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Linear Motion (One Dimensional Motion)

ALRITER R AR =282
BTRALEREA S GE A

RE Ry B2 E IR IR EEH R - ML Jef g Y B E 2 - FERE B AR
i > (HEEAEE BB SRR H SRS > TS (SF - FNEEE)) 7Y
AR - 3 IR F U Bl iR E) o AEAHEEAERGE x-t [ ~ v-t &~ a-t B FE
TR - BAS RAAHEEEES) TR AR
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1-1 IERERAMBE
Position, Path Length and Displacement

N\
ARG R B B th—(EE R - B AR UIAERE o Gl - R SRS
SRSRESI LIS S UM - /R #7228 A E B E - e e B E Ry e s -

AE AR BB 38 > ERALE - (Iff - BERZME - IEBRERGEE
B FEEEAEZGRE LY ERER -

BF thiE BT thE
position (VA=A axis B4R
path length AR (BE1E) initial position WG E
displacement % final position RILE
time A [T vector A &
the graph of x versus t U EHFERAE =~ | scalar G
coordinate AR direction T3 1H]
origin [ B magnitude KN
x/y axis x/y i
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‘ O Among all the routes, is the shortest one. ’

f7l4) - Among all the possible routes, route A is the shortest one.

FEFTA FTRERVER TSR > A RIS Rk -

‘ ® The displacement from to is . ’

#5l4] - The displacement from A to B is +200 meters.
A F] B BB /2 +200 AR -

‘ © (place A) is (east/south/west/north) of (place B). ’

4] : The school is 500 meters east/south/west/north of the post office.
EAAE R 8/ rE /v /675 500 24 KUz -

(4] (direction) and walk for (distance), so you can reach
(place).

4] © Turn right and walk for 300 meters, so you can reach the post office.

A E 300 R DURZEE)E -

« BEEHE »

FEEE AR TR - BAEERLITER
After studying this section, students should be able to know that:
—~ TREUBHES -
To know the definition of displacement.
= IEMEREAOH B E -

To describe the relative position correctly.

3 PP p R ETRETREP (FRP EFREF
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w BIREERE o8
BllE—

e EERRIBHER - RS RE ) -
To know the definition of displacement and distinguish its meaning to path length.
(JL3Z) After hitting a home run in a baseball game, Ah Feng starts from home base passing
first, second and third bases, and returns to home base. The passing route forms a

square, as shown in Figure 6. Which place does Ah Feng passing by form the

largest displacement with home base?

(A) first base (B) Second base
(C) Third base (D) Home Base

(Hp30) i EREEREE B P B 2 SR T 1R > AR SR ACE — 5~ 8~ — g [0[F]
AR > FTEOBRIERIP B IETG T - A0 ()RR o AP igaEs T2 (s -
VIN: = SIVREZANAN 2N

(A)—E& (B)—&
(C)=4& (D) A
B (7
(102 FEHHEIFE% 11)
#ZFH Solution :

"R ) WYGE 2R R ERE R4S BEHY ELARIEEE - ARIDIANER: Fy o5 R RS —5 - =S
Btear RIETTIPHE R - AR @i M IETTPE AL - fiblg=KY  RER
RIS - NILBEEHART] &7 IR -

“Displacement” is defined as the straight-line distance from the start point to the end point. The
title takes the home base as the reference point, the distance from home base to first base and
third base is the square side length, and the distance from home base to second base is a square
diagonal, which is the longest length in the three sections, so the answer to this question is the

displacement from home base to second base is the largest.

4 BlYf AR EERET RPN (R EFRETF
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Teacher: What is the keyword to this question?

Student: The magnitude of displacement.

Teacher: How do physics define the magnitude of displacement?

Student: The magnitude of displacement is the straight-line distance between two points.

Teacher: Very good! So, according to the question, which position should we take as the
reference point?

Student: The home base.

Teacher: That’s right! So what we need to look for in this question is which position of first
base, second base, third base, and home base shares the longest (furthest) in a
straight line with the home base? We take the home base as a reference point and
draw arrows to compare, which arrow has the longest length and that is the answer?

Student: The arrow between the home base to the second is the longest.

Teacher: You got the right answer. Displacement is different from path length. If you ask
about the path length, it is a circle from home base, and the path length back to home

base is the longest. At this time the displacement becomes zero.

S SEEARRRT (YRR BHE 2

B RN -

B RN R R ?

B RO NI R A+t R R E A -

S IEEAT | BSEE » SRPT AN ERE R S B R ?

Bk AR -

EA a8 | NERMEEEEEREEROE ) - R S8 RRED - g
B B A Sy B SR EE B R A ) 2 TR By B8 (RRTEE: ) »
SR e B R E - IR -

B RS AR |

EHTEHT | RS ENER R  RMRCE - BIE AR - Hak
B RRE » MR RS -

> Fe RS EFRE TR FRP FERETF
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S ¢ REEMEREAUHA I B AR -
To describe the vector of relative position correctly.

(FL3Z ) The positions of Xiao Hui, Xiao Ming, and Xiao Mei are shown in the figure. Which

of the following descriptions of Xiao Hui’s location is correct?

Pl pul
(A) Xiao Hui is 4 meters to the north. il L.
(B) Xiao Hui is 4 meters to the northeast.
(O) Xiao Hui is 3 meters north of Xiao Ming. . Jul Il
(D) Xiao Hui is 3 meters northeast of Xiao Mei. 2 ES '
i o
18R

(o) ANEE NI~ ANE =YL E > A0EFTR o A3 NE T B AYREAIC - (773 1R 2
(AYNEAEILTT 4 A KRR ©
B NEAFRILTT 4 ARJE -
(C)/NEA/NAIETT 3 AR ©
(D)/NEAE/NERILTT 3 AR

(95 R PEHT 5 )

fZFE Solution :

(LB FEHHIL - FEAS SR, - IEEE - MR =23 > A~ B BIHGR= 250 » D 511
FE R Ry NEAE /N BRIETT 3V2 AR - iEZEBEC -

The description of location vector needs to have three elements: reference point, distance, and
direction. However, option A and option B lack reference points, and option D should be changed

to Xiao Hui at 3v/2 meters northeast of Xiao Mei. Therefore, the answer is C.

Teacher: When we describe a location, we should firstly select a reference of what?

Student: A position of reference.

Teacher: Good! So which two options lack reference positions, and we can delete them first?

Student: Option A and option B.

Teacher: That right! Next, if we take Xiao Ming as a reference point, it is true that Xiao Hui
is 3 meters north of Xiao Ming. But can anyone tell me how to amend option D to
make it correct?

Student: Xiao Hui should be at the distance of 3v2 meters northeast of Xiao Mei.

Teacher: Excellent! That’s correct!

6 FY PR EERE TREP FRP FERNRY
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1-2 EREAFEE
Speed and Velocity

AN B AE W R AR B R P T {1 ] > S R B A i AE AR TP R A - BiE
AR IR B S HE G > SBEA RS @t - FRFS [ v-t [E - DA [EE4:
SEE NG v-t B > 0 HSE R AT oo B B R E =B H B E ~ BB~ KI5

By B L B
. scalar .
speed R R Gy
(is directionless)
. vector .
velocity R ) o EEACEpEED)
(has a particular direction)
\ unit time B (WA
average speed AR

(per second/per minute) )

X sth. moves at s .
average velocity SR . R )
constant(uniform) speed

instantaneous speed s 2 constant velocity motion | ZEZR[E 1HEH)

E

instantaneous velocity | B2 velocity versus time graph | 2£ /& ¥HHE L B8 (A [E]

arca @ﬁ
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O From the graph of v-t, we can know that when t=0, the speed of
is faster/slower than

4] : From the graph of v-t, we can know that when t = 0, the speed of object A is
faster/slower than that of object B.
1€ 2R LR P B (e [ 2RAFT m] AHIEAE =0 AYIFE - A PGV ZEELE B H1g -

[ ® Object A moves with velocity of at . ]

#4] : Object A moves with velocity of +10 m/sec at t=3 sec.
A PIRGAE S 3 PO s Ky +10 A RUED -

® The total distance of object A moving in is ,

therefore, the average speed of it is

fil4) « The total distance of object A moving path length in 50 seconds is 400 meters, therefore,

the average speed of it is 8 m/sec.

A VIRSTE 50 FYNISEIVEE IS RAR 400 AR - RIL PR By 8 LA RUFD -

® The displacement of object A moving in is , therefore,

the average velocity of it is

4] : The displacement of object A moving in 50 seconds is 0 meter, therefore, the average
velocity of it is 0 m/sec.
A YIHGAE SO PN E R 0 AR RIS R 0 ARED -

9 PP p R ETRETREP (FRP EFREF
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After studylng this section, students should be able to know that:
R R -
Understanding of the definition of speed and velocity.
~ IEHERRGE v-t [B] - JEAE P HE A E E AR -
Can read the v-t graph correctly, and determine the motion state of the object from the

graph.

o BIEERE s
5l RE—
HREA  THRAEEMNES > WETHEH PR -

Understand the definition of velocity, and can calculate the average velocity

we HIFFNEFREFLY

(L) The car started from a motionless state and traveled 100 meters for 10 seconds on a flat
road. Which of the following inferences is most appropriate?
(A)At the end of 10 seconds after starting, the instantaneous speed of the car is 10m/s.
(B)At the end of 10 seconds after starting, the instantaneous acceleration of the car is
1m/s?.
(C)During the first 10 seconds after starting, the average speed of the car is 10
m/s.

(D)During the first 10 seconds after starting, the average acceleration of the car is
1m/s?.

(FP30) HEERFILIRRGHEEE) - (2 PHHAY AR EESRTHE 100 AR > AT T 10 FhgE - 15
fHEam A E iR E ?
(AEEEHTRSE 10 TR > 5L HAIIRFZRE R/ Ry 10m s
(BEENERE 10 TR » L EHYBRR IR AN Fs 1m /s «
(OREENREF] 10 YR - ETHPIEEAV/NE 10m s -
(D)EEENREA) 10 FVHAR] - B FHYEIIIEE RN Im s «
(96 LEE LA 31)

]
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#ZFH Solution :

A Rl EHERR AL 10 PONRVERNALRS - BT DU EASRIBERT 2818 - DURCHEM G - e s
FIBERF AR FE AL SR > BEIA(A) ~ (B) ~ (D)SHIAHIET - 1y 10 ARV » 55
MRS AN BABRERS < 100,710=10(m /s) » BUEZEHEE(C) -

Because the title only provides the total displacement in 10 seconds, we cannot know the
instantaneous velocity, the average acceleration and the instantaneous acceleration from the title,
therefore we cannot determine the correctness of (A) ~ (B) ~ (C); The average velocity within 10

seconds is equal to the displacement divided by time: 100/10=10 (m/s), so the answer is (C).

Teacher: What are the conditions for determining the instantaneous velocity or instantaneous
acceleration of an object?

Student: We need a v-t graph or specific description regarding the velocity of each moment.

Teacher: Great! Therefore, we cannot know whether option A and option B are correct or not.
How about option C and option D, which one is correct?

Student: The answer is (C).

Teacher: Why?

Student: Because the average velocity is the total displacement divided by the total time, and
the title also gives us these two physical quantities, one hundred meters divided by
10 seconds equals 10 m/s. The answer is (C).

Teacher: Very good! Let me add more details. If it is the average acceleration mentioned by
option D, it is necessary to divide the amount of velocity changed by time. Through
this title we cannot know the magnitude of velocity change so there is no way to

know the average acceleration.

ST A A B N T R D TR AT R 2

B R V-t BB SEARE E e -

S RAT o RIE A - B BRI 0 30 C - D B (6 R EREIE 2

B Co

SRR ?

BRI AN - AR (R DR - B A R B R R
PR 100 23 KB BA 10 PO 10m/s fLZHEE C HYE % -

B JERAT | AN R D SR » MR BRI LR
FRLARRRE  AREEAS AR (LR - LM S R T I -

1 BY B RS R TREP PR EFRR
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BIE_
SEH ¢ RESNGE v-t [B] > NHERREARRE 2 RS o

To comprehend the meaning of the v-t graph, and determine the time duration of the

deceleration process.

(L3 ) The graph on the right shows the relationship between Xiaoging's motion velocity (v)
and time (t). If he initially moved southward, during which of the following periods
did his speed become slower and northward?
(A)H B)Z
(O DT

® z AT
(=0 e R/ INEHTEENEE (v) B (0 HIBEARE - M —FiaryES TR
EFET 0 R HI—EHAR - ey R Rk e HA=gdt s 2

H

(A)HH (B)Z.
OR DT
(97 LEEHHESHI 53)
fZFE Solution :

PR H A5e - ¢ il b0 SRS Ry IE (R e 2 ) - ¢ iy U7 2R Ry (e dbaEE) ) - R AR -
g Hmdh » FoRBEGRGTEAE til N5 > HAURKRET v=0 > BIEZEEED) -
According to the title, the velocity above the t-axis is positive (southward movement) and the
velocity below the t-axis is negative (northward motion). The question is: Moving slower and
northward represents the direction of the relationship line is below the t-axis and closer to v=0,

so the answer is (D).

Teacher: The title is asking the segment that the velocity became slower, regardless of the
direction, which option best describes this description?

Student: Z..

Teacher: Good. £, is one of the segments, but there is another segment that the velocity

becomes slower and slower.

Student: How can we know?
Teacher: There is a hint for you. The magnitude of the speed is closer to 0.

Student; Isit ] ?
Teacher: That’s right! Then next please define the direction, /., and | which one is the

movement towards the north?

12 R? R R TR R SRR F
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Student; Itis 7.

Teacher: That’s right, because the relationship line of | is below t-axis. The negativity is

defined as moving northward, so the answeris | .

EEN  EHEEEEE AR AR R BRI TS
At 2

B 2o

R R ZRHP B HER BRI AR AEY -

B BRI 2

EhR P N TEE AEE o -

Bag ZT?

EHR 88 | AN RS A T IR o R0 T B R A R JE T Y BN 2

B T

R Y R T E—EAIBIGGE t AT " &rVERE | fEEES - ErdLE
gy RILERET -

plE=
i ¢ AR ERIETE -

To know how to calculate average speed.

(TE3) M does shuttle runs on a straight way. He starts from point P and the path is

P—Q—P—Q—P—S. The total time-spend is 15 seconds as shown in the picture.

Which following can indicates the average rate of Z#&’s shuttle run?

(A)0.33m/s (B)0.33 m/s, direction towards west
(C)3 m/s (D)3 m/s » direction towards west

— R
1 TR 10 m
(tPS7) EVEAESEEAE LT - fifE P BhERg - S B Q
LR PoQoPQoPoS » MLRERS 15 B(2)
s W « FHIl3 2 2 T IR P
(A)0.33 m/s (B)0.33 m/s » JF[EI[AITE
(O3 m/s (D)3 m/s » F5[A][H] P
(105 FERTEE 12)

13 R? R R TR R SRR F
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#ZFH Solution :

IS ¢ THTHOR=BE (R ER - SR = 10+ 10+ 10+ 10+ 5 =45 m - §UT A%
=45/15 =3 m/s » PEGEERMTTE - HBEFTTHENEER - BEEEC) -

According to definition: average speed = path length/time duration. The path length (total
distance) = 10 + 10 + 10 + 10 + 5 = 45 m. So the average speed = 45/15 = 3 m/s. The average

speed is directionless, which depend on the total path length. Therefore we need to choose (C).

Teacher: First, what does the title ask? Average velocity or average speed?
Student: Average speed.

Teacher: Does anyone know what to divide average speed by?

