800(Hz) and 1200(Hz), what does that mean?

Student: These two frequencies are able to generate standing waves in the water pipe.

Teacher: Yes, and because the tested frequency gradually increases from 600 (Hz) to 1500
(Hz), so 800 (Hz) and 1200 (Hz) are two adjacent frequencies that can generate
standing waves respectively. According to the ratio of 800:1200=2:3, the two are
the second harmonic and the third harmonic of an open-wind air column
respectively. Then, how to get the length of the pipe?

Student: Plug in 800(HZ) to calculate:

2x344 688
= 800 L=
SO 2200

3

ﬁ:

= L

= 0.43(m) = 43(cm)

Teacher: Well done.

RN R EMEMKENRERS D - ARIRMIEEE T (A 2

B4 0 2-2 G mRE i 22 RAE BB A - BAER L EAER -

ERN . BIEIAEE - i HEEARIRPER - BT AR mTRE A A 22 SR
R HEDKERRE » APAER - Z AR E R 2 RAE AR R - 405
HERER L > WMIFEERBLERRFE ?

e AR T B B L f By MR

L T

R s s BB EE QAR T R n BRI R R
P SRR 2 T B A EI1E 800(HZ)J, 1200(H) FE et
0+ SRR IR 2

B TR A S B -
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T 0 2V i B AR HEERR R 600(H2)BRAGZ M IIE] 1500(Hz) » fifLL 800(Hz)
e 1200(Hz) 53 A1l 2 A5 75 1 W (8 A 5 78 28 B AV AR =R > il ol AV BE A
800:1200=2:3 S » TI= 43 s B 2 S R o — 2 o A =2 R T
FEMERH/KERIRETE ?

B HY 800(Hz)#5 A B 22 fATAVERLEE

2344 o

=5 =800 o L= —=_ = 0.43(m) = 43(cm)

ES TR (G S

plE_

SHE ¢ BRSSO AR - BT RETEERYARES
Determine the conditions of forming standing waves in the wind column and the possibly

existing frequencies.

Put a speaker at one end of a 50 cm metal tube with openings at both ends. The sound gradually
increases from 1000 (Hz) to 2000 (Hz). If the speed of sound in air is 340 (m/s), how many times

can it resonate? Ans:3 times.

B — 5 e B WmEBH 1 ~ RS F 50(cm)E /& ~ —Un - #HIAVEETE 1000(Hz)FH1G2
MRS AIE 2000(Hz) » 3572 @A Sy 340(m/s) - FllgEAE A RIS HY R R frT 7
Ans:3(X)

(EgPRRR 110 TEERAEERAE (CEEYHE ) F 7= F65H F12/8)

Teacher: The statements show that the pipe opens at both sides, so it is an open-windpipe.
What’s the condition of forming standing waves of open-wind air column
frequency?

Student: Both ends are antinodes in open-wind pipe when forming standing wave.

Teacher: Great! Then, what is thg formula of the open-wind air column frequency (f) as
function of wave speed (1 ) and the length of the pipe (L)?

Student: nv

?!_E
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TRV R R T 2 AUNRT © 0e HF*HEFEREFFL Y

Teacher: Right. Then the exercise asks for the times of resonance in the range of 1000(Hz) ~
2000(Hz), what does that mean?
Student: The number of times that f» falls in this range.

Teacher: Right. It means the times that n is a positive integer in this range, so we can

nw

respectively put 1000(Hz) and 2000(Hz) into o= 2L to get the possible value of n

in this range. Let’s try.

Student: £f=" n = nl
Okay, so from ‘" 2z, we can get v,

By using 1000(Hz) and 2000(Hz), we can get ™ =294 apd n=>5.88
respectively, so n is in the range of 2.94 to 5.88.

Teacher: Also, n has to be a positive integer, so n may be 3, 4 or 5, which means the possible
number of resonances is 3.

Student: Get it!

RN EETERMSEE RMImE L - FrllE—EREZRIE - RRESHEKFHEE
22 SRNET B EE R A (AR 1 7

B2 AEM B HYE TIOREER T - Wl & g e S AR -

EA R PR T RGBSR - B () R R AR A T 2

nwy

%i: XEé leic

RN R3E 0 N ARImEE Lk > B2 EIRICRAR) - AN R H MR EE B
1000(Hz)~2000(Hz). fj RS2 A= SEIG AR EL > BT EIE ?

FoSEAE LR P S -

D 2R HAEES LR n AF IR R IR RE - i AT AT LAy B e 1 5T
191E 1000(H2) AT FI(E 20002y AJ» T 2 kit n FERERT TR
WEE - FEEMEEEL -

f ,
ey > B = s o BMEMSA > BF] n=294, BAER
A 1BE] M=588 ., Hr o /A 2.94~5.88 ]

B ™ PR RIEREE Bl ™ WIRER 3~ 45 BURE AR ISy RE A 3 K
B4 BT > S
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Refraction of Light and Its Applications

B EACATRE A SRR 2 RIS
BT FALERE AR IGE S 2 B LA

REEGRET RIS - MR IT7E - DRI ST « RO DU HAE B 5 PRIk > B
BHERA MR CARAEA R E PRI ARERE -
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Refraction of light and Snell's law

AINEI T 4E ARSI BT PR S - R HAE ST HUARRHE B SR e ST = e
SR e S S e

BF thiE B¥F thiE
normal line AR optically thinner medium | YFi/ &
incident angle NCEp=E optically denser medium | Y&/ &
reflection angle S&opzs| apparent depth X
diffusion bzt nl) real depth BFE
refraction P medium =t
index of refraction IS
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[ O® Wecan because of . }

4 - We can see objects from any angle because of the diffusion of light.

