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A Reference Handbook for Senior High School Bilingual Teachers
in the Domain of Natural Sciences (Physics): Instructional Language
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Chapter 1 Measurement
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Introduction Uncertainty
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SRR > BRI R (6 A S AT B _EAIITEE -
HEESE - RIEMEFR R EMEER -

HEERZ FEFRoR

RS ESE A TR R

deviation

BF thE BF thE
true value HIE significant figures BRI
error A estimated value fhiEtHE
uncertainty AHEERE standard deviation TR
average B smallest scale B/ NEEL
popPlétion standard RIS instrument accuracy HESIEHES
deviation
sample standard R st
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[ o equals .= is equal to . ]
4]« Two adds three equals five.=Two adds three is equal to five.

2M3ZF5 -
[ ® Round off to . ]

47 : Round 357 off to 360.
357 PO A% » &2 360 -

® Round off the number to the place.
=Round off the number to the ordinal number _ decimal place.

#4] : Round off the number to the tenth place.

= Round off the number to the first decimal place.

IFEL VRS 11 A 2/ NBOR S — 1L

0 ; 0 0 0 1
round off to the ones | decimal [ tenth | hundredths | thousandths ten-
place point thousandths
round off to the first second third fourth
decimal place
[ 4] present as . ]

4] © The result should present as 0.112 cm.
AELERIERTE 0.112 57
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At the end of the chapter, students are expected to acquire the following concepts:
—  IEMEFRORHEMEER -

Present correct forms of measurements.

- AEE R T KGR -

Classify and evaluate the uncertainty.
= ~ B EEHEN AR YRR A -

Grasp the relation between the estimated value and uncertainty.
U~ SHE—SHEUR 2 P E B -

Calculate the average and the standard deviation of a set of data.

o IEERE s
5l RE—
EREA ¢ IEREESE A E NS R S AR A o

Correctly calculate the average and the standard deviation of a set of measurements.

A car service engineer wanted to calibrate the speedometer on a car, so he tested on a nearly
straight and undisturbed road. He kept the speedometer at 130 km/h as much as possible while
driving. The assistant measured the time it takes for the car to pass through the start and end
which are exactly 1.0000+0.0001 km apart by a stopwatch. The stopwatch obtains the following
9 sets of data (in the unit of second): 29.04, 29.02, 29.24, 28.89, 29.33, 29.35, 29.00, 29.25,
29.43. Evaluate the average and standard deviation of the experiment, and show the results in
correct forms.

FADRFEAEE TAZAEEAR IR FAR R - NI —RITFEE A2 HEAVHIEE
B Lo il AT REAES THIAEAR TR AR LE R AR 130 km/h - [ RIS - AR ER
HUEAE ARG 1.0000 + 0.0001 km HYRIEERPIFT AR 2RI - FREILAT 9 4HEdE (LLs
B ) 1 29.04 ~ 29.02 ~ 29.24 ~ 28.89 ~ 29.33 ~ 29.35 ~ 29.00 ~ 29.25 ~ 29.43 - HKHFT
RIS NP (E BUEAE S > W UEHEP AR MG R -

(FA—hR 111 FEEEYIER (AT 1-1 55 22 HEREEMESE 1)

FYORAMBEERETRLL FEP FEERT S
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#ZFH Solution :
SEEHENEDEL » BPTAEIEINGE - FEERDIBIREE - STET:
29.04 + 29.02 + 29.24 + 28.89 + 29.33 + 29.35 + 29.00 + 29.25 + 29.43
9

T =

= 29.172s
(N R TR BT 10 X > BT LARF P E R/ NBRE 55 = 1r)
RIEEIPINGE se ek ey

, S — )’
%%%:jﬂim1 ()

- = 0.188s
(2 fEAC & P E I S /N R R 5 = A1)
M SEEAE A BEAHEEE
", = FEAERE _ 01883 _ 0.063

VN V9
(NifEEEIER 2/ D — AT AT BE N AT PR/ NECRE {2 55 A7)
i EHIGERACERFy 29.172 + 0.063s -
The average is calculated by summing up all the measured values divided by the total number of
the data set.

29.04+29.02+29.24+28.89+29.33+29.35+29.00+29.25+29.43

Average= 5 = 29.172s

(because the number of measurements is nearly 10, the average is rounded to the third decimal
places)
The standard deviation could be calculated by the set of data.

standard deviation =

= 0.188s

\/Z(measure value — average)?
N-1

(The standard deviation should be rounded to the third decimal places to match the average)

The type A uncertainty could be calculated using the obtained data
standard deviation  0.1883 0.063
u = = = .
A VN NG

(The uncertainty should be rounded to the third decimal places to match the two significant

figures)

Thus, the result should be presented as 29.172 + 0.063 s.

BB AMBEERE TR PP FFERF
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Teacher: How should the measurement results be correctly presented in this question?

Student: The average plus and minus the standard deviation.

Teacher: Then, how do we calculate the average?

Student: Sum up the nine data points over measurement times.

Teacher: (Writes down the formula of average according to the description of the student.)
Yes, and how to calculate the standard deviation?

Student: It could be calculated by the square root of the sum up of the measurements
subtracted by the average squared divided by the total number minus one time.

Teacher: (Writes down the formula of standard deviation according to the description of the
student.) Correct, then what’s the purpose of calculating the standard deviation?

Student: In order to figure out the A type uncertainty.

Teacher: Yes. Could anyone tell me how to calculate the uncertainty?

Student: The square root of the standard deviation has to be divided by the times of the
measurements.

Teacher: (Writes down the formula of uncertainty according to the description of the student.

standard deviation

va = VN

) Great. Could anyone share your calculation?

Student: The average is 29.172 s and the standard deviation is 0.0188 s and the type A
uncertainty is 0.063.

Teacher: Correct. How do we show the result?

Student: 29.172 + 0.063s.

Teacher: That’s correct.

R R TR R R ©

B OV + FHEEN -

HET TR - IS AR ST AR ?

B3 FRONIEITUERASATR - BRDLEHI I -

Sl (SRR - SERR TS AR 488 - FREEEE R AT SR ?

S SRTAIESITEE - B - TP AR FIRRLUEIIER | B
B -

HET  (IRISRIERAI - SRR RS > AR) e EHE - IR IR Y By 2
BT TR 7

S WE A BN -

3R AHBERRETRLL PRP EERNTF
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ERN EHY 0 HVEIRA FIERIE A R R 7
A4 o R PR PR DL B AR SR -

R - SRR A u, = S deviation,

{Rfe - PRIEEE EIEFRGET HEE - B DR EEENEE - F—T
HEEREESE -

BAb T SEEGEE 291725 FEMEFER 0.0188 s - A FERHEEEE 0.063

N 28E  AERFTRZ AR R EHIAE RE ?

B4 29172 + 0.063s -

EET 9

pIEE—
S ¢ EHEFRORNESR -

Describe the measurement results in correct forms.

In an experiment, Xiaoming measured the length of a rectangular box eight times. The data were
12.78 cm, 12.80 cm, 12.75 c¢cm, 12.73 cm, 12.78 c¢cm, 12.81 cm, 12.82 cm, 12.74 cm. Please

describe the measurement in the correct form.

/INRATEREXRE BT —EE S IEaE T HOlE IS\ KEE > 5750 F 12.78 cm > 12.80
cm > 12.75cm > 1273 cm > 12.78cm > 12.81 cm » 12.82cm > 12.74 cm » K AHEEE » A

DR AFOREWER -
( HEIPRAR 111 R ()M 56 14 Haupies 1-1)

fiZFE Solution :
FIAHPT S8R & 9E R

SIZ:E,_j1E_12.78+12.80+12.75+12.73+12.78+12.81+12.82+12.74—
T 8

= 12.776cm
MRS REEE R

= 0.033 cm

2
=30 — e
st = \/Z(E EJ%_ f S1{H)

(e TERC & P9ME - B2/ NECRE TR S5 = 11)

BB EERETREY (FRP FFRRT S
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MAFTREEE A BAER &

U _ EEEE 0033
AT VN T s

(A HEEEERE ) — AR E T - NE/NEER S =)

i EHGEELISEE 12,776 + 0.012 \5F o

= 0.012

The average of the measurement is calculated by the formula below.

12.78+12.80+12.75+12.73+12.78+12.81+12.82+12.74
Average= 5 =12.776cm

(The standard deviation should be rounded to the third decimal place according to the average)
The standard deviation is calculated by the set of the data as the formula below.
Standard deviation =

= 0.033 cm

\/Z(measure value—average)?
N-1

The type A uncertainty could be calculated as:
standard deviation  0.033
Us = =
! VN V8

(The uncertainty should be rounded to the third decimal place according to the average)

= 0.012

So the measurement result could be record as 12.776 + 0.012cm.

Teacher: In this question, what is the correct form to show the measurement results?
Student: The average plus and minus the standard deviation.

Teacher: Then, how do we calculate the average?

Student: Use the eight data points to calculate the average.

Teacher: Then, in order to calculate the uncertainty, what certain value should we know first?
Student: Standard deviation.

Teacher: Correct. How to calculate it? We will have some students write down the standard

deviation formula.

Y (measure value—average)?
N-1

Student: Standard deviation = \/

Teacher: Great. Does anyone know how to calculate the uncertainty?
Student: The square root of the standard deviation over measurement times

standard deviation

(uA = VN )

BYOp RSB EFHETREL PP EEERYF
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Great. Now, please determine the value of the average, standard deviation, and
uncertainty. Later we’ll have some students share their calculation.

The average is 12.776 cm and the standard deviation is 0.033355 cm and type A
uncertainty is 0.012 cm.

Correct! But be careful about the significant figures. The number of the digits of the
standard deviation and uncertainty should be the same as the average. Thus, after
rounding off, the standard deviation should be presented as 0.033cm and the type A
uncertainty should remain as 0.012cm.

How do we present the results?

12.776 + 0.012 cm.

That’s correct.

g e —E > IEMP RV RS RAAFRR ?
PHEE + AEEE

Rar > ARz a0t P EE 2
FEEIEY ) (E IR ER DL R -

2t PR Ry TETEAEERE © EZ St AT IEE ?

AR -

B > BREEZAAET R ? SRR A2 EERHEEE 2 AR -

e =

S (A — M)
N-1

R4 AR [FI SR A e 2 FE BB R 2

I FAAZEAE 2 b D B IR B IR SE (uy = ji*

R - ABRAEER R B E - PR DI EEEEE - F— T
HAFIERRIE S

SEEMEE 12.776 AN\ REAEZEE 0.033355 AN A BN HEEREE 0.012 A7
ARG - EFREEASEFHINE - R AR - B EE
AIALE—2 - Frll > BRIV A ATR - BRI R 0.033 2357 ~ 1 A A HERE
FERILERT 0.012 257

o

RN ASRAMRZ AR B R Y EREE SRIE 2
B4 12,776 £ 0.012 AR -
T R8s -

B REBEERETRLY R B

o T EFREFL

EIERGRT
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1-2 FAEEEMNAES
Combination of Uncertainties

Pt

i EH G A MEE RS  sTEITAUERNEAMHBRENVYEE £ > WEEEH
IS4G R

(s FHPLRERY - ERIEE R SRR APHAMELAVRES - FETHS I EER - LY
B ENIRIRPRRH A M SR -

B¥F thiE ¥ thiE
combined uncertainty HENWEER | type B uncertainty B A TEENS
relative standard FHEFERAE A B

i plus, sum up il
uncertainty EFE
the best estimate IEMEEHE minus M
physical quantity Y= time, multiply I
type A uncertainty AFARWEERE | divide, over 55

10
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[ ©®  iscalculatedby }

4] : Combined uncertainty could be calculated by the square root of sum up of type A

uncertainty and type B uncertainty.

SLETFREENE » T A TUR] B RN REE REAVAORT - BRI -

[ (2] is related to }

4]« Relative standard uncertainty is related to multiplication and division of multiple
physical quantities.

MEMEREANEERE - 2RV R 2 MR RPRER AR -

[ © has nothing to do with . }

47 - Relative standard uncertainty has nothing to do with the addition and subtraction of

various physical quantities.

SR AR L - FISIEYJH R 2 IRV IIRGE FERE -

« BEEHE »

AR TE - ZAEEBLITER
At the end of the chapter, students are able to acquire the following concepts:
— ~ EHEE RV IEERR -
Present correct forms of measurements.
T AEEEN B R EHAEE -

Classification and combination of the uncertainty.

11 e
B RPRAREFRETRIL (FEP FEERYE
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FINIS3;
A
| )/
fﬁqu

=~ SEMAEHENA L BRI EE AR (4 -
Relation between the significant figures of estimated value and uncertainty.
Y~ E RN HEE SR o

Estimate uncertainty of the derived quantities.

» BIREERE o8
BlE—

SR ¢ BN E R BE -

Present the correct forms of measurements in experiments.

Figures 1 to 3 show that A-De uses the ruler, which smallest scale is 1 mm, to measure.

Figures 1 to 3 show the measurement of the ruler which least count is 1 mm. The results of the
length, width, and height keep showing the same measurements. Please record the length, width,
and height of the wood board based on the figures, and include the uncertainty.

] — 31 = RyP) i DA/ NS 1 mm (VB REN— A KT EESRENEE -
7~ @Y BEURHESER - SR EDR - BSOS ARBRI R - - & AN AR

o

T

K

—

I et ottt e LLLALALIA
‘ I 43 (00

o M - R

i — & — & —

(AUE R —hR 111 EEHEPEE ()T 1-1 55 12 Jaaf] 1-1 78

12 ’ > 2 3 /. = Z ) <o )
FUORAREBEFIRETRIP (PR EFRRTE



<}

DT FRT R KT P oo IR EEHEFT Y <

#ZFH Solution :
WE—~ B =Frr > BER&/NZIE R lmm » (F2AER S 7AARVRTEE § » B EAHEEE

B oup = 1%_02887mmo

SN HN S REN S B RAEEGSER - EEER O
PRI A SEAHEEE uy =0 ©
ey Bt HEPHEEERRE
= /02 + (0.2887 mm)? = 0.29 mm
(SRR - HR§J2TYZ7§X$Z§§Z%)

IR SR HE R SRR SRS R ~ 5~ BEMRERT AR -
85.00+0.29 mm ~ 41.90+0.29 mm ~ 20.00+0.29 mm -

As the figures 1 to 3 show, the smallest scale of the ruler is the Imm. If it is the uniform

distribution, the type B uncertainty would be

1 mm 0.2887
Up = ———— = U. mm
SN

Furthermore, since the multiple measurements show the same results, its standard deviation is 0.
Therefore, The type A uncertainty would be u, = 0
To sum up, the combined uncertainty is

= /02 + (0.2887 mm)2 = 0.29 mm
The digits of the best estimate should be the same as the uncertainty, thus, the record of the length,
width, and height of the block were recorded as 85.00 + 0.29mm, 41.90 + 0.29mm,
20.00£0.29mm respectively.

13 s a e oy
FPRREBREFRET RSN FRP BFRATF
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Teacher: In figures 1 to 3, can you read the value of the ruler measurement?

Student: The length is 85.00 mm, the width is 41.99 mm and the height is 20.00 mm.

Teacher: Good, how do we present the measurements?

Student: The measured value of the ruler and the combined uncertainty.

Teacher: Yes, how do we calculate the combined uncertainty?

Student: The square root of the sum of the type A uncertainty and type B uncertainty.

Teacher: It’s great. What’s the value of type A uncertainty?

Student: 0.

Teacher: Why?

Student: Because the standard deviation among the measurements is zero.

Teacher: Excellent! Does anyone want to try the value of the type B uncertainty?

Student: Teacher, I don’t know how many times I try to calculate, so I can’t figure it out.

Teacher: As we just mentioned, if it is a uniform distribution, then we can replace the
measurement times with another value, right? We will have some students write
down the formula of the type B uncertainty.

Student: instrument accuracy
ug = i

Teacher: Great. Now please figure out the value of the uncertainty and later we will have
some students share the results.

Student: "y = mstrumezrij§ accuracy _ 12r\r/1;n — 02887 mm

Teacher: Well done! However, the number of digits of the uncertainty should have at least
one significant figure, but it's usually given with two. So the type B uncertainty
should be?

Student: It’s 0.29mm.

Teacher: Excellent! Is there anyone who can help calculate the combined uncertainty?

Student: It’s 0.29mm.

Teacher: So A-De could use these 85.00+0.29mm, 41.90+0.29mm, 20.00+0.29 mm
to present the wood board’s width, length, and height.

Ll AR~ E = RERI R EN B Ry 2

BA . EE85.00mm ~ H A 41.99 mm 0 5 A 20.00 mm -

EEH ARy AVERAMTEZ AR E R EEE ?

24 . REHNEEHHE ETE -

BYOp RSB EFHETREL PP EEERYF
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23t AsH e FERZ A0 AT RE 2

A T + B R
1R#E - T A AT E S ERZ 220/ VI ?
0o
Ry T 2
Rz INECERZEEAEE - B HAEE EFEETREIE ?
EENIRA HIE SR - frAf AR -
FMIMIEIAER - MR ERET MR T e ] UM S (E AR
WE ? 5E I [FEE EEE T BEAEERE 2 A -
"y = HetE A
2V3
Rz IRERAE S AR B EEENEE - F— T RMFEEZESE -
"y = FEEEEE  1mm
2V3 2V3
1R - (EATEE EIENE /D —rAE S @E I AL - A2l B A HEERS
J& Ry aliE 2
0.29 mm -
Rz - A ERZEALENETE - tHEAEEEEZ/DIE ?
= 0.29 mm -
1R#E - FTDAMEENASEANE ~ &~ St DAL RE -
(ZEmE H 85.00+0.29mm ~ 41.90+0.29mm ~ 20.00+0.29mm )

= (0.2887 mm

3R ATBEERE TR pRP B

o. P~ REFREFL Y
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HIRE—
st ¢ IR RN RE T R R HE - RN EGR -

Evaluate the uncertainty and the best correctly estimated value, and present the
measurements in correct forms.

Student Wang wants to determine the area of the school basketball court by measuring the width
and length with a ruler. The measurement shows that the length is 27.96 + 0.42 m and the width
is 13.05 £ 0.16 m. What are the following values regarding the area of the school basketball
court?

1. uncertainty.

2. the best estimate.

3. the result of the measurement.

F[EEE R KON SR SRS R EMEE LOKFAESE - CHEEEIHIESER &
(27.96 + 0.42) m ~ HEAVHIESE R (13.05 £ 0.16)m -

A LRSI ¢

1. FHEERE -

2. FfEfhEHE -

3. HIE&ERANTRIR -

(HUERERERR 111 _EEEEVIEDERA 1-2 5 18 | 1-2 & 1-4)

fZFE Solution :
EHPEBEE RTINS » RItTEEYHEEMARRNAEER > REBHST HEEE
ZNT

u(A) = |XY|\/u(X)2 + u(YY)Z JYZ X u(X)? + X2 x u(Y)?

= \/15.052 X 0.42 + 27.962 X 0.162 ~ 7.86 = 7.9 m?

(s E A = XY = 27.96 X 15.05 = 420.798 = 420.8 m?

AEE FE SRR HE AL > EU A - st EBHEC S A HESE -

HEE AR E REENHNE - FrlEREGEHES A - BUAR & ~ EARrE T ED
LR - N ~ WEVA 4 ([EESES - FrblimfR st E L 4 4 -

BB AMBEERE TR PP FFERF
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% > hEHEZ 8 FBlca MEEZRR/MIE > FTLUEEPVNECR—f -
HESER =Atu(4) =4208+79 FHAR -

The area of a rectangle is the product of the length and width, so we have to take the uncertainty

which is the multiplication of the physical quantity into consideration.

w(A) = lXYlju( " ”; ) T X a0 ¥ XX ar)?

= /15.052 X 0.42 + 27.962 X 0.16% ~ 7.86 = 7.9 m?
The best estimate A = XY = 27.96 X 15.05 = 420.798 = 420.8 m?
(Keep the same digits of the significant figure as the uncertainty)

The uncertainty is rounded up and given with two significant figures. The number of decimal

places in the estimated value should match the uncertainty.

The area is the multiplication of the length and the width, so the significant figures of estimation
of the area are determined by the least digits of the length and width among its significant figures.
Because there are 4 significant figures of both the length and the width, the digits of the area

estimation should be rounded to the same digits: 4 significant figures.

Finally, the estimated value should have the same decimal place as the smallest place in the

uncertainty, which means rounding to the next decimal place.

Thus, the measurement result = A + u(4) = 420.8 + 7.9 m?

Teacher: About this question, what uncertainty should we take into consideration?
Student: The uncertainty after the multiplication of the physical quantity.

Teacher: Great. How do we calculate the uncertainty?

Student: Based on the width and length that we already knew.

Teacher: Then, what is the formula like?

u(X) n u(Y)

Student: u(4) = |XY| = Y2 x u(X)? + X2 x u(Y)?2

Teacher: Good. What are the values of the Y and u(A) here?

Student: Y=15.05 > u(4) = 0.42 .

17
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Teacher:

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

Teacher:

Teacher:

Teacher:

Student:

Teacher:

Teacher:
Student:

Teacher:

- ¢
B
2 -
B
- ¢

T

i -

B

OV BT TR TR KT P 0o IIFFHFREREFLY

Good. Now please practice calculating and then we will have some students share
the results.

Could anyone share your calculated result?

About 7.86 m?.

Well done. How should we round the significant figure?

That’s 7.9 m?.

That’s correct. How do we calculate the best estimate?

Length times width shown in the question.

Could anyone share your calculated result?

420.8 m?

The number is correct and the significant figures are also correct. The digits of the
significant after manipulation are according to the least significant figures among all
the values.

The estimation of length and width have four significant figures. Therefore, the area,
which is the product of the length and width, should also have four significant
figures.

Then, how do we round the uncertainty of the area regarding its significant
figures?

Probably 7.9 m?.

Great. Because the minimum number of digits of the area estimation is at the first
decimal place, the digits of the uncertainty should be the same.

Finally, how to present the results?

420.8+7.9 m’.