Student: The total path length (total distance) divided by time.

Teacher: That’s correct.

Teacher: Can anyone answer the total distance of Z# in the 15 seconds?
Student: The total path length is 45 meters.

Teacher: That’s right. Can you tell me how you calculate it?

Student: 10+ 10 + 10 + 10 + 5 =45,

Teacher: Correct. So then we just divide 45 by 15 to get an average rate of 3 m/s.

EHL - B FHEEMEMAENEEIHRE B PER ?

B L SR o

ERT B2 EERAE RS F PR DU 2

B B RERDAR] -

RN IEAE

N ARAEYRAIEEALEREAEE 15 B - ERENER R D

B 445 (R -

Chl AT T LEREREBE IR BRI ?

B4z 0 10+ 10+ 10+ 10+5=45-

EHN 0 TERE o PRIEEE AR A ST 45 BRDA 15 LAl LIS ES I35 3 m/s

14 BY B RS R TREP PR EFRR
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Accelerated Motion
L

AE S ERE IR S R s SR A AR il e B
B A E RS RIS

P > BB SRR
WEE v-t [E - AR

A
F
[l
r\\?smz
T
i
i
s

BEF thiE BF thiZ
acceleration HIZEE trolley/cart VHEL
ticker timer FIBEE I 25 slope R
(ticker) tape A average acceleration SRR
movement with constant
steel strip B LR EE)
acceleration

©® When the direction of acceleration and the direction of velocity are

, the velocity of the object is getting

#714] : When the direction of acceleration and the direction of velocity are the same/different,

the velocity of the object is getting quicker/slower.
TR 75 i) L2285 [ A (R AR BB - 0BG IR & AR A b/

15

B¢ f RS S TR

a

-5

FiRkY
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® When the distance between two adjacent points on the ticker tape are
, the trolley slides velocity becomes

f7l4] : When the distance between two adjacent points on the ticker tape are greater/shorter,

the trolley slides velocity becomes faster /slower.

AT _EAHA TR EE R RN - R A S Y B AR /1€ -

©® In the v-t graph, the the inclination of the line, the
the acceleration will be.

#54] : In the v-t graph, the greater the inclination of the line, the greater the acceleration will
be.
TE 285 B R R R E T EERAVERMEERUR » IR S E K -

o BEEHE »

FEEE AR TR - BAEERLITER
After studying this section, students should be able to know that:
—  Sem IR 2 E SR 0 AEET R PR -
To know the definition of acceleration and be able to calculate average acceleration.
.~ Beaikad v-t [E o SICHIETYIEG Z DR -
Be able to comprehend the meaning of v-t graph and determine acceleration from the

graph.

16 PP p R ETRETREP (FRP EFREF
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w BIREERE o8
BllE—
SRER ¢ IEREHETER R INZRE AEE) > fE vt [B D EIRIESR -

To comprehend the phenomenon of the v-t graph regarding the motion of single direction
acceleration.

(L3 ) “After the green light is on, the car starts to accelerate from standstill. When the car
reaches a certain speed, it drives at a constant speed until meeting a red light at the next
intersection and then brakes down until it stops.” Assuming the car makes linear

motion, which v-t graph can possibly describe the motion of the car?

2B N SN )

(30 " ekkEsEREl% - ST AR BRI - BRI TR - EFIERT
—{lEES AL TR - SR - BENFIE - | BexEE T HE R ES) > I
AR > YIS R R RE T EB T (v) $HiHE (1) HIRERE ?

O%vt p LA Gﬂt
A) (B) ©) (D)

(94 £E55 R AT 3)

fZFH Solution :

v-t [EBA AR PR RER AR BN S AR ERARINE - AP R S H# - 1
ARET > HIRERIRR

The slop of the v-t graph can represent the acceleration of the object. When the curve tilted to
the upper right side, it represents acceleration. If the relationship line is horizontal, it represents

constant velocity. If the relationship line tilted to the lower right side, it represents deceleration.

Teacher: In this question all the options are v-t graphs, so we should think about the meaning
of the direction of the relationship line on v-t graphs. Can anyone tell me which

option best describes the v-t graph of the car starting to accelerate?

Student: (A)(C)(D).

17 BY B RS R TREP PR EFRR
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Teacher: Good. Because at the beginning, the car is accelerating from stillness, the v-t graph
should start from the zero and appear to tilt to the right. Then, what are the options
for the next constant speed of the car that can fit the description of the title?

Student: All the options can fit it.

Teacher: Let’s think about it again. There are two options that do not fit the description of

uniform motion.
Student: A does not fit it?
Teacher: That’s right. Can you explain why?

Student: Because the curve of A, falling back to the x-axis after acceleration, it represents

static.

Teacher: Correct! So far we can make sure that the rest of answers are C and D. At last, we
should check the final deceleration process of option C whether the relationship line

is getting closer and closer to the t-axis?
Student: Option C fits this description.
Teacher: Very good. The line of option D appear to tilt to the right after the horizontal line

means that it represents acceleration, so option D is not the answer. We can make

sure the answer to this question is option C.

EHT 7R P E AR v-t [ BRI EE A v-t BIRA &R E [ - AR AT
JEEE o HIH AT LLESTI—BAGEE TRy v-t [B b b 287 2

B4 (A)C)D) -

N RS RIS - -2 R AR LB - fﬁﬁU\ v-t BEfAE - fERZ FHE R
& B2HEAG R - R > BT OREFEAEITE - AR EETERT SIS AL
it

Bag s #HTE e

AT FAEAEE - SFERTEE 0 AE vt B FEEIKELR > FrRAA)C)(D)E A —{E
EANTE ’ﬂ °

B4 (MAFE?

ZEW 0 28E > DA — T R (T 2

B4 REBARVERER  ETE o] x Bl > 2 RE

EHT . TERE | RILEZEAFIT(C)D) - ?ﬁaﬁﬁﬁﬁﬁﬁ » SR (KR ) Z1% 0 Ryl

FIFEIE - FrDARERZ R —TE

B4 BEIE(C) -

EE R RREEDEK 4R % > 2FIAA LER > ForE— s > RArEE
ZRu - REAEEZE F5(C) -

18 R? R R TR R SRR F
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BIE_

StEH * REIEREH B v-t [B_EAVOIEEACRE - WEt S PR -
To determine the initial velocity and the final velocity on the v-t graph and be able to

calculate the average acceleration.

(3237 ) The graph on the right is the v-t graph of a car driving on the straight road. Which

option is the average acceleration during 0-12 seconds of the car?

(A)2.50 m s? (B)1.25m/s*
{m/s)
(C)—1.25m /<2 (D)—2.50 m /s> 1
20 \\ """"""""" /
[ 2 W
10} |

(30 AR —w S EAEEE AR EATHZ vt [E -
RS VSEEAE 0~ 12 FPNAYSEIINZRE - NoIMel & A ?
(A)2.50 m /s> (B)1.25 ms?
(C)—1.25m/s? (D)—2.50 m s?
(92 FE A 34)
#Z8H Solution :
SIS = CRE—¥)H) +IFf= (15-30) +12= —1.25 (m/s*)

Average acceleration = (final velocity — initial velocity) + time = (15—30) <+ 12 = —1.25(m/s?)

Teacher: Do you remember how to calculate average acceleration?
Student: The amount of speed change divided by the time.

Teacher: Excellent! So under this question we only need to find the correct time and the

amount of speed change. What is the time duration the title requires?
Student: 0-12 seconds.

Teacher: That’s right. And then we should pay attention to the velocity corresponding to the

0Oth second and the velocity corresponding to the 12th second.
Student: The Oth second corresponds to 30m/s and the 12th second corresponds to 10 m/s.

Teacher: Are you sure? Give you one more chance. This relation graph is very small which is

easy to see it mistakenly. So we should be careful!

Student: The 12th second corresponds to 15m/s.

Teacher: Correct. Therefore, take (15-30) m/s and divide it by 12 sec and it will be the answer.
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[FIEERC A SC eI NER S B K 2

2EHVREE(EE - FRDAER -

KEFT | siiEk » WA A Z R ESrIRs AR S A - K
A R VI & 2 2

0~12 b -

o MBI AREDFEN > SLEIREE 0 PIEEREE > FI5E 12 PRy ZE
JE o

265 0 PORYZEIS 2 30 m/s » 55 12 PP ERZEE 10 m/s o

=S ? Ha R - BERGE NVNVRE S EER - ZUEEIE |

12 RV E 15m/s -

TEHE » DRI AR A B (15-30) m/s FEREL 12 sec @ B2 B % -

P pRABEFRFFTRIY PRP BFR[TF



L KT ERT A ERT O 0 U REFEREFLY

1-4 BHEREES)
Free Fall Motion

|/

AE B S TR0 5 [T AE AT R 2SS - i PR ER YRR N AY B g AR ES) - BE
HINUEREINER - st TE e  EREEN SieE 5 s ieE s /I
B o NIRRT 4HE ISR E R 2SN > el R E RS R o WL S ELEE
BIEEST - Bl © EZEsdpk s - PSR PEEIIIRERERLE -

F hiE B¥ hiE
free fall H %8s gravity V|
air resistance ZERE ST free-fall acceleration E=gapiILESis

O Drop light object and heavy object from . If we neglect air
resistance, two objects will fall

fil4) : Drop light object and heavy object from the same height. If we neglect air resistance,

two objects will fall at the same time.

YNV EF S pa i > 5 RM8 22 R IE ST - A& Rk -
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VORTINEFER T R AR P 0e HFCHEFREFFE Y L
E ® During free fall, the object moves with . ]
f7l4) : During free fall, the object moves with constant acceleration.
TEE & RG AR T - YIRS E S R E g -
« 2HEERT »
EE AR ITE - 2AEERLINE S
After studying this section, students should be able to know that:
— ek ER R RS R RYIRG B BR A A 5 [ TR SR - R—EEE - EYIRSEE /N
Jefed -
To know gravitational acceleration is caused by gravitational force between objects and
the Earth, which is a constant, and has nothing to do with the mass of the object itself.
T~ PREREE IR EERY U ) B S A L o
To know the direction of gravitational acceleration always pointing to the center of the
Earth.
» BIEEE o8
Bl —
SEH T AR AR B R SRR YR
(LX) To understand that free-fall acceleration is independent of its initial velocity.
44 stands on the hill and throwing three identical tennis balls from the same position
toward three different place, FH ~ /., ~ [N, as the picture show. If the direction of FH
is upward, the direction of 2, is horizontal and the direction of 5 is downward.
Regardless of the air resistance of the tennis ball. During the flight after the tennis
ball is thrown and before it lands, the acceleration magnitude is a = ~a - ~a
respectively. Which option best describes the relationship?
(A)am>az>anm B)am=az=ax
Caz>awm=an (D)aw>asw>az
22 PP p R ETRETREP (FRP EFREF
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(FP30) ESAE—/INUSE E - i’ = (EAE [FRVEER R E — L B R ~ 2 A={EAE
JiEH - AERTR - R ER R - L8905 R 5K - WRYJTER T - AR
STHEBKATZAYZZRIH T - FERERI & HATEHATHIRITINE > EMAVIIZRRER

INTRTE aw~azfan R NYIR AR ERES ? AH
o —=7,
(A)as>az>an B)ar=az=ax \\r,,\j
Caz>aw=an D)aw>aw>az
LR

(95 255 B A 24)

fiZ8E Solution :

R A =B R N A s 22 5RPH ST » & A28 BT MRV E I8 - ML =REERA IR
FEIEERAE TS » #a FH=a £ =a §=9.8m/s? -

After the three balls H1 ~ 2, ~ N are thrown, they are only affected by the gravity of the straight
direction regardless of air resistance, so the acceleration of the three balls is equal to the

acceleration of gravity, so a FH=a /,=a [A.

Teacher: This question seems complicated, but as long as it is a movement thrown out in the
air, think first, what force is it affected by?

Student: Gravitational force only.

Teacher: What else?

Student: No.

Teacher: Good. Because the object has been thrown, the force from the hand has disappeared
the moment it leaves the hand. Therefore the object is only affected by gravity during
motion, so the generated acceleration is called free-fall acceleration, near the
surface, regardless of the mass of the object, the amount of free-fall acceleration is

the same. Therefore, the answer is (B).
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ERN B EERAMRERE - BRI A T HES) > SR A= E
UAREE T {F R 2

B4 HAHES-

ERL: EE?

BA: BAT -

EHE RY > RAEYRGE&YENL - AL TRy I E AR TR - 808K - 35(
PrietezE 2 EIRIMER o ISR IIER RS Ry B TR - AERERIAT - 4

smVIEGHVHES R - BN EEEE Y - NIEFREB) -

pIEE—

S ¢ USSR STARIVESR » ARG H SRS v-t [ -
To know the meaning of positive and negative signs of velocity and be able to draw a

v-t graph regarding free-fall motion.

(L) Throw a ball straight up. The ball rises a bit, and then falls down. It is known that the
free-fall motion is 9.8m/s?, and if the influence of air resistance is not taken into
account, the direction of velocity is positive with lead straight up and negative with
lead straight down. Which of the following options is most likely to be a graph of
velocity (v) vs. time (t) of the ball motion?

(30 —HEBRenE Bl BR BT —Fem &R N % - EXILHAY BT InERE R
9.8m/s>  HAGTZERIEIYRE > HE G LISLE R EAE - $tE R N A& - T

FUZEIA T > OIS I8 i o] BB 2 L ERAE B A AR A 2R & (v) BLRF e () BE A [ 2

v(m/s) v(m/s)
b

A

(B)

'S

v(m/s) v(m/s)

0 9.8/\ @)
(D)

©)
(110 SR g 43)
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#ZRH Solution :

SR A - BETRFAYOIEAN By 0 0 BRI BB JTINEREE RS G IR = R e - FzE
By > B RE > REEYIHGI A N8 - RS R (E - HEERERREREImITA -
The ball is thrown straight up, the initial velocity is zero, but due to gravitational acceleration,
the velocity slows down with increasing height. The velocity is zero when reaching the highest
point, and then the object falls in reverse. The velocity becomes negative, and the velocity

increases with time.

Teacher: Imagine if there is a velocity when the ball is first thrown?

Student: Yes, the initial velocity is up.

Teacher: Good, then, after the ball is thrown, will the speed increase or slowdown in the
process of going up?

Student: decreasing.

Teacher: Good. Therefore, options that match the title are?

Student: A and B.

Teacher: Good. Keep observing. Graph A and graph B look alike, what is the difference

between them?
Student: The degree of tilt of the relationship line is not the same.
Teacher: Good. Then which one matches the title?
Student: How to derive?

Teacher: First look at A, after 9.8 seconds, the velocity value decreases by 9.8; then look at

B, it’s your turn to try.
Student: After 1 second, the velocity value decreases by 9.8.
Teacher: Good. What amount of change does all of this tell us over the period of time?
Student: velocity.
Teacher: So what physical quantity is this telling us?
Student: Acceleration.

Teacher: Very good. Therefore, the acceleration of option B is calculated as 9.8m/s?, which

matches the magnitude of the Earth's free-fall acceleration, so the answer is B.
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4 -
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B
4 -
g

EH

R g 'p’f%—;iﬁ»{h’?{s 7

BG—1 > BREIGI R > EAARHE ?
B IERE R L
R > B BRI R - ek ETTavdts SR EIIRE g ?

1 -
47+ UL S BRI TR ?
A~B-

Ry > #ESEEZE—T > A~ BRRERGBESG - ZEWE ?
BEARSRAVIERAZE A 4 -

Ry A — (A R &y ?

