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Electromotive Force and Electric Current

AEGIFERE T EENES , BERARE (5 o W BRSNS B A I SR R A= S
i
(=]

R > ERTEOE BAE AR F 3R 1] S AP &5 electric(BETHY) L EAfi & HHA

g > BAEMEE S EE A S E T HAME R - R SFGER I electric

FFx o B0 BEfir electric potential -

BF thE B¥F thE
battery =il positive terminal TR
electric charge BEfaf negative terminal =i

electric potential
resistance =1 BArE (ERE)
difference/ voltage

connecting wire Hig joule J==NEN
sequent B coulomb [Estins
polar N Vi electric current B
like [EMERY () | conductor HEg
unlike FMERY () | electric field B
voltaic pile RETHE metal & &

2 BB AMBEERT TR FAPETERE
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steady BEM drift velocity VSR
electricity BHEE collide(v.)/ collision(n.) | filif&
magnetism fihEE atom JFHF
electromotive force | EEFEL neutron -
electric potential GEXin proton ET
electron BT
[ o is driven to . }

4] : The positive charge in the low electric potential could be driven to the high electric

potential inside the battery.
B > RS o] R RE A RS 2 & AL -

[ (2] , whereas . J

4 « Like charges repel, whereas unlike charges attract.

HERIMS - VAT > SRR

[ © be positively / negatively/ neutrally charged. ]

4 - When an ion carries more electrons than those of the protons, it is negatively charged.

EEETFRIVE T ENE T BETEIRAEN:
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At the end of learning the chapter, students are able to acquire the following concept:
— B T B ESR -

Students can understand the definition of electromotive force.
T~ BARRR T RN BB R YRR A -

Students can understand the relation between electromotive force and current.
=~ BAERE TR AR R E S -

Students can understand the definition of voltage or electric potential difference.

» BIEERE s

BlE—

St - B REE BT Y E#R -

Students can apply and analyze the definition of electric current.

There is a circular coil with a radius a on the xy-plane, which is uniformly distributed by static
charge q. If the circular coil rotates counterclockwise around the z-axis at an angular velocity of
o, as shown in Figure 4, then for a static observer, there is a current flowing in the coil, what is

the average current?

WE ;L oL o F ]

- | T
v,

xy “FHE_EA—FER a (IEPARRE - SEH 50 mIE L \\-‘
q,0

B MEETARED o MAEESE 2 S bl 4
W 4018 4 T BIEHS (FBIZEE TS S LA —EER
TEFRE » SR ERAT AN R 2
WL B o oE @2
(93 F45% 10)
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#Z3H Solution :
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. . 2 .
From the formula of electric current, [ = — = % and the period T = f, we can acquire the

At

formula, [ = 2 _ % =12 So, choose (B)
T 21

Teacher: What is the main focus of the question?
Student: Electric current.
Teacher: Good, What is the electric current?

Student: The amount of the charge transferred per unit time.

students go on the stage and share the solution.

S
Student: [ =7 ==z =

2
©
Teacher: Yes, so what option should we choose?

Student: (B)

EED - sBME IR ?

B4 R -

LR ARG - AR ERE ?

B4 0 BRI EETER -

Ehl R - A AR i > BB EITEE

I:l o
-

B ,zg_ q__9v

T2t 2n;
»
Rl AT RS e 7

B4 1 (B)

PP RAEEEFIRY

E T=2 wgI=2=4 =1

Teacher: Great. I will leave you some time to figure out the question, and then we will have

Bk wfEF—THES EEZS

FREP FRPEERE
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Students can apply and analyze the definition of electric current.

As shown in Figure 9, there is a circular coil with a radius a on the xy-plane, and the density of
the charges, A, on the coil, and the amount of charge per unit length, are the same. When the
coil rotates around the axis passing through the center of the circle and perpendicular to the xy
plane at a constant angular velocity of ®, which of the following options is the current I
generated on the coil?

2mal alw

(D) = () —

ﬁDl & 9 Fror o xy Trﬁiﬁ #ﬁ%ﬂ% a El’]lﬁ%ﬁfl%%l H EHVERGREE 1 QSRR
FEER)IIHE - EREL o (VEAREGHEBEGHEE xy P EAvEshiEsy -
RlleRRe ERTEEAAYERDR 1 Ry Mo 2

(A) > (B) adw (O

»
>

N

(B) aAw / -\
©) 21z)a)\ \\‘-/ » X

(D) 22 v

arw

(E) ——

2T

(100 £4575 20)

#ZFH Solution :

. A .
From the formula of the electric current I = A—f = %, we can know Q stands for the electric

charges on the coil and T stands for the period.

2n
= Q =AX2na,T=—
w

. Q AXx2ma N
—iTrTTm T
W
So we should choose (B)

6 BN AABEFRETRL PRPETRE F
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LA 1 =22 = Q Hr Q HIEIE &R > T REHH

At
2
= Q =AX2na,T=—
w
:I:%-M% aiw > HEE(B)

w

Teacher: What is the question asking for?

Student: Electric current.

Teacher: Good. What is the electric current?

Student: The amount of the charge transferred per unit time.

Teacher: Great. How can we figure out the amount of the charges? Does the question provide
us with any clues?

Student: We know the density of the charging coil A.

Teacher: Great! Now, can anyone tell me what linear charge density is?

Student: It's the amount of charge per unit length.

Teacher: Good. The electric current is passing through the circular coil with a radius a.
Does anyone know what is the amount of electric charges on the circular coil?

Student: Q = A X 2ma, and the 2ma is the circumference of the circular coil.

Teacher: Excellent. Then, I will leave you some time to figure out the questions, later we will

have students go on the stage and share.

I_Q_)\XZrta_ A
Student: —7—T—a w
w

Teacher: So which option should we choose?

Student: (B)

RN BERE R R 2
g EE

Zhl R AT SR ERRTE ?
B (SRS EEIVEE -
EHl  REF - AL E R EENE ? B H ARG RS ?
B AHRIERMTEMSEEE L

Ehl R AR RS E e ?

24 ERHEUREAEER -
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Ry > WS- RaV BV RE - B/ ARSAESEREE & E L

HYEEE(Q) Ry {IfE 2

Q = A X 2ma » H2naZ B &R ERYE & -

R > ARG AR — L - EREREEEETHA > HMEFE—THRZE

= NE

=T+ °

I_Q_AxZna_ N
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1-2 BB EREBIEEE
Ohm’s Law and the Resistance

N\
RETEEIRE F S - SR E WU o] 3 B R LS B TEELRA (4 > W R [E T

P NEE R E AN - RigE 5 ABHATES -
TESE T - AR s IELE B PR FE 2Bl ] $1HE B S inversely (A8 &

FEarAE ©
Rt S
EF thiE EF thiE
torsion balance HFE graphite Yot
magnetic needle %5y semiconductor device FERTTH
deflect frE diode —TiRES
electric current EM transistor B
material st resistance B
Ohmic material BRI} resistivity BEIH=
symbol Frok ohm B giss

9 BOOD AR EERE TR FRPETRE
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[ ©® When is constant, is proportional to . }

f74] : When the temperature is constant, for any conductors, the electric current passing through

the conductors is proportional to the electromotive force being provided.

EOmEEERF > BHERERNS - SRR ARSI AIELE -

[ ® When is constant, ___is inversely proportional to . }

#14) - When the temperature is constant, the conductor resistance is inversely proportional to

the cross-sectional area.

EORE—ERF - EAGEEIH &G BLESH R R L -

[ © If Si+Vi, S2+V2 }

. . . . V.
#5147 « If the resistance is not the ohm resistance, the ratio of i not constant.
(Sq Vi Sa V2)

% B IFBU I - = JEEME -

{ (4] be one of . 1

#ilt] - Resistivity is one of the characteristics of a substance.

BIHREVER— =R

10 BB AMBEERT TR FAPETERE
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At the end of learning the chapter, students are able to acquire the following concept:
— ~ BE T RERHAYE FRELERAT -
Students can understand the definition and the unit of electric resistance.
T~ BRARRE TR ESR -
Students can understand the definition of resistivity.
- B EE H BDR YRR (%

Students can understand the relation between resistance and temperature.

[1]

» BIEERE s
5l RE—

S+ ERAE RE S HH D I P B A BE FH B R AV B (4 -

Students can understand and apply the relations between resistance and temperature.

There are two solid cylinders, which are the same in shape and size, and they are made
respectively from the silicon and material A. The Figure below shows the temperature, resistance
and the relation of the voltage exerted on the two ends. It is known that the resistivity of silicon
at 20°C is about 5000 times than that of germanium, so which of the following is the most likely

material A at room temperature? Add the substance to water and see if it dissolves.

Material Temperature The Voltage on Two Sides | Resistance
Silicon 20°C 10V 1000KQ2
Material A 20°C 10V 5Q
Material A 100°C 10V 3Q

(A) Superconductor
(B) Insulator

(C) metal conductor
(D) Pure germanium

(E) P-type or T-type semiconductor

BYR AT EERE TR FRPEFREF
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A RHETAIRELAR NoE e FHEIRY B OEERS > oA AERY B FR A E R - TR BRI Bl AG
RS ~ BERH A H i Y BB R (% - ERILE 20°CHF4EHY HYBERH AR Ry&ligry 5000
& > QIRMEER R N TRee MM 2 R E I A KR &2 B iag -

EAE BE ERFImER | BREE

iy 20°C 10V 1000KQ

EAE 20°C 10V 50

EAE 100°C 10V 30

(A) HEG (B) 42&H3 C) &/HEH
(D) 4lishf-Hig (E) P BIE N Biamss

(100 HF55% 14)

fiZ3E Solution :
The laws of resistance,
gL

= p-

According to data, the resistance of the solid cylinder of material A would decrease with the
increase of temperature, thus the material A could be the semiconductor. However, from the
question, when the temperature of solid cylinder of material A is at 20°C, the resistivity

Pziticon = 50001&59:':?1:2:2&:”?1

1
R__. o= ——x% 1000 = 2000 . .
So ~ gesrmanium 5000 does not match the resistance of A material at 20°C

Thus we choose (E) °

g ezm B = F‘E
B EE 4
B Al - BiE Bf/mﬁﬂ%ﬁgﬁﬁﬁﬁéﬁ  HIIFFATRE R P28 - (HEEEEEF > 7E 20

°C fi » aﬁlzﬂ_gp@. SDDDPE ﬁﬁU\RE >(1l]l]l] 200

PHAFF > 0 (E) -

Q BFPELE 20°C B2 &

12 B AR R TR PP RS Y 3
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Teacher:
Student:
Teacher:
Student:

Teacher:

Student:

Teacher:

Student:

Teacher:
Student:
Teacher:
Student:
Teacher:

Student:

4
B
4 -
i
4
Bk

5 -
B
5 -
B
4 -
B
-
B

0o I REHEFL Y <

According to the data, what can we know about the solid cylinder of material A?

The resistance decreases while the temperature increases.

Correct. What could be the material A?

It could be a semiconductor.

Good, but what can we know from the end of the second line?
When it is at 20 °C, the resistivity Psiticon = 500000 rmanium

How can we know the resistance from the resistivity?

From the law of resistance R= E we can know that the resistance
R . = L ®* 1000 = 200

germanium — £oon
Good. Does it match resistance of material A at 20 °C ?
No.

So, what could it be?

P-type or N-type semiconductor.

Great. Which option should we choose?

(E)

& SR E A v LB BT EEE 2
SEETHER » EIHGTEE -

2885 - AR B A R RE & 2 R EE ?
AIREE RS 7

R EEEEIE TR 7T ?

£ 20 °C 5 - WhEE T 200

BAPIRIE BB AR LR FAN ] A1 7E ERFHE ?

FIFIEBIE & @R_Pﬂ s R = = — X 1000 = 200

{RAF > {EE (BRI P ETE 20 °C ISR —HETS 2
ik

FRLL » RSB ER R EIE ?
AHERL P RS N L -

1R > FLIBRITIDE RS FOE 2

®)

PP RAEEEFIRY

TR

PRPEFHE
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BlE_—

stHH ¢ B4R RENE R B AT ER P E A -
Students can apply and analyze the laws of resistance.

As shown in the Figure, the battery with an electromotive force of 0.10 volts connects to an
ammeter A. Both of the internal resistances can be ignored. One end of the battery is connected
to the right end of a wire with a length of 1.0 meters, the other end of the ammeter is connected
to a certain point of the wire, x refers to the distance between the contact point and the left end
of the wire, and the wire is made of a tungsten wire (resistivity 5.6x10°® ohm-meter) and a piece
of copper wire (resistivity 2.8x10 ® ohm-meter) connected in series, the cross-sectional area is
the same. According to the current I measured by the ammeter, the relation between the total

circuit resistance R and x is shown in Figure 9. Which of the following options are correct?

50 T 7 T T T
45

40
1.0m R

(x107°Q) 35

— 30

o o 20 1 1 1 I 1 J
[E 8 0 0.1 02 03 04 05 06 07
x(m)
[ 9

(A) The tungsten wire is on the left end, and the length is 0.3 m.
(B) The copper wire is on the left end, and the length is 0.3 m.
(C) The cross-sectional area of the wire is 1.0x10 8 m? -

(D) When x=0.3 m, the total resistance of the circuit is 38 Q .

(E) When x=0.5m, the power the battery consumes is 0.36 watts.