TR AEE I E YRS » OSSR RAvEER -

® When light passes from into , the refracted lines
the normal line.

4] - When light passes from glass into air, the refracted lines would deviate away from the

normal line.

BT AZ R o TSR e (RE AR -

©® In addition to being dependent on the , the also
changes with the

4 : In addition to being dependent on the medium, the refractive index also changes with

the frequency of light.
bR 7B MEARSL - PriRER AR L -
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At the end of learning the chapter, students are able to acquire the following concept:
B ME P AT - SOtERATERL -

Understand how light refracts in different media and how the light speed changes.
» BIREER o8

plE—

st ¢ EA D HE AR T RS R E SR

Apply Snell's Law to derive the refractive index as well as light speed of the medium.

As shown in the figure, light from the air strikes a liquid medium at an incident angle of 53°,
causing partial refraction and partial reflection at the interface. It is known that the angle
between the refraction line and the reflection line is 90°, then:

(1) What is the refractive index of this liquid medium? 4/3

(2) What is the speed of light in this liquid medium? 2.25 x 108 (m/s)

WEFTR > FEEZERF DL 53 BYAG S F3RAS VA - R AR E A o HT 4T A o5
Rt ELHTEHR AR SR By 907 » R - ASE

(1) SR ERHTHE RS0 2 43 530 530

(2) HAEILRAE B R AR fs 2570 2 2.25 x 108 (m/s)

50
RENE

(FEREAR 110 TERA (EEEYH D) F=% 5% 95 H #fl3-2)

71

Teacher: Students, the first question asked about the refractive index. When it comes to the
refractive index, which formula do you think of?

Student: Snell's law, n,sinf; = n,sin6,

=

3R AABEERETRLL PRPE T RS
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Teacher: Great, Snell’s Lgw tells us the relationship between the refractive index n and the

refraction angle \ Please give it a try.

Student: Okay, first, assume that the refractive index of air is n4, and n; is known to be 1.
Then from the figure, we can see that the incident angle 6, is 53° and the refraction
angle 6, is 37°. The value we require is the refractive index n, of the liquid.

Teacher: That's right, then let us put the value into Snell's law: 1 X sin53° = n, X sin37°,
we can get n, = 4/3, and then let us look at the second question, which asks about
the speed of light in this liquid medium. Anyone have any ideas?

Student: According to the relation of refractive index and the corresponding medium’s speed
of light: n = c/v, we can get v = c/n. If ¢ is replaced by the speed of light and
n is replaced by n,, we can find the speed of light of the liquid medium v.

8
Teacher: That's right, so v = 3X;0 = 2.25 x 108(m/s).

3

EEW FEAMT > B/ NERE TSR SR B SER R e RS A =E?

B4 0 \5HER » nysind; = n,sing, -

ERT R FYELE AR A TR R s )R - AR RRE
I o

Bt 4 B RE TR R Ry 0 M EAR 1 PR HE AR AR 0, 5
530 Hr 5 0, 7y 37° » FRAFIZERAVE R iRASHYIT ST %en, -

W 28R > PEEREIPHEEE T AT EERT 1 X sinb3° = n, X sin37° > W%
Fllny = 4/3 > FEEBFTES /N8 - B H AR RS/ ME YR Ry 2%/ 02
ANEHTERENE?

B4 HBTNRNER *n=c/v > qFv =c/n > TEEHDERMN » nfna L
$EET DS BAE I D Y T -

3x108

ER 485 > NIty = —5— = 2.25 x 10%(m/s) -

3
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Learn the phenomenon of dispersion, that is the frequency of light slightly affects its

refractive index in media.

As shown in the picture, after sunlight passes through a prism, visible light appears on the screen.
Between A and B, then:
(1) Which color is light A?
(2) Which color of light, A or B, travels faster in the prism?

Answer: (1) red; (2) A
WIE T KEeem =g - Ehm BA A ROCHERAE A~ B ZfH - Al
(1) A RfalfEEe ?
(2) A BB {FEESEE =R sy R R R ?

% (DEL A
(FEMEhi 110 NEME CEEYHE ) F=% $24 H 5 9H)

Teacher: The question mentions that visible light appears between A and B on the screen after
the sunlight passes through the prism. First, we need to know what colors of light A
and B are respectively. Does anyone know?

Student: A is red light and B is purple light.

Teacher: Correct answer, but why?

Student: In the same medium, the refractive index of violet light is the largest when their
incident angles are the same, the refractive angle of the violet light will be the largest
and that of the red light will be the smallest.

Teacher: Yes, that's right. Let's look at the second question. It is known that A is red light and
B is violet light. Which color light travels faster in the prism?

Student: According to the definition of refractive index: n=c/v, the larger the refractive index
n is, the smaller the light speed v will be. So red light will propagate faster.

Teacher: Yes, that’s correct.

Teacher: The question states that after passing through a triangular prism, sunlight forms
visible light between points A and B on the screen. First, we need to determine what

colors of light A and B represent. Does anyone know?

Student: A is red light and B is purple light.

& 3OO AMBEFRE TR FRPETRE F
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FEAHESE T ST R RIMEL ST 3N » RIS DR AR A
B - SOLHIRITARE SR - MADERITAE R/ -
26 SRS R RMTCE S/ INE - XA ZLDE > BRSOt 0 FrLI—
Tl e E =R 5 T RRAY EERELRIE?