JeE A i 98 M ZIRRERERCY T 9.8 1 #E NAKE B RIS -
B HyEE&LHSE 1 P21k - BEEERBD 7 9.8

Ry B R M — R R (R b 7

R
RIS AR S TR M T e B Y &R 7
DR -

FEELF - R B BRI E SRS 9.8m/s? » FFEHERE ST E 2 EHY
KN FTLIEZEDB -
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*EBE NEEH K

Force and Motion

ALRIITER R AR H2EEEhD
ETEALRIREA ST GE & A

KREREENENERSOER - AP EEER > FBHREFRAPIESLRE > 2
HEREE > (HEE TR BIREAYIRNIRRA (4 - sES T - ILEEIELE AR I HA
A LR IHIE A4
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2-1 BHE

we VEFCHEBREFTI <

#

Law of Inertia

FEH A Y S5 1 B (thought experiment) FFER S - SREL SRR IEMERAVESR - [
MHEEFTRERYRSIVEN: - BRI - MR A S S HIER RS -

BF thiE EF thE
inertia Bt thought experiment | E& &
Newton’s first law APEEE—EE)EE | ramp R
mass HE frictionless surface | Y&/E Vi
inertial mass BHEE
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O The the object is, the it is to change its motion state, which
we call the object that has inertia.

f7l5) : The more mass the object is, the more difficult it is to change its motion state, which we

call the object that has greater inertia.

HEMANYEG  AEECEHESINE - WP R A BRAIEN: -

® If the velocity of the object is , the velocity remains constant at
without any external force.

=) « If the velocity of the object is zero, the velocity remains constant at zero without any
external force.

EVRRERE - AUEEIMIERT > BEE RS

o

[

o BEEHE »

FEEETAR TR - BAEEELITE R
After studying this section, students should be able to know that:
— TR EEE R R

To understand the meaning of Newton’s first law of motion.
= TR S E R AR

To understand the conditions of Newton’s first law of motion.
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w BIREERE o8
BllE—
SR - BEHETF S EE — ) E AU -

To determine the description which conforms to Newton’s first law of motion.

(JL) HefZ and [AFE respectively shared their own views on Newton's first law of motion,
which are described as the followings: H#Z: If an object is not affected by external
force, the object will remain at rest. f&7: If the resultant force of an object in motion

is zero, the object will always move at equal speed. Which of the following is correct
in relation to the two?

(A)Both of them are correct.

(B)Neither of them is correct.

(C)Only H#E is correct.

(D)Only &% is correct.

(HP30) HEERIRE S A THEE — S e Rt B CRY R AR - HRuian T © HEE - 5
ARG A ZINITER - RItYie g —E4ERRELE - 168 - EEH PRIV
Frz a1k ALY s —EF M ES) - BRI ARREL YA 1
fife ?
AWM EH -
B)YHW AT EHE -
(O FEESHE -
D) HAREGH -
(106 B &+ 19)

#ZFH Solution :

RPN ERE - VA ZINIEE N RERERT - VIie g R F A nyE
HHIRAE o W AHVROL &7 & LAY RORISE R - BaBgol - SEFEA -

According to Newton's first law of motion, an object will maintain its original state of motion

when it is not subjected to external forces or the resultant force is zero. Both of their descriptions

meet the above conditions and results, and the answer is A.
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Teacher: Does anyone know what two conditions required by Newton's first law of motion?

Student: Objects are not subject to external forces.

Student: The resultant force on the object is zero.

Teacher: That’s right. If there is no external force, the resultant force would be zero. Then the
object is keeping rest or moving at constant velocity.

Teacher: Look at the title, does the description of the two people match this result?

Student: Yes! Both of them do!

Teacher: That’s right. Therefore, both descriptions are correct. The answer goes to A.

ERl RS EEE R ENRE R - S ARERE ?

SR VIR RAINT

B4 VRN G I RE -

ERl: I8E 0 AT BARETIRE - NI > RBEESNRE > VRS IR - B
Er LA R )

Zhl B NEE - RIEARREUE ST EEEGSR 2

B4 A0 | EE#RAE |

Rl sk > NILREROL S B2 5HEy - BREA -
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pIRE—
s ¢ ARBAEE —E e R R YRR IR -

To calculate the force on an object according to Newton’s First law of Motion.

(L3 ) An object with a mass of 2 kg is placed on a horizontal table without friction. A
horizontal right force F1, which is 6 N, is applied to the object to make it move in a
straight line. After F1 applies force for 3s, an additional horizontal left force F2 is
applied to this object, and the two forces act on the same straight line. It is known
that this object moves at equal speed under the simultaneous action of F1 and F2.
What is the magnitude of F2?

(A)2N B)6N (C) 12N (D) 18N

(th) —E & F 2kg VYIRS BN SR I /K Sl b B e LUK S e A Y
J1F1 HAR/NR 6N > (YIRS EE 4R EE) - F1 /] 3s 1& > SRS 2L —
@K m 2/ ST F2 - HWIERAEE—EE L > CRIEYIRSE F1 B F [EFE
T e 2R EE) - Rl F2 By R/ NE /D 2
(A)2N (B) 6 N (C)12N  (D)18N

(109 FEFHEF-EH% 30)

fZFE Solution :

TRIZEH Pl > PIRGAE F1 B F2 [ERGFIE R MESF R &S - IIHP A — S e i
AT S &E R- VIR e R ARV ENIRRE - KL EIHEYIRG 2 D RIFERFE 1 5 0 - At
F1 Ml F2 RyfEAEE—P8e b » RAMBESHETTIEARES) - BFEB -

According to the title, the object moves at a constant velocity under the simultaneous action of
F1 and F2. This is the result of Newton's first law of motion which states that object maintains
its original state of motion. Therefore, it can be inferred that the net force on the object is zero,
and F1 and F2 are forces of equal magnitude but opposite in direction acting on the same object.

The answer should be option B.

Teacher: This question is quite long, but if we want to calculate the magnitude of the force,
the key is to find the acceleration.

Student: But there is no acceleration in this question.

Teacher: That's correct. The key to this question is uniform motion. Please circle it. Think
about what condition an object needs to have in order to undergo uniform motion
on a frictionless surface.

Student: No force?
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Teacher:

Student:

Teacher:

Student:

Teacher:

But it's clear from this question that the object is subject to a force. Think again.
There's another condition that can cause an object to undergo uniform motion on a
smooth surface.

The net force is zero?

That's right. When the net force on an object is zero, the object remains at rest or
moves at a constant velocity, as described by Newton's First Law of Motion.
Therefore, knowing that there is no friction on the horizontal surface, what should
be the relationship between F1 and F2?

They should be of equal magnitude.

Correct, because F1 and F2 act on the same object in opposite directions, for the net
force on the object to be zero, the magnitudes of F1 and F2 must be equal and cancel

each other out. The answer to this question is B.

EEEERE > HIRERTRAZ A NES > BEAEEI RS -
&

HiERE) ﬁBDLFE o
288 BB E N SRS HEE) - SRR - AT > WEBEA RS

REZT?

1El REHHEETAEs A= > B BAEEE A - W e
GERTEEE))

é\jﬂ%%?

236 BEVIGATZ &N RE - VIRGHERFAF L SIS ) - R PR —
BIEERHURGL - NEEEXUK P A EEEETT > A F1 AT F2 AR (RIEZZ ©
ZAANEE

236 R F1ORD F2 & E FAE R —(EYRe = Tfﬁﬂﬁfﬁﬂ‘ﬁ}i ’ éﬁ(%@%ﬁ‘%éﬁ
R > AT F1 81 F2 By AN A & ARG - A ZE e
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2-2 EEER

Law of Motion

N

ARETE AN A TEE EE e AR EES - R EEHER - B B
RIS (% -

B thig B hig
force fER mass HE
Newton’s Second Law of Motion | 4-HEE —EEERE | trolley JHE
external force b4 mass R
net force/resultant force =P ticker timer FTREE T8
acceleration IOZEFE load tray R
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’?37&% e 2 e Ih—d
Y kT EERT 2 ERRT
©® When is fixed, the greater , the smaller
%4 : When external force is fixed, the greater the mass of the object is, the smaller the

acceleration will be generated.
EESNIHIER T > PIRSHVE BN - EAERTINERE RN -
the external force is, the

is fixed, the
the acceleration will be generated.

® When
f74) - When the mass of an object is fixed, the greater the external force is, the greater the

the

acceleration will be generated.
[ E RS E EAIRN T > AR EAERTIRE R -
the mass is, the

is fixed, the

©® When
external force is required.
74 : When the acceleration is fixed, the greater the mass is, the greater the external force is

required.

EE IR T - EEREA - FREAVIMNIBEA -

ZEER

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

— ~ TERE ISR RERR R
To understand the relationship between total force and acceleration

L~ BEMERIARIEEE T ESE R RIS -
Be able to apply Newton’s second law to suitable contexts.

RY f AR BERE TREY PR FERRF
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To apply Newton’s Second Law to determine the acceleration corresponding to the

change of mass when external force is fixed.

(J£3Z ) As shown in figure 18, connect five similar wooden blocks with strings and pull them

with fixed horizontal force F, making five wooden blocks move in a straight line at the
same speed on a horizontal table without friction. At the beginning, the acceleration of
the five wooden blocks is the same as 2 m/s* .After a period of time, the string is cut
at a certain position. It is known that the wooden block is still pulled by the same
horizontal force F after the string was cut and its acceleration becomes 2.5 m/s>. If the
mass of the string is ignored, the cutting position should be which position P, Q, R, S

on the figure?

P R S F
KF & @
B(+ )
AP
B)Q
(OR
(D)S

(F32) A+ OFrR > I E5E 2 HERARBE AR Rz - FHIIEERKFETT F I
B RBE > AL (EARBE DUH R 2R SRR /K R M E ESES) - WIFL6
TLEARBAVIDERE A NE Ry 2m/s® - —BRfiig - Bt — (i EAVARGRETET - E
FIBTER R T RAHEIRY /KD FORIEIHI RS IER R S 2.5 m/s® - 35 RS 4H
GEE > AITTEARIILE - ERE L P~ Q R~ S W—({EE ?

P R S &
W
B (+ )
(AP
(B)Q
(OR
D) S

(104 SR &+ 32)
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#ZFH Solution :

PRI, B e > F=ma - f£ 5 7] IF BEERYIER T - EE m b - AIZEER
g B om e a K& T FIRFFEE) - B EARIER &y 1kg —BFHiGHE TLIEARSE -
4B B Ry Bkg o JIEREE=2m/s® > FIELH F=10N o (&2 B s MRSk 2.5m/s? » filE
AUHEE EEER - RNIRLIIIEEE R G RARAVEE & 4kg - AHE R/ DR
B FEfEZE P I EGA M EEE  BEEA -

According to Newton’s second law, F=ma, when the external force is fixed, the mass m decreases,
the acceleration increases, and m is multiplied by a as the fixed value F. Assuming that each
block has a value of 1kg, there are five blocks at the beginning and the total mass is 5 kg, the
acceleration = 2m/s2. Hence F=10N can be calculated. Later, the mass changed, the acceleration
became 2.5m/s?. According to Newton's second law of motion, the external force can be divided
by the acceleration to obtain a subsequent mass of 4kg, which is equivalent to missing a wooden

block. Therefore, the string should be cut at P which matches the question. The answer goes to

(A).

Teacher: The key to this question is to identify what is fixed and what changes in the problem
statement.

Student: The external force F is fixed, while the mass m of the object experiencing the force
is decreasing.

Teacher: Very good. This means we can apply Newton's Second Law of Motion.

Student: But I don’t know the mass of the wooden block.

Teacher: That's right, the title does not provide mass, so let's assume it. Assume that the mass
of each wooden block = lkg. Please calculate the magnitude of the external force
based on this information.

Student: The total mass of five wooden blocks is 5 kg. The acceleration is 2m/s>. 5 times 2
equals 10, and the external force is 10N.

Teacher: That’s right, the magnitude of the external force remains unchanged, but the
acceleration becomes 2.5m/s:. Can someone use Newton's second law to calculate
the current mass?

Student: Just divide the external force by the acceleration.

Teacher: That’s correct, so 10 divided by 2.5 equals 4, when the total mass of the wooden
block is 4 kg.

Student: I see, so we need to cut the rope at point P, to allow 4 pieces of wooden blocks left.
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B0 ANDFBEE > ZTIHVEE m sy -

Ehl R4 > FTLUBRATESS S g e

B2 HERANERRER -

Eh 28 MEMNMESARETERE - FTLIME CEEL - BEEEARE E=1kg -

sp R s (B EHE T R SN TR AU -

B2 FIARBRARIL Skg o DIARERs 2m/s® » 5 L 2 SE2 10 » HRJT Ky 10N -

EET R BETARINIAR/NAE » (ENEERE L 2.5m/s? > AT AR DRI A EES
CEETREE THVEE ?

B EAMIBRLIIIERERL AT A -

ERN Y 0 NI 10 BREL 2.5 Y 4 ERPRBEEE EF T kg

B W& T PLIEAE P RIETAE T > A g T 4 BEARBE -

plE_

SEH ¢ T REHE YIRS RO o SRR SRR - B B AT A

To understand the greater the force applied to the same object, the greater the acceleration

caused and the acceleration is directional.

(L) An object moves in a straight line to the east on a horizontal plane. Before the time
t=15 s, the resultant force of the object is experienced Fi, heading east; After the time
t=15 s, the resultant force of the object is F» and the direction is also eastward. If F;

> F», which of the following is most likely to be the velocity (v) vs. time (t) graph?

(P30 —Piiet/ K EFERIEESES) - (£ t=15s ZaT PHefr2a IR
Ry FiJJEEE 5 B t=15 s Z1& - YIGAT=Z & IR/ Fao o J5Eh a3 -
& Fi>F o RIS B i RE R EL S (v) BERERE] () A (Rl 2

(A) (B) (C) (D)
v(cm/s) v(em/s) v(cm/s) v(cm/s)

30

20

10
L R S T R R T B R R

(109 R &+ 24)
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#ZFH Solution :

0-15 PO} » VIRG4ERF RIS EE) - (RIHLTEA v-t Bl e —FRRIESR - 15 Mg » Wi~
TIEERAETT I AE » FRRAEE B E ﬁ% ’ T%D%%EDD HREEE AR TR AL v-t
HIRR (4R IERZ e HRME NN - A 2

Between 0 and 15 seconds, the object maintains a movement with constant acceleration, so the
V-T graph is predicted to be an oblique straight line. After 15 seconds, the force of the object
becomes larger but the direction does not change. According to Newton's second law of motion,
it can be seen that the acceleration of the object becomes larger but the direction does not change,

so the relationship line of v-t should be an increase in the degree of inclination, so the answer is

(©).

Teacher: Class, do you still remember how to determine the magnitude and direction of
acceleration from the V-t graph?

Student: The magnitude of the acceleration can be determined by the degree of inclination.

Teacher: Correct, and what about the direction of acceleration?

Student: Look at the direction of the slash.

Teacher: Correct, if it tilts to the upper right, it is accelerating, and if it is decelerating, it is
tilting to the lower right.

Teacher: Therefore, the next step is to determine the acceleration change caused by different
external forces. Can anyone tell me how the magnitude and direction of the external
force change from the title?

Student: The external force becomes larger but the direction does not change.

Teacher: That’s correct. So we can infer how the acceleration of an object changes?

Student: The acceleration becomes larger but the direction doesn’t change.

Teacher: That's right. So what trend will the V-T relationship line show if the acceleration
becomes larger but the direction does not change?

