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Momentum and Angular Momentum
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1-1 #H=EHEFS
Momentum and Impulse

B¥F thiE ¥ thiE
momentum & impulse - momentum theorem | {#&—&)j& ©H
the change of momentum | &% | fixed force, constant force ES

B
the time rate of change of
initial momentum HE= g & 1Y I A 21k
momentum
$
final momentum K= quantity of motion AR &
impulse (Cap==s airbag YR
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[ o the product of and . }

4] : Momentum is defined as the product of mass and velocity.

FEEHEEMEERRBAER

{ ® The change in over a period of time is under . }

4 : The change in momentum of an object over a period of time is equal to the area under

the force-time graph.

VIRatE— RN EVEN RS E - BIRAZ I B Rl - Frid a5 Ay

{ © impressed on since . }

47 + Airbags may decrease the net force impressed on the passengers in the car, since it

increases the duration of the impact for passengers.

LR RBEEER A FHER N ERREF ZEBAER R - AR =2 TR

BEER w

TEEEE AR ITE - BAEEEDINER
After studying this section, students should be able to know that:
— e EREENES -
Knowing the definitions of momentum and impulse.
= MRS EEER - EDEEFNEEEL - WEMRERTE
Derive the relation of impulse equal to the change of momentum based on Newton’s Second

Law, using vectors to manipulate the quantities.
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Understand that impulse and momentum are vector quantities, and impulse is the change

1In momentum.

As depicted in the figure below, a baseball with a mass of m is pitched horizontally to a batter at
a speed of v. The ball turns straight upward and moves at a speed of v after being struck by the
bat. Assuming the ball’s horizontal motion is in the +x direction and the vertical motion is in the
+y direction, what is the direction and magnitude of the impulse delivered to the baseball by the
bat?

(A) 2mv, moving in the +y direction.

(B) muv, at an angle of 45 degrees to +x.

(C) mv, at an angle of 135 degrees to +x.

(D) V2mw, at an angle of 45 degrees to +x.
(E) V2mw, at an angle of 135 degree to +x.

W NEFTR > —EEE m AYEEERDUERE v KPR A BB T » BRER TR ERER - (HER DU
J& v TR EIRE > BKSPIRIT TR Rotx > S3E[A]_EIRH T R Rty > RIEKFT 2 EIETERY

EEITIEE NI ? A,
(A) 2mv - [ty J5TE -
(B) mv - Eil+x JEIAE 45° - O_’
(C) mv - Bil+x FEAk 135° - y o e
(D) V2mv > Hil+x JFEIER 45° - 1 i
(E) V2mv » Bd+x R 135° -
(98 F45% 13)
4 o e
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#ZFH Solution :

Impulse applied to an object is equal to the change in its momentum. The following illustration
shows that initial momentum of the baseball is mv and in the +x direction. The baseball’s final
momentum is mv and in the +y direction. Therefore, the impulse can be determined by having

the initial momentum subtracted from the final momentum,/[mv2 + mv2] = V2mv at an angle
of 135 degree to +x.

ViReHIEEEFNEESE - W TNEFUR - BEREVIHEEIE R my » [F+x J5A  REER

mv - [A+y J5[E o EE RRENE B E A AR ¢/ [mv? + me?] = V2mw 0 Bilex 5
|k 135° -

REE-VE=E
=v2mv

Teacher: Do you still remember the impulse-momentum theorem?

Student: Yes, the theorem states that impulse is equal to the change in momentum.

Teacher: Good job. The impulse received by an object causes a change in its momentum.
That is why impulse and momentum are closely related to each other. Now, how do
we calculate an object’s momentum changes over a certain amount of time?

Student: We can subtract that object’s initial momentum from its final momentum.

Teacher: That is correct! Be aware of the direction of momentum. Because momentum is a
vector, it has a direction. Please follow the instruction to draw the directions for the
initial momentum and final momentum of the baseball asked. This will help us to
determine the impulse delivered to the ball.

Student: Subtracting the baseball’s initial momentum from its final momentum

J[mv? + mv?] =2mv .

Teacher: What’s its direction?

Student: It is at an angle of 135 degrees to +x.

> 3OO AMBEFRE TR FRPETRE F
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B KRB REYIE RN R E R [mv? + mv?] = V2mp -
RN AR TR ER 7
B Bdx JFRIER 1359

pIEE—
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BEHIZTTRIIN ©
Students can figure out the magnitude of a force exerted on an object using Newton’s
second law of motion (ﬁ = AA—f) and the formulas for momentum (p = mv) and impulse
(J = FAY).