I
™
Rl
N
y

14 BYR AR EFRE TR FAPEFRE H
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WfE 8 > WEIES Ry 0.10 (REFHVERA - HFE— 55T A WA RIS A] 20 - Ay —
Ui R Ry 1.0 S RUESREV AN - ZHEaTHY S U E SRV —RE > x Ry ERh Sl
SR /el PEEE - HERH—EEER4R (BBPHZFy 5.6x10—8 B /A R F1—ELfi4y (EFHR
2.8x10—8 B A RL) SRR > HAEEAHE - HZ2 8t AR 1 FriEfSAvERS
SREEIH R A0 x HYRBE R AIE 9 - FHIBETAMILE IR 2

50

1.0m i
s ! 40
X R :
@_l. (x107°Q) 35
: ' 30+
[ 8 2 :
(A) SEB4R1ERL > BRE/K 03 AR - 901 02 ofs1 )0f4 05 06 07
xim
(B) $H&RIEL » BER 03 AR - Bo

(C) HARHIEIEEL K 1.0x10 °SFIFAR -
(D) & x=0.3 AR - SEESAYSREEPHLY Ry 38 Bt -
(BE) B x=0.5ARE - EAUMFREIITIREGR 0.36 L% -

(103 457 24)
#ZFH Solution:
(A)(B) could be examined by the laws of resistance
R N R L L R_p
= o— e — —=—x
o plo=r=200p

when x=0.3m, the value of % is greater so we can infer that the remaining 0.7m wire on the right
side of the wire is a tungsten wire and the copper wire is on the left, with the length 0.3m

(C) when x=0.3m, the tungsten wire on the right side, which the value of the resistance is
measured to be 39X 1070 at that time and the ; could be calculated as

B 3wx10"%  sSexip”E® _
== = =>A210"% ,
L 0.7 A m

(D) when x=0.3m, the total resistance R is about 39 X 1073 Q .

2 2
(E) when x=0.5m, the consumed power of the battery is P = % = 282'110_3 = 0.36W

so we choose (B)(E).

15 B AMREERE TR FRPEERE
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(A)B)FRIEEHERE
R

R L =R le) P
= pg— o p, L,— —_— =
pf-l P A L A P

E x=0.3m [ > n[LLEH % {HECK - FTUHEHIE LSRG ERIER 0.7m HYELR HIR4R  HI4RITE

o FBE R 03m -
(C) & x=0.3m B » L5318 0.7m (Y8645 » EHEHIEAIEIM R 4539 X 107°2 , =15

R 39x10”%  sexi0”®

H L o7

-~

(D) # x=0.3m B > TERSHIAAIE R 4951139 x 107 -

=A=10"% ,
m

2 2
(E) & x=0.5m [ » EHMHEATEIIRP = 2 = 21 = 0.36W -

R~ 28x1073

HUEE(B)(E) °

Teacher: Everyone, please read the question first. Let’s take a look at the options of (A) and
(B). According to the figure showing the relation between the resistance and the

length, does anyone know what the resistance laws are?

Student: R = P%-

Teacher: Correct! What’s the relation between R and L(shown as x in the figure)?

R_»p
Student: 7 =74 The resistance of the wire (R) is proportional to its length (L).

Teacher: Great. Because the cross-sectional area is the same, what can we know from this?

R~

Student: 7= 2%” The slope of the resistance vs. length is the material's resistivity.

Teacher: Good, From the graph, what can we know at x=0.3m?

Student: The slope of the graph which is % becomes greater.

Teacher: What kind of material could be on the right side of the remaining wire?

Student: The right side of the wire is Tungsten since its resistivity is higher than that of
copper.

Teacher: Good. Look at option (C), when x=0.3m what is the resistance value of the

remaining wire on the right side in Figure 9?

Student: Tt’s about 39 X 10712

16 B AMREERE TR FRPEERE
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Teacher: Very good, and then we can figure out the cross-sectional area by the laws of the
resistance. Now please try to calculate the value of the cross-sectional area, later we
will have students share.

Student: The cross-sectional area is about 107° m?

Teacher: Excellent, then we can look at the option (E). The main point here asks for electric
power. Does the question provide any clue?

Student; The electromotive force and the resistance.

Teacher: How can we know the electric power by these two clues?

Student: By ysing P=—

Teacher: Great. Now I will leave you some time to calculate the electric power it consumes,
later we will have students share the result.

Student: 172 0.1
P=—=——"____ =036 W
R 28 % 1073

Teacher: Bravo, what should we choose?

Student: (B)(E)

HHE KRB T - RIVEACRABIPA - B PRI USSR
RERTB: 75 AP T A A SR 7

B R=pe

T R AR BLL (L, x A5 AR 2

t-l:n
:n.l“’t:-

R B (R) BEERE (L) BRIELL -
EET (T (R R TR FTLAIR IR LU R 2

|

S BRI B -
CER (R - REEIPEILIE D - AP 0.3m B - LU A EIE

s ERIRRER (D) [EEK

EHl 0 FrPUG(EN0.7m FERZZ AT TEERARIIE ©

B4 HRIVAMIESS: - N ERVEILREHGE -

ERL REE - ARERMTEACE (C) BEH - & x=0.3m i - HEGHE 0.7m AY$54R - BIH
{E R AEE 9 22/ 2

Bz 1 29539 X 10730

17 B AR R TR PP RS Y 3
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Eh
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IEELF - AL EREAS B EFRERE RSV - WIEFE AR ESEE

sTREHEmEES) > HME—TEEE

B ALYI0T S AR
A7 BRFREKE (B) 598 EAFCREENSR > IEEBELHTESER

[]1% ?

BENE -

I -

AR a2 AT 22 W (B SRR 1S 2 LRI 2

SEYANy =Y
B -

R > G ARE — Bk R — NMEEFTUHRNEIPR B - 15— 55

V!'

N 'P I
a2 R
ERSYEL -

B e B 0.12
B 28x107%

FEH G > FTLARRPI B EE R 7

(B)(E) -
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1-3 EPHAYSEIE B D B
\The Series and Parallel Connection of Resistors

ARG MR LAY R LI > FR B AR - A A 2 SRS o AT R AR RS
FEHSCTTIA > & DAY T A A (R ER RS i - S ATEAANT 1] 25 DU - S5 SCaEE -

BF thi¥ BF thi¥
series connection =< parallel connection NiRi
generator SEEERNE equivalent resistance EXGEALE
electron current BT open circuit BT I

|

(1) be the sum of . 1

4]« The equivalent resistance of a series circuit is the sum of each of the resistance of the in

series resistors.

SRRy R P > Ry R SR I ER FH A SR

19 BOOD AR EERE TR FRPETRE
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[ (2 be connected end to end, head to head }

#14] : When the resistances are connected end-to-end, head-to-head, it is known as parallel

series.

W T DABRREEH ~ FE PR T VS o T Ryl

EBEREHE »

FEEE AR TR - BAEERLITER
At the end of learning the chapter, students are able to acquire the following concept:
— ~ EARE AT ERRHAY SR - B EAEIHE
Students can manipulate the equivalent resistance by analyzing the resistor connections of

series and parallel circuits.

» BIEERE o8
BIEE—

ste ¢ ERARRE o MTERRHAY G o MR ARl
Students can calculate the equivalent resistance by analyzing the series and parallel

connection of the circuit resistors.

As shown in the figure, the schematic diagram of the circuit is composed of four resistors
connected. What is the equivalent resistance between cd as follows?

(A)1.5Q B)2Q (C)25Q (D)4Q

AN E R > H PO {E S S R R Y B RS R R > SR od Z AR S B R R ] 2

(A) 1.5Q 3.00
b c d

B)2 Q r ,
(B) 1.0Q
©)254Q a 6.00 e
(D)4 Q ; 5

V. AAA ’4

200

(4 HEMARER BV V B —F 5520 B & 1-5)

20
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#ZRH Solution:

From the figure, there are two resistors in parallel connection, and from the formula of the
parallel connection, we know that

1 1 1 1,1 1
— =—4+—==-4+==05 —_ —_
Ry R, R 36 :’REH_D.S_E
So choose (B).

mﬁﬂﬂ’MZ%mm%Mﬁﬁ’Tmﬁ%\t%“

= R_;

0.5 » H5E(B)

Teacher: Are the resistors between cd series or parallel connections?
Student: Parallel connection.
Teacher: Good. Now please try to figure out the equivalent resistance of these two parallel-

connected resistors, then we will have students go on stage and share the result.

.1 1 1 1 1
Student: =+ —_1_=05
R4 R_.E R?‘_' 3.6

1
=Rcd=ﬁ=2

Teacher: Great. what should we choose for the answer?

Student: (B).

ERl A5 od Z[EHVERIHE S IHE R e ?
RN 1R AR GE - SRRV EE > F— T HERS

BE -
) 111 1.1
%é{a: Rm—E'Fa—E-FE—O.S
:}Rm=i=2
0.5
Fhm - AREE o P DATRFTEE (A e ?
BE: B)-
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Students can analyze and calculate the series and parallel connection of the resistance.

As shown in the figure, the circuit diagram of the circuit is composed of five resistors connected.
What is the equivalent resistance between a and b as follows?
(A)7Q B)IQ (O)11Q (D)3 Q

W NEIFTR - 2 S R T Y BN R E] - 5T ab 2 R A ERRE Ryl 2

(A) 7Q AAA
(B) 9Q AN
O)11Q a | 40 50Q b
(D)13 Q MWV
12Q

(e ém 5 B MRCEEYEE V 5 —F 55 32 H HE 1-3 56 4(1)E)

fi#ZE Solution:
From the figure, the resistor of 12Q and 4€ is a parallel connection, so we have to figure out
the value of the resistance R’ first. 300 R
L MV M
R'= = 3n — L AAA—e
1 + 1 a 500 b
1271 AA

120

then, the resistor of 312 and R' is a series connection, so we have to figure out the equivalent

. R” R
resistan .
esistance AAA
a b
ro__ _ 500
R"=3+3=6N AA
12Q

Because the resistors of B" and 120 are parallel connections, we can calculate the R "

1 . R
R”‘lz = 40N 5 AN ANN—e

_|_

1 500 b
12

o =

. ey . .
Because the resistors of &' and 5%are series connection, we can calculate the Ras

Ry = 4+ 5 =91 30 choose (B).
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I RTAT 120 B14.0 B - Soi ROEEHR

3.0Q R
1 A A
R' = = 30N
12 " 4 a 50Q b
A'AY
120
—fe ] PRy —— ”e: Ak
P 30 BIR Ly Rl HEREIR SR AR
R
AN
no_ — - — —A\AN—e
R 3+3=e6n a 500 b
M
120
REREL 120 Rinl o R HE K
R = 1 = 40 ® ‘VRV\, MA—e
l—l-i a 50Q b
6 12

RE R 81 SORBE - # Rao BB -
Rnb = 4+5=9ﬂ ) 3&%(}3) o

Teacher: I will divide this circuit diagram into three parts, and we will calculate the
equivalent resistance together step by step. Please take a look at this diagram. I will
give you some time to figure out the value of the resistor R’ corresponding to the
original diagram.

300 R
A4 MW

a 500 b

M
120

Student: R’ is the equivalent resistance of the in-parallel connection of the 12 (2 and 4 2

1
RJ = = 30N
L +
resistors. Thus, 12

| =

Teacher:  Good. Then let’s deal with the upper part. Are the resistors of 3 2 and R' series or
parallel connection?

Student: They are series connections.

Teacher: Good. Let's take a look at this diagram, What’s the value of the resistor & "9
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Student:

Teacher:

Student:

Teacher:
Student:

Teacher:

Student:
Teacher:

Student:

R

4
e

i -

RH
AN
o— —AA—e
a 500 b
NN
12 Q)

R"=3+4+3=6n
Great. How about this? I will leave you some time to figure out the resistance of

R.'.-.l

Rlll
— AN —AAAN—e
a 50Q b
R"=—" =40
_Lri_
6 12

Great. So are the resistors of B and 5 2 series or parallel connection?

They are series connections.

Good. I will leave you some time to figure out the equivalent resistance between a
and b

R,, =4+5=9n

Excellent, Which option should we choose?

(B).
LR RS 71 R = (EE 7y > FT—2 b — RIS E @A R T2 > 55
BEIEHRIE > GGFS LR > SEE SN IRE AN ER TEE R R -

3.0Q R
A4 MW

a 50Q b

MV
120

R’ 2120 k40 Il FriSEIRyEREN - NIt

1
2

{RAT > BEETMVIRBRE - EEPEhsy » M 30 1 R ReBrg R IHE ?
BRI

1R - PEE BT TE - 3R RyfauE ?

[y
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AN
— —\A\\—e
a 500 b
AN
120

B4 R"=3+3=60.
CHE (R FIOREEIEIRE - SRR > EREEHR SHEHK -

RIJI
G AN —AANN—
a 500 b
,@,5 . 1T 1
= R = = 4n
1,1
612

R JEEEE > FRUART BLS 0 B EREREE ?

LRt

HEG R PRRTA AR — SR AR E ST EEE ab 2SR E A
faf -

B4 R, =4+5=90

TR JRERE o BRI R ?

B4 (B):
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1-4 BERh7EFIEEAGESTE
Law of Charge Conservation and Energy Conservation in Circuit

FERT—ERERE T BRI SRR E R AR AT 2 (B H AV ER RS  ZA1 > AE( 7 EHAVA &
A 1] LR LR B kA S8 BB R AR 3 AT o T RO BRI > BRI T e e
RIERE) THIIEHER > G& TEEFR & TRERSTR ) ZREEE

FEFSOTTH - BAREEE IS AE from, to, through AL ERIRATAIA -

BF thiE EF thE
Kirchhoff’s law TA ] R TE meet (V.) ey
node (n.) EOEe through (prep.) Py
loop (n.) Al remain (v.) e
disappear (v.) NN
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ffl5] : A point in a circuit where two or more circuit elements meet is known as electrical node.

FEREES A W FRECA R DL B4R A & i e RG » F8 R Bl -

[ (2] from to (through ). }

#14] : The current returns from the positive terminal of a battery to that of the negative terminal

through a wire, and then returns to the positive terminal through the battery's interior,
forming a closed path.