Student: The degree of tilt increases but the direction of inclination is fixed.

Teacher: That's correct. The figure that best matches the title of these four options is C.

Ehl - [FEEA o A EAAE v-t [T o FIETIERE R R/ NI RN 2
B4 0 IERERY AN IE ERARE -

ERN IR > AR T [ 7

B0 BRERHYITAE -

ERN  IERE > EREFEA IR SUSIEE  EERE - g A N TR -
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B ISR HETRAE -

LR ek o BB AT DUHERT A A DR S 4] i 2

B RS HETRAE -

ERN  J28h o EIIEEEERE T AR o v-t BB R E 2R S ?

B ERMEENEIN - (BRI T HEE -

ERL ek NHHEEVIEEET - R oREERTE R C -
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2-3 EANERERNER
Law of Action Force and Reaction Force

N\
ARE4EATEES =g e MIHER] > (AR "7 B E MR Z RS A AR

F > T Z Ry (ERJIERSAE R D » BB R/ IMESE - J5TRIAERE « B BB > s34 F A D
FZAERITT -

B¥ i B¥ hiE

action force TERI law of action and reaction VE R I B/ A 1 e

reaction force KAEFA/1 | Newton’s Third Law of Motion | ZF-iEEE = @3

interaction L HAER
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O Object A applies an action force on object B. Object B must produce an
and on object A.

#4) : Object A applies an action force on object B. Object B must produce an equal
magnitude and opposite force on object A.
A YI¥ B el —E{ER Y - B ¥r&Ed: — SR/ N BT IR A ER T - AF
AL -

® The the force applied, the the reaction force generated.

%ila) « The greater the force applied, the greater the reaction force generated.
FEANEIPERTIRR - EEARRY R RIJIRKR -

o BEHE »

BRI AR TS °
After studying this section, students should be able to know that:
— ~ HERE A IS E R DA ~ T RIVRE G -

To understand the magnitude and direction between the action force and the reaction

2

force.

= IR R E R TIESAE AT -

To identify the reaction force of a given action-force.
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To understand the concept of Newton’s third law of motion.

(=32 ) [E[f applied a force of magnitude F with his hand, pushing the stake horizontally to

the east, the stake still standing. His hand was pushed back by the stake for a reaction
force. Which of the following is true about the action of its reaction force?

(A) The stake simultaneously pushes FH[f’s hand horizontally westward with a
reaction force of magnitude F.

(B) The stake simultaneously pushes [f]ff’s hand horizontally westward with a
reaction force greater than F.

(C) The stake simultaneously pushes [f][if’s hand horizontally eastward with a
reaction force of magnitude F.

(D) The stake simultaneously pushes [A][i’s hand horizontally eastward with a

reaction force greater than F.

(=0 Pl PLFHE— A/ NRy B EITERIT » AP BRI - AR EAE) > T2
FIARWEEIHE—(ERMER T - BIRHERERTIERER - T2 1EE ?
(AARBERFIR/NE F IRERT - AKEEFEEER RS -

(BYAHE[RIRE AA/INATS FEYRAER ST > /KPR P R Ay 5 -
(COARFERRF ANy FEISAIERITT > 7K R SR B R R T -
(DYARFEFEEF LA/ INARY FHISAIERITT > 7K R SR E R Y T -

(104 FEFE* 8)

fZFE Solution :

R TEE = E e - SE B ER T2 R/AMESE - T IRAEE - HAEFEARERY)
fa o NIEEZREA -

According to Newton’s Third Laws of motion, the reaction force is equal to the magnitude of

the action force in opposite directions, and acts on different objects.
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Teacher:
Student:

Teacher:

Student:

Teacher:

What is the relationship between action and reaction forces?

Equal in magnitude and opposite in direction.

Correct. If fA[[t] applies an action force on the stake, then who exerts the reaction
force on whom?

The stake exerts a reaction force on [H[[H].

Correct. So the answer to this question is A.

TERIMIBAER D218 > BT TERIRR A ?

R/MEE > TTEAEEL -

TEAE > 1T HL A0SR e e — {8 (F A I ARG b > BBEEE AR F D2 s A s &
k2

At — {8 S A E R E & E -

1ERE - RILIEENERE A

st ERak(E A T BLE M R DRV RR (4 -

To know the relationship between action force and reaction force.

(0

Push a wooden block placed on a smooth horizontal table
HH . . .
with a horizontal force F to the right.
Z. | Lift a ball with a straight upward force F.
P | Press down on a button with a lead straight down force F.
(A) 0
B) 1
€ 2
(D) 3

44

fa[f@ applies the same magnitude of force F to different objects in three ways: FH,
Z., and [N, as shown in the table. In 1, 7., 4, how many magnitudes of “F” and

“F’s reaction force” are different?
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(Fp30) P RIDARE ~ 2~ =R SHEAEE AV NN T FAEFS R E9788 > 203=FT
e HIFYER ~ 2o~ s TR B TR BRAER T ) R/ N EIRA 4448 2

ph—AFH Fipbie—@EEnLER

K £ de) AR

L | BA—St A Eeyh F RRAL —FR[E =

A M—AR TN FRET—Hikd

':F

(A) 0
B) 1
C€) 2
(D) 3

(102 FEHESH] 48)
fi#Z5H Solution :

R AIESE =B E R (FR DB ER DR/ MRS - BB FEA -
According to Newton’s third law of motion, the magnitude of the action force and the reaction

force are equal. Therefore, the answer is A

Teacher: This question is about a concept in Newton’s third law of motion, can anyone talk
about it?
Student: The magnitude of the action and reaction forces is equal.

Teacher: Very smart. So the answer to this question is A.

LRl BRSSP ES BT (AR - AR A FEISE AR 7
B4 0 AFMIJIRIBAERITIRI AR/ IMES
EE HEBH - FTPUEEEEE A -
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2-4 EIREEFEBEASN
Circular Motion and Universal Gravity

N\
AR S e A [ E R B S - SR RE A S IRT 2 EE) - AHiEHEEAE

HENELEA S IR  BEERAE TR - TIPSR - ME AR RN — 4
HFRG > AT RENE R T (A 2 B S o A AL T BT Hh SRR )

BF thiE BF hiE
uniform circular motion | ZFH R [E] FH EH#H radius R

universal gravity/
centripetal force VY] S|

gravitational force

centripetal acceleration | [A]/(\JIZEFE constant of gravitation | #A 5[ J1H#
tangential velocity V4R E weight HE
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the centripetal force required.

©® When an object makes a circular motion at an equal rate, the

the radius, the
#14] - When an object makes a circular motion at an equal rate, the smaller the radius, the

greater the centripetal force required.

VIR R B E iy - RN > FTEAFELIIAK -
together, the the universal gravity

® When two objects are
f7l5] : When two objects are closer together, the greater the universal gravity resulted.
the universal gravity

B REYRGHYEERERAT - BRSO -

©® The the masses of two objects, the
5]« The greater the masses of two objects, the greater of the universal gravity between the

two objects.

ERI(EYHGIVE 2K - RILERAEAS IR -

o BEEHE »
FEEERETTER  BAEEELTES

After studying this section, students should be able to know that:
— ~ TG E R EEN TR R0 T o ARSI IR
To understand that circular motion of an object requires centripetal force to produce

centripetal acceleration.
FY AR EERETREL FEP FEERT
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To understand acceleration may change the direction of an object's motion.
= e AL ERE

To know the Law of Universal Gravity.

w BIREERE o8
BlzE—
SRER : BIE AT JIEE N

To understand the Law of Universal Gravity.

() 2% and 3EIS each shares the following views on the law of universal gravitation:
g g
& £ For example, the eraser on my desk attracts every object in the universe with the

same amount of force, which is gravity.

ZE¥5: For example, the Earth under my feet is very massive, so its gravitational pull

on me will be much greater than my gravitational force on it.
Regarding whether the two people's views match the law of gravity, which of the
following is true?
(A) Both of their views match.
(B) Neither of their views match.

(C) Only {£f£’s view matches.

(D) Only £F%’s view matches.

(th=0) EEEESERENERAS IER R L N EE

i« BROIGER - Pt BRI - B LR N 05 [ 528 Py E—(E
ViRe > EME RS AST

FE L BOIIGR > MR T HIHEEK - ERVEEIFE A FrLLlEERRREVEAS]
TEERNPR RN ENERSIT] -

BRI AEEEOTTEEASIJIERE » NI I ?

(AR AEZETTE (BRMARNERIA TS

O RFEREANE LGS O)RAARRNEEGE

(109 SR & 45)

D HTSE TR TR T T oo IR EEHEFT Y <

48 FY PR EERE TREP FRP FERNRY



TIEFRE R T E AT P We FFRFREFLY L

#ZFH Solution :

RIEEAS JIER - AIE1S R/ NEUA T I8 SRR Y < MAEEEE - REEEY)
BRI IR/ » BN > WiV 2 IR E A S [T R — %ﬂ’ﬁﬁﬁﬁéﬁ}i{’ﬁﬁﬁj} RIBAFHE =
ABERE - R/NMEAES - B ARG AR - BEEB -

According to the law of universal gravity, it can be seen that the magnitude of gravity depends
on the mass product of two objects and the distance between them, and the force of objects of
different masses is not the same. In addition, the gravitational force between two things is a pair
of action and reaction forces, and the magnitude is the same due to Newton’s Third Law of

Motion. So the answer is B.

Teacher: Let's first see what (&£ said. The eraser on the table will attract every object in the
universe with the same size gravity. Is this correct?

Student: This is incorrect.

Teacher: So what's wrong? Can you take an example of the gravitational force between the
eraser and other objects to show that the magnitudes of gravity would be always
fixed?

Student: The gravitational force between the eraser and the pencil is not as large as the
gravitational force between the eraser and the desk.

Teacher: Correct, it’s a very good example. Therefore, {5 's statement is wrong. Next, let's
see if 3£¥5's statement is correct. We know that the gravitational force between two
things is a pair of action and reaction, so what is the relationship between this pair of
gravitational forces between the earth and 3£15?

Student: Equal in size and opposite in direction.

Teacher: That's right, according to Newton’s Third Law od Motion, 3£¥%'s narrative does not

fulfill the law of gravity. The answer is B.

N WMREEERGEEER - 2 FAV g DR NTER 517 W5 [T
Y EHE R EYRE - HARE 2

B4 g

T HREESEAEE - ATR AT DR G R i B H A VRS TR B 5 1 AREREHE A 5 [ I
KN+ K EEE ?

B4 BN E Y MIEAS ) B RSN E R 2 MiVEA 5 [ JIEEL - @A —8%
KA o

EEN : IERE - IRE ARG - Rt RGEREREEEENY - B T ARIRTBE B ER W ARG
1EHE « TMRIEMYIZ MHVEA5 7 B—SERA B ER T - RBEtEAIsE
B2 E-HEAS I TIAE TR G ?
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B4 K/MEE - FEHEK -
ZHh 0 888 RIEAESE = HEEER  ERIRUIT AT EE A R BEEEE
L EIEEB o

BlE_—

stEH * REFICE B EAE R - HIETEERE RO E - R EUIER TR - M E RS
I.EJ o
To understand the direction of an object’s velocity is tangential when it is moving with

uniform circular motion.

(LX) Fix the ball at one end of the string. [A]l& holds the other end of the string, and he uses
the end as an application of force point to make the ball do a uniform circular motion
on the horizontal plane, and the position of the hand remains motionless. It is known
that the ball rotates 2 times per second, and when the time t=0 s, the ball is located due
east of the hand, and its top view is shown in Figure (21), at the time t=3 s, the velocity
direction of the ball is which of the following?
(A) Due east
(B) Due west

(C) Due south | .
(D) Due north B

W@ it

(3L s/ INERIE EAE S AR — iy > Pl TR AEBAY 5oV - e I {oE/ NERAE /K- 1
FHREEES) > T ERRAS) - CAVNKEMEE 2 & HERHE t=0
s HE/NERALFS FHYIEERTT > EF G0 E (CA—) R o fERfE t=3 s i > /K
RIS A Ry N5l 2
(A)IEERTT (B)IEPETS
(C)1Ers (D)IEIES
(110 FEE g5 39)
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#ZFH Solution :

TRV NERIFPVEE R - RIS = R0/ NER TS (B F M BT - ER > /NEREY U] 45 )
675 -

The ball is known to rotate twice per second, so at the third second the ball returns due east of
[, at which point the tangent velocity of the ball is due north.

Teacher: The velocity of each position on the uniform circular motion follows the tangent
direction. This question should determine which point on the circumference of the
ball in the third second, so we can further judge the tangent direction. Can anyone
tell me where the ball is in the third second?

Student: Right side.

Teacher: The right side is the east of the question, and the ball is counter blocked. Therefore,

in this position, the tangent velocity of the ball is northward. The answer is D.

LR FHRREFEEEE - FEM BRI UIG TR - NIEAEZEHE » £
3 FOHRE/NERAE B R _ERYIE— (RS - mh ] DU —20 HER DI 5 » AR A EEEA]
DL HCINERSE = RO EAETRE 2

g A -
AT AR R - FUNRR R e - RIS E RS0
R LT EZED -

>1 Fe RS EFRE TR FRP FERETF
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2-5 NFEEFIREREE
Torque and Lever Principle

ViRaH SR T R ENE RS AR SRS BRI R - il rE s
A HA 48B4 S T A e ——Eie i -

BF thiE EF thE
torque yapE rotation i)
moment arm JEE counterclockwise Wil St
force YER T clockwise IR S+
extending line of acted force | JJHYAE{HLR net torque/resultant torque | & JJ%E

52 PP p AR EFRETREP PP EFRRTF



-
KT TRT R ERT P 0o IIFAEFRTFEL

©® The the moment arm is, the it is to cause rotation.

ffl4) : The longer the moment arm is, the easier it is to cause rotation.
TERE AR5 SR,

® Under the same moment arm, the the force is, the the
torque is.

ffl4] - Under the same moment arm, the greater the force is, the greater the torque is.

TYEMERIERET > fERJIROR - S RRAYTIRERTK -

o BEEE »

AR ITR - 2AEEBIITER
After studying this section, students should be able to know that:
— ~ Bhan TR S RIS A L PG E) -

To know that a torque causes an object to rotate from rest.
= TR PRI RA: o

To understand the conditions for achieving rotational equilibrium.

53 B Y P RS RS TR FEP E R



L) KTHREFRT R ERAT P oo I CRFERFFLC

w BIREERE o8
BllE—
SREH TR -

To understand torque equilibrium.

(=37 ) A father took his son and daughter to the park to play seesaw. The position where the
three sat was shown in Figure (3), and the weight of the father, son and daughter was
75 kgw, 20 kgw, and 25 kgw respectively. At this time, "the weight of the father makes
the torque generated by the seesaw" is greater than "the weight of the son and daughter
makes the torque generated by the seesaw", and the seesaw will fall to the father's end.
If they want to reduce the gap between the torque on both sides, with the following
ways to adjust the position, which one may achieve their purpose?
(A) Dad switched to position A.
(B) The son switched to position B.
(C) The daughter shifts to position B.

(D) The son and daughter change positions.