Exactly correct!

aA S — A HE R R - R (T e FEE 2

VB BRI EEE -

R - ARz s SR B IRPR IR A A HEE FETE 2
HEHEHRNE « HELER -

ASETE A SIS FE R A UL (AT E 2

2 2
T r oo s e i

Ry > AW Y Ru(DEEZ0 2
Y=15.05 ru(4) =042 -

u(4) = |XY|

BYOp RSB EFHETREL PP EEERYF
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A -
A -
g
4 -
g
A -
g
1 -
g

Eh

R

2
sk -

I

2
sk -

EH

R4 > BEEARGEH » F—THERAZ I ZHE -
HANTTLLT S A RS EHIEE S 2

K& 7.86m? o

ST - T IERZ A (ol HUE 28 & 1Y A S 2
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Dimension of a Physical Quantity
\

AEfiRF A 4H ST (PR BRALR)E AT 7 [EEARAL » WA ARA B A 28 L HA P
AYERAY - ZRFIFE R B R A - RS ERIER > F— VB & e A FE AL - HA
BRI - PR ARV EAER - 2R A HEEAEHEEGER - it
EEEYE E B AMFERYAK -

ERN{E PR - B BRI ARE STHIFTE RN 7 (B A BRI Y > FETHE
YL S AR B BLER] -

BEF thiE ¥ thiE
base units FAREEAL acceleration HNERE
derived units A AT angular velocity R
unit ==iva frequency B
displacement % hertz YA
meter NR force 77
kilometer ANEE! dimension R
mass BE dimension analysis R 53 HT
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time iR squared S

second il cubed 173

velocity R brackets th¥ESR

[ ©® The dimension of is represented as . 1

ffi5] : The dimension of velocity is represented as [L] [T,
ERRIGELL LI 25

[ ® The units of could be per . }

5]+ One of the units of velocity could be kilometers per hour.
AR H h— B i Rk km/hr e

[ © squared 1

4] - 52 five squared
52 5 HSE T

[ (4] cubed }

4]+ 5% five cubed
53 : 5 I T
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© _(cardinal number) to the power of (negative) (cardinal number)
(cardinal number) to the (negative) (ordinal number) power
= _(cardinal number) to the (negative) (ordinal number)

gy - 5°

= five to the power of four
=five to the fourth power
=five to the fourth

o BEHE »

EE AR ITE - 2AEERLINE S
At the end of the chapter, students are able to acquire the following concepts:
— ~ Wk ST B AL AVYIEE
Know the physics quantity of IS units.
T OREEH R E RN -

Evaluate the dimensions of derived physical quantities.

o IEERE s
{5l RE—
SR RIS EYHE SR > HEEY S 2 REERR (% -

Analyze the dimensions of the physical quantities.

Assume that in a rippled water bank, possible related physical quantities to wave speed would
be the gravity “g”, the density of water “p” and the depth of the water “D”. Which of the
following statements is true?

(A) v is proportional to gD (B) v is proportional to pgD

(C) v is proportional to /gD (D) v is proportional to gvD

(E) v is proportional to —

Jab
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ST ARG o > SRR 7 3] BE A RE YR & Ry e JTINZERS 9~ 7KAVEE po BL/KZE
A (8 DA bt = (E Y S R R AR 2 v - RIS B {e] 38 A 2

(A) v IEEER gD

(B) v IEELHA pgD

(C) v IEEER /gD

(D) v IEEERY gVD

(E) vIELERY —
(HYH 110 FFYHERHEEE 2)

fiZ3E Solution :

SeREFATE Y EAAR - AR 2R A REHEE AR

HJINZERRE g ¢ ALK sz R s [L][T] 2

KHIEERE p 2 BUALR <% R [L]73[M]
K D+ ik mo BAC L]

RO v Ry = 0 BRI LT

% ((LITTD* (LI MDY [L] = [L][T] 7

HARKXALAF x-3y+Z=1
HAXAM ARGy =0
HARA Z Alf5 - —2x = -1
BRIl x =2 =22y =0

Gits il v =\/gD

First clarify the dimensions of all physical quantities, and then examine the possible sources of

derivation of the wave speed.

€c_ 99,

Gravity “g”: the unit of it is “meter per second square” 2). Its dimension is [L][T]~2

€ 9,

The density of water “p”’: the unit of it is “kilogram per meter” cubed ((—)

Its dimension is [L]™3[M]

23 s a e oy
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The depth of water “D”: the unit of it is “meter” (m). Its dimension is [L]

99,

The wave speed “v”: the unit of it is “meter per second”. Its dimension is [L][T]™?!

Let ([L1[T]"D*([L]3[M])?[L]? = [L][T]!

From the dimension of [L], we can know x —3y +Z =1

From the dimension of [M], we can know y = 0
From the dimension of [Z], we can know x =z = % y=0

To sum up, we can know, v =.,/gD

Teacher: In this lesson, we know that all physical quantities can be derived from the basic
units. Does any volunteer want to share the three dimensions of the physical
quantities in the question?

Student: The dimension of the gravity would be [L][T]™2 , the dimension of the p would be
[L]73[M] and the dimension of D would be [L].

Teacher: Great, how about the dimensions of the wave speed?

Student: [L][T]?!

Teacher: Good. How do we use these three physical quantities to infer the dimensions of the
wave speed?

Student: Setting an unknown.

Teacher: How?

Student: Let the x power of the g, times the y power of the density, times the z power of the
water depth, be the negative one power of the wave speed.

Teacher: (According to what student describe, teacher writes down the equation of
([LLITI=5)* (L] MDY [L]? = [LIT]™)

Let’s have some students come up to the podium and solve the problem.

Student: From the dimension of [L], we canknow x —3y +Z =1

From the dimension of [M], we can know y =0
From the dimension of [Z], we can know x = z = % y=0

Teacher: That’s right. Does anyone know what the power of the three quantities would be
equal to the wave speed?

Student: Both gravity and depth of water are % and the for the p would be 0.

24 ,
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Teacher:
Student:

Teacher:

A -
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That’s correct. So which option should we choose?
probably is (C)

Excellent! That’s correct.

fERRE > HMAEELYH EREHAAYHEEE - FI2FRSHEED
SR H = (E BRI ?

BN Ry [LIT]72 ~ KAYERE Ry [L173[M] ~ K% Ry (L]

REF > HRR AR K 2

[L][T]™ -

RAF - BTz A A B = (EYEE & - e 20 2
B ARHIE, -

Al e 7

SEIIMERERT x KI5 > REER y KI5 > FOKHFH z KI7 > BRI —1KT5
(HESEME FEER © (LIT]72)* (L1 MDY L) = [L][T]T™)
i A5 B eRE A B

AR A LA x-3y+Z=1

FHARAM A1 1y =0
AR Z ARG —2x = -1

EEJ:EEEJ%H’X=Z=%\JJ=O

JEERE > FTLUZEIIINEE ~ KAV E ~ KRB HARE S DRI Gl
KRN 7

EJIIIERE ~ /KZEERE 172 05 > KEVERER 0 K5 -

28 > AP E ZE e R — (I BT 7

&z (C)-

R BT -
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Dimension analysis of physics quantities.

To understand how the sound wave transmits in metal, we can use a simplified one-dimensional

66 2

model. We can take a metal atom as the small ball of mass and line up to a line with the
spacing “D”. And two adjacent small balls are connected by a spring with force constant k. The
model mimics the applied force among the atoms. In the assumption of the simplified model,

using dimensional analysis to infer which option might be the speed in the metal?

T R0 4 B L - TR UFR G ) — S0 6 B T BT m /B8
DARSEE o BEFIEk—Ert + FLATASHIIED | SRIBL B K ASRSEIRGS « L BLRE R
PEFEF) « FE AR BB T RIS HTACHISE « o8 A B e I 7
walf ®wm  ©" 0% @

(IE 105 DFBRHES 3)

285 Solution :
R BHEE - BE - MR - BB TRRO

A _F _ma o [MILITI™? _ —
HEE k= =70 Wy = — = [M][T]

HEm KNI [M]
fEpE d * ARy [L]
v BAZsLlT™

DLEDUEY RS S8 K MIILI[T] =RERZR > AT LLSeiBEErh [L] (RO » v Bl d 1S
aH [L] B9—XT7 » Fibl d FEEL v BRIEEL 5 BETH(A) ~ (B) ~ (DY AIRE « #& » A [T] XK
HEER - W15 v 81 VE TEED 0 BEIERR(A) ~ (B)FIAE ¢ Bf& T [M] BRZC 13401 v L kim
8¢ m/k TEEE » FTPUAA (A)IEHE -
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According to the question, we can analyze the dimensions of the elastic constants, mass, density

and velocity of sound:

F

i : : . [M][L][T]2
Elastic constants, k = — = %, the dimension of k is 2T —

I = (M7

Mass, m, the dimension is [M]
Spacing, D, the dimension is [L]
-1

Velocity of sound v, the dimension is [L][T]

Thus, the dimension of the option (A) is

k /[M][T]"2 1
d\/;= [L] - W: [L][T]

The four physical quantities above are involved in three dimensions. We can analyze the

So the answer is (A).

dimension of [L] first. The “v” and “d” have the one power in the dimension [L] so d should be
proportional to the v; thus the answer might be (A), (B) and (D). Then, use [ 7] to reason, we can
get v is proportional to vk, and (A) and (B) are left; finally, use [M] dimension to know that v

1s proportional to k/m or m/k, so only (A) is correct.

Teacher: In this lesson, we know that all physical quantities can be derived from the seven
basic units. Does any volunteer want to share the three dimensions of the physical
quantities like mass, spacing, and sound speed in the question?

Student: The dimension of the mass would be [M], the dimension of density would be [L]
and the sound speed would be [L][T]?.

Teacher: Great, then how do we show the dimensions of the elastic constants £?

Student: Can it relate to the force?

Teacher: Yes. Does anyone remember what’s the relation between the applied force and
elastic constant, k?

Student: Can we use Hooke’s law?

Teacher: That’s correct. How do we use the law?

Student: We divide the force by elongation, the force constants.

Teacher: (Writes down the formula F=kx) Yes, the force constant (k) represents the amount of

force required per unit length of extension of the spring, in N/m

Teacher: Does anyone want to share the dimension of the force constant?

27 ,
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Student:
Teacher:
Student:

Teacher:

Student:
Teacher:
Student:

Teacher:

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

Teacher:
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It’s [M][T]~2.

Correct. How do we use these quantities to infer the sound speed?

We have no idea. Teacher.

It’s okay. We first look at these four physical quantities. They have something in
common: They all have the three dimensions of [M][L][T]. We can first choose the
dimension [L] to infer. What power to the [L] is it in the v and d? Do they have
something in common?

One power to the [L]; v should be proportional to the d.

Yes, which options might be the answer?

It might be (A) (B) (D).

Next, what dimension would you choose to analyze and infer. I will give you minutes
to practice. Later we’ll have some students share.

We use [T] to infer and v is proportional to the Vk.

Yes, so which options are left?

We still have (A) and (B).

Eventually, when we use [M] to infer, what will we get?

V is proportional to either k/m or m/k.

So, which option is the correct one?

Option (A).

Excellent!

fesRE S WMFEENYEEFELHAAYHEEY - FIAFREHETZ

i H B = - R - BRI ?
EER[M] ~ MEER[L] ~ B A[L][T]™

R > AT TEERHIARR > ZAEFRRYE ?

FITIERAYS 2

B AR REERE IR E R % ?

A AP v e RS 2

JEHE - AR BB R e RE ?

SRR EETTE R -

(B F=kx A0 - ZHY > TEHBOREBEE R REMRE  FrifEN IR
HALZF AR -

A A R 2R 7 AR AR S E & R 2
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EHN - BAARIE

RG> FMREREEYFEEMMEE MILIT] =R > FfTaT 2k
BEH A [L] RICRHEE - 8 v B d BLIHVSKTTYE ? {FA HEERRATE ?
—H 0 v Bl d FEZ R IELD

288+ BT AAREEEEIE A W RENE ?

HEIE(A) ~ (B) ~ (DYE JAE

B o FIS R DT EAHEEE ? S5 E 2R E — T ITEFHBEE S E -
PL[T) #HEE > w15 v Bk IEEE -

J2HE P DUBETETR N 56 AT RENE 7

BEIER N (A) ~ (B)FTRE

etz - B [m]sRHERE - A1) DUS-2(7EEE 2

v 8 k/m 3 m/k TELE
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Chapter 2 Linear Motion

I EALATE RS & e
BVA A (Sl N S o |

HARFE TS YIRAEZE R PRI E - S-SR A ETIIEE - MY ez T EREE
IRFFEI TR L o fl i E) - BB - W S YRGS R R - T Ryl EhEs -
RERHEF M ENES AR R E 8 - B S Y8 2 MRy oA BiaS - w] DARREN
BT AR Ml R - 5 2SS Ty R 52 -

FEEAEATED - EEAPREEAREGES) - ARYERN A MRS AR

BRI AT R A EEHIRAG -
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Introduction of Kinematics
\,

RENEE RIS ~ BROSR ~ B ~ B B S E > BEMS RS LY E 8 2 [HHY
B (% - TR LS E R IR SR -
{5 FHHEENT - EATE LSS B BRI EA Ha - MilE— )RR - TR EN %
A RIEA G - BB -

B¥ thiE EF thiE
mechanics JIEE instantaneous velocity IR 2R
kinematics JH B 2 average speed SR
path length AR instantaneous speed o 2R R
position A= acceleration TEEE
displacement firt% absolute value AEEHE
particle BB average acceleration SETINEERE
vector o] & instantaneous acceleration i 2R
average velocity SR be closed to FATI
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at the speed of .
4] = A car drives in a straight line at the speed of 80 kilometers per hour.

o
PR DU/ INEF 80 A YRR E 4R TR -

#4) : The direction of the initial velocity is opposite to the direction of the subsequent velocity.

[ (2] be opposite to
IR Y5 [ BRI Y T [ EEL -

be the same as
4] « The direction of the initial velocity is the same as that of the final velocity.

[ o
WA Y 5 R R AR A [E] -
(for sb) to

i)« It takes 30 minutes for him to drive for 12 kilometers

[ O 1t takes
MAET 30 FrgEFHEE 12 N H -

+ Ving

[ © Sb spend(s)
#14) © He spends 30 minutes driving for 12 kilometers
HAET 30 SrEfAEE 12 A8 -
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At the end of learning the chapter, students should acquire the following concepts:
— e E R ESRS

Know the definition of particles.

TR R B AEHY ] o

Understand the difference between path length and displacement.
= PR B [E]

Distinguish the difference between velocity and speed.
VU ~ T PR R R By R -

Understand average acceleration and instantaneous acceleration.
h~ THEARIER

Understand the meaning of vectors.

s TR SR AR 5

Understand the association between acceleration and velocity.

33
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Be able to analyze one dimensional uniform motion and constant acceleration motion.

The improved section of Suhua Highway in the mountainous area has been opened to traffic on
the entire line, including some sections in the tunnel, and the maximum speed is officially
adjusted to 70 km/h on June 20, 2020. With the current technology, a detection point with
automated equipment can be established at every interval in a long tunnel to detect speeding cars
at the average speed between the two fixed points. A car drives into a long straight tunnel. The
distance between two detections points in a certain section of the tunnel is 4.2 kilometers. The
speed of the rear of the car passing through the first detection point is 66 km/h. The speed reaches
74 km/h after 36 seconds of uniform acceleration, followed by 60 seconds of constant speed, and
then constant deceleration.

In order that the average speed of the car between the two detection points does not exceed the
maximum speed limit of 70 km/h, what is the maximum speed of the car when its tail light pass
through the second detection point?

(A) 60 km/hr

(B) 62 km/hr

(C) 64 km/hr

(D) 66 km/hr

(E) 68 km/hr

34
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SRACARSIESCERS L (FRTREREN) CatEs  EaENITE DI E - TH&E
PRI 2020 - 6 H 20 HIEFGETE R 70 AHLING - HATHYREY - 7] E RBFENER
— &R E —(EBA BB ek A AR - DURSE R < P R AR A R -
A—ERER AR EREN - BE N B AR (AR R Ry 4.2 N i 2
2 i A o — (I (EUATRE R B R R Ry 66 (N ELUNEY - JRE LU IR EhT THE 36 FME AR F]
T4 NEUNE > B ISR IERTTHE 60 ) > 280 DL B T -
Fo A WY HARS Z [ 2 PR A i R = 2R 70 N EV/INKf > % B RE T A
o B (RG22 Ry ] 2
(A) 60 2% B/ NG
(B) 62 X EL//NRF
(C) 64 X EI/INEf
(D) 66 2 E// N
(E) 68 22 B/ N

(HUH 109 FEPHERHE= S 20 )

f#7E Solution :

PELLL 70 5 BL/ NS AR T 4.2 (N BLUEIREIE T = 22 = = [\
B SEIEATRIIERE © Ax; = 20 x = L (A M)
B R TEIEEE ¢ Ax, = T4 X =20 (A

5 SRR TR ¢ Axs = 42— L - 2= 2 (A

10 30 15

LTS > Aty = = — — — = = = (/\I)

100 100 60
e A 5 (I (ERIREIS Y f = RS By g

b TAtvs 134
= X—=—
X3 2 30 15

W vz = 62 (RHE/NE)
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The car drives for 4.2 kilometers at the speed of 70 km/hr and it takes T = % = %O hours
. . - . 66+74 1 7 .
The first constant acceleration driving distance should be Ax; = X100 " 10 (kilometer)

The second constant acceleration driving distance should be 4x, = 74 X 6—10 = % (kilometer)

37

The third constant acceleration driving distance should be Ax; = 4.2 — L2 % (kilometer)

Then, we can infer that At; = —————

10 30

6 1 1

Il

I
~
=

®

g
~

100 100 60

Let the highest speed which passes the second detection point be v,

Ax; =

_74+v3>< 1 34
2 30 15

So v; =62 (km/hr)

Teacher:
Student:

Teacher:

Student:
Teacher:

Student:

Teacher:

Student:
Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Does anyone know how to solve the problem?

No.

Let’s look at the clue the question provides. Does anyone want to share what you
know from the question?

There are three motion processes of the car.

Great. What else do you see?

The question also provides the distance between two detection points and the time
and speed in each period of road.

Good. According to the distance and speed from the two detection points, what can
we know?

We can infer the time passing through two detection points.

Great. Does anyone want to share the result of how long it takes?

6
— hour.
100

Good job. And then what should we do next?

Because we already know the time required for the first and second motion
processes, we can know the time required for the third movement process from the
total time.

Great. Can anyone show how long it takes in the third motion process?

. 1
Is it — an hour ?
30
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Teacher:

Student:

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

Teacher:

i
B

Eh

mf
4
Btk
4
mrf
4
T
4
Btk
4
mf
4

B

ERi

That’s correct. And what should we do next?

According to the speed and the distance in each period, we can know the maximum
speed in the third movement process.

Great. How about calculating it?

Ok.

Does anyone finish calculating and can share it with your classmates?

Teacher, my calculation shows that the maximum speed is 62 km/hr.

That’s correct, which option is the correct answer?

It’s (B).

Well done!

HIZERISAEE] B EEEERIE ?

RHIE -
MR EEHE B a4 R - (CEEE P RE - RE— R ERYE
BAEFEE 7

RHEF =B A FERESIERE -

R > HA[F S B I 2

8 H 7 45 W i (HIG H RE R > AN —ERHIRFRE] ~ 2R

TRAZR > 12 TR i (T Y BE AT A (S RG22 > PP AT DU S S et 2
AP o] DAFS 2 6 A P i (e M 2 T R ] -

R ELARSZHEESS - RFIF ARG S DI EYE ?

m /J\Hj“

TR FBRE AR FRMIEZ B e 2

R Ry H S M SR — BRI B SR FrAs Vs ] > At AR T LATE
SRERFREIRIE S5 = BB B R R AT AR VA -

R > A R SERE T SRR S = B SRR AR Ry T 2

52 55 /NI 2

288 0 AR AR - B T LUE I

AT DR B B R YRR - 1SR RS SR R AR - Bkl o] LI
EE OB R SR T

R’i% > PRFREARES G HEEER?

BB AMERERE TR FEP

0o I REHEFL Y <
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RN ARARZEAETRSER - A PURIARR 7 =45 ?
B > RELRHSREERE 62 AN H/NE -

ERN : J28h o BTLIRMTHERZ B BEEE 7

B BE(B) -

ESTIIRINCS - R N
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Be able to calculate average velocity and average acceleration correctly.

Student Wang throws a yo-yo. The yo-yo was thrown at a speed of 1 meter per second and
returned to his hand at the same speed and in the opposite direction after 2 seconds (the position
of Wang’s hand remained unchanged). The average speed and average acceleration of the yo-yo
from leaving Wang’s hand to returning to his hand are X m/s and Ym/s?. Which of the following
options can be represented by numbers (X, Y)?

T EIEEEER (YO-YO BR) < SHRBRLUERD 1 /8 RV, » 7 2 PO R LAAH E e -
TR T S 9 Tt (E S Ay B AR ) -
SERSEAER 5 BB (512 o [Vt - o 9 PSR R S AN > 5By X s B
Y mis? > SR TSI BEEA B TR (K,Y) ?
(A) (0,0)
(B) (0.1)
(C) (0.5,1)
(D) (1,0)
(HUE 93 4F AR IR 11 58

fiZ5& Solution :
firt%
RS
RIS Ry O([BIEF-1) » AR Ry O -
HEE(LE
AeF i
FHREE AR - —BRAGRITR RAYERE T A » 2RSS Ly 2mis » [5fE 2 70 » RIS
ISRy 1mls? > FREAXY) = (0,1) » #5E(B) -

STAE =

STAEE =
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o _ N O disl ,
Average velocity is equal to displacement divided by time ( —————

).

Because the displacement is O, (returned to his hand), the average velocity is 0.

time

change in velocity

average acceleration = .
time

From the question, we know that the direction of the velocity is reversed. The change of the
velocity is 2 m/s during the 2-second period, so the average acceleration is 1 m/s? the (X,Y) =
(0,1) the answer is (B).

Teacher: Does anyone know the definition of the average velocity?

Student: Displacement over time.

Teacher: Yes. How much is the displacement in the question?

Student: Is it 0?

Teacher: Right. How come?

Student: It returns back to the hand position.

Teacher: That’s right. What’s the average velocity in the question?

Student: 0 m/s.

Teacher: Correct. How about the definition of the average acceleration?

Student: Change in velocity over time.

Teacher: That’s correct. What are the velocity changes in the question?

Student: Is it 2?

Teacher: Right. How come?

Student: Because the initial velocity is opposite to the latter, the change of the velocity is 2.

Teacher: That's right. So, what is the average acceleration for this question?

Student: 1 m/s*

Teacher: That’s right, since average acceleration= 2(m/s)/2s = 1m/s. So which option is the
answer?

Student: (B).

Teacher: That’s correct!
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2-2 EEFZE

R Kinematics Graphs

e = REBIBRE - 3Rl R BRI - BRI - RIZE R REAYEE (5
o B (E - ] EIR SR E YIRS EEHERE -
58 FHEERRRF > BRI S E R AR E TP AT 2 24 M e > FEEM P RS

BF thE ¥ thaE
kinematics graphs EEN R AE slope RS
position-time graph LB -BEEIR A E (x-t [E) area [HIf&
velocity-time graph 7R -1 T R 4 [ (v -t () positive value | 1EH
acceleration-time graph | JIIZR[E-HF R B {A[E(a-t [E]) | time line A Fi iy
linear motion HE4REE secant line EECH
tangent line 12k curve &
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[ (1] be associated with . }

#4](1) : Slope is associated with division.

RERAERAZE AR -
#14)(2) - Area is associated with multiplication.

HRASREAR -

[9 In , the _ (slope/area)  represents . }

f4)(1) : In a position-time graph, the slope at a certain point represents the instantaneous
velocity of the moment.
FE x-t B > F—BEHURER > FOoRILIFAYBER RS o

#472) : In a velocity-time graph, the area of the curve represents the displacement of the
process.