B A BN IS F R [ R E ot S - FRE e A A B B S S A - FER—
PRESEARS TR -

[ © remain + adj. }

%4 : For a steady electric current, the sum of the electric charges passing through each part of

the circuit remains constant.
FRBEER T EEERE RN EE  SgERAEE -

[ o is equivalent to . }

4]+ The voltage law is equivalent to the circuit's energy conservation law.

BEAE A E N ERHRE BT IE R -

o« BEEHE »

FEHE AR TR - BAEERLITER
At the end of learning the chapter, students are able to acquire the following concept:
— ~ BARRE TSRS HIRE BT » DU R STA -

Students can understand the concepts of conservation of energy and conservation of charge.
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Students can utilize Kirchhoff’s law to determine the currents or voltages of circuits.

There are two batteries, whose internal resistances are zero, connected to three resistors, which
are By =30 . Ry, =10 What is the voltage of V| ?
(A)6 (B)S (C)10 (D)12

NE A R AR A B = B A - Hop By = 302 R, =10, A Vi AVEERES

%//[\VQ 2 A
(A)6
(B) 8 R=30Q

v,
(©) 10 ‘
(D) 12

(K4 E MR YR V 5 —5 5 1-34 H HE%R 2)

fZRH Solution:

2A 0V

From Kirchhoff's law's principle of the conservation of charge, we take node Y (X [=0 at nodes).
L=2+4=6 (4) (the direction is from Y to W)

Due to the principle of conservation of energy of Kirchhoff’s law, we take the loop from W-X-

Y-W (2 V=0 along any closed loop)

—2X3+V, —LX1=0=V, =12 (V) So the answer is (D)

S A e RAVETREE R (BER<FIAL > 2 1=0) » HUERL Y ¢

L=2+4=6 (4) JFHEABYFW

P FEA RIS B (BEESFE > 2 V=0) > EX W ] X 5] Y £ W g

—2X34V, —LX1=0=V, =12 (V) , y&z8D) -
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Teacher: Please try to use Kirchhoff’s law and loop rule to take the reference node by
yourselves and calculate the loop, and later we will have students go on stage and
share.

Student:

4A

First, from Kirchhoff’s law, we take node Y (2 =0 at nodes).
I, =2+4=6 (4) (the direction is from Y to W)
Then, from Kirchhoff’s law, we take the loop from W-X-Y-W. The potential for
resistors decreases along the direction of electric current. (X V=0 along any closed
loop)
—2X3+V, —Lx1=0=1V, =12 (V)

Teacher: Great. so which option would be the answer?

Student: (D)

mﬂﬂl‘

EHL - HBAREABE - FIH A AR EEDE QB ps E Rl - BT HER BB AR T
Hig# o ME—THERZEENE -
B 2A 10V

4A
e EH A e RETRE A - HUETES Y > 1=0
L=2+4=6 (4) HyEBYHEW
e A E R > B W B X Y 2] W At - fE80H - IHE R > &
firgr MR V=0) :
—2X34V,—LxXx1=0=V, =12 (V)
ERl AR > BTLATRAMIESEME S 2 2
B4 (D) -
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Students can determine the electric current by applying Kirchhoff’s law.

In the diagram below, the two batteries have no internal resistance, and we can also see the

magnitudes of each resistance. what is the current in amps flowing through the resistors 2?
4 3 2 1
(A) = (B) = (©) = (D) 7

E R AR - B AR ECEAT > QRS 20 EHRER RS

N

(A) -

(B) - QQ§ SQ§ =4V
2

© = .
: A by

D) -

(& E AR E Y V S5 —F 55 1-34 H JEM3)

fi#Z%H Solution:

Assumed that the directions of the current are as follows,

First, according to the loop theorem, we can list the following two equations.

20 8Q

2V 7 4Q
loopl: 4— 4, —8l3=0 4—4l, —8;=0
loop2: 2—8l3—25,=0 2—-8l; -2, =0
Then, due to the node theorem, at node B: {1 + 1z =I5

2(4) “L=—=(4)

from these three equations, we find that =

So the answer is (D).

30 B AR R TR PP RS Y 3



O g aF TRy 2 ERRT P 0o TIFFEFHREFL <

s b L G =g i T BT o ARSI IS V=0):

ERg 14— 41, — 8L, =0 PN
R 2 2— 8l; — 2L, = 0 f |
EA LR 8 80 ‘ e .
RS ER] (2 1=0): Vo
EEEB : L T =14 i
_ 1 2V 4Q
i st 1= () k=54
W& ZE Fy(D) -

Teacher: Can you determine if the resistances are connected in series or parallel?

Student: No.

Teacher: Correct! Because there are multiple sets of electric power, the resistances are not
simply connected in series or parallel. Therefore, we need to apply Kirchhoft’s Law
to manipulate the electric current.

Student: Please try to use Kirchhoff’s law of the node theorem and the loop theorem to solve
the problem. Later, we will have students come up to the stage and share their
answers.

Teacher: We can assume that the direction of the current is in the picture below.

20 snS BB b4y

2V 4Q
Loopl: #— 4, —8;=0
Loop2: 2— 8 —2,=0
NodeB: 11 +1, =13

“(4) "L =—2(4)

From these three equations, we can know that L=

Student: Good, so what should we choose for the answers?

Teacher: (D).
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Ehl : FEREERES > RESEEEH AR - A R ?

A4 AT

ERN 8 INRAZEER > Frb AR PR HAY S0 - NIL R d i R
TERRIRARET -

B AR ES R RAVETRUE R - DU E R > SefgiEiE - JfiFE—T

FB LB -

el L =gy TR

Los o\
20 80 [ I
v 40

Loop1l: #—4,—8L=0
Loop2: 2—8l3—2L,=0
NodeB: I1 + I, =15

=3 =1
b= 1T T ()

SR (RAF S FRLARRMSER A R 2
Efi (D) -
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1-5 ENRETRVANE

\Electric Power and Heating Effect of Current

EE T ERAERUEE  NAER Y E HE T SRR R TR - SR
TIREEIZN - BUHEERGHRE I - a2 e e - TR T SERAYEIE | - AR

S M ELER D PRAY B (4 -

B¥F thEE BEF thiE
(instantaneous) electric power | (BfHF) BEINZE | atom R+
Watt FL%F ion HET

heating effect of electric current | EJRHYEGIE | collision(n.)/ collide (v.) | Hilif&

& consume JHFE

vibration(n.) / vibrate (v.)
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[ O convert into . }

ffil5) : When electric current pass through a resistance, it would convert the electrical energy

into thermal energy, and this is known as heating effect of electric current.
UM AN - R EERE A NS - T R BRIV BCEE -

[ (2] be defined as . }

4] = According to Joule's law, the power dissipated in a conductor can be defined as the product

of the resistance and the square of the current.

B EHER » BN AR AT DI Ry B RH B e F 7RISR -

[ © the BhE4g + Si+ Vi, the EEENE + S22+ V2 }

4] : The more intensively the atoms or ion in conductor vibrates, the higher the temperature

of the conductor would be.

N R B RGN R T BB TR g B S FEIFL > INIMERGA R BT -

o BEEHE »

TEEE AR TR - BAEERLITER
At the end of learning the chapter, students are able to acquire the following concept:
— ~ BARRE TR B S BB DR E # -
Students can understand the heating effect of electric current and the definition of electric

power.
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Students can apply and analyze the electric power.

There are two light bulbs which are light bulb A and B, the light bulb A is labeled as 110V, 40.0W
and the light bulb B is labelled as 110V, 60.0W. If these two light bulbs are in series connected
with a power supply of 220V and no light bulbs are burnt out, what is the electric power at the
time?

(A)32 (B)50 (C)96 (D)504

A ~ B W{EEE - A B EEER R 110V ~ 40.0W » B & EEIE R A 110V ~ 60.0W » 75
HRF L WA RS SR B R R (T 220V INERR b (R A e > AL R e B R D 2 4
R0 ?
(A)32 (B)50 (C)96 (D) 504

(U 4m HEMHOEEYE VE—F F£34 H HHE 155 1438

fiZ8H Solution:

a

p=mw="op="C R, =19 3005 0 R =2 5017 0
R P, we can know that "4 42 T '

From
We can also know the equivalent resistance from the series connection of two light bulbs.
R=R,+ Ry = 3025+ 201.7 = 504.2 1 = 5040

_¥ _ 220 _
from I_R we can know that ! 504 0437 4

P=P,+P;=0437"x504=96 w

so choose (C) for the answer.

—w= ¥ R —£3025ﬂ R —1—:21::1?:1
g PTIV =g =R=7 gug faT Ty 7052 ¥ .8 T g0 T
EEIEI@@‘@%H%% 5 T%ﬂ%’?ﬁ%ﬁﬂ R = EA + RB = 3025 +201.7 = 5042 1N = 5041

v _ 220 _ _ 7 _
1=% g 1=55;=0437 4 P=P 4+ P, =0437°X504=96 w
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Teacher: What is the question asking for?
Student: To calculate the electric power.
Teacher: Good. What formulas we can use to calculate the eclectic power of the light bulbs.

” v
Student: P=1V=1I*R= 3

So, we need to determine the equivalent resistance of the circuit first. Then calculate
the electric current in order to find the electric power.

Teacher: Great. we have already figured out the electric power and the voltage and then we
can use it to calculate the resistance of each light bulbs. Now I will leave you some
time, later we will have students come up stage and share the result.

ve Ve
: P=IV=—=R=—
Student:  prom R P, we can know that

-

1107 110°
= 3025 N E3=ﬁ2ﬂl.? n

R, = v

Teacher: Good, it is stated that the two light bulbs are in a series connection, and I will also
give you some time to calculate the equivalent resistance of the two light bulbs in
series connection, later we will have students come up to the stage and share the
result.

Student: R = R, + Ry = 3025+ 201.7 = 5042 1N = 5040

Teacher: Very good. Now we have the equivalent resistance of the two light bulbs in series
connection, so can we try to calculate the current? I will leave you some time and
later we will have some students to share the answers.

Student: v 1=22_0p437 4

From = &, we can know that = 504

Teacher: Excellent, and finally we have to figure out the electric power. I will give you some
time, and later we will have some students to share the answer.

Student: Since P = I?R, P = 0.437% X 504 =96 w

Teacher: Great. so what should we choose?

Student: (C)

™
puf
9
/
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LR E R R 2
B L TR W ERS AR -
b - AREE > ANESRAVELIR > AT AN HARE 7
BE P=W=FR=V—:
R PRI LR AT - FoRHE N A RER HE R -
Eh R WP TERNIERMER > A Mot mERE s 5 VE
PHEFREHZR - e AR —EHESHREEE > HMF - THEASE L= -

Bl : 2
B P=W=%=:-R=

FH

V:
7 A

1107 1107

R,=——3025 0 R, =——2017 0

40 ) 60

Ehl R EHSRAIERIEE SR > — R AR R > SRR RAEE
PHR - FME—TEEELETE -

B R=R,+ Ry =3025+201.7 = 5042 1 =5040

EHl  JEERE - A T BEERR SRR - s RE R EEIE T R HARIE ? M —BRAE R
ZHRNEEHEEE > KMIEF - THEEZLGTE -

=2 1—220—043?.4
B R A[E S 504

LD JREY > RERMERHED RGN T G RF i > WIEF—TEE

B A -
Eas: g P = [?R, P =04377 x504=96 w
ERN : AREE - BT AR B R
2L (O
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Students can derive electric power from given electric current and electric potential.

If the electric heater with a maximum rate of 1200W has a rated voltage of 120V, what is the
current when it is used at the rated voltage?

(A)4A (B)6A (C)SA (D) 10A

EREE R 1200W (TSRS - SIETELR 120V » SRR - TR
%12

(A)4A

(B)6 A

(C) 8A

(D) 10A

(S B s R e V S —F 5529 B & 1-7)
fiZ 8 solution:
From p=1= % - I:R, we can know that, ! :g - 11:20[!'0 = 104
So (D) is the answer.
o P 1200

i P T E T R 1TV T 10 T o) -

Teacher: What is this question asking for?

Student: The maximum electric current.

Teacher: Good. Does the question provide any clue?

Student: The maximum electric power and the given voltage.

Teacher: Good. Is there any equation showing the three physical quantities?

Student: P =1V

Teacher: Great, then I will leave you some time and you can figure out the current by using
the formula. Later we will have students come up stage and share the result.

P 1200

. I=—=—"——=104
Student: 7~ 120

Teacher: Great, which option should we choose?

Student: (D).
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sk
47 -
T

ERi

Eh

B

A S RERE B AESRA TR 2
AR ©

R > S HA TR IR RS ?

BN YRECRIAYE R -

.. P~ REFREFL Y

R > AR (A - ATLLE3R IS = [ R 7

P=1V

R TR AR — LR E S AU E

ANy =1

T

_ P 1200

— =104

Vo120 o
FEEAF > P AT B A ZEE 7
(D) -

B0 OR RAE
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Major Discoveries in Modern Physics

IRV 2SN S/ N e
BN LB LATH A ER SR 2, ARTeEEH

AE AR R AT RPTERER R HING - 7 oH S A M A Bl oy SRATE SR [R] Y SR - o 7R
WEFBNERAG - BT LSRRI TR BISC R AV GG £ (E o S A B S Al 0%
EHEEE IR AR ~ JeERER AR TR o INIEEEE T AP
B > BRBL T IEERA YRR > R Ry AT (R - AT AT eI ERSRBRLG - REE AT SRR
FTiR AT Zem A1 S E S Y AT AL Y BEA E

PREAEAR > TERAEEAREREE WIS E - W EHEEREENREFERIAE - 5550
tAELL that 77 tHEYFsa 78] > ROl Feas B -
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2-1 EFAIE3R
The Discovery of the Electron

AENEZ AR5 - AR SUE T FORRE RN RS » (RIS E THVEE
2 o BT b E AT AR TR MG % - R ERR AR Z — MR T
B EL -

{5 SRR - SRS B 0 (0 A S EOR B A e - sl U B Ay IR
L A R H iRy NS -

BF thE BEF thaE
electron BT positively-charged A IEEERY
cathode ray tube (ST ECY o negatively-charged T A EBHY
particle ML electric plate B
metal plate BB central line L4
evacuated HZEm corpuscle frevkiz
discharge tube NEE cathode ray (=gt
charge-to-mass ratio | {72 bh deflected frE
corpuscle fok J.J. Thomson St AR

4 BB AR EERE TR AP TR
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[ o remain + adj ]

4] - When the separation distance between two plates is reduced to half, while the voltage of

the battery remains unchanged, then the electric field becomes double the original value.