As shown in the figure below, a ball with a mass of m, or a point mass, is released from a point

H above the ground. This ball is thrown horizontally. The travel distance of the ball before its
first rebound is % and the rebound height is %. Assuming the surface of the ground is smooth

and polished, air resistance is negligible, the time for the ball in contact with the ground is t, and
the acceleration gained by the ball due to gravity is g, what is the magnitude of the average force

exerted on the ball in the vertical direction by the ground?

m ZgH 7m,/2gH 25m,/2gH

5m\/2gH
16t (C) 16t

4t

(A2 (B) (D) (B) Tm208
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ZgH 7m./2gH 25m,/2gH 5m,/2gH 7m,/2gH
A) == (B) 4 O —F O— E ——
m
H @ T
o
l . - 16
57 -\. J_
“ o G i
L ‘iH |
I 3 1
(102 5% 9)
fi#Z5H Solution :

When the ball is thrown horizontally, it is in free-fall in the vertical directionVs,, = \/2gH

downward. When the ball rebounds, the acceleration gained by the ball is still g in the downward

direction: the topmost point vy> = 0> = vi,? —2g - (1—6)
= viy= 2/2gH upward. F - t=m (2,/2gH—(=\/2gH ))
- F= 7m4t2gH

SR FESL LT E RS 1 Vyy, = J2gH » [T o KSR  AESNE TR MRS
B IR AR g R ¢ Rl vi= 2= vyt —2g - (50)

= viy= %\/zg_H v FEF-t=m [%\/ZgH—(—\/ZgH )]

7m,/2gH
—— O
4t

=>F=

Teacher: What happens when the ball first strikes the ground?
Student: It rebounds.

Teacher: It is correct. Then, why does the rebound happen? What occurs of the ball during the

time of hitting the ground?

! BOOp AR EERE TR FRPETRE
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Student: The ground exerts a force upwards on the ball. Thus, changes the direction of the
ball’s momentum.

Teacher: That is great! When the ball is in contact with the ground, the ground delivers an
impulse to the ball and changes the ball’s momentum.

Teacher: The magnitude of the force exerted on this ball can be determined using the impulse-
momentum theorem. Does anyone remember this theorem?

Student: I do! Impulse is equal to the change in momentum produced by the force
f = FAt = Ap.

Teacher: That’s right. But, what does impulse have to do with the average force asked by the
question?

Student: Impulse is the product of the average force and the time duration that this force acts
F-t

Teacher: As aresult, we need to find out how much the ball’s momentum changes during the
collision.

Student: Oh, I kind of get it, but how do I know?

Teacher: Do you still remember the definition of momentum?

Student: Yes, I do. Momentum is the product of the mass of a moving object and its speed in
a particular direction p = mv .

Teacher: That is correct. Which element in this equation remains unchanged throughout?

Student: The ball’s mass m! So, the only thing we need to figure out is what the velocities of
the ball are before and after it hits the ground.

Teacher: That is great! Before that, we still need to know by what type of force the ball is
being pulled before it rebounds.

Student: It’s gravity, and this tells us the velocity before the ball strikes the ground is V3, =
\/Zg_H (downward).

Teacher: Great job! How about the velocity 'viy' after the ball hits the ground?

Student: The ball is still being pulled by gravity. According to the motion equation for

constant acceleration, vy* = 0> = viy? — 2g. (%) .Thus viy'= %,/ 2gH (upward).

Teacher: That is right. Now, we have the velocities of the ball before and after it strikes the
ground. We can solve for the change in the ball’s momentum.

Student: 2gH

Iseeitnow. F. t=m (= 1/2gH (—/2gH )] The answer is F = 2294 ”

8 3OO AMBEFRE TR FRPETRE F
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FEL AR - IR AR v = 0= v =2 - CHAETE vy
2J2gH (1) -
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1-2 EFETFEER
Law of Conservation of Momentum

‘ /

EHEE] TR S I SR E R A bR, (F = llm L = lim %) » &1

—0 At At—0 At

AZINIEREE D RHER > VIRGHIBIE ISR - BRE T RS ZHENTH - THERE
B AERGEHEN I E RS - AT - BE > RBRAEE = ERE > AE
TREIEACR > SRS EN R AR~ IAL -