FE v-t B ghER TRV - FoniBEiE PRIz -

o BEEE »

TR TE - ZAEEBIITER
At the end of learning the chapter, students should acquire the following concepts:
— T B R (RIE

Be able to understand the position-time graph.

T TR SRR (]

Be able to understand the velocity-time graph.

= TR R SR T B (I

Be able to understand the acceleration-time graph.

42
FYORRMBEIRETREY FRP EFRKYE



,. \?‘ RYIFEFERT 2 ERT P 0e HIFFCEFHRFFTY

e

» FIFEERE s
{5l RE—
anBl © EIE RIS IR R A El (a-t [B)AYESE ©

Comprehend the meaning of an acceleration-time graph (a-t graph).

A car with mass of 1000 kg stops at the intersection and waits for the traffic light. After the light
turns green, the car does linear motion in driving straightly toward the direction of +x. The
relationship between the acceleration (a) and the position (x) of the first 300m is shown in the
figure below. In which segment is the car moving in uniform motion?

(A) 0< x <100m

(B) 100m< x <200m

(C) 200m<x<300m

(D) 0< x <200m

(E) 0< x <100m and 200m< x <300m

—B 5 5 1000Kg 0 - 5+ CI(x=0) 5 TS50 - ATIEMIANIE % - WATE SR E KT
I8 E30 +x 5 R ELAUIEY - AT 300m HTERIE a SLfr B x AR A TR A
I B R ©

a(m/ s)

A
1.5

1.0F

0.5

0 = x (m)

‘
L
100 200 300
(A) 0< x <100m
(B) 100m< x <200m
(C) 200m<x<300m
(D) 0< x <200m
(E) 0< x<100m % 200m< x <300m

(HUH 108 Y ERHEHREES 19 7))
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f#RH Solution :

O R i R B BB » £F 200m Z 300m -~ FERTNZEERE a=0 - R Bl P8 - Uit
EERIIREHERAAED » FTLA a=0 » S L EG/F S R 7)) -

From the graph, during 200m-300m the acceleration is maintaining in 0, so in the segment, the

car is moving with constant velocity motion.

Teacher: Does anyone want to share what “uniform motion” means?

Student: The velocity would be the same.

Teacher: Could you give more explanation? What’s the relationship with the acceleration-
time graph?

Student: In uniform motion, the acceleration would be 0.

Teacher: That’s correct. Which segment represents the car driving with constant velocity
motion?

Student: It might be (C).

Teacher: Great! That’s correct.

EH : ARARSMESE > (HEEFREEHE ?

B4 BE-HMEF -

LR SRR DA 20— B 2 AR HOZRE-IREET BAfAE - A TTERE AE 7
B FREEBTONIIEER 0 -

Ehl : Jgsh > APRF B — BV BRI EF R BE 7

B4 B (C)e

Rl REE BET -
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BHlE—
st ¢ gER T E B TR SR B R Eh Y A R
Be able to calculate or analyze the average speed of acceleration and deceleration motion.

A train starts to move straight along the trail from a standstill. The following graph shows the
relationship of its velocity and time.

Let the time taken be T and the velocity during 2 <t< g

be V. Which option is the average
velocity of the train in the whole way?
v

. —

e - - -
e - - - - - - - -

4 12 T t
— K H AR BT E BB » HOTE v BIIER] t (0BG T IR - 5 aiE
FERRR T 45, < £ < o BRERAHIE vV o FISIEEAE SRR 0PI fy T % 2
14 14 5V 3V 4V
(A) 5 ®; ©O©OF O 6

4
(HUE 105 FYEERHEH R 4 7D

#ZRH Solution :
= oo

ATER v-t [ FAYERCR LR S

5= G TN sy o spsmen, 17

5
== o
2 8

T

. displacement
Average velocity = ——
time taken

From the area of the v-t graph we can know the displacement (S)

Bl s,

S =

5

.. . g"T s
So, the average velocity is BT = §V .
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Teacher: Does anyone know the definition of the average velocity?
Student: Change in velocity over the time taken.

Teacher: Correct. Then, how do we calculate the displacement?
Student: The area under the v-t graph is the displacement.

Teacher: Does anyone want to share how long the displacement is?
Student: g VT |

Teacher: That’s correct. So what’s the average velocity?

Student: s
=V.
8
5
. T s
Teacher:  That’s correct. Average velocity =%—==2V.

So, which option should we choose?
Student: (C)

Teacher: That's right! Awesome!

D BRI FEERIE P RS R E R T ?

; N I
s PagRE= 28

R %8R - AR AT R ALEE ?
B 0 MA v-t B MRS
ERN . AEIGARERESZ B NEZ VI ?

B firfs= ZVT

BT R PRI RS D ?

B A= 2V -

RHT s TR 20 =1 = SV o FRDL B PIK SE S 2

7 T
B4 (O
CHE - 2 KT
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2-3 ENNERES)
Uniform/Constant Acceleration Motion

N\
AER T $E NN E R R RS I B AR B B i S B EES) > Dok

B BTN -
BEFESCRENS - EATE RS ER D SR - M SRR £

BF thiE EF thE

uniform/constant
ESIIBEY D) vertical projectile motion | ${YE I #HE)

acceleration motion
initial moment Byl opposite M
rectangle y3EYI same FHTE]
trapezoid I climax B 15 hh
gravitational acceleration | B2 JJf[IZEfE symmetry EHEME
free falling H %A #E ) | proportional EYIEEE
height = inversely proportional % [z b
fall E T magnitude K/
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{%ﬂ/w % arsgmﬁt TR BT P o9 —g;gma %;g{vﬂg?p;zé AN
air resistance ZZRIH T direction Al
gravity HERG 1
[ o be proportional to when is constant. }
4] © According to Newton’s Second Law, acceleration is proportional to the force exerted
when the mass is constant.
MRIEAHSE e - BEREE - TR GMFTZsMNIKIEL -
[ 2] be inversely proportional to when is constant. }
fil5) - The acceleration is inversely proportional to the mass when the applied force is constant.
EZNEER - JUREE B ERLE -
[ ©® S+ get(s)/ become(s) + _ (Adj.) . }
f4)(1) - When the direction of the gravitational acceleration is opposite to that of velocity, the
velocity would get slower.
BB IR 7 [ LR Y T R R AR RS g -
#14)(2) : When the direction of gravitational acceleration is the same as that of velocity, the
velocity would become faster.
EE TN T [ B Y T [ R - R R -
48
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At the end of learning the chapter, students are able to acquire the following concepts:
— T REIA RSN S B

Understand the concepts and features of constant acceleration motion.

TR HE RS EENRFE ©

Understand the features of free falling.
=~ gEATE E BB

Be able to analyze the features of vertical projectile motion.

* BESHE P E AR F INEE B N5

Be able to utilize the formulas of linear uniform accelerated motion.
h -~ AR E RN EEN AT - BRI B B R RGBS B i) -

Be able to manipulate the formulas of linear uniform accelerated motion to free falling

and vertical projectile motion.
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Be able to manipulate the formulas of uniform acceleration motion to examples of free
fall.

When animals jump they bend and straighten their legs to accelerate their jump. The following
table shows the vertical height of kangaroos and fleas when they jump. If air resistance is ignored,

how many times faster are the kangaroos jumping off the ground than fleas?

the vertical height of jumping (meter)

kangaroos 2.5

fleas 0.1

VIR o SRR AR (R BRI - RSB BRI E E S
EARTZERIETT - AILS B EE R A R A B R 2/ D 7

PR EEEE (AR

R 2.5
Bk 0.1
(A) 1000
(B) 25
(C) 5
(D) 1

(HUE 95 F-H AR 29 7))

fZRE Solution :
FHRE B R ] R AL 22 A e BRI AR 2 fy 0> HLIRRET22 5@ fH T - B DAINZRFE Ry EE S nzefs
() » TEFIIAESR) - RAEHECH @ BREPKH Y E - SRS - B0E =00

Viges
R ASURIBAR V2 = Vo? + 2ahx - TR Vo < VAX I S5 =Y = 5 gi0(0) -
B :

50 ,
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From the question, the final velocity of jumping to the highest point is 0. Because air resistance
is not considered, the acceleration is the acceleration of gravity (g). Thus, it is a constant
acceleration motion. Knowing from the question and the physical quantities, we need to choose
the formula that does not include the time(t) from the three formulas of constant accelerated
motion.

So we choose V2 = V,* + 2aAx.

And we know V, o« vVAx (Ax is the displacement and in this question, it refers to the height).

Vikangaroo _ \/E _ .
Thus, Ve Vo1 5. The answer is (C).

Teacher: Does anyone know what kind the motion is?

Student: Uniform accelerated motion and free falling.

Teacher: Yes, and from the question, when jumping to the highest point what’s the direction
of the velocity? Should it be upward, downward or 0?

Student: The final velocity of jumping to the highest point is 0.

Teacher: Yes. According to the uniformly accelerated motion formula, which formula can we
apply?

Student: V2 =V,* + 2alx .

Teacher: Yes, knowing from the question and the physical quantities we choose the formula
does not include the time(t).

Teacher: So what’s the relation between the height and the speed?

Student: Velocity is proportional to the root of height.

Teacher: Yes, Ax is the displacement and in this question, it refers to the height. Do any
students know how many times the result is?

Student: 5 times.

Teacher: Great. Because the height ratio of the two animals is 2.5/0.1= 25 times, and the
velocity is inversely proportional to the root of the height. V2 = 2aAx
(V? = 2alx, V o« v/Ax ) > the ratio of the velocity is V25 =5 times.

Teacher: Which option is the answer?

Student: (C).

Teacher: Yes. Good job!

51 ,
BYOp RSB EFHETREL PP EEERYF



N T e T R T P 0o T REHRTFY

52

4
sk
4
T
4
sk

i -

il
B

Eh

B

Eh

4 -
B

R

s A B FEHE S E T EENE 2
S SIIpE %‘E$%%L%O
e IMEER T BEERIR = SN - RS EZ A o mT ~ BOEEE ?
I N AR Sy O U
LB o FRFRAMIERL HE AR A EN Y — R A =C0E 7
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sl BEIATE LA SN 2 R B AN R T[]
Determine the magnitudes and directions of velocity and acceleration regarding vertical

projectile motion.

A stone is thrown vertically upwards and moves with free fall motion. If we ignored the air

resistance, which of the following statements are true? (You should choose two options.)

(A) When the stone is thrown up and falling down, the magnitude of the acceleration is
the same and so are the directions.

(B) When the stone is thrown up and falling down the magnitude of the acceleration is the
same but the directions are opposite.

(C) When the stone is thrown up to the highest point the velocity and acceleration are 0.

(D) When the stone is thrown up to the highest point the velocity and acceleration are not 0.

(E) When the stone is thrown up to the highest point the velocity is 0 but acceleration is

not.

—AREE B EHETE T > ARAETZERA YT - RIS & IR R IH) ?
(A) ASEE ERATRIRIE T EIERRTINEZEE R — A/ - B5EMEE -
(B) ABRAE ETRITHFAIME 5 EHEI’JJJDLF“ AE— AN HIFRM -
(C) ABRIE BRI TEI =iy - AN IZRRE B =S
(D) AR BRI TH S =R - Eij“ FONMZREE B A Ry
(BE) A ERITERERE - HEERZENEERNRHE -
(HUE 85 FEHAAFIEL RS 56 )

fZRE Solution :

P SN B — SRR ) - DEREEAERE g (R T B R A S R S T
1F > FTRAZERE £ 0 -

LEE » (A)B)ZEEIE 1 - B [H]_EIRATAO[A N PR IR IR EE S Ry g HJT[E 1A 5 (C)(D)(E)
BRI E AR TR SR RS 00 IRy g 0 HIGmE R -

HZE(A)E)

Vertical projectile motion is a type of constant acceleration motion with acceleration of

€c_ 9

gravitational acceleration (“g”) downwards. Also, the velocity is 0 when the particle reaches the

highest point.
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Thus, in (A) and (B) when the stone is thrown up and falling down, the acceleration is the
gravitational acceleration (g) and the direction is downward. In (C), (D), (E), when the stone is
thrown upwards to the highest point the velocity is 0 but acceleration is not.

The answers are (A), (E).

Teacher: Does anyone know the characteristics of vertical projectile motion?

Student: The acceleration of gravity (g) and the velocity is 0 when the particle reaches the
highest point.

Teacher: Yes. What is the direction of gravitational acceleration?

Student: Downward.

Teacher: Correct. Does the downward acceleration from gravity exist in the entire motion?

Student: Yes.

Teacher: That’s correct. Then when reaching the highest point, are the velocity and
acceleration both 0?

Student: No, only the velocity is zero. The acceleration is still g=9.8m/s* with direction
downwards.

Teacher: Great. Which options should we choose?

Student: (A) and (E).

Teacher: Correct. Well done.

HH R A A E S
UL O g o S E R R R 0 -

EET a8 IR ¢ B9 FER A ?

BUE L OF -

EE 28 TR IR ¢ BT FIE 2
B R -

B a8 AR B ISR 0 HIERE R 0 U 2
BUE T ORIRIR > FUEHUE B 0 DR R e=0.8m/s2 [T -
EET N BT R I

B (A)E) -

EEf a8 KHET |
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Relative Motion
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-

1E AT E I

AENE - BALE ~ SREBIERE - aJAE

AR BB I R RS
{5 SR - RN E T R A

A

)G BT - Pof B BRI AR S T L Y AR AT S 2 - T 2
GhEZ 0 - NI AE

 DUT EEEAR S

SELPEN N
B MBI E ~ A

AR S B TP EE B ) 1 o BRI BELT [T AERER AR

BF thiE ¥ thaE
coordinate system A 2 object YEg
deviation =H origin [ BE
relative position FEEHILE ground s UATEN]
relative velocity TR E the observed object HrERzs
relative acceleration GiEEaIIEESi vector ]
observer BiziE
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o with respect to is .

4] © The velocity of object A with respect to B is 2 m/s towards B.
YiRg A FHET B HUERER 2 AR/FD 8 B -

® For _ , Bis at the velocity of towards _(the east / west/ north/
south/ right/ left) .

5]« For A, B is at the velocity of 90 km/hr towards the east.
¥ A KGR > B DL 90 2 BL/INEFRY RS IR -

© appear(s)/ seem(s) to

##4] : The ball appears to move 10 m/s towards the right with respect to the ground.
MHEFAFF LM - SREEREDL 10 m/s Y 15 ) -

BEER w
FEEEEARREITR - BAEEELITE R

After completing this unit, students should acquire the following concepts:
— TR AE B AR -
Understand the concepts of relative motion.
* BE TR~ REUCBIERIRELE - MR BRI -
Understand, describe and apply relative position, relative velocity, and relative
acceleration.
= REEEEENAE S ARCER ST -

Choose proper coordination and solve physics problems effectively.
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Be able to analyze the relative displacement.

Assume that there are two particles start to move toward the north and the east from the origin
at uniform accelerated motion with the acceleration of 1 m/s’. After 2 seconds, how far is the
distance between the two particles?

(A)V2m

(B) 2m

(C) 2v2m

(D) 3m

(E) 4m

BH BB RILL 1 SR 2 SRS E R B - [ IE L R IEERBEAAEE) - 2 Pk T
2 HERE Ry 2

(A) V2 %

(B) 2 >k

(C) 2vV23k

(D) 3 >k

(E) 4>k

(HUE 104 ZEF &R P2 HYERHE T2 15 F)

#ZRH Solution :
S YIRG Ry A BB

FHRE H AT ARSI Ry O ~ Qyyy = Im/s?(IEILTT) ~ Ggyy, = Im/s*(IEFETT)

KRG RIE 2 A Sap © Sap =5 @apt?

W% 2 MRS dap = Gagy— Gnyy = Gagy + Gy

BB AMBEERE TR PP FFERF



O g aF TRy 2 ERRT P o W RHREFL <

LR BAVEE TR agp = V2m/s?

RUIL Sap =5 aapt® =35 V227 = 2v2 (m) » #0E(C) -

Let the two objects be A and B.
From the question description, the relative initial velocity is 0 and

4 to the Earth = 1m/s? (toward the north) and ag ¢ the arth = 1m/s? (toward the east)

a B

The question aims to require the relative displacement with respect to each other S,z
Sup = = aypt?
AB 2 AB

The relative velocity with respect to each other

s = QA to the Earth — QB to the Earth — Q4 to the Earth + AThe earh to B

From the operation of the vector, we can know ayp = V2 m/s?
ThUS SAB = % aABtZ = % \/E - 22 = 2\/§ (m)

The answer is (C).

Teacher: Does anyone know what we need to know from the question?

Student: Distance.

Teacher: Yes. Is it the relative distance to the ground or something else?

Student: The relative distance between the two particles.

Teacher: Yes. How do we calculate it?

Student: We have no idea.

Teacher: From the clues, the question provides, what kind of motion does it perform?
Student: Uniformly accelerated motion.

Teacher: Great. Is there any uniformly accelerated motion formula related to the distance and

time we can apply to this question?

Student: S = Vot + %atz.

Teacher: Good. How do we deal with the two particles by using the formula?
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Student:

Teacher:

Student:
Teacher:

Student:

Teacher:

Teacher:

Student:

Teacher:

4
gk
i
i
4
gk
i
i

4 -
B
4 -
g

1
s

i -

D HTSE TR TR T T oo IR EEHEFT Y <

_ 1 2
SAB = VOABt + > aABt .

Great. Does anyone want to share what the relative initial velocity and relative
acceleration should be?
The relative initial velocity should be 0 and the relative acceleration should be V2
That’s correct. How does the relative acceleration V2 come out?
The relative acceleration between the two particles is

Aap = @ 4to the Earth — @B to the Earth = @4 to the Earth + @ The earh to B
then, use the operation of the vector.
Excellent. Since the two particles move orthogonally to each other. The relative
displacement between the two is the hypotenuse of the tracks of the two particles.
So, what option should we choose?
(©).
Correct. Good job.

AR AFERE » EREERARAY T EEE ?

PERE -

R AR AT RS ? B R HARIE ?

& B AR R -

8 B Rz A EAR B PR ?

AHIHE

BT AT DURIEE B4RV R » BEEWE RS M T EEEEE ?
LR ) -

R IV A RIEC S F A (TR - FFEAHRARY AZC > ] DAGEHYE ?
S =Vt +-at? -

Rt HS R az e i S B B TP RO X AR IRTE 7

_ 1 2,

IEHERR - HAA [FIERRTE 7y SR S A SR Ry (T IE 2
TR R 0 AR Ay V2
288 MR BT R A IR V2 B ?

W% 2 RO EIERE Gap = Guyy— Agyy = Gugy + Ay * PEEFIF I RIIE

o

o
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Ehl: JEEE - NRRERNY TR EAHEE - ATARE R - AHE R T IR EREE

YRS
EHl PR AR BRI B EE 7
BE: O

ERl: Reh o KB T

pIEE—
B ¢ BEIEHEHE RS -

Be able to analyze relative velocity correctly.

A car moving forward horizontally, at the same time, there is no wind but is raining heavily.
If the velocity of the rain is 30 m/s then, the velocity of rain measured on the car would be?
(A) 30m/s
(B) 40m/s
(C) 50m/s
(D) 60m/s
(E) 70m/s

VRELLL 40 4 RUFD 2 B /KPR HE - IR T KRR > 5 R R Ry 30 A RUFD » RAIIFEEE
Tt Z P2y 2

(A) 30 A RUFD

(B) 40 A RU/FD

(C) 50 AR/

(D) 60 22 K/FD

(E) 70 A RUFD

(HUE 60 F£5K)
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#ZFH Solution :
FRE BT Vg, = 30m /(T ) ~ Vi = 40m/s(EITT)

ARERF KB A Ve

Ve

Y

i _
mE

-

MBS Ve = Vg — Ve = Vg + Vi ©

KR ATERE TR Vo = 50 AR SUEQ) -

According to the question, we can know the Vrain to place = 30m/s (downward) and

Vear to the ground = 40m/s(rightward)

Vcar to the ground

V]’“ﬂi‘l’i to the ground

4 rain to car

Relative velocity

— — — —

rain to the ground — Vcar to the ground = Vrain to the ground + VThe ground to car

Vrain to car

By the operation of the vector, the V,4in to car = 50 m/s. The answer is (C).

61 S ks per s o . g gt
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Teacher:
Student:
Teacher:

Student:

Teacher:

Student:

Teacher:

Teacher:

Student:

Teacher:

Student:
Teacher:
Teacher:
Student:

Teacher:

4
B
Sk
B
Sk

B

i -

oo I EFHEFL Y <

Does anyone know what the question wants us to find out?

The velocity of the rain with respect to the car.

Yes. What’s the relation to the velocity of the rain with respect to the car?

The velocity of the rain with respect to the ground and the velocity of the car with
respect to the ground.

Yes, and how do we present the equation?

— — —

Vrain to car rain to the ground — Vcar to the ground

—_

rain to the ground + VThe ground to car

Very good. Let’s draw the direction of these vectors.

Vcar to the ground

Vraiﬂ to the ground

|4 rain to car

Correct. Does anyone want to share how we calculate the relative velocity of rain
to the car?

By the operation of the vectors.

Great. Does anyone want to share the result of the relative velocity of rain to the
car?

It’s 50 m/s.

Bravo. So Vygin to car = V302 + 402 = 50 m/s .

Which option is the answer?

(©).

Correct. Well done!

o [ B RE P MR AT 2

PRAHETHY B ZRE

2t PRAR S BRI G R TEA RENE 7

FRAR TR R ZRRE > FIEE AR T Y 2R -
2t > AFATZ A0 ] AR AR e 2

Vi = Vigor = Vo = Vg + Vi ©
AEE o BRI —EEHE S EN T -
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T EHREEESS » RO Ve, 182

A R -
Rtk » IR B
550 AR -

> PRI AP AR B B AV 2R SRy (a]iE 2

IR » FTLL V= V302 ¥ 407 = 50 /A RURD -

Pt AT AP e % BRI 188 T g 2
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Chapter 3 Plane Motion

I EALATE RS & e
BVA A (Sl N S o |

H & ATE TP RGH ST - TRER E AR - BUnE P ESETT > E RIS =4

WS - EVIRSHBEELARE > A0 ¢ U P T R SR Sy - BN A - LR
R BT T R > MR EE B A EAG TR ESIER - AP > W

SR lE B AEAKRA > VTR R MR R (E (5 Tt A AR E AV BB - AT

—EEFTE AR ESESNIRS - GRS P EESA I -

FEEEARD - R T HRES | HAT 2= AR - BN B EMHRE 2 58 - AR

EAPEAESIRG - ZATA LUEE HE A o EEAE SR HESIFIP R -
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3-1 ¥HME=E
Plane Vector

N\

65

RENRAE RS E M EH P  [MEAIDABIECE - SIS Bl EHHEZE - [[ERY T - B4

BEoNEE - DUE
{SE FHSLEENs - 2T

VT E BRI 52
B S YEENEY

sl IR o S9N BER GEPATK

HESMHOUEERS - A]fe
A H/EEARE o AT E 2R -

HHFHA [F

BF thE BEF thaE
vector = trigonometric functions =R
scalar s diagonal Hraa
parallelogram SEATIUE T rectangular coordinates B4

Pythagorean theorem /
triangle =N=c)i BHLEHE
Pythagoras’ theorem
addition IS magnitude =N
subtraction ME P direction T3 1]
translation Fi parallel AT
arrow Fiae perpendicular FEH

BYRAREFEERET
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reversion K2 ] vertical HE
angle A horizontal 7K

[ ©® The __horizontal/vertical _ components of vector A is . J

4 © The horizontal components of vector A is Al

AMEE S EWFTRBA L -

[ (2] could be decomposed into . J

4 - The velocity of a block on an inclined plane could be decomposed into horizontal and

vertical components.