BRI R R —F - TSR A8 - RAIIERES S Ry R 1 -

[ (2] be composed of ]

4 : The cathode ray is composed of negatively charged particles.
Be i 4 F Y B B P& -

[ (3) so that ]

%14 : Electrons experience an upward electrostatic force between parallel metal plates so that it

results in an upward acceleration.

B TR 22 m EREED) > Frlg E A m BRI -

[ 4] be/get deflected ]

#4) : When cathode rays pass through a magnetic field applied transversely, the rays get
deflected perpendicular to the plan of its velocity and the applied magnetic field.
& IR SR H AR IR IMINESS - AR E R - R ) & B R GRS
DRGSR~

[ (5] move perpendicularly to ]

%47 - When cathode rays move perpendicularly to a magnetic field applied, the rays get

deflected and form a circular path.

BRSO B ASMIEST - SHREreiimid - B pE s -
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At the end of learning the chapter, students are able to acquire the following concept:
—~ TREE B
Students can understand the experiments using discharge tube.
T TSR E T RTELLE R -
Students can understand Thomson’s electron charge-to-mass ratio experiment.

w BIREERE s

plE—

i ¢ RAREERSEAE T ELER -

Students can apply Thomson's electron charge-to-mass ratio experiment.

As shown in Figure 10, there is a set of parallel metal plates in a vacuum, with a length of L and
a separation distance of d. Initially, switch S is closed, creating a uniform electric field (electric
field strength denoted as E) between the two plates. The right end of the parallel metal plates is
at a distance D from the screen. Now, an electron is horizontally launched from the left end of
the parallel plates with an initial velocity v. The electron produces a vertical displacement y on
the screen, disregarding the influence of gravity. Assuming that during the process described in
the following options, the electron can definitely reach the screen, which of the following

statements are correct?

(A) If the initial velocity v is reduced to half, ty becomes 4 times the original value.

(B) If increase the separation distance d to 2 times, while the voltage of the battery remains
unchanged, E becomes 2 times the original value.

(C) If reduce the separation distance d to half, while the voltage of the battery remains
unchanged, E becomes 2 times the original value.

(D) If increase the separation distance d to 2 times its original value, while the voltage of the
battery remains unchanged, y becomes 2 times the original value.

(E) If reduce the separation distance d to half, while the voltage of the battery remains

unchanged, y becomes 2 times the original value.
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Teacher: Let's take a look at (B) and (C) first. Is there anyone willing to share the relationship
between the electric field intensity E, the potential difference V, and the separation
distance d in a parallel electric field?

Student: E= g. (E equals V times d) .

Teacher: Very good. So, when the voltage remains constant, what is the relationship between
E and d?

Student: E o % (E is inversely proportional to d).

Teacher: Excellent. This is hold when the potential difference is fixed. So, if we want E
becomes twice the original value, how will d change?

Student: The separation distance d much reduce to half of the original value.
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Teacher: Very good, so (B) and (C) are incorrect. Now, let's derive the displacement "y" of
the electron on the parallel plates together. We will start by deriving the upward
displacement "yi" of the electron between the parallel metal plates. Now, I'll give
everyone some time to think, and we'll invite a student to come up and share their
thoughts shortly.

V:—; dIv’/\‘y/F

—

Student: The electron experiences an upward electrostatic force between the parallel metal
plates, resulting in upward acceleration.
_ F eE el”
m m md
To find the time the electron moves between the parallel metal plates, considering

horizontal motion:

t, =—
oy

Based on the formulas regarding constant acceleration motion, the upward
displacement "y1" of the electron between the parallel metal plates can be calculated

as:

1 . 1leV eVL?

—at.,c = =
ah Zmd ( ) 2mdp?

}’1=2

Teacher: Excellent! Now, let's practice calculating the displacement "y>" when the electron
leaves the parallel metal plates. We'll continue to give everyone some time to think,
and then we'll invite a student to come up and share.

Student: The upward velocity of the electron when it leaves the parallel metal plates is:

eVL

1, = at,
1= md v

B

To find the time it takes for the electron to travel horizontally outside the parallel
plates, we can use:

D
t, = —
B

The upward displacement "y>" of the electron outside the parallel plates can be
calculated as:

eVL D eVLD

mdv v mduv?

¥ = v_';tf
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Teacher: Well done! So, what is the total displacement "y"?

Student:

Teacher:

Student:

Teacher:
Student:

Teacher:

R

i
B
T -

B
i

ty == (Ls2p
y=y +y, = -
ST amdw? ( )

Great! From the total displacement "y," we can conclude that y « 1/dv?. Finally, let's
determine which of the options (A), (D), and (E) are correct. We'll again give
everyone some time to decide, and then we'll invite a student to share.

(A) and (E) are correct, while (D) should be corrected to “y becomes 1/2 times the
original value.”

Excellent! So, which options should we choose?

(A), (C), (E).

Good job!
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Students can apply the findings of Thomson's cathode ray tube experiment.

Understand that J.J. Thomson discovered electrons from the cathode ray tube experiment.

(A) (B) ©

cathode ray tude N
= ; =V
== %%,///‘"
= 0
3
l—:‘w — v

{
gl

Vp

[ shadow )

A EZE R E BRI TE T - MIER S EREENEP A AR

(B) ©)
BEHGE TR

fuma i
L_«.It-m-m— x

7Ny vp'

(88 52 H29)

Teacher: According to J.J. Thomson's cathode ray experiment, does anyone know which
diagram is incorrect?

Student: (A).

Teacher: Why is that? What's wrong with it?

Student: Cathode rays originate from the negative electrode and move toward the positive
electrode, but in (A), the polarity is reversed.

Teacher: Very good. Since the particles of the cathode ray are electrons with negative charges,
which would be attracted and deflected by the anode. So, which option should we
choose?

Student: (A).

Teacher: Excellent.
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. Millikan's Oil Drop Experiment
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elementary charge EAEE hydrogen atoms R[URT
oil drop experiment SHUE E B constant HE
neutral/uncharged AEFEN electron volt B REF
electromagnetic waves R penetrate 708
electric field B penetration ZEiIF(n.)
electrostatic filed EFEY radiation HE S
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[ ©® Compared to , . }

##4] - Compared to protons or neutrons, electrons are two thousand times lighter than them.

BV T AHEE o BRI T -

{ 2] be multiple of 1

5]« The charges carried by oil droplets are a multiple of the elementary charge.
HUEPTINER - BAARE RN -

{ © see as 1

4] = Scientists used to see cathode rays as a type of electromagnetic waves.

FHER o2 L2 B SR Ry ERRLRZ Y — T -

{ 4] possess the property of 1

4]« Electromagnetic waves possess the property of traveling along straight lines despite the

existence of external magnetic fields.

LR AT T - Ty B4Ry SR ERR AR -

« BEEHE »

EE A% - 2AEERLITNE S
At the end of learning the chapter, students are able to acquire the following concept:
—  BEWEIUYCHEES - DT AR EIES -

Know the meaning of elementary charge through Millikan’s oil drop experiment.
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Determine the mass of the electron by integrating the findings of the cathode ray tube

experiment by J.J. Thompson and the oil drop experiment by Millikan.

Among the four experiments A, B, C, and D, which combination of experiment results can
determine the mass of electrons?

A: Rutherford's particle scattering experiment

B: Thomson's cathode ray experiment

C: Roentgen's X-ray experiment

D: Millikan's oil drop experiment

(A)JA~B~-~C~D (B)A-B-C

©B-D (Db)D-~C

H~ 2~ TS  EERIGEREEG T UAEETEE ?
R ZEARATRL TR B R 2 AR R R AR B
A - BN X R E R T LR E
AF~Z~KF~ T B~ Z K

OzZ-~T DT K

(84 £EELH43)

Teacher: Which of the experiments mentioned above are related to electrons?

Student: B and D.

Teacher: What did the two experiments acquire respectively?

Student: Experiment B determined the charge-to-mass ratio of electrons.

Teacher: Good, and what about experiment D?

Student: Experiment D predicted the charge of electrons.

Teacher: Great, how can we use the results of these two experiments to determine the mass
of electrons?

Student: By using the known charge-to-mass ratio (charge/ mass) and the charge of electrons,

we can calculate the mass of electrons.
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Teacher: Very well, so mass of electrons = charge/charge-to-mass ratio. Which option should

we choose?

Student: (C).

PR SR LT - BITE TR TRLIE
B ZFIT -

HH  ETEHI SRR ?

Bk ZEH T E TS -

2H 0 RAT 0 BTUR ?

B R THHENHE THER -

SR AR o DB LA AT R (B BEBR AR, » A TR E ©
=4 FIREAWMEELEREE)  HEEAN  TURNETEER -
HE JEEAT > ETER=ERATELL o FTLAIR PR S R ©
B4 (C)

BlE_

aHH ¢ EERE TR YO E R o

Students can understand the findings of Millikan’s oil drop experiment.

In Millikan's oil drop experiment, with a separation distance of d between S N
two parallel plates and the switch S closed as shown in Figure 12, if a small
oil droplet with mass m and charge q remains at rest between the paralle] 4 -4

plates when the switch S is connected, assuming the gravitational

acceleration is g and neglecting air buoyancy, which of the following

statements are correct? 12
(A) The small oil droplet is positively charged.

(B) The electromotive force provided by the DC power supply is ngd .

(C) Increasing the separation distance between the parallel plates will still keep the small oil
droplet at rest.

(D) Millikan's oil drop experiment can be used to measure the mass of photons.

(E) Millikan's oil drop experiment can be used to measure themagnitude of the elementary

charge.
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Teacher: Let's go through each option together. First, let's look at option A. What forces act
on the small oil droplet?

Student: Gravity and electrostatic force.

Teacher: Very good. When the small oil droplet is at rest, what can we say about the net
force?

Student: The consultant force is zero.

Teacher: Excellent. The upper plate is positively charged, and the lower plate is negatively
charged. So, what kind of charge should the small oil droplet have to experience an
upward electrostatic force, in order to balance the downward gravity?

Student: It should have a negative charge.

Teacher: Very good. So, option (A) should be changed to a negative charge. Now, let's move
on to (B). Given that the small oil droplet is only subjected to electrostatic force and
gravity, and the consultant force is zero, can anyone share how we can calculate the

electromotive force?

£ mgd
Student: mg =qE = frg=> £= p

Teacher: Very good, so (B) is correct. Next, let's consider (C). If the plate separation distance
(d) increases, how does the electrostatic force change?

Student: The electrostatic force decreases.

Teacher: Excellent. In that case, the gravitational force on the small oil droplet will be greater

than the electrostatic force, so what will happen to the small oil droplet?

Student: The small oil droplet will fall acceleratedly.
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Very good, so (C) should be changed to "the small oil droplet will fall
acceleratedly." Finally, let's look at (D) and (E). Using Millikan's oil drop
experiment, which physical quantities can we determine?

The charge of the elementary charge or the charge of the electron.

Perfect, so (E) is correct, and (D) should be changed to "the charge of the elementary
charge or the charge of the electron." Now, which options should we choose?

(B) and (E).

Excellent.

HFIR—ERF—(EEEHE - HioE A B S/ INEEZ 28 1EH
UE ?
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g mgd
mg=q£'=qg=>s= p

L IERAT - FTAB)IERE - FACHRITA(C) - WIS d UK - AR e s

feme ?

. WENER) -

R > HSPE NHUEAYE ST G KINFFEE ST > BTV INHE & a0 iE 2

IINHEG IS T -

R > FTLAC)RERZSURy NHTE G IS T » S&HAMIAED)E(E) - (EHZIL
PRAHE B > B RS (B E e ?
FAERNERNETHEE

REF > FTPAE) IEHE - (D)L SR A A B R R B THIEE

ASF A % BRI LE 13E T g 2

(B)ZL(E) -

FEHAE -

BB AMBEERT TR FAPETERE

0 TFFAEFREFAL



*0}’80

4‘ KRyMFFRT 2 kT P 0o TEFAEFHREFT Y <

2-3 X 5%
X-ray

KEAEF M4 m BRI 7 RAC R E BBl - BRI X SRR - BENERR A
Bt - HEARTRIEIAY RS - SR = E R R RS HE R ERY
GEERE AL MR [FRE - ZETAT LU the other/another 53 E
T A o 3D other+N / others SRAFER[H o

3
oM
=)
e
pRiing
0y
+

BEF thEE BF thiE
flash YSPiA crystal PR
uncharged AT crystal structure P A A 1
diffraction BER illuminate GECT)
penetration depth B T] wave Rz
custom R welding S
interference 5 influence A
Roentgen mE X-ray X Bfag

56 BPRREREFRETRIP FEPEFREYF



we VFFXEFREFATY <

[ o be influenced by . }

#4] © The path of X-ray is not influenced by magnetic or electric fields because it is uncharged.
X FHERAVE N Z G BRI 2 - IRy X BT ER -

[ 2] have/ has nothing to do with }

#14) - The high penetrating power of X-ray has nothing to do with the wave interference.
X HERHIEEIET] > BRI R -

[ ©® irradiate A with B }

5] - When Laue irradiates a crystal with X-rays radiation, diffraction occurs, confirming that

X-rays are electromagnetic waves.