-

E¥F thiE B¥F thiE
law of conservation of momentum | BjE~FAER: | external force 617
vector [EI= internal force )
projectile motion PlRG ZE E) explosion HBIE (n.)
horizontal component KErr & collision hlifE (n.)
vertical component ShETE embed mA (V)
point mass, particle =]
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4] : In the absence of any external force, if the initial momentum is not zero, the object will
keep on moving with initial speed in a straight line.
ERBEERINIERT > BVIREIERN AZ > RIYIRE S EE L iR E H 4 E
g

[ ® When acting on , the momentum of the is . }

#1457 : When the total external force acting on a system of a particle is zero, the total momentum

of the system is conserved.
BB R 2INIHEG R B0G RS BRI -

[ © of the system consisting of and . }

54] : After the bullet embeds into the block and moves with it, the total momentum of the system

consisting of the block and the bullet is conserved.

BT iR ARSI — B (% > ANBUEL T EATE AR 24 RENESTIR -

o BEEHE »

FEEETARITR - BAEEELITER
After studying this section, students should be able to know that:
— TN GUERGZEEE -
Understand that internal forces do not change the total momentum of a system.
= R EE TN E AR A
Be familiar with the conditions of the law of conservation of momentum and how to apply

it.

- BOOp AR EERE TR FRPETRE
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Be familiar with the concepts of conservation of momentum. Be able to calculate the

speed of a point mass within a system using the total momentum of a system of masses.

A point mass is projected upwards at an angle to the right from the ground. When it reaches its
maximum height, it explodes into three equal point masses, A(FH), B(Z), and C(}N). As shown
in the figure below, point mass B(£)) is in free-fall acceleration from rest after the explosion,
while point mass C(74) follows the original path and returns to the projectile point. Assuming
the air resistance is negligible, what is the approximate ratio of the velocities between point
masses A(H) and C(PN) at the moment of explosion?

(A) 1/2 B) 1 (©)2 (D)3 (E) 4

— & 8L E AP A BT RNA IS - e =Ry RNRREEHEFNR - 2
*’?”"!E AN EIFTR © R & L EFFIEIFE B %‘“’ 51 > NI ES R B 2 AT 8l -
REEZZSASE ST > PSR ] P B Y IR AV EE (B &Y Ry T 2

Mz
P —

4

(A)12  B)l (C)2 (D)3 (E)4

(99 454 10)

#ZRH Solution :

When a point mass is projected at an angle and reaches its maximum height, the vertical velocity
of that point mass equals 0 m/s, but it is still moving horizontally at a speed of v. On the other
hand, point mass C(3) follows the original path and returns to the projectile point of projection
after explosion, so C’s(PNHY) velocity is v but in the opposite direction from the original one. In
addition, the explosion contains only internal force, where no horizontal external forces
involved. All three masses are solely pulled by gravity in the vertical direction. As a result, the

total horizontal momentum of this system before and after the explosion is conserved.

12 3OO AMBEFRE TR FRPETRE F
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Let the mass of the original projectile point be m and the velocity of point mass A be v.

The entire motion of the three point masses in the system can be written mathematically as
m , .om m , . . ..
my =—Xv' +—=X 0+ 3 X (—=v) thus v’ =4v. The ratio of the (horizontal) velocities

!

between A and C at the moment of explosion is % = % =4,

ERE R i = B - S E TR Z =0 > R KPRy - 1 ARG RS
TR BRI HESRS - SAEVERE Rv > (HEAF G AR » SORKEBIRAN T > Rufesfed - (&
ZEENEZEEM  1A/KFZINT - FrLUBFERTRIY S/ K Z B B <P

s B R E B Am RS S v o F%WW——XU+ X0+~ 3 X (=v) > W' =

4v - R P A =2 = 4 -

Teacher: Recall what we have learnt before. When a point mass reaches its maximum height,
in what direction this point mass is still moving?

Student: When a point mass is thrown at an angle to its maximum height, that means that the
vertical velocity of this point mass is zero, while its horizontal velocity retains the
momentum.

Teacher: That is right. At this highest point, the point mass explodes. Tell me, does an
explosion contain an internal force or external one?

Student: Explosion contains only internal force, and it means that this system of the three
point masses is not influenced by external force.

Teacher: Great job! Will the total momentum of the system before and after the explosion
change?

Student: No, the horizontal momentum of the system won’t change due to explosion, as the
system is only subject to gravity. There is no horizontal external force exerted on
the system. So, the total horizontal momentum of this system before and after the
explosion is conserved.

Teacher: That is correct. As mentioned earlier, the horizontal velocity of this system remains
constant at the apex of its trajectory. Assuming that horizontal velocity at the

moment of explosion is v, the mass of the point mass is m, can you determine the

total momentum of the system before the explosion?