RBRAERNE ERVZRRE > T DA o8 Ry /KBl Oy &

i

[ ©® The absolute value of is . J

f514] = The absolute value of vector A is equal to the root of the A, squared plus A, squared.
Al = /sz +A4,°

[ ® The component(s) of onto are (and) . }

R A FEEEFRRSEA T4, P -

4] : The components of A onto Coordinate axis are A, and A,.

ATE x,y AefEsg FE5r & SRR R A, A1 A, -

B RPRAREFRETRIL (FEP FEERYE
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At the end of learning the chapter, students are able to acquire the following concept:
— - TRRIMENFRRE

Understand how to present vectors.
= MEAVILEEREGE

Addition and subtraction of vectors.
= TR B REEAAERORE

Understand vector decomposition and coordinate notation.

~ G R AR -

The multiplication between scalars and vectors.

o IEERE s

BlE—

St ¢ IEMEE T BV ARV REINE -

Addition of vectors in terms of component forms.

There are two vectors on the plane which are 4 = 61 + 5] and B = 2i + 1j.
Try to answer the magnitude of resultant vector of A+B.

(A) 2 (B)6 (C)8

(D) 10 (E) 14

Vi FAEWEE R HrhA = 61+ 55 B =20+ 1) SE&AE A+ B (NEEBSD?

(A) 2 (B) 6 (C)8
(D) 10 (E) 14
(HUEBERERR 111 Y88 | E=5E5 86 H 3-1 HE 1)

67
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#ZFH Solution :

R RIRE 0,] BN - e HEREEH - STRAEMFEEREE - Bl A/ E
MZBERN -

A+B =(61+5))+ 2+ 1)) =8i + 6§

|A+B|=+82+62=10

(D)

Firstly, we need to calculate the addition of components i and j, then by using the Pythagorean
theorem, calculate the bevel edge, which is the magnitude of two vectors.

A+B = (61 +5)) + (21 + 1j) = 8i + 6]

A+B|=+82+62=10
|4+ B|

The answer is (D).

Teacher: For this question, we need to calculate the addition of components i and j, then by
using the Pythagorean theorem to calculate the bevel edge, which is the magnitude

of two component vectors.

Teacher: Write down the two equations, A= Ayi+ A,j and |/T | = ’sz + Ay2 , on the

blackboard and let students practice for a while and ask them to share the calculation.

Student: A + B = (61 + 5§) + (21 + 1j) = 81 + 6§
|A+B|=+/82+62 =10

Teacher: That’s correct, which option is the correct answer?

Student: It’s (D).

A HRERMITRSTE R R R 1§ BRI A ARR T
I RARNE - BRI B E A -

ﬂ=/mﬁ+%2:ﬁ%m%W¢mﬁ%%$ﬁ@~%~?

A Ear EEtEEE -

I={i13

o
il
NS
o

HZEm - R
i HéF A:Axi+ij\
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Addlng the component vectors and calculating the magnitude of the sum vector.

Given the vectors A= (Ax> Ay) = (2-3) and B= (Bx>By) = (35 —2),
determine the following:

(1) Whatare A+ B, |[A+B| ?

(2) Whatare A + 3B, |A + 3B| ?

(3) Whatare —34 + B, |-3A+ B| ?

% A= (A A) = (2°3) »B= (Bx'By) = (3> —2) »HI:
(1) A+B B1 |A+B| &kfM?

(2) A+3B 81 |A+3B| &kfM?

(3) —3A+B #1 |-34+ B| &kfi] ?

(EUEEPRAR 111 EEEEE | BESEEBIRE 5)

#ZFH Solution :

W e EARANHYESE SR - AT LA R EEMZ AN - AEEE e ER
aEE > g8 KNI - stEBET

When adding two vectors, we can calculate the magnitude of the sum vector, or the addition of

the two vectors in a component form including the magnitude and direction, as the calculation

below.

Q) 4+B = (2,3) + (3,—2) = (51) » [4+B|=v5*+1> =26
(2) A+ 3B = (2,3) +3x (3,—2) = (2,3) + (9,—6) = (11,—3)

|4 +3B| = /112+(—3)2 =+/130

69 . or vy
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(3) =34 +B=—3x (2,3) + (3,—2) = (—6,—9) + (3,—2) = (—3,—11)

|-34 + B| =J(—3)2+(—11>2=m

Teacher: Write down the two equations, A= Ayl + A, jand |ff| = ’sz + Ay2 , on the

blackboard and let students practice for a while and ask them to share the calculation.
Student:

(1) 4+B = (2,3) + (3,—2) = (51) » [4+B|=v5*+1> =26

(2) A+3B = (2,3) +3x (3,—2) = (2,3) + (9,—6) = (11,-3)

4+ 38| = [112 + (- 3)2 = VT30

(3) —344+B=—3x (2,3) + (3,—2) = (—6,—9) + (3,—2)
— (—3,—11)

|—32+§|=J(-3)2+(-11)2=m

Teacher: That’s correct!

il KA =Ad+ A

Y

|=/&F+®2:ﬁ%m%WL’ﬁ%%¢@@a%~F
A P E T EEE -

W) A+B = (2,3) + (3—2) = (5,1) » [A+B|=V5+ 1 =26

(2) A4+3B = (2,3) +3x (3,—2) = (2,3) + (9,—6) = (11,—-3)

|4 +3B| = /112+(—3)2 =130

(3) —=34+B=—3x (2,3) + (3,—2) = (—6,—9) + (3,—2)
- (—3,—11)

|—32+§|=\/(—3)2+(—11)2:x/ﬁ
Ehh o 8E o KRBT
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3-2 FEESNAVHEM

R Description of Plan Motion

KER AL B R ~ B BERE - (2 BIHY B A ES) - AR F P SR -
EEEEE R ERA B o HoBRmER > FH=ARBEFRE TR - BIBIEE
EERSTR - A REREEYEE ERYESIR S -

—

EF thiE EF thi
position A=: average acceleration SRS
displacement fiLt% instantaneous acceleration WG 2R
average velocity SR drawing diagrams 3
instantaneous velocity | B2 be closed to AT

()

©® The acceleration of a free fall object is . 1

#5l45] : The acceleration of a free fall object is 9.8 m/s>.
—{E & FPE RS AT IR S B AE fy 9.8 m/s?

71 :
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® In two-dimensional motion, the can be presented as
on the rectangular coordinate.

47 (1) = In two-dimensional motion, the position can be presented as (7, n,) on the

rectangular coordinate.

1 4B T - B E A AT DR B 1) -

#4712 - In two-dimensional motion, the velocity can be presented as (V, V;,) on the
rectangular coordinate.
TE 4 - BN EAAME DIFRR R (VK W)

#4](3) = In two-dimensional motion, the acceleration can be presented as (a, a,) on the

rectangular coordinate.

FEdeEs D R ERTE AR IR R (ay ay) ©

o BEEHE »

AR IR - 2AEEBIITER
At the end of learning the chapter, students are able to acquire the following concepts:
— ~ REFt AP A ENHY L B SRS -

Describe the position and displacement of two dimensional motion.

+ RES IV T AR S A 2R B IR E

Be able to describe the velocity and acceleration of two dimensional motion.

3D BB EERE TR PR EEERY
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w BIREERE o8
BllE—

St | REEE S BIP A HEENRE - SRR EE
Calculate the magnitude of the velocity at a certain moment by the velocity and the

acceleration in the component form.

On a plane, an object is moving in uniformly accelerated motion. Its initial velocity is V, =
—51 4+ 2j and the acceleration is a = +5] (presented in Sl unit). At the end of the 2 second,
what is the velocity m/s?
S SR RS EES)  EAJR Vo = —50 + 2 I @ = +57 (FfrE R SIE):
Al 28 RYIRGH RS B1EH K2/ m/s?
(A) 6
(B) 8
(C) 12
(D) 13
(E) 15
(HUE pElghi 111 B2 P0hG | 55 88 H 3-2 #E[ERE 3)

#ZFH Solution :
RSN V =V, + at 115 V=(- 51+ 2j) + (+5j)) x 2 = =51+ 12j

V| = (=5)% + (12)2 = 13 » &35(D)

From the formula V = V, + at, we can know V = (=5 + 2J) + (+5)) X 2 = —5{ + 12

|I7| = \/(—5)2 + (12)% = 13. So the answer should be (D).

73 L s g g ey
FPORBRAEEFRET RSP (FRP EFRGETF



KT FR T ENET P oo L EEHEFEL L

Teacher: What is the kind of motion in the question?

Student: Uniformly accelerated motion.

Teacher: (Remind students of the three formulas of uniformly accelerated motion, and let
students practice for a while, and ask them to share their calculations.)

Student: From the formula V =V, + at, we can know

V= (=50 +2)) + (+5)) X 2 = =5{ + 12

V] = /(=52 + (12)2 = 13

Teacher: Yes, so which option should we choose?
Student: (D).

Teacher: Great! That’s correct.

CHT . BERIAE R ) ?

B BN EE) -

EhD . GEREEEEEE RN WEERAME  F— TR LEEEE
2 <)

BE lEINEE AR V=V, +at TfF
V = (-51 4 2)) + (+5f) X 2 = -51 + 12j
V] = 92+ (12)7 = 13

SERN 28R o P DAT I A% R OIR{IE SETEE ¥

241 (D)

RN R8s KEET

5

74
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BIE_

st AR B AR ~ KRR ~ RS - B ECPEIIERE -
Calculate the average acceleration by the initial and final velocity and time in the form

of the components.

The initial of an object is 71 = 4.07 — 3.07, after 5 seconds the velocity becomes 72 = 2.0 +

5.0j. All the units are m/s.
(1) What is the average acceleration a3 of the particle? Present it as the unit of the vector.

(2) What is the magnitude of the average acceleration?

OB BRI FyVy = 4.00 — 3.0f > 5s (R BV, = 2.00 + 5.07 BT mis -
(DI EEEATTIINEE aqs BT ? HLLEMARET -
Q) PN a5 (TRMEZK ?
(EUERE—HE 111 s | HRE)

f#E Solution :

MRt BB 2 72 » 19575 S PPAIVEREEEL (Av) » FRKIZEREE R
HEnE#E(a = i—:) « AN REHERR &P Frbl#EE a = i—'; Rf > T 1,J o ST
BIETH -

a T —
av At At 5

lags| = /(—0.4)2 + (1.6)2 = 0.4V17m/s?

. AV V,-V; _ (2.0i45.0))—(4.0i-3.0)) _

—0.41 — 1.6§

We need to calculate the subtraction between initial and final velocities to get the change in

velocity (AD). According to the changes in velocity, we can get the average acceleration.
. : o : .o A .
In addition, since the title is known to be in component form, when calculating a = A—:, the i and

j components need to be calculated separately.

. AV V,-V; _ (2.0i45.0))—(4.0i-3.0))

a = —
av At At 5

lagsl = /(—0.4)2 + (1.6)2 = 0.4V17m/s?

—0.4{ — 1.6§

75 ,
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Teacher:

Student:

Teacher:

Teacher:

Student:

Teacher:

1
sk

EH

EH

DT FRT R KT P oo IR EEHEFT Y <

What is the formula of average acceleration?
Change in velocity over time taken.

. . . . —_— AA
(Write down the formula according to the description of the students a,, = A—:.)

So We need to calculate the subtraction between initial and final velocities to get
the change in velocity (Av"). According to the changes in velocity, we can get the
average acceleration within the five seconds. Based on this we can determine the

AD

average acceleration by a,, = 7

In addition, since the title is known to be in component form, when calculating

N

A : :
a= A—Z , the 1 and j components need to be calculated separately, and let students

practice for a while, and ask them to share their calculations.)

— AV V,-V;  (2.01+5.0))—(4.0i—3.0j) o o
— 2 — =—-041 — 1.
Qo = ;=" = - = —0.41 6j

lags| = (—0.4)2 + (1.6)2 = 0.4V17m/s?

Great! That’s correct.

i PR A U R fRIIE 2
RPE LR AR -

(REAESGRE T AR T = 20 0 LA Bl VBt S EA > 7 - 3

B GE > (BEE 5 PNV EEAY ) » PRI S 1ok s

556 NEHER R EIF > FiblER a = i—: ke > T 1] B AR

FRFHE—T » H— FHEE LT EE -

AV _V,—V; (2014 5.0§) — (4.0 - 3.0))
Gaov = AT T A 5
lags) = /(—=0.4)2 + (1.6)2 = 0.4V17m/s?

2k KT

= —0.41 — 1.6]
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3-3 KI5
Horizontal Projectile

‘ /

AR T — i AT AR E Sy - RS S B AT R BRI - LR AR
B0 R R/ KT RIS RS, » R E T MRS IS 2 S o AR FAMTRHRST
AR RS - ZATEOE R AR R - sTE L - FHEET S B SEETE - 3
TS EZ AT > FRCE YRR

E¥F thEE ¥ thiE

horizontal

independence of motion | ZHENFE /M TKSEAL R/ 12
displacement/range

projectile motion A E vertical displacement i E IS

parabola b IR initial horizontal velocity | 7K-FERJZRE

horizontal projectile TS5 landing time FRATHERA

trajectory equation B TRE

77
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In projectile motion, the is . }

: In projectile motion, the horizontal motion is uniform.

PIESERE - KV RIS E R ) -

Using simultaneous equations, we can get . }

Using simultaneous equations, we can get the trajectory equation.

[REE= avARI RS i) 7 S

has nothing to do with . 1

: The landing time is related to the height only and has nothing to do with the horizontal

initial velocity.

TRATIRF R B S AR - BUKP 7 R 2 R R SR

is/are independent of . }

HOK

The horizontal and vertical components of two-dimensional motion are independent of

each other.

KT IR SG B S (A RS - Rt G AR -

~
BRI E 0 HFEFREFIL v

B RPRAREFRETRIL (FEP FEERYE
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At the end of learning the chapter, students are able to acquire the following concepts:

— ~ TR ES T RS ZE R IR KT R E )
Understand that in horizontal projectile motion when ignoring air resistance, particles
would move uniformly in the horizontal direction.
TP R o RS ZE RS TR S E T R E H SRS -
Understand that in horizontal projectile motion when ignoring air resistance, particles
would move free falling in the vertical direction.

=~ REAUK PSR S B TP YL B KT IR E SRR 52 -
Be able to describe the motion of the horizontal and the vertical components in projectile

motion.

o IEERE s
{5l RE—
BREH ¢ LhiE B T R S B > A R

Compare the relationship between horizontal projectile motion and vertical free fall

motion.

Iron ball A and ball B are released from the same height and at the same time. Iron ball A with
100 grams falls horizontally and iron ball B with 200 grams does the free falling. Two fall on
the same ground, as the picture shows. Ignoring the air resistance, which statement is correct?
(A) Ball A had a longer path and touched the ground more slowly.

(B) Ball A had a higher speed and touched the ground faster.

(C) Ball B had more gravity so it touched the ground first.

(D) Two balls had the same acceleration so they touched the ground at the same time.

79
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HH . W S K B FH A [ e FEE R > EEBR 100 SELI/KSEETH - 28k 200 e H i TR
BRI E — Kt > UGB - SR a2 AT > YR ] TR 7

TP
5

L

o

(A) FHERECEAYER (IR > PEEE i

(B) FEKESIHYESRECHR - LR TEH -

(C) ZEREERKRZHVETTIR » SLICRICE S -
(D) RABRESCAHEIRTIIZRRE TEE - R -

(HUE 83 FH AR 35)

fiZ38 Solution :

Se SR - iR Ry K7 A R S8 7 [ 2 e H R {E 7 =) AR - HoA o §i

HI7R{EE BEieEE) - FrLUE S S AR - BLKOE 2 U123 ERR o BT DA
AR IS B B H VRS » W SR I A S

% (D) -

Firstly, we can classify the projectile motions into horizontal and vertical motions and each is

independent. The vertical motion is in free falling so the landing time is only related to the height

and has nothing to do with initial horizontal velocity. Thus the landing times of the projectile

motion and the vertical free falling are the same.

Teacher:

Student:

Teacher:
Student:
Teacher:
Student:
Teacher:

Student:

Does anyone know what kind of motion the horizontal and vertical motions do in
projectile motion?

Horizontal motion does the uniform motion and the vertical motion does the free
falling.

That’s right. How do we get the landing time in the horizontal projectile motion?
From the vertical motion.

Yes, Do the landing times of balls A and B touch the ground at the same time?

Yes.

How come?

Since both landing times are calculated by the free falling.

RO AR EEHETREL PR EEERY
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Teacher: Does anyone want to share the formula of the landing time?

Student:
uden T = %.

(Write down the formula according to the students’ description.)
Teacher: Great. Since the equation of motion is h = % gt?*, we obtain t = 2;

Teacher: So is the landing time of free falling related to the mass?
Student: No.

Teacher: Right. Do balls A and B touch the ground at the same time?
Student: Yes.

Teacher: Great. Which option is the answer?

Student: (D).

Teacher: Yes. Good job!

LRl EEMEEE SN KT RS E TR > S RIE T EE) ?
B KPS RE R ) S E T AIE E Heae ) -

Rl 28 RMTERZ A SRl EEh TR TR ?

Bk 0 HREEHSTE TR E HE R A Al -

RN J28E o AL NI ZEYIRATIR R A E S ?

R Ry ?
24 0 NRREEE L E SR T BRI -
Ehl - REF > AVERAFREEE T H SRR TR R A2 0E ?

- . 2h
T = ;

BT R FREBAT: h=1gt2 FiLIEE = \/g
(AR RITRE - EEERTIRE R A

EEW 0 %8 HER R Z AR THE RS S AH RS 2
Bag: g

RN 0 ARAE - PTRARAM e EER{E B EE 7
B4 (D)

LRl J2sh o KT !
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Analyze and calculate horizontal projectile motion correctly.

Stones A and B have the same mass and are thrown horizontally from the same height and reach
on a plain ground. Knowing that the initial velocity of stone A is two times higher than that of B
and ignoring the air resistance, which of the following statements is incorrect?

(A) The trajectory of A is longer.

(B) When reaching the ground, stone A has more energy.

(C) When reaching the ground, both have the same acceleration.

(D) Both have the same landing time in the air.

(E) When reaching the ground, the vertical velocity of A is larger.

H - ZWEEMHEE NG T BE—&ELDUKEIT a2 S - S5 Hay i
ERIFEIRIER Ry L0 2 1% > FEAETZERIES] - RN SIRG a4 R 2
(A) FHEYETRZEOK -
(B) “&ihiky - FHEYBIRERX -
(C) F&uhiy > MIEAYIIZREMSE -
(D) RIEAEZE PHYIRATIF A -
(B) &y » FEEERVSE P BB -
(U 91 F5% 1)

fZRE Solution :

RS ) - A BT e F B g ieEs) - AP R R ES 2R ) -

N~ Z a1 BEHEEEACHIE - BrLORITIRE T A - #(D)H -

(AKEHFE R=Vy XT -

R H TR ER 285 09 2 15 - AR B KSR B SHY 2 5 (A)$T -
B)RIRATHFEAEE > FrPAH ~ ZZ 8B 5 R EAE - BAE TR EAE - FRIEEE
FNE R YIRS K ZHVERE - 1 EhRE AR 2 IEAHRE - IR R AV EhEE K ZHVEhAE
(B -

(O & R EENNERE g - E(C)¥ -

(BYATRITHF A By AR RS B 7y B0 LR B 7T EAHTE  I(B)$E - iUEE(E) -
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In the horizontal projectile motion, the vertical motion does free fallings and the horizontal
motion does the uniform motion. Since the two stones are thrown out horizontally from the same
height, the flight time is the same.

Thus (D) is correct.

(A) The horizontal trajectoryis R =V, X T.

From the question we can know the initial velocity of A is two times faster than B so the projectile

trajectory is two times longer than B. Thus, A is correct.

(B) Because they reached the ground at the same time, the vertical motions of A and B are the
same but the horizontal motions of A and B are different. According to vector summation, the
velocity A is higher than that of B, and the kinetic energy is positively associated to the velocity,
so, the kinetic energy of A is larger than that of B.

Thus (B) is correct.

(C) Both have the same gravitational acceleration, g, thus (C) is correct.

(E) Because they reached the ground at the same time, the vertical components of the velocities

of A and B are the same, thus (E) is not correct. So the answer is (E).

Teacher: Does anyone know what kinds of motion the horizontal and vertical motions do in
projectile motion?

Student: Horizontal motion does the uniform motion and the vertical motion does the free
falling.

Teacher: Yes, then is the time in free fall related to the height and the mass?

Student: It is related to height but has nothing to do with mass.

Teacher: Great. Both stones fall from the same height. Are their landing times the same or
not? and why?

Student: They are the same because they fall from the same height.

Teacher: Good. Everyone practices the question and later we will have someone share the
answer. (Waiting for a while.) Is everyone done? Are there any of you who need
time?

Student: We are done.

Teacher: Good. Let’s start with option (A). Does anyone want to share the thinking process?

I will go first. The option (D). We just mentioned that both of their flight times are

the same so (D) is correct.
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Student: (A) the horizontal trajectory is R =V, X T. From the question we can know the
initial velocity of A is two times faster than B, so the projectile trajectory is two
times longer than B. Thus, A is correct.

(B) Because they reached the ground at the same time, the vertical motions of A and
B are the same but not the horizontal motions of A and B are not. According to vector
summation, the velocity of A is higher than that of B and the kinetic energy is
positively associated to the velocity, so, the kinetic energy of A is larger than that of
B.

Thus (B) is correct.

(C) Both have the same gravitational acceleration, g, thus (C) is correct.

(E) Because they reached the ground at the same time, the vertical components of
the velocities of A and B are the same, thus (E) is not correct.

Teacher: Great. Which options should we choose?

Student: (E).

Teacher: Correct. Well done.

RN FEMEE o SPHEENH KT R B E T o S EE ) ?

B 0 KR REFEREES) S E T R(FE dis ke Ee) -

ERN 28 ANE HEReRIR RIS - BEARNS ?