FIF X FHepidst e E ey - 568 X HGRE—TEEINIY -

o BEEHE »

FEEE AR TR - BAEERLITER
At the end of learning the chapter, students are able to acquire the following concept:
— ~ BoasEE A X LRIV ITR ©
Students can understand the generation of X-rays.
T TR X RS S — T
Students can understand X-rays are a type of electromagnetic waves.
= woan X FEREAETS ERYTER -
Students know the application X-rays in daily life.
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Understand the application and the characteristics of X-ray.

X-rays are used in medical imaging and crystal structure analysis, with a frequency range of
approximately 3x10!” Hz to 3x10'° Hz. Which of the following statements about X-rays is
correct? (Speed of light ¢ = 3.0x10% m/s)

(A) X-rays can display images of bone structures due to wave interference.

(B) X-rays can reveal crystal structures due to their high penetrating characteristics.

(C) The path of X-rays is not influenced by magnetic fields and electric fields.

(D) The interference patterns of X-ray can be observed with a double slit spacing of 0.1 mm.

(E) The Lyman series in the hydrogen atom spectrum corresponds to X-ray frequencies.

X S TE AT BB G K A AERE 0T > HARRHIEIZITE 3x10" Hz % 3x10" Hz
NHIARE X SEREIACIL A TERE 2 (S ¢ = 3.0x10° m/s )
(A) X SHREIEURERREGERAG BRI ERTEL -
(B) X HERATEUNEARESHE  BHNEEFEIREATEL -
(C) X HERNRENZMBABETE -
(D) FHZREEMIEERy 0.1 mm HYEEFREERIAIEIZZE] X HRAYFIPIREL -
(B) @FET GRS RIA X HRAIHE -
(dmE 109 455 3)

Teacher: Let’s take a look at each option and correct it. First of all, for (A) Does anyone want
to share the reason why the X-rays can display images of bone structures?

Student: Since the high penetrating power has nothing to do with the wave interference.

Teacher: Good. Let’s move on to option (B) what’s the reason that the X-ray can display the
crystal structure?

Student: Because of the diffraction of the waves.

Teacher: Great. How about option (C)? Can anyone share whether the path of the X-ray is

influenced by magnetic or electric field and why?
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Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:
Teacher:
Student:

Teacher:

The path of the X-ray is not influenced by magnetic and electric fields, because it
is a kind of electromagnetic wave, which is uncharged. Therefore, no electric force
neither magnetic force is reacted.

Excellent. Let’s take a look at option (D). Based on the condition provided by the
question, please figure out the wavelength range. Later, we will have students go on
the stage and share the results.

3x10°8 1= 3108

A==
f, wavelength range 3=10%7 3x10%7

=107"m > 41> 10"%m

Very good. Can we observe the wave interference pattern of X-ray?

No, because 4 < 0.1mm Wwhen X-rays are directed through a double slit with a
spacing of 0.1 mm, the interference patterns of X-rays cannot be observed due to
the very small bright fringe spacing."

Very well, let's finally look at option (E). What is the frequency range of the Lyman
series in the hydrogen atom spectrum

It is ultraviolet light.

Great, which option should we choose?

(©).

Good!
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Students can understand concepts related to cathode rays and X-rays.

The following statements are about the cathode ray and X-ray. Which one of the following is
true?

(A) Both can generate current while traveling.

(B) Both of them can be deflected by an electrostatic field.

(C) They have different natures.

(D) Their generation methods are similar, both emitted from the same pole.

A RER2 AR SR EL X SHARATRCIL - 1M R ?
(A) WBEHTHE ] AR -

(B) WHEH R ZAEEGH R BN R o

(C) WEFERHE -

(D) WiEELGIREL - HHE—REA T -

(s B R S TP/ VBT TR R 2-23 HAER M E k-
Rl B S 1 A 3 )

Teacher: Let's look at each option together. First, the (A) option, does anyone want to share
whether (A) is correct? Why or why not?

Student: X-ray is an electromagnetic wave, so it is electrically neutral and does not generate

electric current as they travel. So (A) is incorrect.
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Teacher: Very good. How about option (B)? Does anyone want to try this one?

Student: Since X-ray is an electromagnetic wave, so it is electrically neutral, it can not be
influenced by the electric field. So it does not deflect when passing through an
electric field.

Teacher: Excellent. Next is (C). Does anyone want to give it a try?

Student: The cathode rays are composed of electron beams rather than a type of
electromagnetic wave, so cathode rays are different from X-rays.

Teacher: Excellent. Although X-ray and cathode rays appear to be lights to us, they are
completely different in components. Finally, (D). Is there anyone else willing to
give it a try?

Student: X-ray is an electromagnetic wave produced when high-speed cathode rays strike
the anode, so the mechanism of generating the two are different. And they originate
at opposite poles.

Teacher: Good, so which option should we choose?

Student: (C).
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Blackbody Radiation - the Discreteness of Energy
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4] © The radiation spectra emitted by a blackbody has something to do with the temperature
of the walls of the apparatus but has nothing to do with the material and shape.

RGP AR OERS - K BEsEE FRREARE - BRI ARER -

[ ® S+V and thus S+V. }

i) - When an object emits electromagnetic waves, the energy decreases and thus the

temperature drops

BEEE »
EEEEAREUE  BEEEETE R

At the end of learning the chapter, students are able to acquire the following concept:
—  TAREAGIERN YR REMNE -

Students can understand the meaning and the characteristics of blackbody radiation.
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Students can understand the application of Blackbody radiation in daily life.

During the COVID-19 pandemic, forehead thermometers are commonly used to measure body

temperature. Which of the following statements is correct?

(A) The physical principle for measuring temperature with a forehead thermometer is
similar to detecting the background radiation of the universe.

(B) Forehead thermometers primarily detect radiation in the ultraviolet range.

(C) The stronger the radiation intensity detected in the main frequency range by the forehead
thermometer, the lower the temperature is.

(D) The radiation frequency at which the forehead thermometer detects the maximum radiation
intensity decreases as the temperature rises.

(E) Forehead thermometers need to reach thermal equilibrium with the skin surface of the

forehead to measure temperature accurately.

HE A S AR - R R RN ARSEOR - YR A 2 TR 7
(A) BEEAE B REED R B Y R B T B SRR R
(B) ZERLIE IRy £ BN B Ry R YN -
(C) BUMAE (HNE] E R ERAVERIS SRR - FoREURIK -
(D) ZE Mt MR R AR SR EAVERSR AR - BEER =) -
(B) ZHChME R EAEHEAZR 1 K i 22 2P Re e i AR -
(109 5% 1)

Teacher: Let's go through each option. First, (A): Would anyone like to share how forehead
thermometers work?

Student: Forehead thermometers use the same principle as detecting the background
radiation of the universe, which utilizes the radiation intensity or the wavelength of
the most intensive radiation to determine the temperature of the object surface.

Teacher: Great, now let's look at (B): What is the primary wavelength range detected by

forehead thermometers?

Student: The primary range is the infrared range.

64 BOOpAMBEARET AL FRPEFRE B



o —
|
&

65

DT ERT A EaRT P

Teacher:

Student:

Teacher:

Student:
Teacher:
Student:

Teacher:

Student:

Teacher:

Student:

EH

4
sk

Eh

Excellent. The temperature of human can only emit infrared. Moving on to (C):
According to the relationship between blackbody radiation intensity and
temperature wavelengths, what can we conclude when a forehead thermometer
detects stronger radiation intensity?

It indicates a higher forehead temperature.

Very good, the relationship between temperature and the radiation intensity is
discussed by Stefan-Boltzmann Law. Now, (D): Based on Wien's displacement law,
we know that 4max " T is constant. So, as the forehead temperature rises, what
happens to the most intensive wavelength?

It gets smaller.

Great. And what about the radiation frequency?

It increases.

Excellent. Since the speed of light is fixed, the greater the wavelength is, the lower
of the frequency becomes. Finally, (E): Is (E) correct? If not, what needs to be
modified?

(E) 1s not correct. Forehead thermometers detect the radiation spectra, so do not
need to contact the skin's surface on the forehead to measure temperature accurately.
Correct, so the forehead thermometer is nothing related to thermal equilibrium,
which requires the objects to contact each other. So what should be our answer for
this question?

(A).

IR LB - B2 (AR - AR SERE s Z8E 2
TR EE ?

DOAMEMNIT R o B DN R R RS IR A RE R > B RE B R RH YN

& RAEYRER RS -

REF > PEEACEB)EETH - FSEED AR (ORI 2Ry 1 B0 B R g 2
FHIZLLIMRIR R -

R - N ARGE R ALY MRHVBERLNY - FACE (C)BIH - (KI5 R AGIRSTRE B 50
JEBLR RO R HRR (il 4R - 2o DIAIE SRR SRS e A58 - o
A Z B RN E ?
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F(D)BEIE MR AR RS e B Amax ' T = EE, S4BT 2505
HE BRI B a2 (LI ?

%E : ?&ﬁ%d\ o

E AT ISR AT LR 2

B ek -

EAT R o RBCRELE o BT BN - SERERA - RPRIACE (BB > 5
R ()BT TE IS 2 40 SR TEREATSE - I T B 2

B ORIERE - SN R A BRI AR » F7 DR RS AE e - B
FE AR B R AR -

EA  JEHAT - THEVE(E) FrRAYET A - BIFE IR o P LU B R TR B
SR FITA - FTLL  FRPHERERE EIEIE 2

B (A)

BlE_

SEH ¢ B R W AR OO CRREE R A E] -
Students can distinguish the difference between the spectra of blackbody radiation and
that of the stimulated lights.

Below are five sources of electromagnetic waves:

Hydrogen discharge tube: exhibits a discontinuous spectrum

Tungsten filament lightbulb: its spectrum is temperature-dependent and continuous

Blue laser: emits laser light with wavelengths ranging from approximately 360 nm to 480 nm

FM radio broadcast: operates in the wavelength range of 2.8 m to 3.4 m

X-rays: have wavelengths between 0.01 nm and 1 nm.

Which of the above sources has a spectrum that most closely resembles blackbody radiation?
(A) Hydrogen discharge tube

(B) Tungsten filament light bulb

(C) Blue laser

(D) FM radio broadcast

(E) X-rays
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(A) SRINEE
(B) SR&ERA
(C) EELES
(D) FM SHAER
(B) X 5f4x
(102 5% 18)

Teacher: Does anyone would like to share the characteristics of blackbody radiation spectra?

Student: It is continuous spectrum that has a much wider range of frequency than stimulated
lights and depends only on the surface temperature of the blackbody.

Teacher: Great! Based on the spectra of the five electromagnetic waves mentioned above,
which one should we choose as being closer to blackbody radiation?

Student: (B)

RN FARSZBEESS > BERRH DY - BAWRERHE ?
B BISENEHEDEGL  SREERNEO KRG EERTS - HIEB RGN

e -
R (R AR L T RRRRR A TR R — (R SR E ©
B (B)
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N The Photoelectric Effect—Particle Nature of Radiation

ENSISTINEr
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[ ® Based on . }

f74) - Based on the classical theory of light, as long as the light intensity is sufficient, the light

can stimulate electrons from the metal and resulting in electric current.

R A HEER > HEDERYRESsE - sle MEETIERBR > AR -

[ ® _  that S +V (that FHHKAFFHTETHERNA) }

4] © The photoelectric effect is the phenomenon that electrons pop out from metals, which are

emitted by light beams.
JCEREE IR EO R IR R BRI - TS A LR S -

[ © be called }

4] © When irradiating a metal surface with light, the electrons of the metal require enough
photon energy to pop out from the metal. The phenomenon is called the photoelectric
effect.

OIS F @R - SBANEHHE RN TRER > it e/ERE
ki - IE(EER R R e B -

o« BEEHE »

EE A% - 2AEERLITNE S
At the end of learning the chapter, students are able to acquire the following concept:
— THOCERIEEDLE T

Students can understand the photoelectric effect and model of light quantization.
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Students can calculate the energy of one photon, and determine the number of photons

by the given radiation intensity.

A mask contaminated with the influenza virus can be treated with ultraviolet-C (UV-C) radiation
at a wavelength of 253.7 nm. This radiation destroys the viral DNA and RNA structures,
effectively eliminating the virus. If the mask's surface is exposed to UV-C radiation with an
intensity of 6,600 uW/cm? for 2.0 seconds, approximately how many UV-C photons per square
centimeter will be involved within these two seconds?

(Planck's constant h = 6.63 X 10734/ - s, speed of light ¢ = 3.0 X 108 m/s)

(A) 2.4 x 10 (B) 6.4 x 10 (C) 8.4 x 10*> (D) 1.7 x 10'° (E) 9.6 x 107

FRENEAREURENE » AR E R 253.7 nm 14RIME-C 18 » BHSIREN RS
IZIEIL L (DNA) B A RZ B (RNA)SES  ZEDH IR THAYRER - 5 DGR Ry 6,600 pW/em?2
HYERIMR-C T I TIERA 2.0 s > RIHEAN T AV EINE-C SEFEBE s
T2 (HEHSEEE h=6.63x 10734 s> 3¢ ¢ =3.0x108m/s )

(A) 2.4 x 1013

(B) 6.4 x 10

(C) 8.4 x 105

(D) 1.7 x 1016

(E) 9.6 x 107

(109 1575 2)

Teacher: Does any student would like to share the formula for the energy of a photon?

he
Student; E =hv = -

Teacher: Great, let's start by calculating the energy of a single photon. I'll give everyone time
to try, and then we'll have a student share their calculation.

he 6.63x10 * x3x10®
Student: E =— = —
i 253.7 x 107°
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Teacher: Very good. The UV intensity is 6600 uW/cm? which we can convert to
6600 X 107° J/s-cm>. Next, let's calculate the number of photons the UV radiation
generates. Could someone try to calculate how many photons are emitted?