- RBITEIREDEEINE R n = c/v> "GV = c/n> AIAHTARRNECR > AIDEER

v o BT PAADEERR R -
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3-2 X ER5
Total Internal Reflection of Light

R VHEER » EARNAERE > THAtgErEn - E s EEAGTE
> PTES A& R AT - NI E AR AR ARy > TRES AR EAIT ST T AE
EEIRCET > Ry T S ) R - IEEE RV EUERR S - M T R AU R
MHEARVIER -

EF thiE B¥F thi
total internal reflection ESNd 0| binoculars b=
critical angle EES A optical fiber 4
refraction angle PrEtrm telescope 475
endoscope EE
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When the is greater than the , occurs. }

: When the incident angle is greater than its critical angle, the phenomenon of total

reflection occurs.

B AT AP HE R AN S ERREES -

use the characteristics of to . 1

#4] : Endoscopes use the total reflection characteristics of optical fibers to capture images of
organs or tissues in the body.
PIARSERE AR = S I - T DAFEHR S A 25 B EaH AR5 -

©® The center of the is composed of , and the outside

is covered with .

%4 - The center of the optical fiber is composed of a material with a high refractive index, and
the outside is covered with a material with a low refractive index.
SRR T T R S AR FTAE R > EAMA DTSR SRR L -

~
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At the end of learning the chapter, students are able to acquire the following concept:

R _E—ENpTERR E] S HIERE - TRt SRS ARt -

Learn the conditions for total reflection of light based on Snell's Law learned in the previous

section.
o IEERE s
flE—

StEA ¢+ EREAUE A E] Y ELEE o I A 2 P AR SN IR -
Learn how to adopt Snell's law to determine the conditions of occurring total reflection

between two interfaces.

There are different media placed in a large transparent container, and the refractive index of each
layer of media. As shown in the figure, assuming that each layer is parallel, then:

If light is incident from the air end, at which interface will total reflection occur?

(A) Air, oil

(B) Oil, water

(C) Water, CS»

(D) CS,, glass

(E) None of them are possible

BEARFERVERA—ERBEATERES T S ErHTSROER TR - BeEEhg
FoPAT > AL

ENREZE RIRET A R — /M AR e A S A 2 9/

(A) & 74, 5 :

(B) -k i o
(C) /K~CSy Cs, n=1.64
(D) CS: - ByFE I n=15
(E) HRHHE

(FEMEHR 110 TEME CGEEYHEIN) F=% F26H F£58)
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Teacher: This question is asking you which interface may be subject to total reflection. Do
you have any ideas?

Student: The textbook says that total reflection is possible only when light is emitted from
an optically dense medium to an optically thin medium, so the answer should be
(D).

Teacher: Is this really the case? Let’s try to verify it using Snell’s law. First, assume that the
refraction angle of light in oil is 8,. Since each interface is parallel to each other,
the incident angle of light in oil is also 8,, then would you all infer this?

Student: Yes, in this case, the refraction angle and incident angle of light in the third to fifth
layers are 05 ~ 6, and 05 respectively.

Teacher: That's right, let's assume that the refractive index of each substance from top to
bottomis n, ~n, ~n3 ~n, and ng respectively. According to Snell's law, what kind
of equation can we make?

Student: n,sinf; = n,sinf, = nzsinf; = n,sinb, = nysinbs

Teacher: Yes, then when we substitute the refractive index, it becomes
n,sinf; = n,sinf, = niysinf; = n,sinf, = nssinbs. Did you find anything in
this way?

Student: No, can you give more hints?

Teacher: Did you notice that I equalized all five values? This means that the light is refracted
at each interface, but what we want is which interface will have total reflection, and
how to do it?

Student: Try replacing the refraction angle of each interface with 90°. If it is reasonable, it
means total reflection may occur.

Teacher: The answer is correct, let us start from 68,: 1sinf; = 1.3. We can find that sinf; =
1.3 is obviously impossible. Therefore, light will be refracted at the interface
between air and oil. At the same time, n,sinf; = n,sinf,. Please continue to
follow this method. Give it a try later.

Student: Okay, in the end, I found that no matter which value of 0 is substituted for 1, it is

unreasonable, so we get n,sinf; = n,sinf, = nzsinf; = n,sinf, = nysinbs.

The light is refracted at each interface. So the answer should be (E).
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Teacher:

R

B

EH

I

B4

Eh

EH

Yes, (E) is the correct answer. The condition of light emitted from dense medium to
thin medium is essential for total reflection, but even under this condition, total

reflection may not always occur.

DOERER AR E S A T RE e S R R RS AN 2
. AR LR RAESCHRICE T E R R R R A TR R A - P
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Test students' understanding of the conditions under which total reflection occurs and the

associated variables of light waves in the medium.

When a light ray is incident from medium A into medium B and can produce total reflection,
which of the following physical quantities are in A? Must be less than B?

(A) Density

(B) Refractive index

(C) Speed of light

(D) Frequency of light

(E) Wavelength of light.

—IEERHTE A B ASYE B IMAEELE A - TYILEYEE - £ A VIR B ?
(A) #E
(B) i
(C) e
(D) JeHYEER
(BE) JERYR& -
(104 F£457% 22)

Teacher: This question is to test whether you understand the conditions for total reflection
and the associated variables of light waves in a medium. What are the basic
conditions for total reflection to occur?

Student: Light is incident from an optically denser medium to an optically thinner medium.

Teacher: That's right, so in this question the optically dense medium is A and the optically
thin medium is B. So how are the optically dense medium and optically thin medium
defined?

Student: The refractive index of optically dense media is larger than that of the thin media.