B NSEAR > FMERER -

RN ARG AVER -~ ZW AT B HEEESE T AR TR E e E R A FE 2

PR 2
B4 afHE > KB HESEXET -
EH (R I ARRBEEEE RS THERSEECNER -

(B—G 5 ) REEGREE 76 ? B F AR R 2

BA4 T HEET -

Zhl R AR (A)ERIERE G - AR A RIS B S H CRY BB 7 ZEh5
A& - (D)l 35 48 H ZHYTRITHS EIAHE] - BT LAD)ET -
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(AKPEIE R=VoxT -

PR B BRI 20 s ST WA (S - P DA B7K SRS By SRR d50(A) ¥
(B)AFRATHF A » FrPAR ~ ZZ s E 5 [ 2R AR - B/ T R EAE
RIZ A EAYERE - FHEVERE AR ZHIZREE » EhAE IR S 2 IEAHEE - AL FHY
BIREATY LHVEDRE - HU(B)%S -

(ORI EH RHEENEE g > B(C)H -

(BE)YRTRITHF RIS - Fr AR SRS RIS B B L ERS E BT - #U(E)
BH

R > FTLLTRAM L BE e BE TR E 7

(E)
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3-4 Rm@is
Oblique Projectile

AERFE S A A B T AR R S S o i EE R E A EE R R L
HUBILNE - NIE - ATRR I AGAE S - S AR R /KPS RIRY RS - UK EL T [AIHY
HIEE) o AT > BAFEGRIAMSTESIYEEMS - 0T AR

(8 FHIREER - EREE R YR E « A - fFEHEET S BERERAYAIRE -

EB¥ thiE EF thiE
elevation angle {7 oblique projectile AT
vertical component ShETE vertical projectile S E E
horizontal component K&
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©® When is constant, and , the would be
different as well.

#14] - When the magnitude of initial velocity is constant, and the elevation angle is different,

the trajectory would be different as well.

YRR ER - BRI ER - PIRer St e A E o

[ ® In motion, the _ does __ motion. }

#14] : In oblique projectile motion, the horizontal motion does uniform motion.

RHE R E B KT R E SR E RS -

[ © opens ___ upward/downward. }

#54] : The parabola opens upward.
SR EE L E B

o« BEEHE »

AR TE - ZAEEBLITER
At the end of learning the chapter, students are able to acquire the following concepts:
— ~ TEERHIE A ES) T o REEZE R - KT R )
Understand that in oblique projectile motion when ignoring air resistance, particles would
do uniform motion in the horizontal direction.
TR A R o R RS TR o s E TR RE B ) -
Understand that in oblique projectile motion when ignoring air resistance, particles would

do vertical projectile motion in the vertical direction.
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=~ REIB SRR S AOR R P T B B K T TR -
Be able to describe the physical quantities of the vertical and the horizontal directions

regarding oblique projectile motion.

» BIREERE o8
BlE—

StH ¢ BIRHEST EE T IR 2 T BT -

Analyze and calculate the motion of oblique projectiles correctly.

When a baseball reaches above the home base, at a height of 1.0 m, the hitter hits the ball in
the opposite direction at an elevation angle of cos8 = % and a speed of 126 km/h. After being

hit 5.0 s later, it just flies over the home run wall. What is the height above the ground when
the ball flies over the home run wall? (Assuming the ground of the baseball field is level, take
the acceleration of gravity g =10m/s?)

(A)4 (B) 8 (©) 10 (D) 12 (E) 16

PRERIREARSEN BT > TR 1.0 m AYSE - TR E DB KSERIR A R 6
(cos 6 = g) HIA ~ EER 126 km/h HYZRE S B H, - sZBRAEMCEE TR 5.0 s 15 %FTR
MR THENY 22 - EREORME R TIEH > BEtEEAZ /D m? (e
Fo7KF - FUETTIERE g =10m/s?)
(A)4
(B) 8
(©) 10
(D) 12
(E) 16

(HUE 110 55 4)
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#ZFH Solution :

BRI B > oK (R EGUER) ) - RS E (MR ES) )
WE & - N dE e REHREREE > AU R EETRI - Vo, =V,
BRI Vo = 126 km/h =35m/s -

YRR B E T TR Vo, = Vo > sinf = 35 X2 =28m/s(1) -

SPEBRITER% - 450 5s VS ELMIRE Ry h > RIS E) A5

h=Vot—2gt? =28x5--x5-2-x10x52=15(m) -

HePRYINERRE g 0 JFEIET o BTLAREH (=10) A o DRIBL - R S T o Bt
& H=1541=16(m) - ##E(E) -

The motion in the question is in oblique projectile motion so we have to classify it into horizontal
component (which is in uniform linear motion) and vertical component (which is in uniform
accelerated motion). Because the question requires only the final height, we can only calculate

the vertical motion.
The initial velocity when the ball is hitis V, = 126 km/h = 35m/s .

So the initial velocity vertical motion Vo, = Vo, sinf = 35 X g =28m/s (1) .

Assumed that the displacement from the hitting moment after 5 seconds is h. From the formulas

of uniformly accelerated motion, we can know
h=V,.t ! t2=28x%5 1><5 1><10><52—15
= Vot T 9t = 2 2 = 15(m)

Knowing that the acceleration is g and be downward, put (—10) into the operation
Thus when the ball was flying over the home run wall the height from the ground is 15+1=16
(m).

So the answer is (E).

Teacher: As the following figure shows, (draw the picture of the trajectory the baseball flies

and ask students what kind of motion it is.)

AT

Student: Oblique projectile.
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Teacher:
Student:

Teacher:
Student:

Teacher:

Student:

Teacher:
Student:
Teacher:
Student:

Teacher:

EH

B
1 -
B
- ¢
B

ERi

0o I REHEFL Y <

What kind of the motion do the horizontal and vertical motion do in oblique
projectile motion?

Horizontal motion does the uniform motion and the vertical motion does the free
falling.

Yes, and how do we determine the H (answer could be seen in the figure)?

His h+1.

That’s right. How do we determine the H? Please practice it and later we will have
students share their calculations.

The motion of the vertical component in the oblique projectile motion is uniformly

accelerated motion. So, from the kinematics formulas we can know that
h=Vo,t —=gt? = (Vosin@)t —~gt? = 28 X 5 — = x 10 x 52 = 15(m).

Great. So what is the H from the ground?
l6m.

Excellent. Which option is the answer?
(E).
Correct. Good job.

W NEIFTR > S EEREUEBTRAYER (R E > IR 222 AR BR (T feE A
8 ?

i5m/s L
Vg h
1] 3 H

1m
G e e

FHE S -

28 > AR AP A B BUKJT [A & F RS IR ?
KT RS, © aE 5 F{Fe E b -

2t ERMZAOMEL Hg ? (3R © s ET)

H & h+l o
s IR E Y h e ? SF ARG EEE > F— THEREB LESERERE

BB AR EERE TR PP FEER

¥
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B RHAEN Z S5 EA A > B ME I ES) - ES A
1

1 1
h=V0yt——gt2 = (Vysin @)t — = gt? =28><5—§><10><52 = 15(m)

2 2
Ehh s 1RFE - FRDABEIS S H 226/ DIE 2
B4 16m

EHN 0 FEERE o PTDATRFIERZ R E EETE e
B4 (B)

ES: IS R N

plE_

SR ¢ A SRR AR S A B A (A -

Be able to comprehend the diagrams regarding oblique projectile motion.

In a baseball game, the hitter hits a home run by swinging the bat diagonally upward. Ignore the
air resistance, so the horizontal motion of the baseball is not affected by any external force when
flying. Which of the following graphs can represent the relationship between the horizontal speed
Vx of the baseball with respect to its flight time t before landing?

PREREEFE > fTRE A AR ED7HME > BIEIREESRIT - EAFRZRE T - IR
FEZE IR TR AR ITRAS IR A - BT FUIEI (]2 o] DUCEREEERA /K 5 [ 2 VX
BRI b iRATIRF ] t AYRE (R 7

¥r
'y

(HUE 101 5271 66 )

#Z8H Solution :
R IR - HAZE(E AT > FrLUKSE T RIAZESNIER - e dER FEE
AEE) > BT DUETBG 20 2 AR B R 8 o BEE(A) -
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In an oblique projectile, the only force reacted on the object is gravitational force downwards.

Therefore, the horizontal motion is not influenced by any force, and thus it does constant velocity

motion. So, at any time, the horizontal velocity remains the same.

So the answer is (A).

-
g
4 -
B
4 -
g
4 -
B
4 -
g
4 -
g
4 -

Teacher:
Student:

Teacher:

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

Teacher:

What kind of motion is in the question?
Oblique projectile.
Yes, according to the question, what does it mean that horizontal direction is not
influenced by the force?
Horizontal acceleration is 0.
Yes, so, what kind of motion is horizontal motion?
Uniform motion.
Yes, so at any time, what would the velocity be?
Remain the same.
What would the v-t graph be like if the horizontal velocity is the same?
It would be a horizontal line.
Bravo. Which option is the answer?
(A).
Correct. Well done!
a7 M S RERRREK - (EUE B 7
R EIP ) o
258 0 IRIEEHE - AP RAZINT - B e R TR RE
IR R 0 -
238 0 F KPS [ g R Eh G ?
R E )
REF » P DAAEAEATT I 2 7K P2 R 4 {al w2

IR -
TR FE RN A v-t B - B 2 ETERE ?

TKIPAR
FEFEE > A ABAM ez SR E 2 T e 2
(A)
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Chapter 4 Newton’ s Law of Motion

BT EALATE RS & BHEY
BT ALRIE RS T GE R AUERE

FERTEISSE S - Pl 7RO (AR ae Y EBIRAS - SR i E B bR AR R
TIERT o EAERTEKMES "1 BBV ESREE(L - DIk
JIRTRESE > BT - FATRES T AE= S E ) o SRR YRR R EB (L
PG H AL RAVESHS -

FEBEART - EHEANESA TS - EEERE T AT LI ARG T ~ R4S
{EHVEESFaLG - A SUE MAE Sm B S - R -
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Composition and Decomposition of Force
\

AI—F Y 2EE - ELZENERERRYRE L Sz e ] fh=/m%  fp
TTVUB A S o Mot ISR - 5 TR 2R 0 LA 8 Wi (E EAR T LAY 3 7T
REERTEEUKY SR VIGRELAGR 7 7] - AR AR IR G RER IR e HEY -
RIS -

{56 FHARENT - EATE LR SR B g s - fERA N - A B ey

]|
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BF thiE BF thE
analysis et (4EE) horizontal K
analyze Sy (EEA)) perpendicular FEEN
resultant force =V vertical P EHY
force component 5377 inclined plane FHA
tangential component IESawa) vertical surface #E H.[H
normal component BT parallelogram rule SATIUE A
free-body diagram palizbag iy triangle rule =Mk
parallel SEATHY translation Er%

=

B RPRAREFRETRIL (FEP FEERYE
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[ o could be decomposed into . }

/5] : A could be decomposed into tangential and normal components.

A T DLW R AR A R & o

[ ® Combine and to form . }

#14) : Combine force A and force B to form the resultant force C.

AF1 Ba[LsaRk C o

[ (3] is parallel/perpendicular to . }

4] © The force 4 is parallel to the force B.
A 1 B EMIVAT -

[ o parallel/perpendicular to J

fil5) : The component force of A parallel to the inclined plane is 10N.
A SPATIRRNE 5 FIEY 73 772 10N -
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o BEHE »

B EARETTR - RAEEGIITES
At the end of the chapter, students are able to acquire the following concepts:
— ~ M =AIEEECH TR A E I &R -
The force could be composed by the parallelogram rule or the triangle rule.
= RTINS o BHEDD - AT AR R K BRI E B
When analyzing force diagrams, each force could be decomposed to the horizontal and
vertical components.
=~ BFIRE RS > "R AR TR Y o3 IR BRI 53T
For problems associated with inclined planes, each force could be decomposed to the

components of parallel and perpendicular to the inclined plane.

o IEERE s
5l RE—
BREH ¢ IEREREA BYER

Apply composition of force correctly.

The magnitude of two common point forces is certain. If the angle between them increases from
0°to 90°, which of the statements is correct about the magnitude of the two resultant forces?
(A) decrease first and then increase

(B) gradually increase

(C) be no changes

(D) gradually decrease

(E) increase first and then decrease

W AN Ry —E Y 8L > AR PR Y 0948 22 90°Hy » RIS TIHT AR/ -

(AR Mg (B)iZ 0 (C) R
(DYZERBI (E)JH I BN

(62 F£HK)
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#Z8E Solution :
WHABFTR > < 3B EER A R 6 0 HhéRZ e o5

&4 =\ F%+ F,? + 2F,F,cos

720 0°H4 % 9085 > cos HH 1 H7EZE O
FIDAE JI7RAR, > 5058 (D)

Assumed that the angle between the two common

points is 6. From the Law of cosine,

we can acquire that the resultant force is equal to +/F;% + F,2 + 2F, F,cos
If 6 increases from 0°to 90°, cos gradually decreases from 1 to 0.

Therefore, the combined force is also gradually decreasing.
So choose (D).

Teacher: (As the following figure shows, draw it on the blackboard.) As the question
indicates, how do we draw the free-body diagram?

F,

F

Student: Using the parallelogram rule or the triangle rule.
Teacher: Good. Let’s practice and have students draw it.

Student:

Teacher: Great. How about the magnitude of the resultant force? (Explain the concept of
translation according to the figure drawn by students.)
Student: Using the law of cosine.

Teacher: Good job. And we have some students share their calculations.

Student: Resultant force = /F;2 + F,2 + 2F, F,c0s.
Teacher: Excellent. When the 6 is from the 0° to 90°, how would the cos 8 change?

Student: It would decrease from 1 to zero.

3R AHBERRETRLL PRP EERNTF
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Teacher
Student

Teacher

: Great. So how does the magnitude of resultant force change?
: It gradually decreases.

: Bravo, so which option should we choose?

Student: (D).

ERi

Bt
A

B

I

B

4 -
m

4 -
g
4 -
B
4 -
: (D)

(0N E - FoREE RN L) A B Rl - AT A= L A& TI0E ?

£

LFZ

MAHTUE AR AP -
R EAFEE— T HMTEF - THERRELGEEE -

RAF > AREAMTRZ AR & IR/ NTE 2 (R SR A B S AP RS - 7555
= NE) -

F

I ERZEH -

Ri% > F5[ES Ear SEtEiEiE -

&= JF,%2 + F,% + 2F,F,cos °

R > EHEPTAL - 0 1 0°34 2 90° > cos & ELI{AIE ?
GH 1 EWKE O -

R - P A& 0 R/ NE Qa2

IR, -

2t > ARERAMERZ 15 AR BETHE 7
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Apply force diagram analysis correctly.

Two people pull a boat with ropes along the canal. If the boat is to move along the central line
of the river, the magnitude and the directions of the two forces are F1, F2, 6;, 8, as shown in
the figure below, then the relationship of these four variables should be:

(A) Fysin@, = F,sin0@,

(B) F,tanf, = F,tan0,

(C) F;coth, = F,cotb,

(D) F;secO, = F,secH,

WA %LJLMEEF“?X@J Fit o JNAR(ERE R AR AE > WP 2 T R E T 1A%
Fi~F2~ 0y~ 0, AITIE > AIELPYSE IR A
(A) F{sin6,; = F,siné@,
(B) F,tanf, = F,tan0,
(C) F,coth, = F,cotb,
(D) F;secO, = F,secH,
(HUE 69 A

fZFE Solution :

MRS RE H RO e AR A T > FRomm ) 2 88F0 > a5 1 > JREIN = H
AT Sy & 2 F ks 0 0 B[l Fysin@, + F,sinf, = 0
FilLA F;isinf, = F,sinf, » H#E(A) -

F

F
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According to the condition of the question, moving along the central line of the river represents
that the sum of the perpendicular component corresponding to the river bank is 0.

Thatis F;sin6; + F,sinf, = 0.

Therefore, F;sin8; = F,sinf,. So we should choose (A).

Teacher: Based on the figure on the right hand side, please infer in which direction the
components of Fiand F» would cancel each other?

Student: The components of up and down.

Teacher: Great. Since the boat is moving toward the right, the resultant force vertical to the
direction of the velocity is 0.

Teacher: Now everyone should practice decomposing the two force, 1 and F> then we will

have students share their analysis.

Student:
F, /0
1 Fo)
2
g .
|
F\ | 11

Teacher: Great, according to the question, in order to make the boat move along the central
lobe of the river, what is the perpendicular component of the resultant force s?

Student: It would be 0.

Teacher: Correct. What’s the equation of that? We will have students share their calculations.

Student: F1sin@; + F,sinB, = 0

Teacher: Great, so which option should we choose?

Student: (A).
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ERi

A -

B

1 -
B
i :
B
1 -

B

fREEAE - 55
C BTN
R -

0o IIFAEFRTFEL

REFeHNEr - Fi e F FEETET5 [ 53 TI & 108 2

1REF » BN EIEARTE > BTDIE B EE T HA & IEERE
HARZHER 1~ F2 MIENN 3 > E—THEEELESE -

IRAE

TRAT - {EE H AT > SRR ] o L ER AT
FHOe

2

ASA el HEER AR 2 35

F;sinB; + F,sinB, = 0
AT AT e R 2R EE 2

236

(A)

HEEE

BPOop AR

W TRV E o B S T ERZ AR 2
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4-2 EHEAEE—F#E
Inertia and Newton’ s First Law of Motion

AE PR E F H AE T RApl T o (PR ERE TR R - RIS Ziit & e

woa B RHAT S B > BLARHSE —E B BT e AR AR R i -
AEERTR AT AE B > 5 8R4 T B MR BT — e e - BRI EE A
REATERAEATL(EAYEE S o EEMS DRV -

BEF thEE BEF thiE
inertia =88 in motion #IE
remain HEFr constant velocity I
state of motion HEFEIRAR center of mass =N
stop/standstill/at rest R body/object YiEe

(1) remains . J

[

4] - When exerted by zero resultant force, a body at rest remains at rest or remains in motion

at uniform motion in a straight line.

BYmefT eI RE > AR BraiFER EaES) -

BYARABEFRETREIP (PP BFREF


https://terms.naer.edu.tw/detail/3153397/?index=1

0e HFFXEFRREFLY

s
':%;5) ?%?%"KF ? 5 i’ﬁ,{ﬁrﬁf’s 7
[ (2] stand still/keep still/hold still/be at rest }
4] - The center of mass of a body is moving at the same velocity or standing still/keeping

/=] -
still/holding still/at rest
PIBGHYE AR R RS o SRMERFAR AL -

is

[ © The force on
4+ The resultant force on the body is zero

V271 %

be affected by
4 - When an object is not affected by the external force, it remains at rest or in motion at

o
K&
constant velocity

Ve 2N OTER

Rk A S AR L B U

BEEHE »
FEEEE AR TR - BAEEBIINER
At the end of the chapter, students are able to acquire the following concepts

— -~ THEMIESR -
Understand the definition of inertia
M) ER-E M EE -

T RERAUHEE
Understand Newton’s First Law of Motion

E:P%?’t?

RS F P

EHERT F
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Apply and analyze inertia correctly.

Student Zheng stood in a moving car, and when the brakes were applied to the car, her body
would lean forward. According to the picture on the right, which of the following is the main
reason for Student Zheng to lean forward?

(A) The car gives a forward force to Student Zheng.

(B) The air in the car gives a forward force to Student Zheng.

(C) The ground on the car gives a backward force to Student Zheng.

(D) When the bus brakes were applied, the direction of the body weight shifted.

S IEAE TR AR > B ERY > MRS A G AT o (RIBGE > YIRS
il B [R5 By A (AT T O A 2 B2 R 2

(A)ELERAE B [F 52— [ ey T -
(BYEENZE R Y [FE—ERTHYS]
(CO)EEHRAS & [FE—RRHEERT] -
(D)Ed S EF > D052 T Y RS E A ITA -
(HUE 93 FE2H 12)

#ZFH Solution :

R IEMERVRR S - o RIS AR S ORFF IR AV EHENIARE ([RIFIfEE) ) - BRI & AR 2 [
AR EENAYEA o R A — 1R BB AR (- Eo = R eI A S S - (2 R B K
TEMERITE - BHOEC) -

104 ,
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Because of the inertia, Student Zheng would tend to remain in her original motion state. In this

moment, there’s a tendency of the relative motion between Student Zheng and the ground, thus,

a backward friction is generated to prevent the relative motion moving forward. However, the

upper body still leans forward due to the inertia. So we choose (C).

EH

g
4 -
g

ERi

Teacher:

Student:
Teacher:
Student:
Teacher:
Student:

Teacher:

Student:

Teacher:

Student:
Teacher:
Student:
Teacher:
Student:

Teacher:

Student:

Teacher:

Have you ever experienced the sudden brakes applied to the car when you are in
your parent’s moving car? Did your upper body lean forward at that moment?
Yes.

Why do our bodies act like this?

Due to the inertia.

Great. What’s inertia?

Remain in original motion states.

Correct, every object has a tendency to remain in the original motion state.

It is called inertia. And what’s the original motion state of Student Zheng?
Forward.

Good. So when brakes are suddenly applied to the car, what’s the tendency of
motion she would be?

Forward.

Good. Is there a relative motion between the ground and Student Zheng?

Yes.

What will happen if we want to prevent the relative motion to the ground?

A backward friction is generated to prevent the relative motion moving forward.
Good. The upper body still leans forward due to the inertia, then which option
should we choose?

(©).

Well done.

[FIEL P & S ASAEHATIRF1& 5 FBiA ZE AR B Y 4RI 7 B IS S A0
[FIRIEYE ?

Y -

AR ZFBAG Ry (TR S BG & [H A e 2

RIS -

R AR AE R 2
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plE—

B

ERi

Bk
47 -
B
47 -
=
47 -
B
47 -
=

Eh

HERF I AHYEBIRRG
2 FHEVIEGEVE —E T 4ERr IR EEIRAR | W - T R o AR [EER
JFARHEEHIRREZ Qe ?

1FRI -
1R4EF > LA EHET-2e 22550 - g AHEE AN {afE 2
EEIR

R > Fr AR A 2 G A — (R ATHAE S Eh (i A e 2

Y

FIT A2 Ry T REZERH 11 8 SRR AR SR ) » & 3 A (T JEEsR0E 2
A [ {& KBRS 1 E R R A S ) -

Ry > NI G R E-FEARE G A AT o BT ARM R B BRI ©
©

fRA%E

etE ¢ IEHERE B A A TS — e e

Apply and analyze Newton’s First Law of Motion correctly.

2“2‘:\)‘

A ball moves on a horizontal plane. The figure shows the positions of the ball every 0.02 second.

The processes are labeled as segment A ~ B~ C ~ D and E.

In which segment the resultant force on the ball is 0?

(A)A

(BB (C)C (DD (BE

3R ATBEERE TR pRP B

WY
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—/NERAEZKPIE_ERSE) - &0 0.02 B/ NERIVL B AIEIFTR - & — BRI ~ 2
A THRIBHER - BARER—E: - NERFT 2y a N RZE 2

(A)F (B)Z OA D) T (E)/%
(HUE 94 FE1H1 32)

fi#Z5H Solution :

HAESE —EENER © NIMIER(E DR - fFE A > SRR EEe) -
MRS - EHEYaG SN 2 T AN T A A B > #UEE(C) -

According to Newton’s First Law of Motion, when a body is not affected by external force (or
the resultant force is 0) it would remain at rest or moving at constant velocity.