—34 8
Student: Number of photons = 6600 x 1076 x 2 + 28310~ X3X10 . 4 7 5 1016

253.7x1073

Teacher: Good, so which option should we choose?

Student: (D)

ERN . ARAFRZBEE T ECTHRERAN?

y ) he
B EZJW:T

ERL RE o EERM RS E e TR EE T F - T aRS L
AR ERERENEH-EDETHRER - BMEF - THEZELETE -

he 663 %10 ~* x3x10°
B E=—=
A 253.7 x 107°

HET R ESMEITEIRIE B 6600 KW/’ S5 fm e BT HARY 6600 X 107
J/s-em? » PEE G ARF LI E - FHVRIMR IR T8 ?

B T ETFHE = 6600 x 1076 x 2 + SERATEXAC 4 5o q016

253.7x1073

T (RS > AR R REAREDE ©
B (O
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Students can calculate the energy of a photon based on the given wavelength and select

the required variables.

In the laboratory, there is a laser light source that emits light with a wavelength of 200 nm and
power of 3.0 W. Given the speed of light (¢ = 3.0 X 108 m/s) and Planck's constant (h =
6.63 x 1073%] - 5), approximately what is the energy (with the unit of J) of each photon emitted
by this light source?

(A) 1.0x 10" (B) 1.0x 107'® (C) 1.0 x 10718 (D) 1.0 x 1072° (E) 1.0 x 1022

EEBRETAE -6 EHEER 200 nm WEHCR - 1R 3.0 W - EAEE
3.0 X 10° m/s » ILEASEHERy 6.63 X 10734 - s> IR HAVEHEYE T 2 BEELT R T
AL ) ?
(A) 1.0x 10714 (B) 1.0 x 10716 (C) 1.0x 10718
(D) 1.0 x 10720 (E) 1.0 x 10722

(105 5% 19)

Teacher: Is there any student willing to share the formula for photon energy?

he
Student: E = -

Teacher: Very good, now I'll give students some time to calculate using the clues provided in

the question. Let's hear from one of the students.

_he  663x10 73 x3x10°

- E=— =10x 1071
Student: ) 200 X 10- ]

Teacher: Excellent, which given variable is not needed to determine the energy of a photon?

Student: The power of the laser light.

Teacher: Excellent, since the energy of a photon depends only on the wavelength or its
frequency, not the intensity or power of the light beam. So what should we choose
as the answer to this question?

Student: (C).
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EhT - AEAREHESZNTIREEAT?
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E -

A
R (R BRI FIERE AR E— T RIS
R EEHE -

B he 663X 10 ~** x3x 10° .
E=—= . = 1.0x 107
A 200X 10-°

il MR EET A IEEAE R R

Bk BN -
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B - FFBL B RETR 2K 2
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Atomic Structure and Atomic Nucleus

BT FALREE ARSI £ e
T FA LR AR TGRS & AL RH

AREEREHT UL SE Y SeBE B AR JR T R AURR LG - BRI ZEERVEE THE - AR EAY
AR TERRESE > 1RSI M BRAEFTR AR R TR - fRf& BT R T 4H AL
FIPUARSZ B AFH - S B E YRR BARL AT VB S SR EES - 1858 TEF 2 E AR
HYBRRL > 5 (SR AR 3 IE - G0 S AR IR BRGNS » (el BT TR E

PN
ag °
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3-1 HERFEFEREEFE
N The Rutherford Atomic Model and Atomic Spectra

RS SRR R PHE AR TR T ST A EIAIRE - B AR T
%) = FEHESCHSY  SOTE PR AR » AR B SRR T » fI40: be
analogous to(f... L0y %...) By e FL A TR B (L R s S A PR L 35+ T
A7 be similar to(R... AEHL)fE B -

BEF thiE B¥F thiE
atom R+ penetrate ZEA
atomic nucleus JRF1% diameter JEREY
plum pudding model FEEZAT TS | reflect TR
collide.....with Tl point mass 'EHE
empty ZE i — I hyperbolic 4
orbit Ly B structure GEtH
planet T2 break down ARV
atomic spectrum JRFEE scarce MY
glass tube B radiate R E
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triangular prism =R bright S ERED|

spectral line p et analyze VARIY

hydrogen spectral series | @JAT¢5E | visible spectrum ] R

distribution VaKiil Lyman K

Paschen A EH spectrum/spectra Et

emission spectrum i continuous spectrum AR

incandescent bulb =P5IG bright line spectrum BH4R R

discrete spectrum NEENEE | atomic emission spectrum | FFEOEEE

absorption spectrum W WG Et pattern/regularity FRE

surround

#i4) « The electrons of atoms surround the nucleus in a circular orbit.

RN E T B E S [ T -
[ (2] be analogous to GRERAFZRE > HFIF be similar to__ {E R3E##) ]
47 = In the Rutherford's nuclear model of the atom, the nucleus is analogous to the sun.

FEFIZEARE IR TR R bbng R Khs

be supplied by

BIey -

The centripetal force causing the electron to follow a circular path is supplied by

Coulomb’s force between the electrons and the nucleus.

BTG TEIZHERFRAELT] - Rl E TR T ERE RS T -
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{ O be concentrated in J

4 : The mass of an atom is highly concentrated in very tiny area, which is the nucleus of the

atom.

FrHVEEEEETIIER /NS > R T

o BEHE »

HEE AR ITE - 2AEERLINE S
At the end of learning the chapter, students are able to acquire the following concept:
— T ARRIZEEI R A

Understand Rutherford’s atomic model.

= TR T -
Understand the spectral series of hydrogen.

o IEERE s
5l RE—

3 ¢ ST T -

Analyze the hydrogen spectral series

A system composed of numerous hydrogen atoms in their ground state absorbs a single-
frequency light beam, transitioning individually to excited states with a principal quantum
number n. When these hydrogen atoms in the excited state return to the ground state, 6 distinct
wavelength spectrum lines can be measured. What is the value of n?

@7 ®6 (©s5 M4 (B3

FHET 2 (R Y FRREHY GUR T AT H Y 28T IR RADLR S HEE S8 T
BR n HYBEERE - BB VSR R EUR TR FIERRET > ] DUATE R 6 fRA Rl RHY
Jealas o SR n Ryfa]?

@7 ®6 (©s5 M4 (B3
(110 #4545 16)
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Teacher: Let's give the students some time to try drawing this, then I'll ask a student to come

up and share

Student:
n=4
n=3
A n=2
i ' =]

Teacher: Very well, so which option should we choose?

Student: (D)

ERN . BMEFEE—EREEAEEE - F— MHERELESSE -

B
n=4
n=3

y —
, .

Rl JEELE o ATPATRIRZ I (E BEEE 7
242 (D) -
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Understand Rutherford’s atomic model.

Which of the following statements correctly describes the conclusions drawn from Rutherford's

scattering experiment using alpha particles on gold foil?

A: In an atom, positive and negative charges are equal.

B: Almost all of the mass is concentrated in the positive charge.

C: There is an attractive Coulomb force between the electron and the nucleus, inversely
proportional to the square of the distance.

D: The mass of the electron is much smaller than that of an alpha particle.

(A)JAB  (B)B,C (O)AC (D)BD

STEHUZERE LU ESE (FRG B R R At 2 455 - M YIRGIH T =& 1Rk 2
B RT o IE s REEHESE

Z ¢ IEEESFED T2 RETHEE

P ¢ BB R AR T S EL YRy O AER

T ETRERRNY O

(A HZ
(B) ZRW
©) HRN
(D) &7

(& E SR ECACET 11T 3-10 HJESR 2)

Teacher: Let's go through each statement together. First is statement A. Was statement A a
conclusion drawn from Rutherford's experiment?

Student: No, it's not. The neutrality of the atom has always been one of the assumptions of
atomic models.

Teacher: Very good. Next is statement B. Was statement B a conclusion drawn from
Rutherford's experiment?

Student: Yes.

Teacher: Great. Now, statement C. Was statement C a conclusion drawn from Rutherford's

experiment?
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Student: Yes.

Teacher: Very good. Lastly, statement D. Was statement D a conclusion drawn from
Rutherford's experiment?

Student: No, it wasn't. Because alpha particles are heavy enough that they were chosen as
projectiles for collision.

Teacher: Excellent. Statement D was already known before Rutherford designed his
experiment. So, which option should we choose?

Student: (B).

ZhN . T EAREET R - BN > SRR S ZE R E RS LSS
7

B4 A% FErEdEdt —ERRETEENEERZ — -

EhN - ARY - BACERULL - B ERGIL LR ZEAR E BT A SRS 2

B R
S e FEAURACAR SR PR B E R R R ©
B R

N JEEYF o SRR ] o SEMERG T R R E RS A& R ?
B4 A2 ERRE (MriVEEMWE - T E5EEC Ml iEE -

EHl  JRERE o TR EE R T E AT EAL o BT LA ERRE BETENE ?
B4 (B) -
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Bohr Model of the Hydrogen Atom

R EM - B S B - B e Y BRI B TEAY > AR SRR R TR AL
BET > SRt W H R TR AT R STV A ARG - AT e e R EE A R % - 5
A Rty E R R R T REFE S

FUATAE SR 5% RE (excited state) A S SCIRF » AT {E BT AN B 1Y - S AT 14 25 B S A e
BHEME T E L ERE RN > HEAT OGS E - FOU A MY transition » H
et A jump to (FH{RZE S step back(FH & £ ARG » EEAEEE IR AE NI 77
ESHYZ= R I SREE L -

EF thiE B¥F thiE
stationary state TERE quantization =k
transition PR angular momentum HE =
orbit W emit SR
absorb Rz U Bohr radius R PR
principal quantum number TEFH ground state FLRE
first excited state F—2RE ionized state RS
energy level HEFE Rydberg constant NI E B
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probability PR laser st
semiconductor P

[o

be said to }

G

If the electrons of an atom are at the lowest energy level, they are said to be in the ground
state. If they are at a higher energy level, they are said to be in excited states.

WSl R T HY BT R A (RAERE - MR Ry n iR 5L 58 - (R E M e = fefs
FUIHE R Ry 2 Y ISR RS

jump up to / step back to /transit ]

4] : When the atom absorbs electromagnetic radiation, its electrons can jump up (from a lower
energy level) to a higher energy level.
R BB AR Rl AP Bk E S 5EME -
{ (3] absorb/emit }
4] © When an electron transitions from a higher energy level to a lower one, it emits
electromagnetic radiation.
45 HH = e PRk e MR AERS - RIE i H R a
{ O according to / based on }
4] © According to the appearance, radiation spectrum can be classified as either continuous

spectrum or discrete spectrum.

SRR RIR AR R D RN A DR -
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{ © be divided/group/ categorized/ classifies into 1

#e] + Based on the formed mechanism of spectrum, it could be divided into two forms, emission

spectrum and absorption spectrum.

SIS AT 7153 B SRR ORI AKE -

o BEHE »

FEEE AR TR - PAEEELITER
At the end of learning the chapter, students are able to acquire the following concept:
— TR ENS R -

Understand Bohr model of the hydrogen atom.

o IEERE s
5l RE—

St T E A SR TR R B R -

Understand Bohr model of the hydrogen atom and matter wave.

In Bohr's model of hydrogen atom, the electrons can be seen as moving in a circular path around
the proton at a radius » with constant velocity. Considering the matter wave model, when an
electron is in a stable state, the circumference of its orbit must meet the condition for standing
wave. The orbit's radius also increases with the principal quantum number #. Assuming Planck
constant is /2, what is the magnitude of momentum p of the electron when it's in a stable orbit

with a principal quantum number #n?

nh nh nh nhr

Wp=3 ®p=3 ©p=5 ®p=5r Ep=5-

2nr 2nr
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BRI EE T RN ESTHIRE IR - #UER S R AT BIEERE R - $iE-
L EE T8 o AR - SGEER b BEE TRNEETER n (R
EYENFELZ T - ETHEE p EHKA?

W p=2 B p= ©Op=1- Op=2r ([Ep=,—

2nr 2nr

(102 455 19)

Teacher: What are the given variables and what is the unknown of this problem?

Student: This problem needs to determine the electron’s momentum from the given radius
of the electron’s orbit and the quantum number n, as well as the Plank Constant h.

Teacher: Great! Let's give the students some time to try and write out the equations for
calculation. Later, I'll ask a student to come up and share.

: I i
Student: 2rr = nd = n—L = p= ik
P 2nr

Teacher: Great. 27T = 14 s the condition for the electron to form a standing wave.
=nlp. . .
Then, # =" 7 is the relation between electron’s momentum (p) and its wavelength

of matter wave ("1). So which option should we choose?
Student: (C).

LRl B EREWE 7 RAEEEE ?
B BEEMETHRERE 1 RETH n BEYHTRE b EHETEE

p o
EEN  REF - PG FEE R EEVIHTERGEEE - T NHAZLED
=
BL A [ F
HE 2]"!.'T'=IL;|,=R—L=};J=£
p 2mr
CHi - ni=nt

Rip > 27 = nAS B TATHE R - Pri2gne p 81y
B L B o B LABR % 50— (ESEIE R 2

24E: O
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Apply Bohr's hypothesis of angular momentum quantization.

Assuming the description of the quantization of electron angular momentum in Bohr's hydrogen
atom model also applies to the motion of a free electron at different velocities within a tiny
circular metal loop with a fixed radius. If the minimum kinetic energy of the free electron moving
along this circular metal loop is &, what would be the kinetic energy of the free electron in its
first excited state?
(A) 2¢ (B) 4¢ (C) 6¢ (D) 9¢ (E) 12¢
Bl N ER FHEA R BT AEhE & T brvi - EAR B RE T DA EERE—
{E=ERE E 2 M NEITE & @ 4R e Ty S - 45 B S o LB & B R E S Sy (K&
RER ¢ AIEHETES BRI EANERE R NITH ?
(A) 2¢ (B) 4¢ (C) 6¢ (D) 9¢ (E) 12¢

(104 F45% 18)

Teacher: What are the knowns and unknowns in this question?