(30 BENE R THEL AR A BB > = AP ENE(Z)Frr > &8~ 72
T Z5RVESE ST A Ry 75 kgw ~ 20 kgw ~ 25 kgw - JEIE T EE VS E HEFEBAR
FELERIIIRER/IN RS T 5B S WG BB B A AR R DR/ N - B
Bl & &I - S ISR DB SRR ZERE - AN YRR BT
2 o Wbl m] e Rt MY H Y 2

AEEREHIEH -
(B) T HAZIIE L -
C) M EHIE L -

(D)5 5~ LRI E G -
(106 FEEF &S 5)
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#ZFH Solution :
EREH A EEEEREREEANE - B EE MY IE - RN I 5L &Rk ey )
yisk Eb‘?é‘?é ) SEAT 7 BERSE) > BOE Sl L S A — NSRS - SRR D R A

A ZE 15

From the title, we can know that the seesaw falling to the father's side means that the moment

caused by

the father is greater than the moment caused by the son and daughter. Therefore, the

father moves close to the fulcrum or one of the son and daughter moves away from the fulcrum

can achieve a reduction in the torque gap. The answer is B.
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Teacher:

Student:

Teacher:

Student:
Teacher:

Student:

Teacher:

It is known from the title that which is the greater torque caused by Dad or caused by
the son and daughter?

The torque caused by Dad.

That's right, so there are two ways to reduce the gap in torque. One way is to reduce
Dad’s torque and the other way is to increase the torque of the son and daughter, what
to do?

Dad sits forward or the son sits back.

That's right, both methods are fine, so why can't daughter and son exchange seats?
The heavier you are, the better you sit back, but the daughter is heavier than the son,
so the son has to sit back to have an effect.

That’s correct. Therefore the answer is B.

EEHEA > B BT - N5 T2 S Ry SN —{E A 2

BEM

28 > INIEER DI E A RE A WA 7% - Jk/ b & SR TSRS I 5 T R Hy
JIRE - BRI ?

BEMEAIL > B R ERL -

28 EMETTEER AT LA > AR Ry (T2 SN S T e s 2

TR ENAER AR - B ERTE > BTl TR A HRCR -

1EHE > FTLAEEEZEEB -
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To become familiar with calculating torque.

(L) As shown in Figure (10), bacon and roast duck are hung with string on both sides of
a lever, and after hanging the lever is still maintained horizontally balanced. At this
time, the bacon causes the lever to produce a counter-clock torque of 0.2 kgw - m. If
we neglect the amount and friction at the fulcrum of the lever and string, which of the
following statements is correct?

(A) The mass of bacon is 2 kg.
(B) The mass of the roast duck is 4 kg.
(C) The clockwise moment produced by the roast duck is 0.2 kgw - m.

(D) The clockwise moment produced by roast duck is 0.4 kgw - m.

(FRS0) WIE(F)ATR » E—(ERARER 53 5 DAARSE R A BLENS » M R iE iR Ry
KIS o RIS A AR R 4 0.2 kgw - m (YRS SE S50 » F5AEHE - 4T4RNYE
BT BERR AR T S RIS ARG > RN FIR0H o) 3 TERE 2
(AFRANVERR 2kg -
(B)EBHEHVEE R 4kg -

(C)JENG A= HIIERF 2 6 £ 0.2kgw - m -
(D)fEHe e A= 1y IERS 4% F74E B 0.4 kgw - m -

i
:,"_/

e, W v
B(+)

(104 R P& 17)

#ZFH Solution :

FHRE H B - EIE P CaeEs) 2 sty SRS aiF St 04 SN EISE R AV IEEE
FHE - MR ENES - BISHEE K 0.2kgw-m/0.1m=2kgw > fEAEE F 0.2kgw-
m/0.2m=1kgw > #E5ZEEE C -
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It is known from the topic that this situation reaches a rotational equilibrium, so the
counterclockwise moment caused by bacon is equal to the clockwise moment caused by roast
duck. According to the torque definition, it can be known that the weight of roast duck is 0.2kgw-
m/0.1m=2kgw, and the weight of the bacon is 0.2kgw-m/0.2m=1kgw, so the answer is C.

Teacher: From the title, it is known that this situation has reached a rotational equilibrium,
and the counterclockwise moment caused by bacon is equal to the clockwise
moment caused by roast duck, so what is the torque value of roast duck?

Student: 0.2kgw -+ m.

Teacher: What about the direction of the torque of the roast duck?

Student: clockwise.

Teacher: Very good, then we can further calculate the quality of the roast duck. Does anyone
know how to calculate it?

Student: 0.2 divided by 0.1.

Teacher: Correct, so the weight of the roast duck should be 2 kgw. Similarly, the weight of
the bacon 1s 0.2kgw-m/0.2m=1kgw. So, the answer is C.

N EEERA - AR CEE P - BRI R R St R OB NG S AR
Bt 7745 - FTLUBISHY JIAE(ER /D ?

B4t 0.2kgw - m °

D BISTIRERY T EE 7

B EEGE -

HHN  REF R LUE— St RSN EE - AI9A ARIEEER ?

B4 02FRELOT -

AR IENE > FTLUEHE B S EZ E 2kew o [EHE > JRINE = B 0.2kgw-m/0.2m=1kgw >
BEFREC-
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*xEE= INElEEX

Work and Energy

ENTEALRTEE ARSI 2 O 24
BT R LRTER S R SRR R

AREEH]
HERE RN « (FIhg B YRRt IR - REEATERA N ETFIR - SRk
RHSEERER A FRAT 78 - Sl B T EARE B AVERET -

+H

AT EARE B AVRE (7 > EHE AR SRR B T - BEEREE TR > 2

58 B Y P RS RS TR FEP E R



0 I EEKEFL Y

3-1 ThEATHER
Work and Power

N\
AE BB n UEDIRIES: - EYae )] - HYere &5 R EE AR
AIEE T EPIBG R - JTRIED AT RE v] AU YIRSHIBIRE - 501 > tERDPR B BN
[ YIRE AT R -
(S0 FHILRES - BRI LAZE S | AL TEFR - s (RO B b 2 IR - W42

RS2 AR R BRI > AR H B HIRERTZE S - SO MUGRER A SR AL [ HY PR SL
B (A0 |Ae s | s mLE R~ FEE KR R PR D BAE E -

BEF thiE EF thiE
work I velocity R
energy REE friction force JEEf2 ]
power IR watt B
joule FEH perpendicular T
external force e\ positive work £
displacement firt% negative work =)}
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&J ?5(”;‘-%"'35 ? B ’ﬁ,{h‘%{s 7’
{ O The greater , the faster . }
4] : The greater displacement the force pushes an object, the faster the velocity will be
generated.
JIEYRSIE BIRVEERE R - EEAE RS AR -
{ ® Although , . }
#4] : Although the external force acts both 10 joules on two objects, the time duration of the
exerting the two work may be different.
HEZRNE T E IR B By 10 fRH. > (HW S EShRYIE R R v REAR[H] -
{ ©® What is the relationship between and ? }
4] - What is the relationship between the velocity and the velocity variation of an object?
VIRe R BUR T AL Ao BHERE ?
{ (4] from to . }
fil5) : Push an object from the origin to the position of 20 meters.
RFIRETE IR BEHE R 20 AR -
{ (5] is either or . }
4]« The exerted external force and the object’s velocity could be either perpendicular or
parallel to each other.
SNITELYIRG R - PIRE A AHEE L BCETHY
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After studying this section, students should be able to know that:
— ~ TERDBIRIREE G - MBS MBS AE T MR A E » SR B FIIR

JIN o
Understand the relationship between force and work, and knowing that the angle between
the exerted force and the object’s displacement would affect the magnitude of work.
T TIRTHETERAR G o WEtEAFEERADE o
Understand the relationship between work and power, and can calculate the power in

different situations.

o BIEERE s
{5l RE—
BREH ¢ HIE S EUSNE - SEEDIY RN

Know that the resultant force dot product the displacement of the object is called work.

(L) There are three forces called FH, /., and [N acting on a two kilogram object upon a
smooth and horizontal surface. According to the diagram, force FH is a 10N force
pointing to the left, force 2. is a 3N downward force, and the force PN is a force to
the right. The object moves 3 meters to the left when the three forces are applied, and
the net force to this object works 24 joules. How many Newton is force PN?

(A)2 (B)4 (C)6 (D)8 o

PPy

(30 —(HEER 2 ATV e /K EFERZEIH ~ Z - A=TIEM > 40E
B > BJ7KSPRZE 10 4R > L85 E R T 3 4R - IR EAG - =J37EH
SR > VIR /KPR ZEReEh 3 AR ST ILED) 24 SR IR IHR/I
FoZ/ VAR ?

(A)2 (B)4 (©)6 (D)8 (99 £EEE—IHEM 54)
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#ZFH Solution :

FR{ERThBW = F-S Hi» JEAB TSR - 4B - BB TREL > Fibl 2
T RN m B IS RE -

HELAED) = [ —A0]1-3=(10-F)x3=24>10-F=8 F=2(N) - ##E(A) -

The total work can be calculated by W=F-S". Besides, the force which is parallel to the

displacement is the effective one. As a result, we only need to consider the left and right force,

but not the upward and downward force while the direction of the displacement is left.

The work equals to force FH minus force 4, and then times three = (10 — F) X 3 = 24,

62

10 — F = 8, F = 2(N). So, the answer is (A).

Teacher:

Student:

Teacher:

Student:

Teacher:

Student 1:

Student 2:

Teacher:

Student:

Teacher:

What is the definition of work?

Work is force times the displacement.

Both force and displacement are vectors, so the multiplication of the two can be
either an inner product or an outer product. Which one should it be?

It might be the inner product of force and displacement.

Great! As a result, only the force which is parallel to the displacement can act
effectively. According to the diagram, which force do you think is acting on the
object?

I think both force FH and £ are acting on the object, because both of them are
pushing it.

Are you sure? Force /. is vertical to the object, I’'m wondering if it is acting on
the object.

You found the main point! When the force is vertical to the displacement of the
object, the work will be zero.

Then, there only left force 1 and Z.. Should we calculate the net force times the
displacement first?

Right! When force and displacement are in the same direction, it will be positive
work. On the other hand, the work done becomes zero when force and
displacement are perpendicular to each other. Let’s set force N as F and we can
know the net force equals (10 — F). The net force times the displacement is 24
joules as mentioned in the question. Then, we can get the formula, (10 — F) X 3 =

24, and get the answer of F.
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EHN . (FURVERETE?
B SRS -
Rl NEMUBAERE - BB - f] UZNRRECEIME - ez 2 W —TElE ?
B4 R TR BHINE
Ef ARE FTLL . REEUBARATRY ) A REARUED) - IEEHCE - RIS
WIREE T3 G (E IO 2
B JEZH - ZNREAEEDE - A ITEA ST -
B2 B2 RO IEIRY e EE - Sk AE S ?
ERN : IREIRERL T RS RIS E I o SN GIED) -
B4 AR N HIRARIED - BN RReE S IER LR ?
Ehl Y RRBEDIRA T AR REF > (E2h R IE - M JJEROLRS 5 RIAE Ry - 7EL)
F& o BRI R F > B &1k (10 -F) > 08K B8 3 AR
R H 2T 24 FEH - (10 — F) X 3 =24 » BIAJ{5E] F HYR/\ -

pIEE—

st I ERAL - HEEH DR BR AL -
Students can speculate the unit of power.

(L) The unit of force is N (Newton). The unit of length is m (meter), and the unit of time
is s (second). We can know the physical meaning of the physical quantity through
different combinations of units. Work is defined as the magnitude of the force
multiplied by the distance moved in the direction of the force, and power is defined as
the rate of work done per unit time. According to the description, which of the

following answers is the unit of power?

(A)N xs(B)N xm X s (C) N x m/s (D) N x s/m

(132) HIHVERAL R N(AFH) - RERVEALR m(AR) @ R RIHVERAL Ry s(FD) - EHEEfrAYEH
GRITHEARZ Y ERVYIEESR - IHVEE R IRYEE S I Y
% » DR E R Ry AL AT EA DY » IR AT R SIRr & R Dy AL 2
(A)NXs(B)NxmxXs(C)NXxm/s (D)N X s/m
(103 FRFHHFEZ 15)
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#ZFH Solution :

DER=T) /5] > (ETh=T1x M > INIL © D=7 X i/ > BALR(C) N X m/s ©

Power is defined as work divided by time, where work is defined as force multiply displacement

Thus, power is equal to force multiplied by the distance then divided by time. Thus, the unit of

power is (C) N X m/s.

Teacher: Power is the efficiency of doing work. For example, if there are two machines which
do the same work, but one spends less time than the other, then the one that spends
less time has better efficiency. Thus, power not only depended on the amount of work,
but also depended on the time duration. So, how can we compare the efficiency of the
work?

Student: We can let the work be divided by time so that we can compare the work done per
unit time.

Teacher: That’s right! If we put the time as the denominator and the work as the numerator, the
denominator unit of power will be second in SI units. In addition, the numerator unit
will be the unit of work. Do you still remember how to calculate the magnitude of
work?

Student: Yes! Work equals to force multiplied by the distance.

Teacher: Correct. The unit of force is Newton (N), and the unit of distance is meter (m), so the
numerator unit is N times m. After understanding this, we can know the unit of power
is N times m divided by s. According to the unit, we can also know its physical
meaning of power is work done per unit time. That’s why the question mentioned that

we can speculate the physical meaning through the combination of units.

EHT . SEBRERCE BRARIG FE I B — G AR
HACR B G - BT TRREDVARE  HERIEDIRERIATRE - RPIEAfT
LA HCRIE ?

B AIDIEDIRR LR LR R B R T

T 98 ERRIEE R SRES T AV BB e ST iy
B - TS FAY B ROBRR DI A - SEEATADITE F DA A NI 2

B {EhRITR LARS -

R B AR (B AR BT F(/EDDRIELE N X m = Joule:
BRI THPRA AL LR N X mis = Joulels » HEDRAYER(I th P » HAFERFE R
BRI PR DR 35 B 4 2 B T P R A PR 3
i |
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3-2 ThEAEhRE

\Work and Kinetic Energy

AETE R FE R TR BRI T th G & (5[] - Jof M aEheE - BRI AT — RO fErE
L RARIRHIIEARERVRA (7 > S B N BV RG SE Eh 7 RAH R SAH R VB DL - BARINT
{EIEDHECE T - EhRERF G a{mE(L -

E¥F thEE BEF thiE
acceleration INERE velocity HE
kinetic energy HhRE friction JEEf2 ]
speed R potential energy fiLgE

()

® make + FEpEhE. }

4] : When an external force has done positive work on an object, it may make the object gain

kinetic energy.

SNTEPIRGTE LY > ATPAE RIS EhAE -
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[ ® On the other hand, . }

4] : On the other hand, an object in motion is capable of doing work on other objects.

Sy > EE et B W E YIRS ETIHIAE

o BEHE »

FEEE AR TR - PAEEELITER
After studying this section, students should be able to know that:
— ~ JIERERATRE - 78E - SUREBIERES - AEIVP - H LA A -
Know that there are different forms of energy which can be converted to each other,
including kinetic energy, potential energy, light energy, and electric energy.
T TRRITRI LU S RTINS EG IR & -
Understand that force may change an object’s energy by means of doing work of it.
= REEMEIERE - A BFE S o AR RG R ) -

Be able to describe objects’ motion in terms of distance, speed and time.

o IEERE s
5l RE—

S RENE x-t BT RN - MRS ERE (L

Be able to analyze the velocity through the position versus time graph, and further

determine the change of kinetic energy.