In uniform motion, both of the magnitude and direction of the velocity do not change, so we

choose (C).

Teacher: Does anyone want to share what we know from Newton’s First Law of Motion?

Student: When a body is not affected by external force (or the resultant force is 0) it would
remain at rest or moving at constant velocity.

Teacher: Great. In the question, the ball is in motion in the beginning so when the resultant
force is 0, what state of motion is the ball in?

Student: Keep moving at the same velocity or called “uniform motion”.

Teacher: Good job. Constant velocity motion not only shows equal displacement within the
same time duration, but also keeps moving along the same direction.

Teacher: Therefore, what are the characteristics of uniform motion?

Student: The magnitude and the direction of the velocity do not change.

Teacher: Correct, under that case, within the same time duration how would be the distance
between the two neighboring points?

Student: Their distances would be the same.

Teacher: Great. Constant velocity motion means not only maintaining a fixed distance but

also keeping the same direction.
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Teacher:
Student:
Teacher:

Student:

il
B

R

B

Eh

4
g
4
i
4
4
gk
4

B4

'ﬁ%?iﬁ/{ﬁ?(ﬂ 7 ®e :‘S'/FW—" %é%f%i%‘?ﬁﬂ;zv‘w

So, which segment among A, B, A, B, C, D, and E fits this situation?
segment C.
Great, then which option should we choose?
©)
HAFEBEENZ » AUHE—EEE RS TR EE ?
BV x%jjf’lfﬁﬁ (AT RZ)  FFE A - BRI ) -

R > ARETIE(E/ NR— Bl A 3] » FrLlE G RZER; - /NRIEZ G 1F
HIEEENE ?

HERF AR R 3 )
1R - FHES) BRI H N B AHEEA - S ERY T [R5
) -

A R i g R R e 7

VIR B 2 RIE AN T RSN A2

AU ARG RS AR NN BRI T AHEIRF P - WG A R & 4 e UE 2
A -

R4 > MMEFERRAERFEE - i 5 at A > A S H M Es) -

FREVHR ~ 2o~ B~ 200 79~ T RIRTLEE P — & s AR H I S I IE 2

A e

2t > AREAMERZ 15 R BTG 7

() °
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Newton’ s Second Law of Motion

AN
AR 4B e o R R RO A & > B E AR
RG> MM E R ER 2 2R WG ERTESR - &% - BEEG /raE
ARSI ELOBY - SRE R BOWFGE RS E B E e R E S P HER] -

B e ET 2 BT MR BR Y > 40 2 58T~ BEERTT ~ IERTT > BETAERE R R D
ke > JAMEOREE ARSI > A e PRSI > WA ERE -

EF thiE EF thiE
internal force N friction JEEf2 ]
external force oAV} weight HiE
system ENA mass HE
cancel B shape N
in pair Fk scale WERE
interaction ZHAEH apparent weight HE
spring force 58 ] Inertial frame of reference | TEMEAAE A
tension 5RT) observer B
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deformation

i

coefficient %%

rigid body

il

kinetic friction B

normal force

1EETT

static friction FR LS

[o

be directly proportional to

|

#4) : When mass is constant, the acceleration of the body is directly proportional to the

resultant force.

EERBEER > Ve AT Z & IR -

[ 2] be inversely proportional to

4] : When the resultant force is constant, the acceleration of the body is inversely

proportional to the mass.

BIIEER - Ve 2 IEREEYie B B L -

comes in pairs

4] : Force must come in pairs.

“IT R

point to/directed toward

4] « The direction of gravitational force always points to the center of the Earth.

=The direction of gravitational force is directed toward the center of the Earth.

EIHJTIA - ARG o

110

BB AMEEERE TR pRp

EHERT F



fi?'éo *:Oh; VI » sz ) " e .
Y KTREERT 2 ERRT oo IFFCEFREFT Y S
[ (5] be opposite to }

#4) © The direction of the spring force is opposite to the direction of the deformation.

S IR T REE B E T FAHR -

[ (6] cancel out. }

#4] © The internal forces of a system appear in pairs and can cancel each other out.

RN TT BRI - B AR -

o BEHE »

B EARE TR - RAEEGLITES
At the end of the chapter, students are able to acquire the following concepts:
— ~ TRRAPTESE EBER A -
Understand the core concepts of Newton’s second law of motion.
=~ BOaIHY STERAL BAREEN)
Know the SI unit of force is Newton (N).
=B ERHERZAF -
Distinguish the difference between mass and weight.
Y~ TR ERYE F R
Understand the definition and meaning of apparent weight.
i~ PGESIEIIATHYE R DUEE TSR -

Become familiar with the steps of force diagram analysis to solve problems of mechanics.
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Apply and analyze Newton’s Second Law of Motion correctly.

A sedan with a mass of 2000kg moved forward at a constant speed on the level ground, and then
the driver slammed on the brakes to quickly stop the rotation of the wheels. When the wheels
didn’t rotate, the car decelerated and glided to a standstill.

If the kinetic friction coefficient between the ground and the tires is 0.4, and the acceleration due

to gravity is g =10m/s?, what is the magnitude of the acceleration during decelerating gliding?

'H & fy 2000kg AYEEHL » JRATE/KSEM A | DASE A > R Bt (S iR
1= 1EEEE - R N ARSI N  EEERTREDETT BRF L o A5 M B R A i A B R
%%k 0.4 > HEUEJHIEE g =10m/s® - AIIEGEI ST THREAT IR BE K2/ ) 2
(A) 0 m/s?
(B) 0.4 m/s?
(C) 4 m/s?
(D) 80 m/s?
(E) 800 m/s?
(100 FFp 5% 5)

fZFH Solution :
HATEES M F=ma > FTBEBEEATZNINIREEH TIE -

PEE - N RIS EAES BT SRR IE > FTLL mg—N =0 - N,
M{EAKF [ = BIEE F = N = pyomg = ma - |

i m A A S

a=uyg =04x10 =4 (m/s?) » HHEC) - E \
According to Newton’s First Law of Motion, F’=ma, we can know CPPTEETe

that F, = N = ypymg = ma . "‘{9

Then, the sedan in vertical direction remains still, so mg — N = 0.

112 . g ey
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And in horizontal direction, we can know F, = u,N = y,mg = ma .
Cancel m on both sides of the equation, and we can acquire the following equation

a=ugg = 0.4x10 =4 (m/s?). So choose (C).

Teacher: According to Newton’s Second Law of Motion, F=ma, we define the sedan as the
system. As we already knew the mass of the car, the question needs to acquire
acceleration. Does anyone know what external force is on the system?

Student: Gravity, normal force and kinetic friction.

Teacher: (Drawing a free-body diagram according to the student’s response.) So what is the
resultant force on the system?

Student: The kinetic friction.

Teacher: That’s correct. From the motion state of the sedan, what’s the vertical direction in
the free body diagram?

Student: It would be 0.

Teacher: Great. According to F=ma the sedan in vertical direction remains still so the
resultant force is 0. We know that mg — N = 0.

Teacher: I will leave 3 minutes for you to practice, later we will have students share their
equations.

Student: F, = uN = upymg = ma .

Teacher: Great. What about the acceleration?

Student: a = g = 0.4 X 10 = 4 (m/s?) .

Teacher: Correct. So which option should we choose?

Student: (C).

RN AR EEE H(F=ma) > BEERHE LAY RMIEHEREER > AT
TR - AR A FEREYIEEAT=ZINT > AWLEE ?

B4 By IEETT - SR

Rl (EEREZEE - ERINELTIE ) ATAIReRT 28 S T R {e 2

B4 BEEET] -

RN 8 RMMEREEAVEEHREE - o] IER D ERYsEE T - fELnfr 2

B4 SEINE=0 -

ERN : AREF > ARIE F=ma > SEEAESE T RGERTRFE > L &£77=0 - 155] N =myg

R B GRZ 3 rENEERE > BMEFE-THEELErZEEHCHSIR -
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B4 Fe =N =wymg =ma-

ZEN : AREF - P RARRAFT R DARIZE R Ry g 2
B4 a=ug=04x%x10=4(m/s?) -

EEN  28E o FRTRFIERZ BRI A R TEIE ?
24E: O -

BlE_—

SR ¢ IEHAERE B AT PR S B E A -

Apply and analyze Newton’s Second Law of Motion correctly.

A person walks on the level ground, pulling up and pushing down obliquely as the luggage
moves forward at constant velocity. If the angle between the pushing and pulling is 0, as the
figure shows at the right side. Knowing that the kinetic friction coefficient between the luggage
and the ground is 0.30, and sin & = 0.60, cos 8 = 0.80, how many times is the pulling force to

the pushing force?

(A) 0.40 frh #E]
(B) 0.63 0>
(C)0.81

(D) 1.60

— NTEAKSEHE F 43 B AR A E i R T #E  mife 7 5 T 2R S R RS E)) -
AL B HE T KSR R A B Fy 0 WIABFTR o ELAIT 225 S A Y B A B Ry
0.30 > H sin® = 0.60 ~ cos 8 = 0.80 » HIFI S A/INEHE T A/ N4 2
(A) 0.40
(B) 0.63
(C)0.81
(D) 1.60
(97 FEYHERHES 4)
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#ZRH Solution :
Rt R I E 57
SHEJTIA * Ny =mg — Fysin6 > JKEJ5[E * Fcos 6 = uN,

mgu
[m} /F' Fr=—
& 1 cosO+usinf

YR T OTHOHEST » MEER SR
SKETIE © Ny = mg + Fysin@ » KEH[A ¢ Fycos 6 = pN,

ﬁﬁl«l F _ cosf—pusin @ — 0.63 Eﬁ (B)

A=]
m‘{? FZ " cosH— usm@ cosf+usiné

Decomposing the obliquely pulling up force into

vertical direction: N; = mg — F; sin 8, and horizontal direction: F; cos 8 = uN;

mgu

Accordin h ion n Fp=—""—
g to these two equations, we can get F; w058t sinD

Decomposing the obliquely pushing force into vertical direction: N, = mg + F, sin sin 6, and
horizontal direction: F, cos 8 = uN,

mgu

According to these t ation an get F, = ———
ccording to these two equations, we can get F, P Epp—

F. cosO—usin@
Therefore, F—1 =22 _ 0.63

7 cosO+usin @

So choose (B).

Teacher: Do you remember what we should do after identifying a system in addressing the
mechanics question?

Student: We have to select an appropriate coordinate.

Teacher: Correct, in this question, what direction can we choose as the coordinate axis?

Student: We can choose the vertical and horizontal directions (X and Y axes).

Teacher: That’s right. Because direction Y remains stationary and direction X remains in
constant velocity. The two components achieve force equilibrium so the
components’ addition is 0.

Teacher: Good. You will have 3 minutes to practice drawing the free-body diagram of the

pushing and pulling force on the horizontal and vertical coordinate system. Later we

will have students share.
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Student:

Teacher:
Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

£ LA
Great. After drawing the free-body diagram, what should we do next?

We should write down the equations of vertical and horizontal directions.

Good. You will have 3 minutes to practice working out the equation of the vertical
and horizontal directions. Later we will have students share their solutions.

(1) Pulling

Vertical direction: N; = mg — F; sin 0

Horizontal direction: F; cos 8 = uN;

We can get

_ mgu
cosO + pusin @

(2) Pushing

Fy

Vertical direction: N, = mg + F, sin 0
Horizontal direction: F, cos 8 = uN,
We can get

mgp

F, =
2 cosf — usinf

Great. The question needs to determine how many times the pulling force is to the
pushing force. Does anyone want to share the calculation?

Fy
F_z ~ cosO + pusing

_cos@ —pusinf

0.63

Great, so which option should we choose?

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

ERi

T
4
sk

ERi

R

2
B

EH

Eh

. F1 cos@—pusing
" F, cos@+pusin
eI

B

AR Z AIESR BT - R E RS - BE AR - R
LR 2

5 TE T Y AL A

28 AEREE D > BAFTA] DUEE T [ fy AL EhE 2

FAMT AT DABE /K5 B0 (X ) B EL T A1 (Y i)

2t Ry Y JFIRgERAFLE - it X DT RISERFFRE > WEH s EE40E TV
FRLLX Y B ZME BE -

AL RFAC 3 SRR - DUKSP 5 [ BLES B 5 [ AA el - S e 8L
Wi e > JME—THERZEEETE -

G ul

R > FSETIE LR > B TR ERE ?

FIZKP 5 [ B BT R TR -

R > —EREEARZAE 3 oy #ErIREE > o3 BlF L T EHE T TR KT (R B L S
FGERN > HME—THRESZEEE -

C(hirh
SHEJIIA © Ny =mg — Fysin@ » /KEJ5[H ¢ Fycos 6 = uN,
E‘H%L F1 - cosOr:l-iﬂsinG
()T
YEJTE * Ny =mg + Fysin6 > 7K3EJ5[A - Fycos 0 = uN,
ﬂ‘?%’c Fz - coseriiiine
Jewte o B E TR ITRAODR S - e A FREE LA S R
AT EE 7

0.63
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4-4 FIEE=FEER
Newton’ s Third Law of Motion

RER T EAHSE = E S E R A4S 2 N > R EEE R KBS 4 - fF
FITIEAR A E R T R R B (> SREAR AR DS EEME B8 IR - RS > ks
FEAIR (BCE B ) FraEdEas - DNILTES &A1 F R B (E P DR » il m] A2 R AEVE BT -
ARG T E WBRR, - R AEE SR - ik - RS H = RERAYY
» FEFT R -

ARETERTR AT ATE T B > 5[ B8 A T AR —E e RS - EAEREE
RETER AR AR YRR S - S EBIS EAVEE

i

EJ>

4

i

4

action YER I reaction SAEF I
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‘ (1) at the same time. }

4] © Action and reaction happen and disappear at the same time.

TERITIEARAE R D EIis AR ~ [EIFIER -

[ (2] act on/ exert on . ’

#H47 + Action and reaction act on/exert on different bodies.

TEF DR AERTT - GIFREAREYIRE L -

s BEEE o

FEEE AR TR - BAEEBII MR
At the end of the chapter, students are able to acquire the following concepts:
— ~ TEAHESE =B E EER A

Understand the concept of Newton’s third law of motion.

* TEHER DB AER D Z Bl A

Understand the relation of action and reaction forces.
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Apply and analyze Newton’s Third Law of Motion correctly.

A metal ball is hung from the ceiling by a thin rope whose mass could be negligible. As shown
in the figure below, the forces related to this system are as follows: W1 is the gravitational force
on the metal ball, W is the gravitational force of the metal ball on the earth, and T is the force
that the hanging rope exerts on the metal ball, T2 is the force that suspension wire to the ceiling,
and T3 is the force that a metal ball exerts to the rope. Which of the following statements is
correct? (Choose 3)

(A) T1 and T» are the action and reaction.

(B) W1and W: are the action and reaction.

(C) T1 and T3 are the action and reaction.

(D) T:1 and Wy are the action and reaction.

(E) The magnitude of T, T2, Ts, W1, W2 are the same.

—pfBEKLUE & ] RES Y AR EE G EN IO - A NS » EREAH RN <Z2 T
AT - Wi BERATZHVE ] » Wo Ry BEREIERAYS [ 1) Ty R RRaRtiie @Bk ) -
T2 RGERHTT RACHRETTT » Ts R f@ BRI RE4RN T » I HIRCIREE TR ? (2 3 IR)
(A) T1 B T G R{ERIIERAERTT -
(B) Wi B2 W2 B RAERNHEKIERT] -
(C) T1 B Ts B RAERIERERT -
(D) T Bl W1 G RERI ISR ERTT
(E) T~ T2~ Ts~ Wi~ W2 E(EEHE -

Tug
(103 = H 28112211 66)
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#ZFH Solution :

W1 B W2 ~ Ty Bl ToF ByWisH EH TSR AERTT » KRR W1 =Wz ~ T1=Ts ¢
BEBEBRBRS > g IF = ma (CFEETER) o OEZ I RNEE (a=0) » T
B Wi— T1=0-

et% o N T BT, Ry[E—{RalER BAVSETT » FRrDAE R/ IMESE » Bl T1 =T

KL > Ti=T2=Ts=W1=W2> #(B) ~ (C) ~ (E) »

Wi and W2, T1 and T3 are action and reaction in pairs » so W1 =W>, T1 =Ts.

Then we select the metal ball as the system.

Accordingto X F=ma (Newton’s Second Law), we can analyze the force diagram of the metal
ball and obtain that Wi— T1=0.

Last, because T1 and T are the tension on the same rope, the magnitude of these two forces are
equal, that is T1 = T».

Therefore, T1 = T2 = Ts = W1 = W2. So the answers are (B), (C), (E).

Teacher: Does anyone want to share what action and reaction you observe in this question?

Student: W1 and W2, T1 and Ts.

Teacher: Yes, so in the (A), (B), (C), (D) four options, which options are correct?

Student: (B) and (C).

Teacher: Great. How about (E)? Does anyone know what option (E) means?

Student: We have no idea.

Teacher: OK. According to Newton’s Third Law of Motion, what is the magnitude between
action and reaction?

Student: It would be the same.

Teacher: Good. So what’s the relationship between W1 and W> and that between T and T3?

Student: Wi =Wz, T1=Ts.

Teacher: Yes, we select the metal ball as the system of interest, and which forces are outside
the system and which forces are inside the system?

Student: Wi, T1.

Teacher: That's right! Since the metal ball remains stationary, its acceleration is a = 0.

According to X F=ma (Newton's Second Law), what is the relationship between

these two forces?

Student: Wi equals T1,
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Teacher:

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

Student:

4 -
g
4 -
B
4 -
g
4 -
B
4 -
B
4 -
B
4 -

s
1

g
4

CRT TR T ERRT P 0o T REEREFEL S

Good. Now we already know that Ty = T3 = W1 = W> then how about force T,?
When we ignore the mass of the rope, in the same string, how is the tension in the
system?

The tensions would be the same.

Yes, what can we know from this sentence?

Ti1=To.

Great. Including the relationship of the tension, what equation can we get?
Ti=To=Ts=W1=W>,

Good job. What is the magnitude of these five forces?

They are the same.

Yes, which options should we choose?

(B), (C), (B).

HIZARISEE T FEEE T RME AW E B ER e 2

Wy BL Wy ~Ty B2 T3

fRAF > FrLAA) ~ (B) ~ (C) ~ (D)PUEZEFA o - Heff m] DAKTE RS 2 2 IR 2
B~ ©) -

R - FRERE)ERNE ? 572 FRSATA?

AHIE -
RIS =B e & - (ERIJIER R E IRt R ey 2
GEE 30

1RFE > FTDA W1 B Wo ~ Ty B Ts fi{MAYRA (R A fi 2

Wi =W, ~Ti=Tsz-

250 > A REE PR BEK R 24 - WEEE R AT 285N TTE 2

Wi-~Ty o

48 RBSBERGERRF 1L > RLENIERE a=0 > fR#8 SF = ma (FEE_E
) » AT LUE R E TRV RR (R Ryl 2

Wi =T -

147 > T AP PRAEEHAR (A A T1 = Ta= W1 =W, » B/ D7 —(E T2 0977 >
P RIEAE RIS 4E T B AT - [F—{RaET - sRITEU{T ?

RSIEHEE -

286 AT AR AT LA 2 AEE 1S BE e ©

BB ATBEERE TR PP FEER



doy

Y KT R T R KT P oo IFFCEFREFT

B Ti=T,

N R BRDAEREEER A0 B o FRAFTE S B R (e 2
B Ti=T=Ts=W1=W; -

EEN ARG FrliE AR NATIE ?

B BH%E -

EHN 0285 o FRFRAPIERL BRI E R THE ©

B4 B (©O)~(E)-

BlE_

B ¢ IENEE R B A AR e = i e
Apply and analyze Newton’s Third Law of Motion correctly.

As shown in the figure below, one exerts force F to the wooden block on the table.
Assume W is the gravitational force exerting on the wooden block and N is the force that the
table exerts to the wooden block.

(A) F and W are action and reaction. F

(B) F and N are action and reaction. $

(C) W and N are action and reaction. b

(D) F, W and N are action and reaction. —~ ~
(E) All of F, W and N are not action and reaction. S

W NEFTR - A AR FR— B R AR » 8% W AR 2 #3k5 17 - N
REREEARARBZ ST - YR E = ?
(A) FRIW B RsfER DB AEATT -
(B) F AN B REHIJIEARAER ST -
(C) WA N B Rs{FE R I8 ERITT -
(D) F~ WRI N =& [FHs I R fE R DB BT
(E) F~ W RN =F A EmER DK ER IR % -
(85 EH ZAFIELHI 43)
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#ZFH Solution :

NHESIRAIRZ F7 F RIRAER ST - RABRE A ZT7 5 REEZHERG [ T7 W B AER T
RyRERZARBEYG ] ¢ S IE{ERRAREEZ 0 N BIRAER T » BoRBRAE IR S 77
BT A=A E D B E L DAYRRE A » F ~ W~ N SR ARBERTZ2HY5MT > Z TR RE
—WG > FREA > = IR EATR R - BN rTRER AR DB S E R D Z B 4

U EE(E)

The reaction of the force that one exerts on the wooden block is the force of the wooden block
exerts on the person.

The reaction of the gravitational force on the wooden block is the force exerts on the Earth.
The reaction of the force that the table exerts on the wooden block is the force that the wooden
block exerts on the table. F, W, N are all forces exerted on the block, which are forces on the
same object. Therefore, the three forces are not possible to be any pair of action and reaction

forces. So the answer is (E).

Teacher: From the options, we can know which forces are the action and reaction. [ will leave
you 3 minutes to practice finding the reaction of the three forces (F, W, N).

Student: OK.

Teacher: Time’s up. First is the force that one exerts on the wooden block, does anyone want
to share what the reaction is?

Student: The force that wooden block exerts on the person.

Teacher: Yes. How about the gravitational force exerting on the wooden block? What is its
reaction?

Student: The force that wooden block exerts on the Earth.

Teacher: Correct. How about the force of the table acting on the wooden block. What is its
reaction?

Student: The force of the wooden block acting on the table.

Teacher: Great. Do those forces relate to the action-reaction?

Student: No.

Teacher: Great. Since F, W, N are all forces exerted on the block, which are forces on the
same object. Therefore, the three forces are not possible to be any pair of action and
reaction forces.

Teacher: Which option should we choose?

Student: (E).
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SalESE 3 o EAIRFREISE B B H ARy = EJ3(F ~ W~ Nty S E R 0

2
B A -
EHT SRR RV SACE A ASEY 11(F) - 545 BB 5 SE MR
JIR BRI 2

B 0 KRB AZTT

R 28 AIRBRAZHEERS [TI(W) > AR IR T /E & 7

BT #ERZARBEAYS(T -

Ehl g8 REERARARIZIIWN) - AT AFH T2 &R ?