Teacher: Yes, how does the refractive index affect the speed of light in different media?

Student: Light travels slower in media with a high refractive index.
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Teacher:

Student:

ERi

sk
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ik
4
sk

Eh

Very good, then we can also determine the wavelength of light in different media.
Since the frequency of light in different media remains unchanged, and the light
speed in media v=f - A, the wavelength A of light becomes shorter with a large
refractive index.

Teacher, I know, so the answer is CE.

BTN R B RS ERRIE - ROURE T E PHMERER - ek
SR AR T ?

FEEGECE S E R ATCHS A -

2 RS EE S T E DL M E 2 B E R HE ?

EES T EHIHTERREEEOR - SH M E AT AR R -

T BT SRR N R B R IE 2

SCAEATHR KA B TR € -

RAT BEE B AT B AT A F /B AR R E L - R RN A B M
Hoeiv = £- A afRDEAETHPRRENME S - R RALLEH -

ZRTRAE T > FTAEZE CE -
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Dispersion of Light and Causes of Rainbows

AR N AR - ME BRIV ERT - ARERE IR
Hega I > DU a5 -

B¥F thiE B¥F thaE
chromatic dispersion tEL primary rainbow T
rainbow T secondary rainbow %=
(Triangular) prism =R deflection angle ZlEE
spectrum sl vertex angle THA
visible light AR

82

3O A AN ERRE TR PRAFERE T B



(6“ W}E_;
gt

&
Q"‘nn.\l“y

83

~
BRI E 0 HFEFREFIL v

>
‘:

R

=)

In the same , different of have different . }

: In the same medium, different colors of light have slightly different speeds.

MESET - AEBGHDE > BRE A -

The we see is the dispersion phenomenon formed by . }

HGR

The rainbow we see is the dispersion phenomenon formed by sunlight being refracted,
reflected and re-refracted by water droplets.

HWMIFTEEINTRAL - E RS CEBKERITS ~ S - KFEITHHE - RERmPR
HYERER -

the greater , the greater : ]

iy -

According to Snell’s Law, the greater the refractive index is of the prism, the greater the

deflection angle becomes.

fRIBEYHEE: > = BSRATARAA - RIfREARA -
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At the end of learning the chapter, students are able to acquire the following concept:

B AT LU R HT B

Understand the principles of light dispersion and the causes of rainbows.

o IEERE s
5l RE—

A+ EEP RO B R -

Learn the condition of forming light dispersion.

The following combinations of light sources and optical components can be used to conduct
optical experiments. Which ones are more suitable for observing light dispersion phenomenon?
(should select 2 items)

(A) Monochromatic laser and a convex lens

(B) Sun and a Prism

(C) Green laser pen and a concave lens

(D) An incandescent lamp and a transparent glass marble

(E) A red light-emitting diode (LED) lamp and a transparent glass

NI EIR FOCER TG o] AR ACHE TSR B R - WAL S 2O R R 7 (JE
#E2IH)

(A) BEOeES AN AR (B) KF5 K —E=H
(©) &pCE IR —{EMIE (D) BBER K —FRETRHHEER

(B) 4Lusc—fife (LED) K& & —BRiEHIHHIE
(101 FELH 42)
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Teacher: This question asks us what combination can be used to observe the dispersion of

light. So what conditions must we have to conduct this experiment?

BUOpAMBEARETRLN FRPEERE B
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Student: The incident light source must be polychromatic light, and the medium through
which the light passes must be changed.

Teacher: True, but all the options in this question have different media than air, so just check
if their light source is a polychromatic light source.

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

Ehl - EEEBAMEE E A] DUAAREREO LR EE o AR AR B TEH E A
BRI RITE ?

B4 ABOURAHERZ T - BRI A E MEA 1T

ERN %8 EABEPRTABEIEE A B2 R A ERE - i A E e E T MHDEREE
&R TR -

Ehf - FrAEEREEZEB)D) -

plE_
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Deriving the difference of refraction angles between different colors of light considering
dispersion of prism.

As shown in the diagram on the right, A and B are two monochromatic lights. After being
refracted by the prism, lights A and B both converge at point C. It is known that one of the lights
is blue. Which of the following are correct? (Multiple choice)
(A) Ais blue light, B is yellow light.

(B) Ais yellow light, B is blue light.

(C) Ais blue light, B is red light.

(D) Aisred light, B is blue light.

ANE - A~ B RREREL > E=RRITEH%R > A~ BB CE &1L C B> EXHF—
EOCREDE > QUYL TR 2 (28E)

(A) A BBt > B REE - (B) A i » B BEE o
(O)A REDE » B REDYE - (D) A B4 » B BEEYE -

(EpbRAR 110 TEEFERAE (BREYHE D) F =58 HEMTER 3-18)
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Teacher: In this diagram, there are two beams of light both traveling towards point C after
passing through the prism. The question is to determine the colors of the two beams.
First, what is the difference between the two rays of light?

Student: The deflection angle of A is relatively larger than that of B.

Teacher: Yes, since the light with greater deflection angle means the light with higher
refractive index, Also, according to the concept of dispersion, the smaller the
wavelength, the higher the refractive index. Thus, the wavelength of light beam A
should be smaller than that of B.

Student: Okay, so the answer should be (A)(C).

ERl SRR AW AR =R SR R ME AL C B i H MR DRI S AL AT A2
IRy - EeaR EFER > ERECZ A (TR ?