13 3OO AMBEFRE TR FRPETRE F
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Student: The total momentum of the system before the explosion is equal to the mass (m)
multiplied the velocity (v) of a point mass mv.

Teacher: That is great! We know this point mass splits into three equal masses, A, B, and C
after the explosion. The question also tells us that point mass B is in free-fall
acceleration from rest after the explosion, while point mass C follows the original
path along the projectile trajectory. What is the momentum of these two point

masses?

Student: Because the masses of point masses A, B, and C, are equal, their masses are %
Point mass B is is at rest after the explosion, so its initial velocity is zero and its
momentum is % X 0 = 0. Point mass C follows the original path and returns to the

-mv
3

projectile point, so its velocity is —v and its momentum is % X (=v") =

Teacher: That is correct. Assuming the velocity of point mass A is v, what is the total
momentum of the system that comprises all the three point masses after the

explosion?
Student: Because the momentum of point mass A is %X v', the total momentum of the

system after the explosion is the sum of the momentum of the three point masses,
A,B,and C T X v + =X 0+ = X (-v).

Teacher: That is right. As mentioned earlier, the total momentum of this system before and
after the explosion is conserved in the horizontal direction. Now, we have these two
equations and can solve for Point Mass A's velocity and the ratio between its
velocity and C’s.

Student: I see it now. Because the total momentum of this system is conserved, from mv =
m ;. m m . . ,
TXV +oX 0+ 5 X (—=v), we could find the velocity of point A: v’ = 4v. As a

result, the ratio between the velocities of points A to C at the moment of explosion

v 4w

1S —=—=4.
v v

14 BOOp AR EERE TR FRPETRE
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ERL B - AIRMTRTEA TR ERIE - 280K PREEIESTE - BAERTMTAIRNER]
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4

1 3OO AMBEFRE TR FRPETRE F



KT FR T ENET P oo L EEHEFEL L

BIE_

SEHA ¢ TRRREERANR 0 R ZEIKEZ AN FrRUKSE Z BN E ST - EMHELS
A~ B W AHYEREE - RAHESRE -
Understand that, before and after a ball is caught, because there is no external force in
the horizontal direction of a system, the total horizontal momentum of the system is
conserved. Therefore, the velocities and relative velocities of the two catchers, A and B
can be obtained.

A and B are the two catchers wearing ice skates. Now, they are standing still on the ice and facing
each other. A throws a basketball to B. Assuming the masses of A and B as m, and mj,
respectively. The mass of the basketball is m, and its horizontal flight velocity is v. What is the
magnitude of A's relative velocity with respect to B after the basketball is thrown.

1

Amv(-—— )
B) mo (- + ——)

©mu(e—7o)
(D) mv G+ 70)

1
mapt+mpg

(E) mv(

)

A~ BWABEEIKT] - HEEF UK E - 5 AT PEEEIELS B B - s A
B RS makemp - BEERIVEE Rym > MEEKEHAV/KPRE Ry > AlEBEERERE 2 1% -
A~ B [ AMHETERE 2 B AH ] 2

1

Amv(-———)
B) m(o- + ——)

Q) mu(e—7-)
(D) MG+ 70)

1
mapt+mpg

(E) my( )

(67 HKS)

10 BOOp AR EERE TR FRPETRE
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#ZFH Solution :

During the passing and catching of a basketball, there are only action forces and reaction forces
between A and B with equal but opposite direction to each other. In the system that comprises A,
B, and the ball, the internal forces between A and B can be canceled. No external forces in the
horizontal direction act on this system, so its total horizontal momentum is conserved.

When A throws the basketball forward with an initial velocity of v, the basketball gains forward
momentum. At the same time, an opposite force is acting on A, pushing him backward. This
causes A to experience a change in velocity —v; (the direction is negative). Let this velocity be

represented by the equation between the basketball and A can use this math equation to represent
0 = —myv; + mv. Simplifying this equation can solve for A’s velocity —v; = _m—mv In a similar
A

manner, when B catches the basketball, the momentum of both objects is changed in an equal magnitude

(the direction is positive). Because the total momentum of this system that comprise A, B, and the ball

: . ep . . . mv
remains constant, mv = (mg + m)v,. Simplifying this equation v, = m——
B
As a result, the magnitude of the relative velocity of A with respect to B is v, — (—v;) = mm:m
B