(LX) The relation between position (x) and time (t) are given in the figure for a truck moving
along a straight line. The truck starts to move « (AE)
when time ¢ = 0. If the mass of products on the

truck is constant, which of the following |

moments does the products have the greatest

o0l LA |
kinetic energy? ¥

(A) t =20 minutes (B) t =40 minutes 0 ' 2'0 ; 40 60 ' 8b ' lbO
(C) t =55 minutes (D) t = 75 minutes t (23)
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(230 BEAFEEHEFEGESIE (x) EiFE () BRIGRE - S5 t=0 KHin
BE > GEHENEYEEEEANE » AIEYIHE NI —IZIEVEIEE B ?
(A)t=20 43 (B)t=40 4% (C)t=>55 %> (D)t=75 4}

(101 FEEH AR 32)

#ZRH Solution :

EEEANENT > R T BigeRR s FEL B R (R E T - B ASRAVERIE AR > A
THRAK EE?BEJ%H tE 0~30 73 Z [ERAARERENE - ATLURIREA - N INBIHE LR
SPOTRCIEEL - BEEIHYENRE RN > HUEE(A) ©

When the mass is constant, the faster the speed is, the greater the kinetic energy will be. In the
position-time graph, the steeper the slope of the line is, the greater the speed will be. According
to the figure, we can know that the largest v exists when t is between 0 to 30 which means the
speed is the fastest in that period. Furthermore, the kinetic energy is proportional to the square

of the speed. So, the answer is (A).

Teacher: Do you know the relationship between the position and the speed?
Student: I know! Speed is the distance traveled by a moving object per unit time.

Teacher: Yes! The speed can also be acquired by manipulating. Thus, the slope of the line in

the position-time graph is the speed at each moment.
Student: Does it mean that the steeper the slope is, the greater the speed will be?
Teacher: Exactly! Then, which part in this figure shows the steeper slope?

Student: The steepest slope exists from the time 0 to 30 minutes. If the mass of the object is

constant, it means that the kinetic energy is the greatest during that period.

T IRPIRIEL B SRR (R 7

BB e > BURERBNERIE R -

Rl Y BRWATDUEMBTIKRES - FTAZSRENTE x-t @1 - BAAERAVERR -

B0 FRLL > EREREOR - RS 2

LRl J28E | BERARENE - AURRREOR - ZRARHERR
A 5 {1l ] A B 0 o AR i K 2

B2 AEREEDR 0~30 rsE 2 [ 0 RERECK > EVIRREEAE - Ry
BIRERCK
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st - BAERE TR ESNDEThEREh R B LAVRR ( -
Students can analyze the relationship between the work done by different external forces

and the change of kinetic energy.

(FL3C) /INfE use a horizontal force of 5N to push a suitcase which is 20kg, and the suitcase
moves horizontally for 10m with kinetic energy. Assuming that the suitcase is
originally stationary, and the friction force between it and the horizontal ground is 4 N
when moving. How much does the kinetic energy of the suitcase increase after /)N

pushes the suitcase for 10 m?

'S 'SR
(A)10J (B)20J (C)30J (D)40J

20kg 20kg

TEH THEH
4N —— SN
\ J \ J
| |
10m

(FP3Z) /INHELL S N BYZKSPHEE B R 20 kg (VTTAE - (72/KPRE 7 10 m > I0H
HHIRE - Bl TRAEFAER 1L - HARRSBING T B K- fE Y B S & 4N Al
FE/NHEHEBITT 24 10 m Z1% - T RFEIEhRE I 1 2%/0 7
(A)10J (B)20J (C)30J (D)40J

(95 F55 KB A 36)
fZFH Solution :
FIAHIINI=H1I—EHET1= 5 — 4 = 1 N = SN PRI T R AT EAY D) = 580 InavBhse=
T RBEE— AT EEE=F-S=INXx10m=10N-m=10J - H&EZEE(A) -
The resultant external force equals the pull minus the friction force. (5 —4 =1 N) The work
done by the external force on the suitcase equals the increasing kinetic energy of the suitcase,
which is also equal to the final kinetic energy of the suitcase minus the initial kinetic energy of
the suitcase.

The formula of increasing kinetic energy is F-S (force times distance) = IN X 10m = 10 N'm

which is 10 J. The correct answer is (A).
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Teacher: What does the work-energy theorem mean?
Student: It means that the work of the external force equals the change of the energy.

Teacher: That’s right. To be more specific, it means the work of resultant force equals the

change of kinetic energy.

Teacher: Then, in this question, how much is the total of the external force on the object? If
we assume the right side to be positive.

Student: If the direction to the right is positive, the friction force to the left will be -4N, so the
total external force willbe 5 N -4 N =1 N (5 N minus 4 N equals 1 N).

Teacher: Good job! Then what kind of energy changes in objects will be caused by the work

of external forces?

Student: The external force acting on the object will cause the change of kinetic energy, so
the total force times the distance equals the change of the kinetic energy of the

suitcase.

Teacher: That’s right. So, IN times 10 m equals 10 J. The kinetic energy of the suitcase
increases 10 J after the work of /|\JiE.

D DhREEE > FERYETE ?

B JMIED) = EE L

TN B o BRSNS - B T & EY =B L -

EHD R - YIRS EYSNIHERIE %/ VIR ? AR A Ry IERYEE ?

B T MRS RS RIERYES AR /EH BRI THUE -4 N> FTLARILE SN -4N = IN-
AL ARG ASNIEL) > iSRRI RE R e 7

B SIS GIERENRE b - Fr AT R - SR T R RE RV ENRE L |
ERl : J28h | ARELINX10m =107 - {72 3EEhRERE g0 10 -
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3-3 {ifE - EETEEREREIR

Potential Energy, Conservation of Energy Principle and Energy

T/ EENRE - AR LAE - VIR Z R E T > (EA[E) & R Sty - e g
AE > NILEREA RS EYIRREEAFEN T EIAE ) - HIEEITEI - 585 240N R
71> WElRAFRIRY R/ B & - iR LR - FER IR > MRS H SR R -
A EIRE E T IUEEAIR: - e B AR IR G - SRETHERRUIERAE
REJRAYER ] -

=
|

B¥ thiE BF thiE
conservation of energy BEESTIA spring H
energy AEJR elastic potential energy G ANIA: S

conservation of
gravitational potential energy | EE JJ{i7fE J12ReFR
mechanical energy

compression R4 renewable energy HARER
extension & non-renewable energy FEFFAEREIR
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O The higher is, the greater will be.

#7l4) : The higher the position is, the greater the gravitational potential energy will be.
frEske - VIRGHIE I AEK -

o BEEEHE »

FEEE AR TR - BAEERLITER
After studying this section, students should be able to know that:
— ~ TN =0 $ERE B g TR -
Understand that the total energy is conserved when the work of external force is zero.
=~ HfREhRE B RE Z FORE R JIERAE - HENREBIRE M DA A -
Understand that the sum of kinetic energy and potential energy is called mechanical
energy, and the two types of energy can be converted to each other.
=~ el TS EE T o B B EE IR R -
Know the characteristics of various electric power generation methods and emerging

energy technologies.

» lEERE s
f5lE—

A - RERFE AL RERVIES: - FERTRY G R -

Students can use gravitational potential energy to analyze their life situation.

(LX) The figure shows the basic strokes of badminton, and the lines represent the trajectory
of shuttlecock while the arrows indicate the direction of movement. Based on the
conditions, which trajectory of shuttlecock will let the gravitational potential energy

of shuttlecock keep decreasing?

(A) smash  (B) lofted shot (C) clear (D) lift

1 PP p R ETRETREP (FRP EFREF



TRV R R T 2 AUNRT © 0e HF*HEFEREFFL Y

(P20 [ R PIFEERE B o RAAERES - [ T EREAFTIERRAVESIHES - RTRRE
B5A > LA - B TEERER VRS - PR Y E D iz AE A

FHRD? ¥l 5
(A)R&ER (B)#kEKk
(O)=Ek (D) INER

A b

i g
.-'f/r'"{--l-"-..-H
TN T ‘\%
' ~
R

(109 FEE{FEH 9)

fiZ8E Solution :

Efirge—E D - ARV Bkt - BB el RS (AW E R
(B)(C)D) 2SRk - HIEE(A)

If the gravitational potential energy keeps decreasing, it means that the position of the object is
getting closer and closer to the ground. According to the figure, only option (A) smash satisfies

the condition while (B)(C)(D) increases at the beginning then decreases. So the answer is (A).

Teacher: If the gravitational potential energy keeps decreasing, how will the position of the
object change?

Student: The higher the position is, the greater the gravitational potential energy will be.
Therefore, the object only falls down if the gravitational potential energy keeps
decreasing. Am I right?

Teacher: That’s right! According to the figure, which trajectory of shuttlecock will let the
gravitational potential energy of shuttlecock keep decreasing?

Student: The shuttlecock only falls down to the ground during the smash.

Teacher: Yes. For the other three basic strokes, the gravitational potential energy of the

shuttlecock increases firstly, then decreases.

EHN  CEHEEPRHERVE R A g —ERD - (ARYIESHI L E & A R 7

B4 YeUENS > BRIV E S AERNEOR - Fr USRS R E S RE
Hg—ERD R R ?

ERL 28 o BRI TR A SR EE IR R —ER ?

B4 [T A YRR AR o

Rl B o B =R RAT SR i Y EE D i RE ST O R D -
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s * BEMER JERRESTIN - O BRI RS AE A [FML BRHYREE
Can implement conservation of mechanical energy into analyzing the energy when the

bob of the pendulum moves at different positions.

(ZE3Z ) There is a simple pendulum as shown in the figure. The bob of a pendulum is released
from point H at rest freely, passing through point /., which is the lowest point, and
reach point PN which is the same height as point F. It is known that the gravitational
potential energy of the pendulum at points i, /., and N are respectively U s, U 2
and U , and the kinetic energy of the pendulum at points i, /, and [N are E & ~

E 2 E w. If there is no friction, which of the following formula is correct?

(A)Uw—U -=2E# (B)U-—U»=2E= —

(O)Us—U.=E«—E . D) Ux—Us=E s—E

(30 A—ERAEFTR o RHREsE E R AE LB I K (KB Z8E - Bzl
B SN PNEL o TR RS - 2B RN ESIVE U RE R R U s ~ Uk
U SEEEAC RS ~ 2B R NBEEIRE 70 E w ~ E 22 E > Z5 ARG {0 BEHEE
77 > AR I{e[ 55 TR 2
(A)Uw—U ~=2E B)U-—Ux=2E =
(O)Us—U.=E«—E D) Unx—Us=E +«—E 5
(110 FEFHF &% 27)

fZRE Solution :

MRIBIELGETEER > Us+E«=U-2+E 2=Uw+Er i Ux—U s=E s—E » {3
(D) -

According to conservation of mechanical energy principles, U s +E 5 =U 2+E 2=U x+E .

Therefore, U w—U = =E = —E #. The correct answer is (D).
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Teacher: In this picture, what’s the relationship between kinetic energy and potential energy?

Student: If there is no friction, the sum of kinetic energy and potential energy is constant

during the whole moving process. Am I right?

Teacher: Exactly! This is due to the principle of mechanical energy conservation, so we can

know that U s +E &=U ~2+E 2=U x+E =.

Student: I see! Thus, we can get the result of U w—U s =E s —E .

-
sk -
i

BA

friEsRE Tt > BIREEL A & A (TR 2

HAETEEE T A R BB AV B RE A REET 2 EME 7

= BRI ER Rt Us+Es=U2+E2=Uwr+Ew-
Frl Um—Uw=E «—E » » [F3&40H |
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3-4 HERKM

Simple Mechanics

JemiERE] TESHEIRE R - AETRICIELRE R - FERTHYA RIAVREEE AR Rt ~ 15
7~ Bl AT ARV E A T, - SRadRtE EIED) ~ FEOUBERPUIE - EaimiAshE
i~ B HE R T EEE

BF thiE EF thE
simple machine; simple device i B ARk wheel and axle i
inclined plane R fixed pulley TE /Hm
lever TR movable pulley EOIYEL
pulley T radius R
[ o can only , but will not . }

4] « These machines can only deliver or transform the work and energy through the applying

process, but will not increase or decrease the work to the object.

i SR PRE (F PR o T RE R BB AT B A g R B D S R I R T -
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[ ® There are different , but . }

#i4] : There are different input forces, but may do the same work.

FEWEHA/N » MDA R -

[ © As long as . }

#i4] © As long as the effort arm is longer than the load arm, the effect of force-saving can be

achieved.

HEAEIRHIE B EEDTU IS & - sRAE 2R JIRCR -

[ O neither nor }

fila) « Using a fixed pulley is neither force-saving nor time-saving.

5 FE e R S A Tt R Ay -

o BEEHE »

FEERE SRR TR - BAEEELITEE
After studying this section, students should be able to know that:
ek EAREY TR
Be able to know the working principles of simple machines.
.~ BEMEFHTHRE E BN T B -

Be able to apply the work-energy theorem in simple machines.
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Can analyze the function of fixed pulleys and comprehend the work-energy

transformation mechanism.

(L) According to the figure, /[N use a rope and a fixed pulley by applying a force F to
lift an object of weight M a height h at a constant velocity. Assume there is no
resistance and friction, and the weight of the rope and fixed pulley can be ignored.
Which of the following descriptions is correct?

(A) The fixed pulley is a force-saving machine.

(B) Using a fixed pulley can change the direction of force.

(C) If using a fixed pulley with a larger radius, it will be more force-saving.

(D) The work applied by the force is less than the increments of the gravitational

potential energy.

(FP3) AIEIRATR /NS SR R e 78 - ii— 77 F f—EE M AY
PIRe IS LTS h (VA - B A I HLEEETT - HA
48~ EEtmnE 21 RES > AT SR A e 2 hI
(A)TE 2 A TR - l l -
(B){sE FH S R ] e TR 5 1
(OSSR E B - Algg ) - M
(D)t SIFT R EI/ NI PIRG EE T AL REAVIE INE -

(95 £FE55 R ER HM 33)

fZRE Solution :

{5 P E 78 m o EEYI G I - T 18 = Pi 018 = 08 P (B R N 2 E it THI RN )
R 1V - R YIRs 4R S BT Jatm il 2 S EE T AU - S0 == - ©F
TN Ae R ) o XA R E > YIS M RES R A PR - Hit - 28
M RG> ETHEE h - it iR b BT DA JJ7E D) =FxS =Mgh SR g AV EE )
fiLRE - HEZER(B)
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When using the fixed pulley to lift an object, the effort arm equals the load arm equals the radius
of the fixed pulley (so the radius doesn’t affect the applying force). According to the force
balance: Because the object is lifting up at the same speed, the torque on both sides of the pulley
should compete with each other. Thus, the input force is equal to the weight of the object which
means that the fixed pulley cannot save effort. Furthermore, the radius on both sides of the pulley
is the same, so the height of the lifting object equals the length of the rope pulled down. For an
object of weight M, lifting up by a height h, the input force equals F times S equals Mgh which

is the increment of the gravitational potential energy. Thus, the answer to this question is (B).

Teacher: According to the question, the object is lifted by force F and keeps lifting up at the
same speed. Then, which physical quantity reaches the balance on the left and right
side of the pulley?

Student: The torque.

Teacher: Excellent! According to “force balance,” the torque on both sides of the pulley
should be balanced. In the formula: torque equals effort times arm. The arm is the
radius on the left and right side of the pulley while the effort arm is on the right side
and the load arm is on the left side.

Teacher: In the diagram, which is longer, the effort arm or the load arm?

Student: I think the effort arm is as long as the load arm because both of them equals the
radius of the fixed pulley. The effort arm is equal to the load arm no matter how long
the radius is. Is that right?

Teacher: Yes, you’re right! So, the torque and effort arms are equal. What is the relationship
between effort force and resisting force?

Student: Effort force is equal resisting force.

Teacher: Good job! F is equal Mg. Do you think we can apply less work by using a fixed
pulley?