B ARBRERRREEZTT -

LRl R > FTLUE=(ED 2 - A A R I EEME R DAYRR (R 2

B4 9R -

EHN: J28E  RE F - W N S2ABIATZAVINT - 2T HREE—YRE - bl =7
A > A ATRERR R (B JTEAR E R D Z Rl -

Zhl - ABRAIERZ B E e ?

B4E (B)-
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Chapter 5 Periodic Motion

BT LATE AR & R
T ALRTE AR EE R AUERE

RESEN AP EES E RAER - BR5: S B ) K RS - 8RR - R
TEAEIEEIT- 5% - PRV HOESS - DUSERERAEE RS - 5T E AR
tHEEFES ST EHPHER AT -

FEHCE - AR A B E A R T E N AV E R E A S SR 5 A
tAE DI LR Pt B Re 2 i sBE i (e R BRAR R IR - RIS I SR AL MR L BRI B 72
Bl > WA RERRERAE M SOEE R LIET -
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5-1 FEEFEH

Uniform Circular Motion
\,

FEH BRI T - prl n] FUE E ) - 40 I AV Ry © B R TR EE S
& Vet E BN ES) - IR 2 BB EE) o EY)Re DS e R R IR g - 5 R
FREAEE - 40 ZAMEYEERE T o thERGE AR TR - RSP
AR R BB EE) o EAHIETT - MEMEZREFRES) - 23R AT SRR
%
FILTTIH > TRERERAE counter-F K/ S ATESE » i R-ular A EL AHLHIESSE > BT
DI AfifEREE2E angle/angular I circle/circular FYE(LAIEE - AT A KE A%
sl AE > FTDAE R R RIS E R EE -

EF thE BEF thaE
angular displacement kRS radian IE/AR
angular velocity FE IR arc length =
period HEEA counterclockwise st
frequency FER clockwise [EliEZAS
centripetal acceleration ERWIESES centripetal force BNy}
uniform circular motion | Z&3H[E|f&H iEE)
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[ o point to . }

#4) « The direction of the centripetal acceleration always points to the center of the circle.

[FELO IR DT ) NG A B FEEUER R

[ (2] rotate around . }

5]« The rope rotates around the center of the circular path.

i TgeE BEIEEEny L e

()

(3) between . }

5]« The angle between the rope and the vertical line is 6.
HEF-FIEL EARIVACAZE 0 -

o BEEE »

FEE AR IR - BAEEEII MR
At the end of learning the chapter, students are expected to acquire the following concepts:
— - TS RE R ESER -

Understand the meaning of the uniform circular motion.

- TIRAERE ERBILONE

Understand the definition and the presentation of the angular velocity.

~ PR B 7 R -

Convertion between angular velocity and linear velocity.

VO~ T AR AL O IR e F RN A

Understand the definition and representation of centripetal acceleration
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Understand the definition and the equation of centripetal force.
7N~ R R BURIHAYRE R

Derive the relation between angular velocity and the period of rotation.

w BIREERE o8
BlE—

st o E EESYIRE 2 2T -

Analyze the acting forces in uniform circular motion.

As shown in the figure below, two thin ropes with fixed lengths [, and [, and negligible mass
are tied to particles of mass 5m and m respectively, and the two particles rotate around the same
vertical line in horizontal uniform circular motion with the same angular frequency. It is known

that the acceleration of gravity is g, the tensions of the two ropes are T, and T, respectively,

and the sin values of the angles between the two ropes and the vertical line are % and %

How many times is the tension T, to mg?
(A) V3

(B)2

(C) V5

(D) V7

(E) 3vV5

W NEFTR > MRREEERS L~ [, HEEREEASTHIANLE - o8& EE R Sm Al
m HYERS - {YE R DU E R AR EEE — S ESUK PR A A - ERIE SIS R

o WABITIRSIBIR Ty R T,  AABSGRESURAINEZESHE = & = #rR

J1 T, Ky mg Y2/ 05 2
(A) V3 (B)2 (C) V5 (D) V7 (E) 3V5
(HUE 107 452 YHERE 19)
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fi#ZRE Solution :
WNERTR > $miE - HEUKFEEREEES) > SenE T RaR0 -
W NEFTR - B miis - B RE R ED) - SErE T
MGk 0- Fﬁ I
T 1 2
T2=c0592:mg—>m—‘2g:w592:\/§ . m

HEE(C) o

As shown in the figure, for m, it is in uniform circular motion in the horizontal plane, so the

vertical component of the summation force is zero. So choose (C).

Teacher: First, we have to analyze the acting force toward the question. Does anyone know
which system we should choose for the system of interest?

Student: The m.

Teacher: Great. Because there is a component of T, that achieves force equilibrium. Does
anyone know which direction the component is in?

Student: The vertical component.

Teacher: Well done. Since the movement of the vertical direction remains still, what’s the
resultant force of the vertical component?

Student: It should be 0.

Teacher: Great, I will leave you some time to draw a free body diagram with m as the system
of interest and decompose it into horizontal and vertical components.

Later, we will have students go up and write it down.

L
ot

mg

Teacher: Great, I will leave you some time to practice determining the equation of the acting
force in the vertical component. Later, we will have students go up and write it down.
Student: T, = cosf, = mg

Teacher: Great. The question ask how many times the T, is to mg. After transposing the

. . 1 .
equation we can know it’s —p, times.

0s6,
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(Write down the equation ;—g = —— on the blackboard.)
2

So, what’s the value of L29
mg

Student: /5.

Teacher: Very good, so which option should we choose?
Student: (C).

Teacher: Good job.

ERl B WMVRSHIEEE T IR M > NEE SR NIRRT T, 0 A
A R FE B Z B AT E R 2a8E 7

B4 BEEme

Zhl R RAETAE—EA AR E > 28IV > [R5 R WME T e ?

B4 snETE -

Ehl R INRSEE T RYERGF L - BTLUSTERY & e Rl 2

24 57K 0-

RN Y BAEAEARG B E] o SEARE DA m Ry BRI AT o 3R R KT
SERIE & > HMFE - THERZ EEEEE -

G
7i :

mg

N AR HSEARR LR A EICIYIRAES BT A2 IR TR
Ko HE—TEEEE LEREE -
B4 T, =cosf, =mg -

1
cos0,

fi -

o REF > MEHAOK T2 /2 mg (920 - TR HIE

(BERZE = —BNEN ) BT mg (LB RS /D ?

mg  cosB,’

B (5o

Rl JEERE > BTLAIR IR E R
g (O

ERl R
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Analyze the forces exerting on an object moving with uniform circular motion on an

inclined plane.

A car with mass m moving with uniform circular motion of radius R on the inclined runway with

angle 6 corresponding to the horizontal plane. The following figure shows when looking

directly at the car. Assuming that the magnitude of the acceleration of gravity is g, which of the

following statements is correct?

(A) 1f @ = 0, the car can not move with constant circular motion without friction.

(B) Only when the friction against the gliding force along the inclined plane mgsinf exists,
it could do circular motion.

(C) Itcando the circular motion without the friction, and the normal force of the inclined plane
to the car is mgcosé .

(D) The car can do circular motion without friction, and the velocity is
v = JgRtand

(E) The friction points downward along the inclined plane can increase the centripetal

force of the circular motion.

EER m BREEKRA L 0 FURERIEE R R (YEFE
B Fo I E AR AR R E L N E TR - s IR E
EHR g NIRRT ?

(A) HKA 0 =0 FEERTIARSMIEFEES -

(B) FEEII v ERIERY N Imgsing 4w {E[E S -
(C) Rz th (8 FH ) - IERFRHImE R E SR IE R ) F mgcosd -
(D) fmAEHES ]t I {EEIEES) - SRRy = \[gRtand -

(B) Ja#HE = THYEERRS] - "I IN(EE A EE .07

(HUE 110 5577 22)
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#Z2#T Solution :

1. #5784 By O Rl Ry /Kt - Ak Bl EEE) - FR AR IR R ey im0 07 #(A)IE
B o

2. (C)(D)dm ez )b n] (R[] B &) » PEI R E P RN L0 7 Al S22 IR A 8y Efe it -
PREEAERNEE 2 2SI T T IE

S ETIA &)1k 0

Ncos@ =mg - N = cof@
KT IERIEK3 7T - B E SR FR R A0 ]

2
Nsinf = F, = % - v =,/gRtanf

#(B)(C)$ER > (D)IERE -
(E)A LI s i boeskhim = A EERE ) RITer s oK J5 mey 5y 7 - BsE hnlEl EEEh
0077 0 A FEFTR -

Nsinf + fcos® = F,' > F,
7 (E) [EAEE ©

The angle 6 = 0 means the runway is horizontal. A car moving with circular motion needs
static friction in order to provide the required centripetal force, so (A) is correct.

As for (B), (C), (D), it could move with circular motion without the existence of friction. The
required centripetal force can only be provided by the component of normal force. The free-body

diagram and force analysis of the car is shown below.
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In vertical direction: the resultant force is 0

Ncos8 N=—9
= e d = —
Ccos mg cos0

In horizontal direction: the component of the normal force is centripetal force.

muv?

Nsinf = F, = R - v =,/gRtanf

Thus, (B) and (C) are incorrect, and (D) is correct.

In the figure, the friction pointing downward along the inclined plane increases, the horizontal
component also increases, and the required centripetal force in circular motion also increases.
So we should choose (A), (D), (E).

Teacher: According to the conditions mentioned in the question, we can consider the options.
First, option (A). If the angle is 0, then would the inclined plane exist?

Student: No, it would be the horizontal plane.

Teacher: Great, then if it does the circular motion on the plane road, should we need forces to
make it work?

Student: Yes.

Teacher: Good. So if a car moves with circular motion, it needs horizontal external force to
provide the centripetal force it needs. Thus, except for the friction, there are no other
sources of horizontal force, it could not move circularly.

Teacher: Next, for (B), (C), (D), we need to analyze the acting force on the car. I will leave

you some time to analyze it, later we will have students go up and draw it.
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Student:

Teacher: Great. Next, I will leave you some time, everyone should practice determining the
equations of vertical and horizontal components.

Student: Vertical direction: Ncos® = mg
Horizontal direction: Nsin®

Teacher: Excellent. What force makes the car do horizontally uniform circular motion?

Student: Nsin6f

Teacher: Great. Then we take a look at (B). There is nothing between the value of the
centripetal force,Nsin6, in circular motion and the oblique gliding force.
Look at (C), according to the free-body diagram, what’s the normal force that the
inclined plane does to the car?

Student: N.

Teacher: Good. So (C) is incorrect. Then, let’s take a look at (D). Do you remember there is

a formula of the centripetal force in circular motion related to the velocity v.

Student: F. =

Teacher: Great, now everyone determines the velocity, v with the analysis of horizontal

components and the circular motion. Later we will have students go up and try.

2
Student: Nsinf = F, = % - v =,/gRtané.

Teacher: Good! So (D) is correct. Finally, we take a look at (E). If the obliquely gliding force
increases then what would the equation of horizontal component be?

Student: Nsin6 + fcos6

Teacher: The equation of centripetal force would be like that. Does the original centripetal
force increase?

Student: Yes.

Teacher: Good. So (E) is correct as well. Which options should we choose?

Student: (A), (D), (E).

Teacher: Good job.
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REF RS T R AR P 0 I EFREM

W H ATttt - BFPREEEETH - Bt 0 (A)BEIH © QIERACAHE 0 #YEE - B
i%ﬁ%ﬂrﬁﬂ% ?

» ZKSEHTRETH -
{Eﬁ? SIS /KBRS b BB SR 2 TR A ST ML HYE 2
T o
1RF > FrDAANSR KSR ERS - (B EE) - TFEAKEAYINT - SRELATR
HIELCTT = BB - BR T EEZELASN » A HAMAM IR - .Iﬁtﬁ%ﬂ?ﬁf‘ﬁi_iﬂ °
FEEAREBEHB)(C)D) » FEEN AT IR T » S5 RF —LEIFE -

DR AESGARE R > SERESE R E TR BUKE T RZ IR TR

© $YE51E ¢ Neosb = mg

7K3TF71E] ¢ Nsin®

R4 AR - 1R HEE &V T /K7 [ Y % 2R B E EhIE ?

Nsin6

Rt > AFMIREEEIAB) - fRILE A ES . IRVEER Nsin o BELRHE
TR IIHERE - BEEACEEEIA(C) - MR IE - FeMIRER Eie 4G R IR T B
fag ?

N

REF > AT UEIH(C) AN IENE > FIACEBEH(D) > Eacie B A EE N A0 A —(E S

DR BAESR R RE — MRS R E A - MIEEESH AN S

RHRFE v TR F— TR EE L assE

m 2

: Nsinf = F, = Tv - v =,/gRtanf
D OAREF > FTLUEETH(D)IERE © A& P MTAEBEE(E) - A05RIE R} i =) T HYEEEE T -

AP T5 [E 2 F1 7R U RZ AR W 2
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E2/E © Nsin® + fcos8

Al ELESR AT - Sk RAMER T - B2EARBEE () AFEEImE
JvE ?

Ba4: Ho

EHT - RE > FrLUETHE) IR - Al E BT M 2 R 2% E 2R T ?

E4E © (A)D)E)

EHN TRAE -
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5-2 SEEE
\Simple Harmonic Motion

BIFRARGER RN RS PRSI PIRE G )T > (R REEIR T > nTERE R DS EAH R
IS - E AT v ik o SLREE IV B > T EAY
FETRE bR B > DRI Ry FETRR A Bl « AN A fRR i B E BRI ~ PG5S - B
e BV E P > WA SR EEESER C i D215 - B R s SR )

EF thiE EF thiE
equilibrium point - RE oscillation Iz ()
Hooke’s law Ry EE oscillate =% (Ehaa)
spring constant oM R Y amplitude IetE
reference circle 27 momentum Xy
project s 7 simple harmonic motion )

The principle of conservation
end itk J18 e IN e
of mechanical energy
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system is conserved
/I\E °

\

IR L
LY KT ERT A ERT T
[ o be stretched out }
4]« When a spring is stretched out, the displacement is more than 0
IR - I RNE -
[ (2] be compressed. }
47 - When a spring is compressed, the displacement is less than 0
BRI E/ NN -
be conserved = remain(s) constant }
4] - When there are only conservative forces exerted to a system, the mechanical energy of the

=When there are only conservative forces exerted to a system, the mechanical energy

remains constant.
AR 2 RS IIME G - J1225E

back and forth

[ o
14 « A particle oscillates back and forth between two points

R E A RS R 2 [

ZER Rt S

E:P%?’t?
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After studying this chapter, students should be able to know that:
— TR B E B
Understand the definition and the characteristics of simple harmonic motion.
= oak R B AHR LR -

Know the related physical quantities of the simple harmonic motion.

o IEERE s
5l RE—

S * gEAA AR (R Y R B S - fE R E s o AR T AR B R - AR B
TR % -
Analyze the relation between speed and displacement of objects with simple harmonic
motion, by means of the projection of a specific axis of an imaginary constant circular

motion.

An object moves in simple harmonic motion on the smooth plane. When its displacement arrives
at the half of the amplitude, the speed is v. Then, what is the speed when the object passes the
equilibrium point where the displacement is 0?

— YRR K B FRERE S, - B AU RiRiE — R 2R Ry v o ARG I AR AL
% Ry 2 2 SV BhIR YRR Ry R A 7

(A) 2v

5
B8) v
(©) v
©) Tv
) ;v

(HUE 107 F45-5)HER 16)
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fi#EE Solution :
WTNERT > S rseE i s E s a2 a0y ALt - 23 v BYIie s £ Bl H
AEE) > {E X fill BV o AREET T4 ¢

y
Vi
R 1 Ve
x=;=Rcosa)t—>coswt=5 V=5 \
R/
V3 0=l
J— o — L X
vV = |V Sinwt| = Umax X~ % (R,0)
2v/3
Y =—v
max 3
HU%E(B)

As shown in the figure below, analyze the displacement and velocity of an object in the process
of simple harmonic motion on the plane. It can be regarded as the projection of the object on the
x-axis for constant-velocity circular motion for analysis:

1
x = — = Rcoswt —» coswt = —
2 2

vV = |—VUpaSinwt| = vmaxxg
2V3

“ Vmax = Tv

So choose (B).

Teacher: (According to the question, draw a diagram on blackboard.)

Teacher: According to the question, it requires the speed of equilibrium point. Does anyone
want to share the formula of the displacement and speed in simple harmonic
motion?

Student: x = Rcoswt ~ v = |=Vpg,Sinwt|

Teacher: Good. How do we figure out the answer by using the formulas? 1 will leave you

some time and later I will have students go up and share.
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R 1
Student: x = ) = Rcoswt — coswt = >
vV = |—vpaSinwt| = vmaxxg
2v/3
“ Vmax = TU

Teacher: Great. So the (B) option is correct.

Ehh . (REE Pl - & N EER AR D

ZET . GEB TS AORM R R - FI9 A R E R E B i 2R
A=W L e

B4 0 x=Rcoswt v = |-V Sinwt|

EH R AR ELEAF EERFRZOAMSEIE R ? 46 R —LiFish s -
HME—TERZE EETE -

B4 1
x = — = Rcoswt » coswt = —
2 2
. V3
vV = | =V Sinot| = Umax X~
2v/3
“ Vmax = Tv

LR HE o AL EE(B)BEIH
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Determining the associated kinematics quantities of simple harmonic motion by means

of the formula of period regarding a spring system.

A spring with force constant of 1.00N/m, one end is fixed on the wall, and the other end is
connected to a mass particle with a mass of 1.00kg, and the particle performs one-dimensional
simple harmonic motion on a smooth horizontal plane, with x representing that the particle
deviates from the equilibrium point (the original spring length).

When x > 0, it means the spring is stretched and when x < 0, it means the spring is compressed.
At time t = Os, the velocity of the particle toward the direction of spring extension is not 0, and
the displacement is x = 0.02m. If mechanical energy is conserved during motion, then at time
t = ms, which of the following statements about particle motion is correct?

(A) Moves toward the compression direction of the spring, and x =0.02m.

(B) Moves toward the compression direction of the spring, and x = —0.02m.

(C) The particle moves back to the equilibrium point, and starts to be compressed.

(D) The particle moves back to the equilibrium point, and starts to be stretched out.

(E) The momentum of the particle is the same as that of t = 0s.

—JIEHUR 1.00N/m HY58EE - —Um[EEAE L > S — Ui ssE &2 R 1.00kg HYE#L - HE
BEYEE/K P EAF—dER R e, - DL x RERE R (REE-T-Hrk: GEEE AR Ik -
x>0 FoRBE W x <0 ForssEE (e BRYE - FEIRFH t=0s B ERER5H & (R AY T |
IR RZE > HUKE x= 0.02m - ZEFHHEE 2R TN > AR t=ns 85 > 4]
A B EH RO (A [ HE 2
(A) HHESERGERY)TEES) - H x=0.02m -
(B) A BALEAY T (A& sy - H x=—0.02m -
(C) 'EREC[FPHrEs - HBTIRHEYs -
(D) 'EREEIFPHES - HEgmed & -
(E) 'ERIENEMEFH t=0s BiHyEHE—1x -

(HUE 109 FH55EH5 5)
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#23H Solution :

O H AT - SZYIRe R EEIRSUEL N B FR ©

-

e \VAVAVAVAVAVAVAY e

lc— -X —bé

M

R 45 5%

]

AT - SRR T = 2n [ = 2 (10— 2ns

T t=0s I - ‘BB & TR S R A By 0 - HAZK x= 0.02m » (RIS B
P BB iR ] ELIR TS SN oSG t= s B > ERGAEE 0.5 (EEHT - (irfr PHrkhE
Il 2 8 - HLRZERSE) - HUEEA) -

As the question describes, the motion of the object should be like the figure below.

-

e \VAVAVAVAVAVAVAY e

lc— -X —bé

M

R 45 5%

]

From the question, the period of the particle in simple harmonic motion is

T=27T\/E=27I /ﬂ=2ns.

k 1.00

At t = 0s, the particle moves toward the compression of the spring at which the speed is not 0,
and the displacement is 0.02m. It means that the particle is between the equilibrium point and

the right end and moves toward the right. At t = =&s, the particle experiences 0.5 periods and is

located between the equilibrium point, which moves toward the left. So choose (A).

144 = SR L > 2 = . Z A < S
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Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:
Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:
Teacher:
Student:

Teacher:

we VFFCEFRFFLY <

As the question states, does anyone know how many periods it experiences when
t=n(s)?
No.

Is there any periodic formula related to mass and spring constant?

m
T—Z‘IT\/;

Great. I will leave you some time to calculate the period of the particle in harmonic

motion, and later, I will have students go up and share.

T=2T[\/E=2T[ &=2ns.
k \}1.00

Good, so how many periods does it experience at t=n(s)?

Half period.

Yes, assume that in the beginning, the particle moves from the equilibrium point.
After the half period, where should the particle be?

The equilibrium point.

Great. Then the question states that it starts on the x=0.02m. Between which end
and the equilibrium point should the particle move?

The right end.

Correct. After half period, between which end and the equilibrium point should the
particle move?

The left end.

Excellent. Since it is between the equilibrium point and the left end, which
movement should the particle be in?

Compressing the spring.

Good, which option should we choose?

(A).

Excellent.

{REH ATl > A/ A FREAE noE %/ P ETE ?
AFIE
HFTREARA —EER - B BAREHAAE ?

m
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Chapter 6 Universal Gravitation

BT LATE AR & R
BT FALEIREASE T GE R AR

ARETEERRE T EAT ER ) Pk T M =R TEESERE ) AIBS > s
TEREZIER - A NAEREAVETT > fEHEEEE - KEFRS DI HER -
BTG > EE S 4EAM] SRR RIS L - H g i i E = A R ft 2% > —
Rl AL - ZREE R ERE SRR AT A A M T SRR A R S B AR R PR
S AERMEEAVER > BARGR AR - NIESEET o R o
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6-1 EACINER
Law of Universal Gravitation

REIR MEEAL TER BRI EREENYIIE ZH > BE DR S0 R
EHSTT - AREFNEEAS IERZ AT WA -
FEHGRGRE > ZZRTAT EAfE A that/those - AT ATAICEE ¥ HY 4 aal 2l 75 -

B¥ th&E B¥ thiE
law of universal universal gravitational
HAETIJER EEpAIEE
gravitation constant
gravitational force B centers of mass =UN
particle =
[ o (directly) proportional to . ]

4] « The universal gravitation is proportional to the masses of the two objects.

HASINWEHE - IEEER YIS E BN -

148 .
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2] inversely proportional to

#4] : The universal gravitation is inversely proportional to the square of the distance between

the two objects.

HASINNEE - MIRYIReHIEEREP RS EL -

© be along .

4] « The directions of the gravitational forces are along the line joining the centers of the two

bodies and opposite each other.

MYIBGEIEAS [JIJ5 1R > D& RIRVE O Z AR T ] -

® Thereis/are between/in

5]« There is universal gravitation between any two particles.