Student: To derive the kinetic energy of the ground state from the known minimum kinetic
energy..

Teacher: Is there anyone willing to share what the assumption of Bohr's angular momentum
quantization is?

Student: h
L=rmv=n—
s

Teacher: Great, let's give everyone some time to try and figure out how to formulate an
equation related to kinetic energy using this equation. Later, I'll ask a student to
come up and share.

Student: h h
L=rmv=n—=v=n
2 2mmr

Kn

1 = = 5
.. == S ocpT n”
The kinetic energy of the electron:K p MY v "

Teacher: Very good, The angular momentum L of an electron in an atom is quantized, which

__
equals an integer multiple of the reduced Planck constant 7z ( = ) .
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Teacher:

Student:
Teacher:

Student:

- -
B
- -
B

Eh

R

sk
4

B

We can utilize this to derive the relationship between the velocity v and the principal
quantum number n (energy level). So, if the kinetic energy of the electron in the
ground state (n=1) is ¢, based on the above equations, what would be the kinetic
energy in the first excited state (n=2)?

4e.

Excellent. So, which option should we choose?

(B).

B TR ? RAEEREE ?

B O A E(REIEE » SR —ZEREAVERE -

HIEARZEEE ZRE A8 EE T LAV RS R ?
h

L=rmv=n—=
2T

Rz - AFefIda R — G - ElEEFHEE T2 = By H B EhpE A
RN T  F—THEEEZELEESE -
h h

L=rmr=n—=v=n
T 2mmr

o n
K = mv? xv? ocn?
BEiVEIEE 2

MR4F > R TR TR L Adribmsssn (" %) YRR - FlM
AT DAFERCEE AR v B n (RERE) AYRHN > [N R v BB AREM: - thaE
AR Z FIHIRE AN - FTLAAISRE TAEAARR (n=1) IFHYBIRE Sy ¢ > H_EAIHY
AT HFITLARIE S — 25 RE (n=2) AYRFEENRE Rof] 2

4¢ o
IEE A AT LA % BE R — (i e TENE ?
(B)

BB AMBEERT TR FAPETERE
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3-3 MERERU St
. The Wave-Particle Duality of Matter Waves

AEEBR AR BT HIIE N - R R AR RN - SR AT RE U EhHy
itk o HYPER 2 RO BB E ()RR Ehd=h/p » Hrp h BB e E - YEER K
R G BIYVE AT REAEA [FER S o AR LR R - (B AR R B I -
BIEAU] o R EEERIHE -

FEMEILERIEAE > R SETHY to WIEREAMZ T FE1
g PR -

WBERHIMELE o 2Hk

87

EF thiE EF thiE
matter wave U=V wave D54
particle KL+ electron BT
neutron 7 duality =35
monatomic molecule A characteristic Rk
standing wave )4 ideal gas HARAAS
wave-particle duality SRR G silicon crystal W e
complement a1 wave function L EL
principle of complementarity | £ ffi[FEH
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o
4] © Electromagnetic waves can be seen as waves or particles as well.

ERHLRE ] AR Rk > Bh T

#i14) - Owing to the interference and diffraction phenomena, light is seen as a kind of waves.

[ ® owing to/ due to
AT~ GBI R T -

JEH A
4] : The less momentum of a particle has, the longer the wavelength of this matter wave is.

=k

[ © the ELE&R SHV, the LLEgk S+V
ENT BRI - BN RAE -

[ O be correspondent to

%4 : Each moving particle is correspondent to a specific wavelength, similar to the relationship

between a photon and its light wave.
HBENHIRLT-E TR R BLBOE TRk -

BFREFTRIP FRAPEFTHET F

£

N /5]
N

® 7P R4
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At the end of learning the chapter, students are able to acquire the following concept:
— ~ TR 5

Understand wave-particle duality.

w BIREERE s

plE—

£2HH : Understand the formulas of wavelength of photons and that of matter waves.

TR T R R BV E KR R [FHEE AR o

If an alpha particle and a neutron each possess kinetic energy of E, which is equivalent to the
energy of a photon. Considering the matter waves of alpha particle and neutron alongside the
electromagnetic wave of the photon, with the masses of the alpha particle and neutron being 4m

and m respectively, and c representing the speed of light, what is the ratio of their wavelengths:

A

w particle A neutron . A photon

1 1 1 1

Dy . L. 1 g L. L., 1
()\/16m.\/m.‘/E/cz()\/16m'\/mo\/E_/c

A o Ry B —(E T AVEIRESS By E o Bt B —EDe T RIRE B
HREIL o R B TPV E R R TR » B o M T BLh T HYE BRI Ry 4m B

A A A
mo ¢ B QI =FANERZ L FT 0 TR T BT 0

1 1 1 1 1
W i me ®aia T O T

Dy L. L. 1 g t_. L., 1
()V16m°m°,/E/c2()V16m'm'JE_/c

(104 455 19)
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

B

-

Is there anyone willing to share the formula for the wavelength of particle matter

waves and the wavelength of photons?

he
The wavelength of a photon =k .

h h

The wavelength of particle matter waves #  VImK

Great, since a photon has no mass, the formula of the photon's wavelength is
different from that of the matter wave. Based on the clues given in the question, let's
give everyone some time to calculate. Later, I'll ask a student to come up and share.
h h he 1 1 1

A = : e

photon JIXam %E VIEm=E E JBm +Zm JE "

A

o particle: A nEULron .

Fantastic, so which option should we choose

(A).

HILARSZBETE  WEEHRRED TR RAVAR - B2(TEE ?

C

KTHIGE £

_ h

—h__"_
WTFERH R 2 vk
Rer » AR AER » iU TRV R ATEYIE A E - A9RE H 4507
WE > MG AR —EREESGREE > F— TREASEESE -

R R he _ 1 1 1
A altF. A #=E. A gz= VIX&mMRXE  IXm®E E VBm vEIm | JEjcS
R4 AT AR a2 2R — {22 e 2

(A) °

oo I EFHEFL Y <

B AR RS TR PP E RS
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Understand and analyze wave-particle duality.

Scientists often use X-ray diffraction to determine crystal structures. If the wavelength 4 of X-
rays is replaced by an electron beam of the same crystal and produces the same diffraction
pattern, what is the energy of the electron? (where % h is the Planck constant and m is the electron
mass)

(A) 72 (B) o= () = (D) 2 () 5oy

2mA m)L2

RHES BT X-BH AR S - SRR 1 19 XSGR TR - i
T AR SR ST BB > LU FIRTSEATIEIRE - I AR BT 2 (h B
M m BETER)

h2

A 2 B A © L 02/ L
(110 445 11)

Teacher: Because the diffraction pattern matches that of electrons, we can infer that the
energy of this crystal will be the same as that of electrons. Is there anyone willing

to share what the wavelength of an electron's matter wave is?

h h
Student: A=——=

muv Va2mK

Teacher: Great, where mv of the formula is the momentum of the electron. That means the
wavelength of the matter wave is inversely proportional to its momentum.
Therefore, from the above equation, can we find the energy K of the electron?

h?

Student: =

Teacher: Fantastic, so which option should we choose?

Student: (E).

o1 B AR R TR PP RS Y 3
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A ¢ BB A BB T » PR LTS B A
BT + 5 FRE 5 T B R 2
B A==
mv £ 2mK

EhD RE > Ay mv (URETHVENE - RS E A REH B E AL -
FTEAR Ealiss- - TR PAHEE S T HVRE & K RyfallE 2

y h*

BE T 2mA

EHT - RIE o BT AR R — (R THE ©
24 (B)-
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3-4 [EFZB94ERK
The Constitution of Atom Nucleus

AR EB ATV S B ER ST B HAERAEANRL T PURAETTR K EL R
AR
SSLHER Sy > ] LA A 5 P e R A R AR SO R R R ISR E H B T HECHR -

EF thiE BF thaE
mass number BEH atomic number R
nucleon T proton BF
neutron Hh- electron BT
symbol S isotope EikivES
nuclear force %7 repulsion VA

()

(1) be represented with

#4) © The atomic number is represented with letter “Z”.

SRSV RS WAY & N0
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[ ® by times }

ffl5) : Because the strong force (nuclear force) is stronger than Coulomb force by approximately

100 times, it could easily hold the positive charged nucleons tightly.

HifRss) (B77) ELEEMM IS 4T 100 1% - R RE SRR R IE B HUIL T B4
EE—E -

=

[ © be short/long ranged ]

4] = Since nuclear forces are short ranged, and the Coulomb force is long ranged, an excess

of neutrons keeps the protons a little farther apart, reducing its Coulomb repulsion.
HPAZ DRI E SR EEGE iR I R - SRy E T Z fERY
PERERR RE 0 - B TR -

o BEEHE »

EEEARETE - 2AEERLITNE S
At the end of learning the chapter, students are able to acquire the following concept:
— TR HYEE RS -

Understand the constitution and structure of atomic nucleus.

» lEERE s
f5lE—
REH ¢ TR ARV R AERE

Understand the constitution and structure of the nucleus.

What are the correct statements regarding the atomic structure?

A: The mass of an atom is uniformly distributed throughout the entire atom.
B: The majority of an atom's mass is concentrated in the atomic nucleus.

C: The numbers of electrons and protons are always equal.

D: The numbers of protons and neutrons are always equal.

(A)JA,C (B)A,D (C)B,C (D)B,D

94
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T E TR TR E e
AOFA  BFT  OZA OIT
(84 FEIE 2 58)

Teacher: Let's go through each statement. First, statements A and B. Which one is correct?

Student: The majority of an atom's mass is concentrated in the atomic nucleus, rather than
being uniformly distributed throughout the entire atom. So, statement B is correct,
and A is incorrect.

Teacher: Very good. Since the mass of the electrons is much lighter than those of the protons
and neutrons. Next is statement C. Is statement C correct?

Student: It's correct because it's an atom, so it's electrically neutral; the numbers of protons
and electrons must be equal.

Teacher: Great. Lastly, statement D. Is statement D correct?

Student: It's incorrect; the numbers of protons and neutrons may not be equal.

Teacher: Excellent. So, which option should we choose?

Student: (C).

Teacher: Exactly! Let me explain further: if two materials have the same number of protons

but different neutron numbers, they are called isotopes.

ZhN . T EREEETEREL - ERENML > ERE—(E R - R aE

EAE T RE ?
B4 FTHEEEAETETER T > MIBgamREER 20 - FrblZiE
fife > FRAS IEHE ©

Zhl R NRINEETEE » ZB/NRETIXAE TP T - B8 2 AR -
7 [H] PRI LR 2

B bR > NRERT - FrblR&E S - BT ETIVEE —EHE -

LRl R > BRE TR > ST RIS 2

B Al BBt EBeA —EHE

ERl : JERELF > BTRABRPIRZ B —(E e ?

% B AMREERE TR FRPEERE
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Understand the concept of isotope.

The following are the numbers of protons (p) and neutrons (n) in the nuclei of atomic elements

A, B, C, D, and E. Which pair represents isotopes?

A

m o O ®

6p ’ 6n

Tp> Tn
-8 8n
6p° Tn
9p > 10n

(A)A,D (B)B,D (C)B,C (D)C,E

THRITER ~ > A~ T KR TP AT SV E T8 B Hi(n) - SEHHR A
[EHiL & ?

o4 A N H

- 6p > 6n

“Tp> Tn

- 8p 8&n

:6p> Tn

9p > 10n

A FT ®ZT © 2R D AKX

(B2 87 FEER 64)

Teacher: Is there anyone willing to share the characteristics of isotopes?

Student: They have the same number of protons but different numbers of neutrons.
Teacher: Great. Now, can anyone determine which two of these five atoms are isotopes?
Student: Aand D.

Teacher: Excellent. So, which option should we choose?

BN AABEFRETRL PRPETRE F
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Student:

Teacher:

- -
B
- -
B
- -
B

R

7| R IR EE =R e R I e |
) ¥ . Fe <
R IREF R E TR BGEHRT ¢

(A).

we VFFCEFRFFLY <

The chemistry characteristics between two isotopes are the same, but different in

their nucleus features.

HRARSZHESS  FARAVR EE AT ?

BTEMAEE - T EAEE -

R > TEFAEHE— T > BLERET - BRI ERE T AR ZRTE ?

BT -
TRA%E > AT ATRAM% 88T 138 TR0 2
(A)

[FEIfr R B [ > BAHERESEME - BRI EAE -

® ¢ R4

>

-

B
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3-5 REFERE
Nuclear Decay

ERTRZARVE TR - BEAVEMTET I g - SRR TR RE - B
TRER TR a fi T~ BT~ y AL T R > AEIEZE M AREE - EEH
PR TSP

PETE S ER AR NS m) L. until, IR EREHTATEZ 470 until AYAEREAE - 61

#[1: It’s not...until./ Not until...({F]£)

E¥F thEE ¥ thiE
nuclear decay F radioactivity TS
parent nucleus BHZ daughter nucleus FAZ
alpha decay =5 interaction THIEH
deflect fR¥T beta decay (=5
antineutrino ISE G gamma decay v =8
nuclear fission 573 nuclear fusion MRlE
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[ o proposed that S+V }

5] © After discovering the existence of atomic nucleus, Rutherford proposed that decay is

caused by nucleus.

BRI T (% - fRH T EEHI R B IR T2 -

o |

4] © Atoms with high energy and unstable nuclei would form radioactive elements.

HiEpeR ~ HEFARENRTZ - GRS MIITE -

© until }

()

%4 © An unstable atomic nucleus would undergo a series of decay until it become stable

AREMN R TR — 2P =S HEEGERE -

EBEREHE »

HEEEARREITR - BAERGELUTNES

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

T RRIR TR R

Understanding nuclear decay and radioactivity.