Student: The distance the object goes up should be the same as the distance the rope is pulled
down.

Teacher: Yes, the fixed pulley is neither effort-saving nor hard sledding, the distance is also
equal, so it is no longer time-saving or time-consuming.

Teacher: The function of the fixed pulley is only to change the direction of the resistance
force. In this case, we can raise the weight upwards by exerting downward force.

Student: I get it! It means that the work of the force is equal to the increment of the

gravitational potential energy of the object under this situation.
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Be able to analyze the effects of different assemblies of wheel and axle.
(L) The front view and side view of the wheel and axle device are shown in the figure. If

you want to use this device to force-savingly lift a heavy object upward at a constant

speed, which of the following options is the most appropriate way to use it?

(b ) B Bl s B T R
AT T S G
a5 R 7 2 ©

B)
; B,
= e
Eird Eia
(109 £ % 12)

fZFH Solution :

NYfe g thiatl - /G T 0P 315 AL EBl (e e AR -
(i1 x Hi73] = [HL<bii8 » RAZEE T i1 < i FilORE > $i0E A
H(BYD)E{T « SBHMNDHESIELHTT > FEST HIAE R BRI > HRID) » BN I 1A T8 -
ViReER _EFT - (DTS - #EED)

Solution: When the object is lifting up at the same speed, it conforms to the “force equilibrium”
phenomenon. Thus, the torque on both sides of the pulley needs to be balanced. (effort times
effort arm equals load times load arms) In order to save effort, the effort should be less than the
load, so the effort arm needs to be longer than the load arm, and only (B)(D) is right. Additionally,
the effort and the load should be on the two sides of the pulley, then only option (D) left.
Moreover, option (D) also shows that when the force is straightly downwards, the object will be

pulled up. Therefore, the correct answer is (D).
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Teacher:

Student:

Teacher:

Student:

Teacher:

When using the device of wheel and axle, how will the heavy object move when the
force is applied while the force is on the same side as the object?

If the force is on the same side as the object as shown in the figure of (A) and (B), the
object might fall down if I pull down the rope.

That’s right! The question is asking to lift up the object, so we cannot choose option
(A) and (B). Think about this. If I want to lift the heavy object with less force, what
should be the relationship between the effort arm and the load arm?

I think the effort arm should be longer than the load arm so that we can save force.

Exactly! Just like the screwdriver and faucet, these are all force-saving tools.

FEERBRAIE L B EEYIRYJT RAE R 38 A IRV - S g anis
e ?

WERAG(A)B) R E—EE[F 1B HYaE - A3k m T - YRRz & TS % -
236 > N Ry H R EYIE R _EIRTT > ATEANREEE(A)B)WE - 40 RIIEZE & T IH
RFEPHGIEE - HlhE S BB HIRE (R ERZ A0 T 2
WRHEIEIEZ K UIE > A 8877 -

1B | BREGATE T HVIRGRIE T BKHERE — B - B AR R IH T AR -

P pRABEFRFFTRIY PRP BFR[TF
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Electric Current, Voltage, and Ohms’

BTREALETREAR SV 2 RAHE
BT EA LR E AR BRI STT SRR

AEEE TR (T AR ER I S L S M AR ~ SRR ~ ERFH R (A > BEBIREEHE - RS - tEA =
MER « (RFFTeZe st IR R - SRR - R AMNE -
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4-1 ETEFERS
Charges and Electrostatic Phenomenon

FERE/INET - BT SR 4HRE L
S 4HT EERERIRFEE T - EE AR RIS - AR ZINRE 4 - NI ASLREH
L - FEEE AL SR IES -

RREEERITIT » I : BEORLTE - BRI - BUGHE -

i)

electrostatic force

B¥F thiE BF haE
negative charge T A E electrostatic induction A EERLE
charged object TR electrostatic phenomenon | FFEEIR 5
positive charge HrIEEE contact electrification PR E
electron BT insulator akeg
conductor HES elementary charge FAREE T
charging by induction EFEFE R proton a
Coulomb’s force/ BEf /A E ) Coulomb’s force/ R 11/4VE 1]

electrostatic force
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refers to . ]

[ (1) is called

#147(1) - The method of rubbing against each other to electrify objects is called triboelectric
charging.
SE e A R SR (SR R Ty FE Y 7 VAT R RS TR -

#15](2) © The process that electrons get transferred between the two different materials that are

rubbed together refers to triboelectric charging.

BT EMEAERRE - NIRRT EEE - T8RRI E -

[ (2] be opposite to . }

4] : Charging by induction makes the charge of the conductor be opposite to that of the charged
stick
EERLER R EAG T BV ER M - B SRR A A

[ © after rubbing ? ]

15 © Why do the two materials attract each other after rubbing against each other?
R AT R A B b & A5 VG 2

[ 4] attract each other. / repel each other. }

fila] © Opposite charges attract each other. /Like charges repel each other.
B G ARG o EEEE S AT -

[ (5) more than . }

5}y ¢ If an object has more protons than electrons, the net charge of the object is positive.

EYIRGHIIEE R 2 S B > AT IR -
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® In addition to ,

#4) : In addition to charging by induction, a conductor can also be charged by touching it with

a charged object.

PR T EER RSN - DI BRGNS ] (AR

(7 directly proportional to
inversely proportional to
4] © The attractive or repulsive force between two electrically charged spheres is directly
proportional to the product of the magnitudes of charges and inversely proportional to
the square of the distance between them.
W B BRI RS [ JTEGHE R ) & B BE B Py B (e SRR IE R » i B e
I REREAY - T BB EL -
® Since
#14] = Since the charge carried by objects is an integer multiple of the charge of the electron, the
charge of an electron is called the basic charge.
R YIRE R B - e BT AT B E RS - IR —EEFVEE A
AERAT -
O After , if , will
4]« After the process of electrostatic induction, if you use another hand or conductor to let

85

electrons move in or out the object, the object will be charged, and the process is called

charging by induction.

RS L S — A B T EER » MR TRHE A (FRefEEReiREeE » 7
BT R AL -

Y f AT R TR R EER
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After studying this section, students should be able to know that:
— ~ BETCAHRH B - BRI R - PHEEEE N e E A AN T -
Students can understand the methods of triboelectric charging, contact electrification, and
charging by induction through related experiments.
= IRBYYERVEEY: > Ao RERGEEGHES - WHIE R -
Can classify objects into conductors and insulators based on materials’ conductivity and
know their features.
= TRV ZEARES] - EMESREE AT o SRS A E R -
Understand there is electrostatic force between charged objects. Opposite charges attract

each other while like charges repel each other.

o IEERE s
{5l RE—
SRER ¢ T AT ER R B

Understand the mechanism and concept of electrostatic induction.

(L) There is a negatively charged plastic ruler getting closer to an uncharged metal ball,
and the distribution of their charges is as shown in the picture on the right side. Which
of the following explanations is correct?

(A)There are more protons than electrons in the metal ball.

(B)There are less protons than electrons in the metal ball.

(C)The separation of protons and electrons in the metal ball is called the magnetic
effect of the electric current.

(D)The separation of protons and electrons in the metal ball is because of the

movement of electrons.
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(tp0) R BRI RS R A T ERA BB EEL - BB > AraE R Al
N HRCH A A 7
(A)EEEK ERYIEEMEE R E RS
(B)/@EK LR IEE R EILAEMED -
(O)f@EK ERVIE ~ SR BRAYIRE S0 R B AYRESITE -
(D)EBXR ENIE - ABEFIFHIRRZEETBERER -
(95 FEHE—E A 24)

fiZ38 Solution :

wHEBENEB RN SEK - NAFERIEM LSBT E T2 - SRER 8 o 72k
BB~ Al 2 0 HALGER R

When the negatively charged plastic ruler gets closer to the metal ball, the electrons in the metal
ball will move because of electrostatic induction, and thus cause charge separation. The left side

of the metal ball is positive charge and negative on the right, but the whole object is still neutral.

Teacher: Let’s see the picture first. We know that the metal ball is a conductor. So, what will
happen if the negatively charged plastic ruler is brought near the metal ball?

Student: The protons in the atomic nucleus of the metal ball will move to the left side because
of Coulomb force.

Student: Are you sure that protons will move by attraction?

Teacher: Excellent! Someone noticed the detail! The uneven charge distribution in the
conductor is because of the movement of electrons.

Student: Oh, Iunderstand! You mean that the free electrons in the mental ball will be repealed
to the right side because of Coulomb force.

Teacher: That’s right! The left side of the metal ball will be positive charge due to free
electrons shifting to the right. But you should notice that the numbers of protons and
electrons are still the same, i.e., the metal ball is still electrically neutral. Thus, when
the metal ball will return back to uniformly electric distributed if you take away the

plastic stick.

RN GBI B ER ATLAR T B BB R ST ey ’7% TR ERIE 2

B R TIRNIVE T N mREE S Z R E A

B (REEE T RS s ?

RN REE | A NEEEME T SRR N ER A BERAEBE TR
AYEER
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Understand the mechanism and principle of contact electrification.

(LX) Carry out the experimental steps with two uncharged metal blocks called block FH and
block /. as shown in the picture. Then, which of the following descriptions about the
electrical properties of the two metal blocks is correct?

(A) Hi:positive charged, Z.: positive charged

(B) H: positive charged, Z.: negative charged
(C) H: negative charged, /.: positive charged
(D) HH: negative charged, Z: negative charged

(0 R~ LR R BB ThE T AV E B B - B D BR T R Ry R - e

Ry NEIAI 2
&R 4B i B ‘ \ ‘

B R

OR—FAFE QT aEe QLA QERLERES O rMELAE
e BT & R M 4 A
e E

(A #IEE - 2 HIEE
B)F : HEE 2 HaE
OF : A% 2 HIEE
D) WEE - 7 HAE

(110 FEEH g5 29)
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#ZFH Solution :

CEE > GREE (PHEEE) - PB4 T HSEREEATTIEE  —HoEss -
W~ R ER T A E

There are free electrons because both FH and /. are metal. According to the second and third
steps of the diagram, block FH will be negatively charged because it contacts the negatively
charged metal stick (contact electrification). In the fourth step, block i will transfer electrons

to block /.. Thus, two blocks are all negatively charged.

Teacher: According to the problem, FH, /. are both metal blocks containing free electrons,
which can move freely due to electric force.

Let’s see the first and second steps in the picture. In the first step, it is mentioned
that block FH is neutral. Then, what will happen if we use a negative charged
object to touch the metal block as shown in step 2?

Student 1: The negative charge on the charged object will repel the electrons of the metal
block.

Student 2: So, it is negatively charged on the right side of the metal block, and positively
charged on the left.

Teacher: That’s right. Besides, the free electrons on the charged metal rod will be attracted
to the metal block through electrostatic force because the charged body is in contact
with the conductor.

Teacher: Thus, the uncharged metal ball will be negatively charged after removing the
charged object away. This phenomenon is called contact electrification.

Student: The fourth step is familiar to me! It is similar to step 2 to let the charged object
touch the conductor.

Teacher: You observed very detail! Just as we have already mentioned, regarding block FH
as a charged object to touch block /.. In other words, block FH and /. will both

be negatively charged after contact electrification.

Eh RBEEE > FHAGERE  £BeAEmET  (ILUHEREER > Bl
& -
WFACE BN B - PRt e R g ae iR i > B —(
i 2 B S A MR 2 S DR SR A (TSR 7
B4 1 WER ENVEE > gYTRERAVET
B2 Frle B cm T 28 - Al R -
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4-2 B

Electric Current

ZiN

BT AR - EESTPTR A ~ MIRAYE S > B RV ERRRE] - (5 A SRRy ] RE T
HIETTHoRE - AN - ARENERZ TR ER > NI EBEE - 1A SER T 5
I > JERAHE LG > A EBERITER -

BEF thiE BEF thiE
electric current B closed circuit IS
electric circuit/ electrical network | ZE[& open circuit s
power supply B short circuit YAz
circuit components ERSITIR ammeter L5
wire B4R in series =2)i7d
circuit diagram ErklE in parallel Al B
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o |

#4] : When an electric circuit forms a closed loop, the bulb of the circuit can be lit up.

B — (AR - BTG EL -

E (2] can be defined by . }

#4] : The magnitude of electric current can be defined by the quantity of charge passing through

a cross section of a wire per second.

FEHHE B ER I RV R AERERAIAN

E ©® Connect to . }

#4] : Connect the positive terminal to the under-test circuit closed to the positive terminal of the

battery.
{SE PR > RF e A BRI B % S 4T B TEAR Y — I AT -

E O start with , and then , avoid +Ving. }

#i4) : When measuring the current, we should start with a larger scale, and then decide whether
to select a smaller range based on the measurement situation, so that we can avoid burning
out the ammeter.

B - SefCBRHIZIERE - FHRHIEF P A E G F B NYZIRE > LA
e -

E ©® connect head-to-end in a line/connect across each other’s leads }

14y - If there are more than two batteries connected head-to-end, it is called series connection.

o A 18 DA BRI - BHRE AR ER R —E - T R et
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After studying this section, students should be able to know that:

— ~ BET TR LR AR A

T RERFE
Understand the definitions of closed circuit, open circuit, and short circuit.

=S
HE

Can differentiate between static charges and moving charges

FRHR ARy BRI E] -

Be able to transform the assemble of electric elements into electric circuit diagrams.

= - RIS - ETRS © RIPSHUESR ©

VY ~ i B B e TR Y S [FAH R
BE -

Know that the direction of electric currents is opposite to the direction of electrons move.

T~ THEERIRAYE SR - WAERE A e st

i WY

N

current.

.0

Understand the definition of electric current, and be able to use an ammeter to measure

REFFR R LI e 2 AN E] - WOREHEEEERE TP R R T

Can distinguish the difference of in series and in parallel, and be able to determine the

electric current of elements in electric circuits.

PIREFRRR s

BIRE—
StEA * REIEMEARERIE - HIETEIRHRECRE -

"
Be able to determine the assembly of electric elements by means of an electric circuit

diagram.
(L) According to Figure 1, there are two ammeters, two resistors, a battery, and several
wires. Besides, the resistors are conductors that comply with Ohm’s law. Figure 2 is a
circuit diagram. The teacher asks /N7 to assemble the materials in Figure 1 based

on the circuit diagram of Figure 2, then record the measured data of electric current

through two ammeters in the experiment report.

Which of the following pictures is compiled with the circuit diagram in Figure 2?
FY p AR EERE TRER SRR FEERY E
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(P30 Bl(—) R mfE2eiEat - WE s ~ — (AR E RE LR - HopaVERHE BT e
BURHE ARG - [ ( ) B — SRR (] - R R N TR ] (—) B s i (Ol ()
AHAE - MR R E LR S E R B4R B S -

----- Pt 1
L & 7 2 -
= ] .
= . 48 %
- — —B)—
[&l(—) El(—)

A 2 5 A B () Y B e 2

(B)

(111 R &5 47)

238 Solution :

o FH BN SR A% o [EIIF R B Ko Z SR HgE - T IE AS E (R - & Bl T 0 -

First, connect the ammeter F9 and resistor 5 in series, and connect battery and ammeter /.
in series at the same time. Connect the previous two sets in parallel. Then, make a parallel

connection with resistor ] at last.

Teacher: It is important to learn to transform from the electric circuit diagram to the actual
element assemble diagram.
Teacher: Do you still remember the two connection ways to assemble electric elements?

Student: Yes, in series and in parallel connection.

Teacher: That’s right! We should identify the connections in series and in parallel first.