B2 AWYmFEAEEE B A -

Rl e INRRIT AR > (RITERRBOR | RREE > R > JTaRE
R > FTLMRITAEOR » RN - NI - A BYRRIEEE B/ -

B4 T iRy FTLIEEEZZA)C) »
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Imaging and Applications of thin lens

A/ NEEIRES S E RIESRAV R G AIBEE R - M 4a 4 S ESERRE ] - FhE
HIEFRG - ] E P GERT R RIS -

BEF thaE B¥F thaE
thin lens SR focal length fErh
convex lens PR real image T
concave lens R virtual image 5
converging lens G magnifier R S5R
diverging lens BT
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[ o can be classified into types according to . }

4] : Convex lenses can be classified into three types according to their shapes: biconvex

lenses, meniscus lenses, and plano-convex lenses.

CESEAIAR T 3 R = © YA ~ MIIER - PILER

[ (2] are commonly used to . }

#4) : Cameras are commonly used optical instruments to record images.

IEFHROE | FHE DL - RECs YIRS -

[ (3] are very that allow us to . }

4] © Our eyes are very precise optical instruments that allows us to see the world clearly.

MR 2R A EA e RS - BT RE R TR -
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At the end of learning the chapter, students are able to acquire the following concept:

SRS EBEN R G EREENT » DURAE FAYER -

Become familiar with the imaging principles and formulas of lenses and their applications in real

life.

o IEERE s
5l RE—

A ¢ B AR R B A R R

Learn to apply imaging formulas for lenses to solve problems.

When the object is 40 cm away from the lens, a real image with a magnification of 1/2 can be
produced on the screen. If the lens is moved to the object a distance d, it is found that real images
of different sizes are produced on the screen, then:

(1) What is the shifting distance d in cm?

(2) How many centimeters is the distance between the object and the screen?

(3) What is the focal length of this lens in cm?

Ans: (1) 20 (2) 60 (3) 40/3

VIBEREAESE 40 om B > AIEARURRE 12 WEENFRESE L > BB &R — Rk
d & > S NEFE LEERERNNER - A :
(1) FE®E d A%/ cm?
(2) VRSl > Bl 2 /D cm?
(3) ItiEsRE 2 B f%/D cm?
&1 (1) 20 (2) 60 (3) 40/3
(EPRRR 110 TEEEHRE CEEYIE ) £=3 ZEmAER 3-26 #4E3)
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Teacher: First, let’s look at the first question. It says that after moving the lens a certain
distance, we find that real images of different sizes are produced on the screen. How
could this happen?

Student:

This is because the second possibility is found in the imaging formula: % + % = ]lc,
and in this possibility the object distance p becomes smaller.

Teacher: Yes, since the magnification of the first imaging is 1/2, according to the formula of
“magnification = distance of object/distance of image”, the object distance of the
first time is 40cm, thus the image distance should be q=20cm. Then, from the
imaging formula, the object distance becomes 20cm and the image distance is 40cm,
so the lens needs to move 20cm toward the object.

Student: Okay, then the second question asks about the distance between the object and the
screen, which refers to the object distance plus the image distance, right?

Teacher: Yes, so the answer is 40+20=60cm. Next, look at the third question, how to calculate

the focal length of this lens?

1.1 1 _
% + w07 » we can get f=40/3cm.

Student: Using the imaging formula: +$ %

T |-

Teacher: Great! Thus, this problem needs to combine the two formulas regarding

magnification and imaging.

RN BRRMTACES > CR RS E— R (& SR R EEE AR
NYEG - BB EE ?

s ERERERGAR S+ = S PHE T HE AL TR AR p

q

SNT -

EHN 28 BEE NS — RO By 172 i —KEVJRE Ky 40cm - 1REZE “TiX
RER=AGREPNRE” > AJHISE—REVEHE q=20cm - FHERUE AR > AlfEsH Ky
YIRE £y 20cm > {GEE Sy 40cm - (RIS 7R [ P7EG 48] 20cm -

B4 ey s R YRS B e BV R EJEE?E?%EEDDJ:{%E » I 2

ZET Y B ZESE 40+20=60cm - HEEFS = - HHAGAYEEEEERE ?

l=1’i+i=1é » B[{Ef = 40/3cm
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Learn to apply the lens imaging formula to solve problems.

The camera device of a smartphone mainly consists of two parts: the lens and the photosensitive
element located on the imaging plane. In order to enable objects of different distances to be
imaged on the photosensitive element, the distance between the lens and the photosensitive
element needs to be varied between 4.0 mm and 4.5 mm by the automatic control mechanism of
the mobile phone. It is known that a photographic device can image an object at infinite distance
through a lens onto a photosensitive element. If the lens can be regarded as a single thin lens and

the focal length of the lens is fixed, which of the following statements is correct?

(A) The lens is a concave lens

(B) The focal length of the lens is approximately 4.0mm

(C) The image of the object in front of the lens on the photosensitive element is an upright real
image

(D) Objects in front of the lens can be clearly focused as long as the object distance is
greater than 36 mm

(E) When the object distance is 4.0 m, the distance between the lens and the photosensitive

element is 4.5 mm

BTV EC B YR AERIE Y © SRBHA S AL R G P ey RO Tl - Ky T
EITA IR TRERR G BOLTiE b - BEREOL T ZEAVEERE - FEETIRAVEE)
T”‘“%Jff%%# (EHAE 4.0 mm F| 4.5 mm ZfE8EE) - CRIGMHEEE A] LURHRES B YIS
BB R G BOTE B SRS i R B HE s o HAESRAYERIEEE > AR
BRI TEffE 2
(A) SEEHIE S Ry ER
(B) SHEHZESHIEIEE Sy 4.0mm
(C) SREHATHVYIRRAE RO T ERTRE G R I L B G
(D) SEHHRIHVPIRR » REHEWEEAR 36 mm - F ] DUFREFE
(E) EVIEERy 4.0 m i - BFIAIFOE TR Z FIFVEERER 4.5 mm
(109 F45% 23)
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Teacher: Let’s look at option (A) first. Do you think it is right? Why?