HREERRIR - R A AB WA ZEEERAVIERTTT - B [ATBHERIAV A& BN TE
NEFAEATINTT) - GRS - R ZERPKFEZINT - Bl RgoK 2 dEhE

- & A DU ERE AT - ERER AT BE > A FR & 25— {&AYE)
E2OTRRR) - HIE Ry—vy > AIARH0 = —myvy + my > REEEIRIGE] A 1Y

HE—vy = —= o & BEEIEkIG 0 B MIERER L GG S SO RE(EOT M BIE) » R

BHI% » [A+BAERIN 24 B RS - Hittmy = (mp + m)v, » FHEHE % BT, =

—(v) =t m () -

+m mgp mp+m mgy

Teacher: Let's analyze the forces acting on the basketball before and after it is passed. When
A passes the ball, what forces act on it?
Student: A exerts a force on the ball in the direction of B.

Teacher: How about after B catches it?

Student: B exerts a force acting on the basketball that moves in A’s direction.

1 3OO AMBEFRE TR FRPETRE F
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Teacher: That is great! Now, how do we find the velocities of A and B respectively?

Student: This is so complicated! I don’t know how to do it.

Teacher: We can avoid calculating these complicated forces using a simple method. That is,
we can group the basketball and the two persons into one system and only discuss
the external forces acting on it.

Student: Oh! So, I can treat A, B, and the basketball as a system that comprises them.

This way, the action forces between two individuals’ ball passing and catching can
be seen as internal forces. The total momentum remains constant unless an external
force is applied.

Teacher: That is right. There is no force in the horizontal direction acting on this system, so
its total horizontal momentum is conserved. As a result, what we need to do now is
to figure out the total momentum of these three objects before and after the ball is
thrown. Tell me, what is the total momentum of the system before A passes the ball?

Student: A begins throwing the ball from rest. This means that the total momentum of the
system (A and the basketball) before the throwing is zero.

Teacher: That is right. After the throwing, the force exerted by A pushes the basketball
forwards. At this time, the ball’s velocity is v and in what direction is A’s velocity?

Student: Because the total momentum of this system is conserved, A’s velocity after the
throw should be in the backward direction. His velocity is negative.

Teacher: Yes. A’s velocity is —v;, and we also know other three elements: 1) the total
amount of the initial momentum of this system is zero, 2) A’s mass is my, and 3)
v is the velocity of the basketball and m is its mass. Now, we can solve for —v;.

Student:

-mv

[ getitnow! 0 = —myv; + mv A’s velocity is —v; = —
A

Teacher: That is correct. In a similar manner, we can treat B and the thrown basketball as
another system. Before B catches the ball, what is the total momentum of this
system that comprises B and the thrown basketball.

Student: Assuming the basketball’s velocity is v, with B’ stationary status before B catches
the ball, the total momentum of this system is mv.

Teacher: That is right. When B catches the ball, their velocities are in the backward, positive
direction v,. What is the total momentum of the system after B catches the ball?

Student: The total amount of the momentum of this system is (mp + m)v,.

Teacher: Good job. We have determined the total momentum of the system before and after

B catches the ball. Now, we can solve for v,.
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Student:

Teacher:

Student:

- -
B
- -
B
- -
B

R

R

B4

Eh

B

EH

mv

I getit. mv = (mg + m)v, thusv, = —
B

That is correct. Now we can determine the magnitude of the relative velocity of A
with respect to B after the basketball is thrown.

1
mp+m

Oh I see it now. In this case, v, — (—v;) = + — = mv( + mi), so the
A

magnitude of the relative velocity of A with respect to B mv (m31+m + miA).
BAA T BRI A AIRAVZ TIIF o A JEERE WL EREF > BREyZ 740 ?
A BERIENIE R B 5 RIAYTT -

A B FEIELZARIE ?

B 45ER—{E{E A J7RIAYTT -

TRAF~AI AT AR E A ~ B W AHYZRRETE ?

EREAN Z 812 T TE ARG RERD - TR RZ A (AT 45T

WTT LU P —(ERG B HY U7k - BERET RIS LAERERYT] - E HEEN R
HETEm RS HIINTT -

CoEdE T et A~ BRIBEERR - SR B RS 0 R Z I EERIVIE R D0 AT PR

FTT > HEZGFAZINT - BEg T
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%/iE ?