BIP p AR RS TR R R EERR F
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Teacher: According to the circuit diagram, ammeter FH and resistor N are connected in
series, and so do the battery and ammeter Z.. As a result, these two sets are in series.
After connecting these two sets in parallel, then connect them with resistor | in
parallel.

Student: According to the actual electric circuit, (B) not only connect ammeter /., but also
connect resistor PN in series. Thus, we can exclude this option first.
S: I found out that option (C) connect ammeter /, and resistor ] in series which
doesn’t meet the circuit diagram, too.

Teacher: Exactly, you observe in detail. How about the last option?

Student: For option (D), ammeter H, ammeter /., and resistor [ are connected in series,
so the correct answer is option (A).

Teacher: That’s correct!

EhN : EEEITIRERAY - 2 RS B P R GR B D AT A HIE -

LT - O RFEESIUFZEIRERE T AT LUE R TENE ?

B2 ¢ RGBT NG |

LT ZEEE | AR R S S RS R SRk o RS SR -

R HEREE L ENEEARRE - BB L IR ARRE - USRI {EELE S L &
b o BEE > AURY S AL - MRS s WsHIR - AR T 0N -
HFRERS T ] DU (BB > SR 1B 2 SR -t B P Rl > B DA A] DA -

Bt WEH(COEIE > Z8 T Sl AT 4REslE -

RN BEEAN - AbEdg—(EEEETE ?

B4 (D)EE - B - WELZ =380 tATTERERIE - FTbAmER B ZRIEREA) -

LD IEMEERR |
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Can derive the electric currents in circuits containing both in series and in parallel

connections.

(L2 ) The table is the electric circuit data recorded by /NTx in her report. If we want to judge
whether [ #>1 2 is reasonable based on Figure 2, which of the following judgments
and descriptions is the most appropriate one?

(A)I+>1~ isreasonable because the negative terminal side is where electrons come
out, and ammeter B is close to the negative terminal of the battery.

(B) I+=>12 is reasonable because the data of electric current collected by ammeter
FH is the combination of that go through N and 7.

(C)I+>12 isunreasonable. The positive terminal side is where electric current come
out, and ammeter /. is close to the negative terminal of the battery, so [ 2 >1=
is correct.

(D) I «>1z is unreasonable. The data of electric current collected by ammeter

Z. is the combination of that go through 7§ and T ,soIz>1= is correct.

(FP30) Ry NE@RETAECskERE - AR EAE((C)RABTERES 1 >1 26
aE > TRHIEY T B A A Y

ZigEt |k |ER

H I 200mA
Z 1. 100mA
(A)YEHL » R R ARy B0 il » TSR T B &R - TRl Te>1 258 -
(B)& T » PRI H IS HY SR IR (ELIE Ry i B N B T AN B R EAR AT DA T > T 2538
(O EE] » PR Ry TEAS Ry BE AU Hilins > 11 SR MRS » BT LA 12> T o &8 -

DR EH > R ZAGHIERERERFUANE TRVEREMI » Bl 12>1 4
B -

(111 FE T &5 48)
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#ZFH Solution :

R ER (#2800 B E > ZZL T E AN » 2R - AR dRmAy H o —1E
oy EENR CHEMBPNIYEERIR ) o I A2t AR S N A T R4S « b 1> 1. 0 /1N
LHICCERA S -

According to the position of the battery, ammeter /, can measure the total electric current while
ammeter ! can only measure one of the branch currents which go through 4. For ammeter
Z., it measures the total electric current that go through PN and ] . Thus,I2>1# isthe correct

formula which indicates that /[\E's record is unreasonable.

Teacher: Do you still remember why and how to use an ammeter?

Student: We use an ammeter to measure the data of electric current.

Student: I remember that the ammeter should be connected with the measured object in
series.

Teacher: Both of you are correct! Thanks for your additional information!

Student: So, the data we selected from ammeter /., is the total amount of electric current
provided by the battery.

Teacher: Exactly! According to the position of the battery, we can get the data of the total
electric current from ammeter £, while it is connected with the battery in series.
And the total electric current would be divided into two for FH and ~.

Student: Oh, I see! So the data of electric current go through A which is collected by
ammeter FH should be less than that collected by ammeter /.. In other words, /|

£ recorded the wrong data in her report, so the answer in option (D).

LRl RIS EN R 2R P AR B A T {50 S 2

B4 EE N EEREL ?

B fr B REARP P SR -

EHN BT SR MIEIRET -

B Pl st SR i (A AT |

B RIBEIFEZEANNVLE - 24 R B EE R > SR ER - Y
EREHEHRMNA

B JRARANE - B DA et IS i a8 P Y SR (E N £ 2 85 5 T TS R B
B Fordi/ Lok - EZIED) -

oY
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4-3 EE

Voltage
N g

AREHERERAESR > BN EERN TR - BEEiaTEm s - kA ERE
B (% o LS - s R BRN > Al {5 R /KO B /K AL A BRI © DA SERE SR AR - Al (E R E & 5
2 F BB -

BF thiE BF thaE
voltage e turbine YL
voltmeter REFfE water pump 7K 5%
bulb ynel open circuit s
battery EEhl closed circuit IS
water pipe KE short circuit Faps
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[ O Why can cause ¥ }

%4](1) : Why can a battery cause charge movement in electric circuits?

Ry AT B F] A R ER R T ER FAT RN E ?

#14)(2) : Why can a water pump cause water flow in the waterway?

Ry KA AT A B K S HY KRR 8l 2

-

, similar to , is . }

#l4)(1) « Electric current, similar to water flow, is the movement of the charge.

ERMALKR > EEETRE

##14](2) © Abattery in an electric circuit, similar to water pump, is giving electric power to trigger

charges to move.

B A WK - RESEBNFE RIRE) -

.

works on increase the potential energy. }

Water pump does works on water which increases its gravitational potential energy; the
chemistry energy of batteries does work on electric charges, which increases its electric
potential energy.

KBS KIED > rIE /KR E D ARE © EAMHI LSRR RIS ERT(E L) - S ANERTTHY
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need to be connected in parallel with . }
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When measuring the voltage of batteries, the voltmeter needs to be connected in parallel
with the battery.
AE MR - (Rirat FR eI -
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{ © Connect in series. }

4] : Connect two identical bulbs in series so that we can observe the lightness of the bulbs.

R EAE R B - BRI -

® When the bulbs are connected in , the total voltage of the battery
would equal .

#514] : When bulbs are connected in series, the total voltage of the battery would equal the
sum of the two bulbs’ voltage.

Ve Rl - EROMAVARERER > TR AV B BRGEA -

{ @ Turn on/turn off , what is the reading of the voltmeter? }

#14](1) : When we turn off the switch and the bulb does not light up, what is the reading of

the voltmeter?

BV - AT RERETHEEE RS ?

#14)(2) : When we turn on the switch and the bulb lights up, what is the reading of the voltmeter?
B THR > s (RFEETRER R/ ?

{ ® What is/are the voltage/es of ? }

4] - What are the voltages of bulb 1 and bulb 2 on their two sides?
Ref 1 B 2 Ml EERR 7y Rl 2 /) 2

o BEEHE »

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

— TIREEES

Understand the definition of voltage.
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Be able to compare the voltage when the bulbs are connected in series and in parallel.
=~ BRI TR TRV B -

Be able to use voltmeter to measure voltage of elements.

w BIREERE o8
BlzE—
BRHH ¢ TRRIEES - BESHVER 0 MEE R EO A R

Understand the meanings of closed circuit and open circuit, and be able to determine the

voltage of bulbs connected in series or in parallel.

(L) There is an electric circuit device as shown in the figure while the four bulbs (FH Z.77)

are in the same specification. If the battery and bulbs are all available, which of the

bulb broken would cause the four bulbs to light oft? @ i
WE  BZ ©F  OT -
| )

&
T

@

(F30) —ERREENEFTR - EEH ~ £~ 7~ THVESIEMEE - S8t BE e ik
A - A BEasEE R - ESVURIE A g% ?
(A)H B)Z (OHA D)T
(100 S5 E P ELHT 38)

fZRE Solution :

TRIBLRESE - PUREEE 2 HRVERE B - £ - W=Riie - BUEE T 82t - B
TR RS » FA oy SOERS R ERRURE - HETE R A g
According to the circuit diagram, the connection among the four bulbs is as following: After
bulbs FH, Z.,and [N are connected in parallel, they are then connected with bulb | in series.
When bulb | is broken, the loop of bulb FH, 7, and PN will become open circuit which
make all the bulbs to light off.
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Teacher: Recalling about the experiments we have done before. Will the bulb light up if the
electric circuit is not closed?

Student: I remember that the bulb will not light up.

Teacher: Then, do you know the scientific explanation about this phenomenon?

Student: I only know that the bulb will light up when the electric circuit is closed.

Teacher: That’s right! It is important to build a complete loop around the battery. After the
circuit gets closed, the voltage on the both sides of the bulb will cause electric current
so that the bulb can be lit up.

Keep this information in your mind, and then we can start to identify the connection
relationship among bulb H, 7, A, and 7.

Student: Let me see! The electric circuit shows that bulb FH, 7, and N are connected in
parallel first, then they are connected with bulb ] in series.

Teacher: Exactly, you observe very detail! According to your observation, bulb | appears
in all the other bulb’s loop. Think about this: If bulb | is broken, just like making
the circuit become open circuit, will the other bulbs still light up?

Student: No! It is mentioned previously that the bulb will not light up if the electric circuit of
battery is not closed, so all the four bulbs will not light up when bulb | is broken.

D [N ERMICER B - E RO o ARG A g ?

B4 EHIRPUEASE -

ZH ’ﬂh_ ﬁé’]ﬂﬂ%%%ﬂ%?

B4 0 ANEFREREER - A '8t -

i - a%& ! fﬁ%xﬁ?ﬁ**ﬁéﬁ EIFRAREE S o [N PR e R - WM SRR A
AEER » FEEARESDE -
HMTEEEMER - 2RHEF - £ - W~ TVOEEERE ~ R (% -

B4 WEE  EEERERF - £ - WL - FEEL T 5k -

EHN OREE BEAN | S N ZERERE T BB EAEEAYERE o o R DA
R TR > AEERES - HAE e g oeE ?

B4 0 Ag | ARRTEA ERE - QURERR A B - FrEus~ g5 fiblie
e e VO By A 5 |
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Understand the meanings of closed circuit and open circuit, and be able to determine the

voltages of bulbs connected in series or in parallel.

(FL3 ) There is an electric circuit device as shown in the figure while bulb F# and /. are in
the same specification, and both of them can light up. Which of the following
statements is true if the wire resistance and the internal resistance of the battery are
ignored?

(A) Both of the bulbs light up after turning on the switch of S1, S2, and S3.
(B) Both of the bulbs do not light up after turning on the switch of S2, S3, and S4.
(C) Bulb HH light up and bulb ~, does not light up after turning on the switch of S1,

S3, and S4.
(D) Bulb H does not light up and bulb 2, light up after turning on the switch of S1,
S2, and S4.

(h50) A—BEAERAENTT ST - 2R B S
AIIEHE 35T - 5 RIS ELR I S B A EERE - T AIRua] z, S
HIEHE ? -
(A)REEBHRE S1 ~ S2 k¢ S3 1% » WikEIg8 5% - /Tfs_
(BYSEERERA S2 - S3 B S4 7% > TIEDEIRT - N
(CYBEIERARA S1 ~ 3 B S4 14 > EOEEI#E > BIEZ A - 1 —S.
(D)RZEBHRE S1 ~ S2 Jr S4 1% » f&HA S » L% -

(109 FEF &+ 40)

fZRE Solution :

TRIE B ERY ML E - (A)S4 VJER » RIEEIFIP AENES - WOEHISA = » (B)##E:# S2 ~ S3
S4 1% » HREHERES - ZEEMEES - WIS o (C)f#E S1 - S3 ~ 84 » HIfEEERS - &
R HETES - WIS o (D)BEH S1~ S2 ~ S4 - HZWNEE S SIS » g - HUE
(B) °
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According to the battery position of the circuit diagram, option (A), when S4 is disconnected the
battery forms a closed circuit, both of the bulbs do not light up. (B) When S2, S3, and S4 are
disconnected, bulb FH is in open circuit and bulb /., is in short circuit, so both bulbs do not
light up. (C) When S1, S3, and S4 are disconnected, bulb B is in short circuit and bulb 7, is
in open circuit, so both bulbs do not light up. (D) When S1, S2, and S4 are disconnected, both

bulb FH and . are in closed circuit, so both of them light up. So, the correct answer is (B).

Teacher: Let’s discuss all the options together. For option (A), According to the position of
the battery from the electric circuit diagram,

When disconnect S4, the electric power forms an open circuit. Then, do you think
bulb HH and ~Z will light up or not?

We can imagine when the battery, wire, and the bulb create a closed circuit, then
the electric current will come out from the positive terminal of the battery. On the
other hand, if the complete loop is accidentally broken somewhere, then there is
no voltage and electric current so that the bulb will not light up.

Studentl: It seems that bulb HH and £ need to build up their own loop. However, the
electric current must pass through S4 to go back to the negative terminal of the
battery. As a result, both of the bulbs will not light up if S4 is disconnected.

Student2: I know! If S2, S3, and S4 are closed, bulb HH will be in the open circuit. For bulb
Z., it is in the short circuit though it has a complete loop. Thus, both of the bulbs
do not light up. The correct answer to this question is (B).

Teacher: That’s right! For option (C), it is similar to option (B) while bulb H¥ changes to
be in short circuit and bulb /. changes to be in open circuit, so both of them do
not light up either.

Student: Oh! If we want to avoid bulb H1 and /. being in short circuit, we cannot close

S3! For option (D), S1, S2, and S4 are disconnected, which can make both bulbs

to light up! So, the description of option (D) is incorrect.

RN M (EEEE AR EE - R EREREAAIE - (A) S4 U)Er - HIE
BRIV EEES > A~ 28 A g5 ?
HfFTa] IR G a0 ~ SR BRI BB Y, > B e e A e 3% - It
EESA/NOEF R T QAP RE R - FTUEE A e -
B 1 BEKRH 285 HEIPEGERES - SR F SR EE 0 E G s S4 0 Fr A
FARETS T EEFERNZEAERE -
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B2 20 PRAIEAIR PR S2 ~ S3 ~ S4 1% FREIHERES - BEPR M A (ESC RS - 2
FIRE T > FTLARRE /I S5E - ST EBE(B) -
ERL 28 0 Al C BRI B BEH - LUR BRSBTS - BTPAW
{EE AT AR SE -
A4 0 g | AT DAANSR AR G FH B LA S > S3 iR RE R | ARBETA(D) - FiRE FH A
Ferh ST~ ZAEES S2 BLmM RGO EAY S4 B R - i EE#sE | ikl (D)
BEIEAES -
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4-4 ERIBEERBIERM
Ohm’ s Law and Resistance

N

KREH T AEHES - MEREBANFEYRGHEREERE @R -VIE > BREEPE
FOGZEBNR o SIML M EBUEE R - VR e A AR R EEL - IEAHRAESZLLHIRA
% > MIATGEE AL

i - w] DS Bt e A F i S m) B BB -

BEF thiE EF thiE
semiconductor g cross-sectional area I
conductor =g length £E
resistor A1 material R
insulator AR variable =

[ O Connect

with the electric current.

|

5] : Connect a pencil lead/LED with the electric current, and record the voltage and the

current.

el ED i FEERS
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® With as the vertical axis and as the horizontal axis.

i -

With the electric current (I) as the vertical axis and the voltage (V) as the horizontal

axis, the experimental result