Student: That's wrong, because the camera needs to form a real image on the sensor in order
to show the image, so it should be a convex lens.

Teacher: Good, what about option (B)?

Student: Correct. Because the problem mentions that objects at infinity can be imaged on the
photosensitive element, and according to the imaging rules of convex lenses, objects
at infinity should be imaged at the focus on the other side.

Teacher: Yes, according to the question, the distance between the lens and the photosensitive
element varies between 4.0mm and 4.5mm, so option (B) is correct, but what about
option (C)?

Student: Wrong, real image should be inverted.

Teacher: That’s right, but what about option (D)?

Student: 1 1

Correct, if using the imaging formula: % + % =7 % + i = i, it can be obtained that

gq=4.5cm. The image is just right on the photosensitive element so when the object
distance is greater than 36mm, the image can be clearly seen.
Teacher: Great, what about option (E)?

Student: Incorrect, given that f=4 mm, substitute the given conditions into the imaging

1 1
formula: : +—%-.
4 4.5 4
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B o ARIBIBSIRR AR o TEREHES — IR | -
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BUE DS o EGIEZR BT -

BT ARV FIEE(D)BEIEIE ?

=20 5o+ o =1 g = 4.5cm - ML ATLL

gk IERE MBRARGAR S+ =2 o

REAEROETTIE E > INEEY2EE HEARRY 36mm &l A] LUSEHAL -
Ehl - REEE - ARE(E)EEIEE ?

FE gy B0 = 4mm o EEEERAREAR DLl

%3 3OO AMBEFRE TR FRPETRE F



L KT ERT A ERT O 0 IIFCEFREFTY S

* EEM AW THESER *

Diffraction and Interference of Light

BiRvAE AW N 27/ S TN
BRI AR TGE R 2 FE R
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Interference of Light

we VFFXEFREFATY <

E¥F thEE B¥F thiE
interference A optical path difference WA=
diffraction “ht phase difference Ziskivazs
corpuscle freukiz bright fringe =L
optics HEE dark fringe AL
double slit L2y wavelength K
parallel AT constructive interference | ZEsETH
coherent light [E] SRR destructive interference W0
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[ ® When , is/are observed. }

4] : When optical path differences between two beams are integer multiples of the wavelength,

bright fringes are observed on the screen.

E WA R Ry R SR - B L e R

[ (2] represent . ]

i) : Dark fringes represent the results of two beams superimposed into destructive interference.

SRR AOCB IR - IR TP REER -

o BEEE o

TEEE AR ITE - BAEESLITNE S

At the end of learning the chapter, students are able to acquire the following concept:
st BRI 72 AT DR E TR SR SURIRE 4

Explain that phase difference determines the bright and dark fringes of interference.
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Qualitative application of the formulas of double-slits interference.
In the "Young's double slit interference experiment", parallel light of wavelength A is incident
perpendicular to a slit, as shown in the figure. The distance from the plane of the slit to the light
screen S is denoted as D, the distance between the two slits is d, and D >> d >> A. Let the distance
between the centers of adjacent bright fringes on the screen be denoted as (Ay)l, and the distance
between the centers of adjacent dark fringes be denoted as (Ay)d. Which of the following
statements are correct?
(A) When D and d are kept constant, and A increases, then (Ay)] increases.
(B) When D and d are kept constant, and A increases, then (Ay)d decreases.
(C) When A and D are kept constant, and d increases, then (Ay)d increases.
(D) When X and D are kept constant, and d increases, then (Ay)l decreases.
(E) When A and d are kept constant, and D increases, then both (Ay)l and (Ay)d decrease.

A S

d

1
oy

—> | D

12 "GP E R T I RR LBV TOLEE IR AL > AIEFTR - SREERT
P 265 S HYRIEER D - M {EREEHIMEIEE S d > H D>>d>>\lambda » ¢ EAHARRN
SESUTRYREEELIRFIR(AY)] R - FHATRE S0 LRI REIEE AR (Ay)d o > AITRAIEL
A RLE T ffE 2
(A) & DHldaERFAEE - AERET > Al(Ay)l X -
(B) & D BildaERFAEE - AERET > Al(Ay)d /0N -
(C) & A BLD HERFAEE - d BERET > ll(Ay)d K -
(D) EALEDERAE d ﬁ?ﬁ% > JlAy)1 8/) -
(E) & A HLdaERFAS - DERES > Hl(Ay)l K (Ay)d 58] -

(F55PHE 93 =% 12)
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Teacher: In the double slits interference experiment, what are the widths of bright fringes and
dark fringes?

Student: In the double-slits interference experiment, the width of the light fringe and the
width of the dark fringe should be the same, both Ay = %/1 Just like the picture

below.

Teacher: That's right! Here, D represents the distance from the double slits to the screen, d
represents the spacing between the two slits, A is the wavelength of the incident
parallel light, and Ay is the width between two bright fringes, which is also the
width between two dark fringes. So, when D and d remain unchanged, what is the
relationship between Ay and A ?

Student: Ay and A are directly proportional.