% B AR R TR PP RS Y 3
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Understanding the category and characteristics of nuclear fission reactions.

The Fukushima nuclear power plant disaster, triggered by a severe earthquake and tsunami,
highlighted the crucial role of nuclear power generation and its safety in modern life. The 9223°U
nucleus undergoes nuclear fission upon absorbing thermal neutrons, converting the lost mass
after fission into energy that can be used for generating electricity. Which of the following

statements about basic nuclear energy knowledge is correct?

(A) The order of penetrating depth through substances for y-rays, a, and B particles
produced by nuclear decay is y > > a.

(B) After absorbing thermal neutrons, the 92233U nucleus releases only one neutron per nuclear
fission.

(C) Fragments resulting from the fission of 9223°U nuclei no longer exhibit radioactivity.

(D) The energy of solar radiation primarily comes from nuclear fission reactions.

(E) 92%%U accounts for approximately 99% of natural uranium elements.

HAKE S L BB R R RS RO M AR AR S JRBA e SR R B e e (AR AU A0S
EEYEEENE 922U R PR AR YR - BB IFIRNYE B AL BT A
FIACERER - THIARIMZRE AL A KIBRA A BRI RO - {772 IEAE 7

(A) REBELEN v H& - 8 pHT  FEVWERINETFRE v>Bp>a-
(B) 92°PU [FEFBUEFF1% » FIL R R E TR 1 (EhF -

(C) 92*¥U [FFfx o #inIne R A EA RS

(D) KIGHESTHIRE B AR ERZ I FE -

(E) 92°%U &5 RASTTEFHT 99%

JRN

(100 ££45%5 16)

Teacher: Let's go through each option. First, option (A), is there anything that needs to be
modified?

Student: No, option (A) is correct.

Teacher: Great, let's move on to option (B). Is there anything that needs to be modified?

100 B AR BEFRETRIP FEREFRE
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Student: 92235U fission can release 2 to 3 neutrons.

Teacher: Excellent. Now, regarding option (C), is there anything that needs to be modified?

Student: The fragments resulting from the fission of 92235U nuclei still exhibit
radioactivity.

Teacher: Very good. Now, onto option (D). Is there anything that needs to be modified?

Student: The energy of solar radiation primarily comes from "nuclear fusion" reactions.

Teacher: Excellent. Lastly, for option (E), is there anything that needs to be modified?

Student: 92235U accounts for approximately 0.7% of natural uranium elements.

Teacher: Great, so which option should we choose?

Student: (A).

N MR E T —(EEETE - EE(A)ETE - sERA M7 R B 2
B4 R (A)BEIHIEHE -

EED ARG > FAREMB) EEH 0 SERA M T R E S 2
B8R 0 92235U Sy 2~3 Erh T -

SEEN  ARE - FAE(C) BETH o S A (M T R EAE I 2
B 0 92235U Ry FRAVRE R T B A U T

ZEN : IREA > FAKED) B 0 S5 M7 R EE ?
B KIGENEE T EARE T KRS ) RKE -

EHN : IRERE - &RAKEE) B 0 EEA T R e ?
B2 0 922350 &Y RAASHTTZE FHY 0.7% -

ERD ARG o PR DATRAM FERZ T —{EEE T e ?

B24E (A
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Apply conservation of atomic number and conservation of mass number.

The transformation of 238U into 23SPb is one of the natural radioactive decay series. In this
series, how many o decays and how many B decays occur in total? (a = 3He; B~ refers to an
electron)

A8a>6p~ B)8a- 8L~ OC)10a- 85~ (D)10a > 105~

fie 233U sy 295Pb R RIRMEEEE LT Y — o M ATIMEELBAE o 225 > %
B p=E?(a= 4He;,3‘ RIEET)
(A)8a: 68~ (B)Sa-88~ (C)10a>8F~  (D)10a- 104"

(87 FEEM 12)

Teacher: From the given information, we can write the decay reaction equation as:
U — B Pb+x jaty _IB
Let's give everyone some time to try and solve for x and y. Later, I'll ask a student
to come up and share.

Student: From the reaction equation, we can set up the following simultaneous equations:
238 = 206 + 4x
92=82+2x—y
Solving these equations, we find:
x=8,y=6

Teacher: Great! The two equations we listed were based on the conservation of atomic
number as well as that of mass number. So, which option should we choose?

Student: (A)

102 BYRREBREFRET R FRPEFTREF
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AR T DL e i e Rty « o2l — “mPbx Jat+y 1B
BTE AR — S SR BB x fl y fRH S — T 35EE 2= .

D RE R TS R e

238 = 206 + 4x
92=82+2x —y
1

x=8,y=6

Ry > FMIPTY I RI(E G2 > B IRIR IR T S B B ECTFIRITHY -

Pt LABR A% 138 —{le €25 0E 2

L)

308 A4
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3-6 REFAHESFIEE
. Interactions and the Laws of Conservation
VIR AR R FOR B R AV - TESRAYEING - R — SR s R R ]
@ AR SRRy B AT IS - AE £ EER TR AEETR - E
TFSFIRL ~ RGP R ST RLE 13 e i P R
TEFESCH - FRELAENZHFE neither....nor AYFTE » BRAES S HAG R E 150  (ERAEHIER

isie o A BB IRIE SR Eha 0y L5 F ARSI~ S E R B EBHI S - 55
A o B ALY AU L& either...or... / both... and ..., ZElA[ 1R MHEETE -

E¥ i E¥ hiE

Conservation of
Conservation Laws PR FESFIRE
Momentum

Conservation of Angular
AEESFA Conservation of Charge | Z&{af<FIAL

Momentum
Conservation of Mass-Energy | BRESFIA mass-energy BEREE
neutrino (FGEEe
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[o

be subjected to }

HGR

When a system is not subjected to external forces, the total momentum of the system

remains constant.

ERGAZINIERE > AUARSHREBE R A E -

[9

be proportional to }

G

The angular momentum of a planet is proportional to the change rate of the area swept by

the planet to the sun.

FEGHTIATIR - EERTE AR mRe s -

remain+ adj. }

: In an isolated system, the total electric charge remains unchanged.

FEIMILZ 4 > SRR A -

neither  nor }

BIey -

In an isolated system, energy can neither be created nor extinct, but only converted from
one form to another.

FEIILZ 4 - RER BRI RERAS A REHOR IR - R RENE — TP Ui B 5o — TP
:TZE o

be converted to }

HGR

After the combustion and explosion of gunpowder, chemical energy can be converted into
the kinetic energy, potential energy, thermal energy, light energy, sound energy, and so on,

of the fragments.
SKEEPRBEIRNEIR - (LERRE AT Rolie 1 BV BRE ~ fILRE ~ Bt - JYRE - BT -

BB AAEEEHE TR FEPEFRE
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At the end of learning the chapter, students are able to acquire the following concept:
— T REAC A B R T R AR AR (5 -

Understand the relationship between interactions and the four conservation laws.

o BIEERE s
5l RE—

A ¢ RENEFERE T IRUEH, o

Apply the law of mass-energy conservation.

In a nuclear reactor, continuous nuclear reactions result in a reduction of 1 gram of mass from
the nuclear fuel. Assuming all the reduced mass converts into electrical energy, how many
kilowatt-hours (kWh) of electrical energy can be generated? (Given the speed of light c=3x10%
m/s, 1 kWh = 1 kilowatt-hour)

(A) 8.3 x 10* (B) 2.5 x 107 (C) 2.5 x 1010

(D) 9 x 103 (E) 9 x 10%¢

WZREERHIZ S IESS N I N BT TIX S TE - S5 SRZ0ARHED T 1 ARIVE R -
BB IS B2 R EAE - Al e E A%/ DRENTERRE 2 (EXDEE =3x108 A R/FD-
1 FEEERE=1 HKE-/NEF)
(A) 8.3 % 10* (B) 2.5 x 107 (C) 2.5 x 1010
(D) 9 x 1013 (E) 9 x 1016

(89 FFEEZHIH A 48)

106

Teacher: In this problem, which quantity is transformed to which in the nuclear reaction? .
Student: From the reduction of mass to determine the gain of electric energy.
Teacher: Great! Then, what is the formula to link mass and energy?

Student: E=mc?

BB AAEEEHE TR FEPEFRE
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Teacher: Very good! It is the famous formula proposed by Einstein regarding mass-energy
conservation. Let's give everyone some time to calculate and then share their

answers
Student: E =mc® =0.001 x (3 x 10%)* =9 x 103( J )
As 1 kWh equals 3:6 X 10° (] )

gx10™® 7
So, 3.6x10° 25> %10 kWh of electricity can be generated.

Teacher: Very well. So, which option should we choose?

Student: (B).

Ehf: E o BRI ISR o P R EOR ELRE ©

B4 HEEARD > #ERHEIIRERE -

Rl RE - EE ERAERRAVER > HUREAFIE ?

B4 1 E=mc?

HEf 48 SLEERITEATHEHAVERSFEAT - MIVGKFE LI E R EE
A F-MHERFEESE -

g/ 0 E=mc® =0.001 X (3x10%)? =9 x10%3( J )

R 1 EEEAE R 3.6 x10° ( ])

9x10t 8

FRLARIEA: 3.6 100 = 2.5x 107 FEER o

ERl  JEELF > BTLATRIRL B — (B g ?
24 B
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Apply conservation of momentum and atomic decay.

If a stationary atomic nucleus 212 Bi undergoes an o decay, which of the following statements

regarding this decay are correct?

(A) The total momentum of the system is conserved before and after the decay.

(B) The total mechanical energy of the system is conserved before and after the decay.

(C) The ratio of the velocities of the emitted o particle to the resultant nucleus after decay is
approximately 1.

(D) The ratio of the velocities of the emitted a particle to the resultant nucleus after decay
is approximately 52.

(E) The ratio of the velocities of the emitted o particle to the resultant nucleus after decay is

approximately 105.

ERHERFE TR 212 Bl S4E R o TR QU NYIARILREEEAGROL - PRt hE 2
(A) EEFNR > RORBETEH -
(B) Z=ERIE - R IERETIA
(C) EERTINHZ ol BB R R TIZHVERELES R 1 -
(D) EBRATHHYZ o I THEEFSRFETHRIER LEGR 52-
(B) ZEREIHZ oM TEIEER R T IZHV R EEEL fy 105
(104 457 24)

Teacher: Let's go through each option. First, for option (A), what condition is required for
the law of conservation of momentum to hold?

Student: The system must not be subjected to external forces for momentum to be conserved.

4p

Teacher: Great, this is based on Newton’s 2™ Law: F= " and Newton’s 3" Law.

Was there any external force acting before or after the decay?
Student: No, there wasn't.

Teacher: So, is the option (A) correct?

Student: Yes, it is.
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:
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1
B
- ¢
B
1
B
- ¢
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Excellent. Now, looking at option (B), was there a change in kinetic energy before
and after the decay?

Yes, there was. After decay, both particles went from being at rest to having velocity,
so the system's kinetic energy increased.

Very good. Now, did the total mechanical energy change?

Yes, because the system's kinetic energy increased, the total mechanical energy
changed.

Right! Since the kinetic energy increased and the potential energy remained
unchanged, the mechanical energy changed.

So option (B) is incorrect.

Now, for options (C), (D), and (E), I'll give everyone some time to use the law of
conservation of momentum to calculate the velocity ratio before and after the decay.

Let's have a student share their calculation results.

Using the principle of conservation of momentum, assuming the o particle has a
| 208m
0= 4mv, T4208mx v = —= = 52
mass of 4m: g 4m

So, which options should we choose?

(A) and (D).

HM—EAEET R - EHIR(A)BEIE - 3B E IR FER LRI R
fa] ?
REAZINIER > AlEhESFIE

-

Ry ERRA B Egh e/ F = 2'—’: DURATHER = e - SRR

HRZEGNIE ?

A

FIT EA(A)BETH IS 2
IR

¥ > FHARCEMBYEH - =R - ShReA s ?

A EERERIERLTICAF LB RA I > LA &RE R -
IEELF AR RE A NS ©
A NRERREIREE I - Fr AR5
JEERE > NEhRetgin > HigaA AR
FITLA(B)BETE A IEHE

BEEE -
2L PR A T

EF(T EF(T
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EH . HAREBEC)D)E)EE - G RARF i - FIHEE TR EFRT BEEEERI®R
HYZRZRLEE - Bf1FE—THEZ LESE -
24 0 FIHEhESFIRER > 3% RFEERK 4m > Al
lv| _208m .

0=4my, +208mXv = —==——"0

v, 4m

ERl : JEEL > ATDABMRZ B L BEIHIE 7
B4E L (A)D) -
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PBS LearingMedia

s SRR - By R AR -

https://www.pbslearningmedia.org/

AMEENRR - oS - B R Mgt R

AT

MIT opencourseware

.
5t
=

https://ocw.mit.edu/

E4EE R MIT FIBHIRGEREE - Bl a s foaRiEaa T B Rk

Khan Academy

https://www.khanacademy.org/

AT - AR B B R RO FIRE R B o

Interactive Simulations, University of Colorado Boulder

https://phet.colorado.edu/

HEfEREREEE - br THE  BEHAEAR

Prague

Collection of Physics Experiments, Charles University in

https://physicsexperiments.eu/en/physics
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PhysPort, PER

VIERAEWEERE » »EsrEH T - BB

https://www.physport.org/assessments/

ZR2

Tréd E AR AHBR AR -

https://pansci.asia/

ISLE Physics

BeaEh e LS T 4a S AR SR AR R AT Ry H Y -

https://www.islephysics.net/
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[ SEEB(V)]

A Reference Handbook for Senior High School Bilingual Teachers in
the Domain of Natural Sciences (Physics): Instructional Language in
English

[ Elective Physics (V) ]
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