LEMEEE - #F8EA50EM -

© that(Bi%) /those(HE) fERAFENIMA

#l4] : When considering the magnitude of force, the gravitational force (weight) that the Earth
exerts on an apple is equal to the gravitational force (weight) that the apple exerts on the
Earth.

BREIOVEER - MEREERNEAS ()] (BT SiER R EA51 ]
(EF))e
*FERFAY that FEE Fi#HY the gravitational force e
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At the end of learning the chapter, students are able to acquire the following concept

— TEREASIIREM
Understand the meaning of universal gravitation
TEFRAIRE S R AT
Understand the concept and the formula of universal gravitation

- THEERSIIIE

B o8

Analyze and calculate the weight of the objects on the surface of the Earth

When a ripe apple falls from up to the ground, according to Newton’s law of universal gravitation

which of the following statements is true?
(A) The Earth exerts attraction force on the apple but the apple doesn’t to the Earth
(B) The apple exerts attraction force to the Earth but the Earth doesn’t to the apple
(C) Considering the magnitude of the force, the gravitational force of the apple to the Earth is

greater than that of the Earth on the apple
(D) Considering the magnitude of the force, the gravitational force of the apple to the Earth is

less than that of the Earth to the apple
(E) Considering the magnitude of the force only, the gravitational force of the apple to

the Earth is equal to that of the Earth to the apple

RS F P

EHERT F

E:P%?’t?
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B BER dte EE TR o MRIBARIERE AT [JER - MRS Y ?
(A) HEREBERARS )] BREREEHICAERSTT -
(B) BEREHBA RS [ T] - (EEMERE BRI ARG [T -
(C) EHRIIAVEERS - HERERATRS [ JIRF B RIS ] -
(D) {EFEIHEER - #EREPTERAVES [T/ N BRI S ) -
(B) E=REINEER - MIRHTERAVKS [ DEREH IR ST -
(HUH 88 FFE2HIE 247 40)

fiZ8H Solution :

G R4S = EE R FrL o MIERESERAE S [ I8V RN » EAFES R
W51 - BRI TR A BT EH IR ER T -

gk (E) -

Universal gravitation meets Newton’s third law of motion. Thus, the magnitude of the
gravitational force of the apple on the Earth is equal to that of the Earth to the apple. And their
directions are opposite, since the pair of forces are action and reaction forces.

Thus, choose (E).

Teacher: It is said that Newton discovered the law of universal gravitation when he sat under
the apple tree and an apple fell. When we talk about the mass of an object, we mean
the force that is attracted by the Earth. Does the force that the Earth attracts the apple
have the reaction force according to Newton’s third law of motion?

Student: Yes, the magnitudes of the action and reaction are the same, and the directions of
those are opposite.

Teacher: Great. What’s the reaction force that the apple attracted to the Earth?

Student: The force that the apple attracts to the Earth.

Teacher: Well done. So which option should we choose?

Student: (E).

Teacher: Good job.

151 ,
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ERN  BSRIHER SRS MR > BEER G M e IR 7 T A
TIEE S - MR — YR ER - BRI EZEIHERKE [T - ANESa R 6
HERRS KV TT > B g g s = EEhE - A —(EIERIITE ?

B B INRIERTTERAMERTI A/ MASE > AL -

ERl ARG > AVESARAHBR S (Y] - BRI AER I Refalifg 2

B2 0 BRI S [HIBREY D -

LR AR - BTDATR AP R B — (S TR 7

B24E (B

EhL JRERE

plE_

St EEASIER:  HEETI(RY) ~ SIEE(G) » ESIIHE(9) 2B
Analyze the relations among the gravitational force (Fg), gravitational constant (G), and

gravitational acceleration (g) from the Universal Gravitational Law.

Universal gravitation between two particles is directly proportional to the product of the masses
and inversely proportional to the square of the distance. Xiao-Chun wants to calculate the mass
of the Earth by universal gravitational constant G, the gravitation on the Earth g, and the radius
of the Earth R. Which of the following calculations he writes is correct?

WS B E A S S ERYSRERIELL - B EEREAYF T B EL - NEREEE S
SR G ~ MERFREAYE IS g ~ FIHEKEE R AEFEREVE R - A HHEYIE
MESTRIE Ry N3 2

(A) M=2%
GR?
(C) M=
(D) M=§—G
(E) M = gGR?

(émH 100 157 68)
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FERT -
SEEASIJIER - AR EEER: - HEGHERE R
v GMm GM y gR?
= = -_— - =
mg —g R2 G

RZ
HUZE(A) -
Combining the law of universal gravitation and Newton’s second law of motion, we can know.

GMm GM gR?
TR CTITIT R M

Teacher: Does anyone want to share the formula of universal gravitation?

Student: GMm
F = R?

Teacher: Good. What’s the relation between universal gravitation and gravitational
acceleration?

Student: We don’t have any ideas.

Teacher: OK. Simply put, what’s the relation between force and acceleration?

Student: They are in proportion to each other.

Teacher: Great. The resultant force exerted on an object is proportional to the object’s
acceleration. Which law do you use to infer this equation?

Student: Newton’s second law of motion.

Teacher: Yes. What is the formula of this law?

Student: XF = ma

Teacher: Great. How do we use this formula with something we already knew? I will leave
you some time to think about it and later I will have students share.

GMm
Student: F = Rz = Mg

Teacher: Great. How can I know the M from this equation?

Student: Delete the “small m” and then, translocate the unknown “big M”.
GMm GM gR?

“r M=

Teacher: Well done. So which option should we choose?

Student: (A).

Teacher: Good job.
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TEATIER, ALY
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B EAGESR > IR

JIRIIZREE R IEEE -
1R > WIRsATZ 2 & BN R IR - A e — (i E EE 2R g 2
ATEEE BN ERE -
R > AREEEE AR EE ?

XF =ma

REF > PRI M2 B M A
o BME-THEFEESE -

GMm

RIE G A (HIERR (RIE 2

R > ALEEMER I Mg ?
i hm” R FHETRIHE > fEHRA A MY

RZ

GMm

R =mI 9=y

GM
RZ

G
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6-2 MIKFTEANE S
Gravitational Force on the Surface of the Earth

\
FHFHEERAEIESESRAVERTE - B AR PABR O Z P RERE - 1S HHIRAVE I IIEEEE - &
TRt BB TN LR P E - BN - B R E YIS Z MR thse T ARIEA -

JENEEEE ST o (BRSO HER EYGRVER ST EYRe B EEAYAIR - ESIHIIER > ATEA
P T 85 ) ZRAEEL > TR T EI - AREI N EEIIRE BE TS5 2 AR R EE

SO > 5 EER A TR SCRE  BHEE - ERATRBEEE A > o half R twice %

ANV L Sy KoL

BEF thiE B¥F thi¥
sphere 5317 the surface of the Earth =
uneven FEFT AR radius P
gravitational

EEQR)IIFENES gravitational field EZgats
acceleration
the center of the Earth | Hfl,(» strength R

155 .
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[ (1) is due to . }

i) © The weight of the object on the surface of the Earth is due to the gravity that the Earth

acts on the object.

i EYIRSHYE R - AREHERE YIRS AT E ) -

[ (2] be seen as . ]

4 The gravitational force near the surface of the Earth could be seen as a constant since the
radius of the Earth is comparably huge compared with the heights of objects.
R MTATHYE ST - WA R EE - N HE R YIRG TS & - JEERFAEAE
K -

[ © be inversely proportional to . }

4 - The gravitational field strength outside the Earth is inversely proportional to the square

of the distance of the center of the Earth to the specific position.

HEERINER R — RV EE 755 - LML O Z R TR EE -

(4] and are in proportion

= proportional to

4+ The universal gravitation is proportional to the product of the masses of the two objects.
=The universal gravitation and the product of the masses of the two objects are in

proportion.

EAESIHEE - MIWYEeHYE EREMIELE -
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[ (5] act/exerts on

4 - Weight is the force the Earth exerts on an object.
HE SR YIRE Tty /7 o

O ERHEUVANRTE
1. S+ BeV.+ as+__ half/...times /twice, triple ___ + as
2. S+BeV.+ times + comparative adj.+ than

4]+ The gravitational force of an object on the Earth is six times greater than that of the

moon.

YIRS ERRRIFTZ /Y510 > EHBRAY 6 1% -

o BEEHE »

AR ITR - 2AEEBIITER
At the end of learning the chapter, students are able to acquire the following concept:
— ~ RoRHERYIRG AT VE T -
Present the weight of the object on the Earth.
v TR I AT A EE T M B A HE
Understand the concept of gravitational acceleration and infer the formula.
=~ THEESGREARESBIAR -

Understand the concept of gravitational field strength and the formula.
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w BIREERE o8
BllE—

S ¢ T T R B - B S 8  BEEE - R 2 B -
Understand the relations among gravitational force, distance, and acceleration regarding

planetary motion.

If a planet moves along an elliptical orbit around the star S, which of the following statements
about the magnitude of the acceleration of the planet at the point shown in the right figure is
correct?

(A) All positions have the same magnitude of acceleration.

(B) At point A the magnitude of acceleration is the greatest.

(C) At points B and F the magnitudes of acceleration are the greatest.

(D) At point C and E the magnitudes of acceleration are the greatest.

(E) At point D the magnitude of acceleration is the greatest.

HHETREGZINAE S fEiEEPEES) - B Ty AR T2 TG BT ~& B IR E R
ARG - {773 TEHE 2

(A) FrEEEER—RER -

(B) ®EABREA - A D
(C) ¥h B BARE F 5K -

(D) i C BiEL E £ K -

(E) &iD &K -

F E

(98 FEA5HF YR} 1)

fZFE Solution :
PR ARIRSE B E AR > IO S I RIGELE
R R A 5 [ E B YRG RE  PEEE P T R B - FrDIRE A Frsz 2 BEA S [JTEK -
bl - B A Z R AR - ARy A BEEEEEKSS (S) AT

WUIE(A) -
According to Newton’s Second Law of motion, the acceleration of an object is proportional to
the resultant force.
The magnitude of the universal gravitation is inversely proportional to the square of the distance
between two objects. The planet at point A exerted the greatest gravitational force, since point
A has the shortest distance to the Sun (S).

FUORBREBEFRET R FEP BFRRT R
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Teacher:
Student:

Teacher:

Student:
Teacher:
Teacher:
Student:
Teacher:

Student:

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

Teacher:

Student:

Teacher:

Student:
Teacher:
Student:

Teacher:

i ¢
B

EH

Does anyone know what the magnitude of the acceleration is dependent on?

The resultant force.

Correct. From Newton’s 2™ law of motion, the resultant force is proportional to
acceleration. What are the forces that act on the planet at each point?

Gravitational force.

Great. Only the gravitational force exerted by the Sun on the planet.

How do we know which point is under the greatest force?

By using the law of universal gravitation.

Good. Does anyone want to tell us what the law of universal gravitation is?

It is directly proportional to the product of the masses and inversely proportional to
the square of the distance.

Good. Is the product of the masses the same?

Yes.

Good, and why?

Since it is the product of masses of the same planet and the sun.

Great. How about the distance, are they different from each other?

Yes.

If we want to know the point under the greatest gravitational force, which point
should we choose, the point closest to the S or farthest to the S?

The closest one.

Bravo. Therefore, we have to choose the point with the least distance to the S, which
one is it?

Point A.

Well done, which option should we choose?

(B).

Correct.

HIRAFRSHENEEEE - ST AR ?

&l

28 HAPEEE EE e MBI LS IR - AV T EAE S
ATz 8172 FEs 2
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RN R TTREAREIRE RGNS HEAS 1T A HMIN IR T -
Rl HERAMTRZ A EIRIE o AR E AT IR ?

B2 MHEASIIER -

Rl R AR EFERE S SE A S T E AR R ?

BE . VISR HVEAS IRV TR EE - FIRIYIRe E B IREREL -
LT REE - SRR E BREA A ENE ?

B4 A

LRl AR > RyfTIEE ?

24 0 NRERE—ET 2RISR E 560 -

L fRAE - AR RERVRERER A EE ©

TR
T ARR TR RS FTRA Y - RIS AL
LA 2

B4 0 EhETHY -
Ehl - ARYE > LR S BVEEEEREEEUING > WE—{EESRT S BYEEEECEE N 2

B AN
ERT AR o FTDARRAM R R — (BT ?
B4 (B)

Ehl : FREAE -
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Calculate the gravitational acceleration by means of the Law of universal gravitational.

Assume that the mass of a certain planet is five times greater than the Earth and the radius is
half of that of the Earth. And they have the same density. How many times is the gravitational

acceleration on the planet’s surface to that of the Earth’s surface?

(A) 2 time (B) 2 time (C)5time (D)10time  (E) 20 time
B EE BRI 5 % BRIk —F > HEEES » AR ERFREN
BN o R ERZR I E TR

(A (B)ZfE (©5f (D)10fF (E)204F

@2 FHKD

#ZFH Solution :
HHRIE S g = 55

GM 2Ik
gEH _ r P _(riER 2y Bk
g HiER  GMiER (r F#ﬁz) M HiER
rfltfj%z

58 (E)

=22x5=20

Form the gravitational acceleration on the Earth’s surface g = i—l\:, we know that

GM planet
g planet  r planet? ( rEarth )2 M planet

g Earth  GM Earth — \rplanet/ M Earth
r Earth?

22x5=20

So choose (E).

Teacher: Does anyone know the relation between gravitational acceleration on the Earth’s
surface and the gravitational constant?

GM
Student: g = 2

161 . . g gt
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Teacher: Good. Now please take some time to calculate how many times gravitational
acceleration is on the planet’s surface than on the Earth’s surface. Later we will have

some students share the answer.

GM planet
g planet  r planet? (rEarth )2 M planet

g Earth  GMEarth ~ \rplanet/ M Earth
r Earth?

Teacher: Well done, which option should we choose?

Student: (E).

Student: x5=20

Teacher: Excellent.

RN ARARSBESS > tREDIIEE - BERS I E SRR R ?

x . GM
B 9=

Sl REF o BRI B it - R — LSRR R R SRR AAVE ST - E Bk
REESNEE 4 - HMTEFE— THEEAZ LS -
GM ZEf

g . SR TER (Tim%)z e 22 x5=20
gHER  GMHEE  \rmEk) MR
r HBk
EEN  ARAE - FTDABAM E% 2RI E R TEIE ?
B4 0 (B)

Ehl JEEE -
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6-3 ITEBEANEFHE

. Planet and Artificial Satellite
RETHEAS IR KRR REAET - I N EES e RS RENRN - I

Ah - I B NS R R FRPE R AR RO AR N T RS e > IR EE A S
TEERES S > #EEHEUEE 8 - ETEREZ R

HETT 7

FESSCTTH - SRR BiRA A EN BRI AT R A A =5
R R -

EF thiE B¥F thiE
Kepler’s Laws of | 52 NEI{TA | Kepler’s second law/ the law | 52 NEEE " E R/
Planetary Motion AH ) T of equal area HHEEEE
circular orbit Bl #nE semi-major axis R iy
radius R ellipse iR

geostationary/geosynchronous
period A HA EEZ
satellite
sidereal period [SRzR LT height =E
velocity R projectile motion A iEE)
revolve/orbit N radian JIE
B Op R FRER IR EFREY
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spin/ rotate E[ constant TEH

focus FEBE

O the square of XK
the cube of RYYi]

4y = For different planets, the square of their orbital period around their star is proportional
to the cube of their orbital radius.

REEATE - AR EBEIF - MEPUEFHE I > Bk -

[ (2] sweep out/cover . }

47 : The same planet revolving the sun sweeps out /covers the same area within the same period
of time.

[F—1TE2ERGAE > FEHFREN - FrisEfEiEs -

[ © be the same as . }

4« The period of any geostationary satellite is the same as that of rotation of the Earth.
[E 51 AR E R R - B ER E A HIAEE] -

[ (4] be parallel to . }

4 - The axis of the orbit of a geostationary satellite is parallel to the axis of rotation of the
Earth.
[E20 T R AYGE Tl - BUER BT
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(5] be close to

4] - When the velocity of the projectile motion is increasing, the curvature of the path would
bend flatter to be close to the shape of the Earth.
PR - VIR » S8R - MO R R YIS -

(6] be less than

147 - When the heights of the objects” motion are far less than the radius of the Earth, the

gravitational field could be regarded as a constant.

BV EEN Y S R R NP BRI > AU E TS R EE -

The three Kepler’s Law of Planetary Motion (English Version)

(1) All planets move about the Sun in elliptical orbits with the Sun as one of the focus.
(2) A planet covers the same area of space within the same time duration.
(3) The squares of the sidereal periods (of revolution) of the planets are directly proportional

to the cubes of their mean distances from the Sun.

7 NI=XITEEEERE

(1) TTESERGETHIEREE > H RS ERERRER . — -
(2) RFHETENELR - £ EAVER R A E R EE -

Q) TTEABEZEINFF - EEGUE R T ROEEE -
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At the end of learning the chapter, students are able to acquire the following concept:

— ~ TRERIGETE - ZECRGVETIER - b rHEE T M T 23 = AR -
When planets orbit the sun, they are affected by the gravity of the sun, from which
Kepler’s three laws of planetary motion can be inferred.

= WERSE TR WA ER > BRI R m0TT -

When planets orbit the sun, the centripetal force is provided by gravity.
= EENGHTE AENEE - HAER RN -
Derive the speeds and the periods of satellites that orbit their planets.

o IEERE s

BlE—

St TR R AVEERES -

Understand how geosynchronous satellites work.

Intercontinental communication satellite orbits the equator of the Earth and its period is the same

as the rotation of the Earth. This is a so-called geostationary satellite. This kind of satellite seems

to be suspended in the sky and stands still when we watch from the ground. Which of the

following statements about the satellite is correct?

(A) Its position is too high to be affected by Earth's gravity, so it can remain stationary in the
sky.

(B) The gravitational force it experiences from the Sun is exactly equal to the gravitational
force the Earth exerts on it.

(C) The gravitational force it experiences from the Moon is exactly equal to the gravitational
force the Earth exerts on it.

(D) The gravitational force it experiences from Earth is exactly equal to the centripetal
force required for it to move in uniform circular motion around the Earth.
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fiZ3E Solution :
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(D)

Because a geostationary satellite is affected by the gravity of the Earth only, the centripetal force
it needs to orbit the earth is the gravity of the Earth.

Teacher: What planet does the geostationary satellite orbit?
Student: The Earth.

Teacher: What would the satellite orbit be like?

Student: It should be a circular orbit.

Teacher: Yes, what is the force acting on the geostationary satellite?
Student: The gravity of the Earth.

Teacher: Good. What force can provide the centripetal force it needs?
Student: The gravity of the Earth.

Teacher: Great. Which option should we choose?

Student: (D).

Teacher: Well done.

Zh . FPEESITHRBITAE?

B4 ik

ERN - RE > AEEESEERE - A AE?
B4 BEE#E -

Rl 2R IBERCEEZAETIEAE ?

B4 0 WERZ 5177 -
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Integrate the gravitational law and Kepler’s Laws of Planetary Motion on artificial

satellites.

The period that a geostationary satellite orbits the Earth is the same as the period of the Earth’s
rotation. If a new satellite with the same mass as a geostationary satellite is deployed so that it
takes about 3 hours to orbit the Earth once, and the orbits of the two satellites are both circular,

then how many times is the new satellite affected by the gravitational force than the new satellite?
W16 B8 ©1 ®; 6

[E]25 fr B GR BT TR AR K B SR A [E] - SRS — R E D R E B E
R > FEESH THIER —RAVRFEIEY Ry 3 /Ny - HFER 2 AES BIEF - RIZHTE
B2 ENEESZFPEENZ /DG ?

W1 B8 ©1 O @®

(108 5 2821 51)

#ZFH Solution :

RECH > FyWiFE NG E WV EIR (% > AORHWIE 2 E L - FFEET MIfTESE =
HENER > SR ERREEUE I BIAR(T? « R®) » FEM TEAS ISR, - HIEEHE
Pz E T -

VA — /= N N2 7R . R 3 3 2 R 1
FiERESEEREEEE () = (3) 22 =3

59 > B EEEAE VT RER BT U B P2 iV E T EEE FES 2 T2 HItE(E

4

5 (4) =16 BumA) -

1

Knowing the periodic relation between the two artificial satellites, we want to determine the
gravity ratio between the two. Integrating the Kepler’s third law of planetary motion, we can
know the T2 « R3

The ratio of the orbiting radius between the new satellite and the original one is

&) =G =r=3
J— = | — > — = —
R, 24 R, 4
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Moreover, from the law of the gravitational gravity, the gravity and the square of the radius of
the orbit are in inverse proportion, so the ratio of the gravitational value of the new satellite to

. Y
that of the original one is (I) = 16.

Teacher: According to the question, what are the known and unknown things?

Student: The known thing is period and the unknown is gravity.

Teacher: According to the question, which one of Kepler’s laws of planetary motion is about
the period?

Student: The third one.

Teacher: Great. What is it about?

Student: The square of the period is proportional to the cube of the radius.

Teacher: Correct. We know the period of the new satellite is once three hours and how about
the geostationary satellite?

Student: We don’t know.

Teacher: Do you remember what the geostationary satellite orbits around? And what planet
has the same period?

Student: The Earth, so is it 24 hours?

Teacher: Correct. Then I will leave you some time to calculate the ratio between the new
satellite and the geostationary satellite, and we will have some of you share the
result.

Student: (&)3 B (i)z Rl

R, 24) R, 4

Teacher: Great. What should we do if we want to know how many times the magnitude of
the new satellite is than that of the geostationary satellite? How should we calculate?

Student: Using universal gravity.

Teacher: Yes, which two physical quantities can be described by the law of universal gravity?

Student: The gravity is inversely proportional to the square of the distance.

Teacher: Great. Then I will leave you some time as usual to calculate and we will have
students share the result as well.

Student: The ratio of the gravitational value of the new satellite to that of the original one is

@) =1
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Teacher:
Student:

Teacher:
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Bravo. Which option should we choose?

(A).
Well done.

Rl B Pt > ERIERARAI T B2 EEE 7
EREEM > RREATZET]
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BASNEEER More to Explore

PBS LearingMedia

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

https://www.pbslearningmedia.org/

MIT opencourseware

e s MIT HTBCARER - sl RaRas R R
it -

https://ocw.mit.edu/

Khan Academy

ATERRE > A EVYIERERR R RE HERYE R o

https://www.khanacademy.org/

Interactive Simulations, University of Colorado Boulder

OEjAERES > T BFHEME AR -
https://phet.colorado.edu/

Collection of Physics Experiments, Charles University in

Prague

R EERGET NER - WHE S FEAR -
https://physicsexperiments.eu/en/physics
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PhysPort, PER

VA EVIFREIRE > sy ERrEMHEETE

l%%\‘}&&?& ’ %ggﬁ% .
https://www.physport.org/assessments/
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https://pansci.asia/

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

[ Elective Physics(l) ]
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