Teacher: . . .
CAT That's right, based on Ay = %’1 » Ay 1is proportional to the wavelength A, where D

is the distance from the slits to the light screen; d is the distance between the two
slits. And A is the wavelength of the incident parallel light; Ay is the width between
the two bright fringes as well as the width between the two dark fringes. What is the
relationship between Ay and A when D and d are constant?

Student: Ay and A are directly proportional.

Teacher: That's right, so option (D) is correct in stating that when A and D are held constant
and d grows, then (Ay); grows smaller, and option (C) is wrong. What is the
relationship between Ay and D when A and d are constant?

Student: Ay and d are inversely proportional.

Teacher: Yes, so option (E) is incorrect because (Ay); and (Ay), should increase when D

Increases.
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B g ey =2 AyR . RGEE: - BIEABSEFTAGRATE D B8 d 4R

A SEREE - [ (Ay), BEATEIEHERY > M(B)EEIEEEEERAY - HN/EE D B A
“EI’JEH@ AyFl d HIREARETEE ?

B4 0 Ayl d JZRS R -

LRl J28h 0 FTLAD)EETHRATEGMAYE L Bd D 4ERFASE > d BERET > [l (Ay), B/INE
IERERY > T (C)BEIEEFERRAY » £ N2RE A B d A2AVEHe: - AyAl D BYRE{HRE
{F1EeE 2

B4z 0 AyHR1 D JZRIEEERY -
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Understand the conditions for destructive interference between two light beams.
The surface of the CD-ROM records the message in dimples, and its magnified side view is
shown in the schematic diagram. In the figure, the light rays FH and /. in the laser beam of the

reading signal are reflected by the surface of the optical disc, superimposed and become
constructive interference. If the two light rays C and D can be superimposed into destructive
interference, how many times the depth of the bottom of the pit can be the wavelength of the

laser beam?

SRR DA MR S » HORCA e 7
7% o B PSP B A S o B 7, A T
SRR 2 1 > B B R T - MR HE T
FAR PSR Ry A T I B B R FEE
EHIATR R s 2

(A)2 (B): (O)1 (D) ; (E) ;

(F55177H 99 Bk 2)

Student: Teacher, how do we know the optical path difference between beam C and beam D
for this question?

Teacher: Assuming the light is projected vertically into the disc. Thus, the optical path
difference between beam C and beam D can be obtained from the depth of the optical
disk groove. Since beam C enters the optical disk groove and then rebounds out of
the groove, beam C travels twice the depth of the optical disk groove than beam D,
as shown in the diagram below

AT

1]l

[ ]

Student: So that's how it works! Is the condition for destructive interference that the

difference in wavelength between the two beams is a multiple of 1/2 times the

wavelength?

10 BB AAR RS TR FRPE TS



ASA/
%

101

SO EB
(AT

ST T A E KT 7

Teacher: That’s right! When twice the depth of the disc groove is odd multiples of half the

sk -
-

wavelength, the beams form destructive interference. In contrast, constructive
interference occurs when twice the depth is even multiple of half the wavelength.
So the depth of the disc groove should be odd multiples of 1/4 times the wavelength,

the answer is (E) option.

LRl R B S IERIE DR T ORI EZE ?
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Diffraction of Light

Jei IR R H LURBIARY - AERDCAVGRETIRS > FE B ITSEE T - SEU B S Ir
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BF thiE ¥ thaE
diffraction G central bright band e
width of the slit PREETE incident vertically EHEPNCC}
wavelength g

is proportional to . J

o

4] © The width of the bright fringe is proportional to the wavelength of the beam.
SEAU TS B KA R IEEE

()

e If , will 5 }

#i4) - If the width of the slit becomes wider, the width of the bright fringe will become narrower.
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At the end of learning the chapter, students are able to acquire the following concept:

st B WA 2E0'E 2 RIAAR A 72 - AR E BES Y SE QUG ALY & -

Explain that the phase difference between two light beams determines the positions of the bright

and dark fringes of diffraction.

» BIEERE s
5l RE—

A BRI BGER RO IR -

Understanding the conditions of forming diffraction fringes.

The figure shows a schematic diagram of a single-slit diffraction experimental setup, where the
width of the slit is d. Now, parallel light of wavelength A is incident perpendicularly on the single-
slit, and the angle between the Q point at the edge of the screen and the vertical line in the slit is

0,,. Which of the following choices would be a possible cause if the dark pattern formed by

diffraction the light is not observed on the screen? 0

A)d>>41 e

A A el

(B) dsinf,, < 1 —> P

— di Y On

(C) Incident light is too bright. e T i

(D) Incident light is not homogeneous. 2] =

(E) The incident light is monochromatic. % = Ll
103 .
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Teacher: If no dark fringes formed by diffraction are observed on the screen, what might be
the reason?

Student: I think there is probably no diffraction at all.

Teacher: Yes, it means that the diffraction is not obvious enough or there is no diffraction at
all. Previously, we discussed that if diffraction is to be formed, what should be the
relationship between the slit width and the wavelength?

Student: There should not be too much difference between them.

Teacher: That's right, if the difference between the two is too large, the diffraction will be not
obvious, so option (A) is correct. And, let’s talk about option (B). dsin@,, is the
maximum wave path difference, but what is the condition for single slit diffraction
to form dark fringes?

Student: The condition for forming dark fringes is that the optical path difference is an
integer multiple of the wavelength.

Teacher: That's right, if the optical path difference is less than one time of the wavelength,
then even the first dark fringe can't be seen, so option (B) is also correct. What about
option (C)?

Student: Iknow! Dark fringes showing up or not has nothing to do with the brightness of the
incident light, so option (C) is incorrect.

Teacher: That's right! So let's move on to option (D). What will we see on the screen if the
incident light is not homogeneous?

Student: Both bright and dark fringes cannot exist. As mentioned in the previous lesson, it is
necessary to have a homogeneous light source in order to create stable phase

differences in order to form the diffraction pattern.
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Teacher: Great! So option (D) is also correct, what about option (E)?
Student: Diffraction pattern can only be seen by using monochromatic light, so option (E) is
wrong.

Teacher: Excellent! So the answers are (A), (B) & (D) options.
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Applying the formulas for single-slit diffraction and double-slits interference.

A student wants to measure the distance between two slits of a double-slits by using a single-slit
with a slit width of 3.20 X 10~ 3centimeters and laser light of unknown wavelength. First, a
laser light source is used as a vertical incidence for the single-slit diffraction experiment, the
distance from the single slit to the screen is 150.00 centimeters, and the width of the central
bright fringe on the screen is measured to be 5.93 centimeters.

Now, the single-slit is replaced by a double slit, and the rest of the equipment and the distance
are not changed, then the double-slits interference experiment is conducted, and the distance
between the two neighboring dark fringes on the screen is measured to be 0.60 centimeters.
According to the above data, what is the distance between the two slits of a double-slits?

(A) 0.16 mm (B) 0.32 mm (C) 0.63 mm

(D) 1.26 mm (E) 2.52 mm.

A DL —IREE T 53.20 X 1073y ERREE - RORADERAVEESRDE - ACHIE —HE 5K
SRR IREE IR - Je L B S RO IR B ASTE RIS B R - Bk 2 RV iERE
R 150.00 2257 - &M R B P Roeir iR Ky 5.93 1351 o TR BLPRAE A e - L
ERas i EREE R RICE T - PR T E R - (EhfE LS A A R S A R Ry
0.60 2257 » {RIZLL EEHE - PRGNy M PRAE RIFE Ry 1 2

(A) 0.16 Z3k (B) 0.32 =3k (C)0.63 =
(D) 1.26 =3¢ (E)2.52 =3k -

(F55P)HL 95 EH¥E S5)

Teacher: We know the width of the single slit central bright fringe is 5.93 cm from the title.
Do you still remember how to calculate the width of the single slit central bright
fringe?

Student: The width of the central bright fringe of a single slit is double of those of other
bright fringes. Thus, the width of the central bright fringe is 2Ay = 2 %, where Ay

represents the width of other bright fringes except the central bright band, r

represents the distance from the slit to the screen, and A is the wavelength of the

beam, b represents the slit width of the single slit.
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Teacher: That’s right! Since the edges of the central bright fringe are formed by the dark
fringes of n=x1, its width is double of those of other bright fringes. So we know

5.93 =2 %. The question tells us that the width between the two dark fringes of the

double slit is 0.60 centimeters, can you calculate the width between the two dark

stripes of the double slit?
Student: The width between the two dark stripes of the double slit is Ay’ = %’1, where

Ay'represents the width of the dark line, r represents the distance from the slit to
the screen, A represents the wavelength of the light beam, and d represents the width

of the double slit.

) y) . : 5.93
Teacher: That's right, so we know 0.6 :%. Now we divide the two equations, 0o =

and the question tells us that the width of a single slit, b is 3.20 X 1073
centimeters. Therefore, the width between the double-slits d is 1.58 X 1072

centimeters, which is about 0.16 millimeters, so the answer is (A).

RN EE ST g th R AU TS 5.93 () RS ECIS B L Sea
AR > EIEETR S ?

R BRGSO RS R M SRS AR - BT LA R S R Ry
28y = 2% o Hp Ay (UEHMZAEE - rURHE R FRRATIERE > AR
JERHN A o bUREPREEHIRGE TS -

Zhf 0 28 RBTh I AR HIE SR n=t1 IYRFAL BRI s2 40 B i 2 A
SESHIM (E © FTEAFRT AT PR H15.93 =2 % > RRE H 5 R M g R ST
RS 0.60 77 RFEECIS S PAE RIS AR RO S T R S 2

BRp PRI SRR EAY = % > Hrp Ay (RFIF SR > rURH 2 IRE R 57
FAVEERE > MRFOURAVIER > d (ARG FHTRE -

il 2 TR LAE 0.6 :% o BAE TR AR RN e (R - AHER > = DUS2
% =25 R TR MR RIS b 23.20 X 1073453 » R AZ&RRA]
DUSEEEgE ~ MIRVTE d REYERRL.58 X 107247 » B2 KREYER 0.16 =
Ko FTAEFE(A)ETH -
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BSNEEER More to Explore

PBS LearingMedia

EREERIRE - SERSYER > B R R A
SRS R > MO AR -

https://www.pbslearningmedia.org/

MIT opencourseware

A B MIT BB - (5 B st B B bR
it

https://ocw.mit.edu/

Khan Academy

ATERRE > A EVYIERERR R RE HERYE R o

https://www.khanacademy.org/

Interactive Simulations, University of Colorado Boulder

OEjAERES > T BFHEME AR -
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 - rEFEMHRE TR - mHERERES
https://www.physport.org/assessments/

22

TrHE AR EAH BRI R -

https://pansci.asia/

ISLE Physics

BE4EUE R DR T4a S A B E YA B K R H HY -

https://www.islephysics.net/
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A Reference Handbook for Senior High School Bilingual Teachers in
the Domain of Natural Sciences (Physics): Instructional Language in
English

[ Elective Physics (111) ]
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