R A EHRFIIREGRBR L > Frb A SiE B2 E -

23t o AVEAEHERTR > BERZE— A ATAYERE Y - T A AYERFE 5 AR e TE
[EIURE 5 E e 2

R B 28 48B 2 <FIR » FTLL A BV T 2 ey - B A -

A | ek A SR —vy > BAERMIAE ARSIV E HZ > WAE A By
HE ma - DUNERIVEEvIVEEm - gLal LUK -v, T -

CORELET 0 0= —myvy +mv > 155 A GRE-v, =
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BT PERRHIRGEIIEZ(ms + mv, ©

ERN  REE - BERPIRERERATR I ASREN R - siaeKtiv, T -

BA D BET o mv = (mp + mv, 0 Filly, =

o
mp+m

RN B HSERAERIE v Hlv, 2%/ 0 2 1% » BRI DURIEESREB 212 - A~ B
MNESEHE 2 BEESDT -

BE D R~FAE T BTy, — (—vy) = o+ 22 =

+m  my mg+m

+2) HIt AB W

NHYTHEERE B Emu( +—)

mg+m = my
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. Motion of Center of Mass and Total Momentum of a System

A/ NEEPIRGHY O EAR S ITAE UL E » [RIRHRE U A el B — R R A (e 2 25 Rl el
HREEAVYIRE - SRR O BVE LS - AR LSS A ZSRAEENE - K%
AV EENE DB - MRIR TS ZEHE > SRS ERRRTHINT - A8
B LHVRE - HASNIA RS E QR EBIRAS - NI AT E L HYEELREE - BRI %
Gt S R E T -

E¥F thiE ¥ thiE
center of gravity E=0N motion of center of mass | B/

equation of motion of

gravitational torque EEWAPALE BLEE IR

center of mass

resultant force =9 trajectory HfLEI
center of mass =N parabola W4
total momentum of system | %444 E)&E | interaction LEAIEH
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O The is the average of all the particles in the system,
according to

4] : The center of mass is the average position of all the particles in the system, weighted

according to their masses.

B R RS TEERE B IIRERAY P E -

® Since the total momentum of system is conserved, after , the

#4] : Since the total momentum of the system is conserved, after the explosion, the

momentums of the small fragments will be the same as before.

R 2B R TIN » FERNER - /N R VBT EM IS B A -

o BEEHE »

ERBEARTE R BT E TS

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

— > BE TRRNER RN TT - ST BRI - SRR R 2 ) -
Be able to understand that explosion involves only internal force, so can find the motion of
a fragment through the conservation of momentum.

T BATEOMILE - SERMIE B E B EARR -

Be able to determine the position of the center of mass by means of the positions and the

’

masses of each point mass.
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Understand that internal force does not influence the speed of the center of mass. Thus,
the position of a specific point mass can be determined via the center of mass and

positions of other point masses.

A bomb free-fall from 600-meter high, the gravitational acceleration is 9.8 m/sec®. The bomb
explodes into two pieces vertically during the fall, the two pieces have equal mass and separate
upwards and downwards. If the air resistance is ignored, 10 seconds after the bomb falls down,
one of the two pieces hits the ground. How high the other piece is from the ground?

(A) 110 meters

(B) 220 meters

(C) 280 meters

(D) 490 meters

(E) 0 meter

—YESEE 600 SKAVEZE H Y T » BTN s 9.8 SK/FD 2 Ao R B SUR W (B EE AR
R EEAK LS B TYER - 2R BEI LR - YESE ISR 10 POEEA —iY R B
M o R S50 R R 2 = ]
(A) 110 3
(B) 220 3k
(C) 280 3¢
(D) 490 3
(E) 0 2K
(T0HKS5)
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#ZFH Solution :

Explosion is internal force. The total momentum of the system is conserved without any external
force, so the center of mass of the system keep constant velocity motion. It is known that the
center of mass falls on the ground 10 seconds after the explosion. h=" X 9.8x10? =490 m.

At this moment, the distance between the center of mass and the ground is: 600 — 490 = 110 m.
Meanwhile, one piece hits the ground. Due to the two pieces having the same weight, the center
of mass is in the middle of the line that connects the two pieces. Therefore, it is known that the

other piece is 110 X 2 = 220 meters high above the ground.

BYER RGNS > HEERIAZIMNITERZT - 2 ESEE TR > NIt A8 0848
UL R AN S R B 4GUEE) © BRI 10 P& NE h=" X 9.8x10° =490 m » [HIFE
OEEEERNTE 600 — 490 = 110 m > H[FJEFAE —b R it - BSHIE A FE > HIEEEO
LYW AR ML - B AT RIS BERhI 2 = Ry 110 X 2 =220 m -

Teacher: Does the bomb experience any force when it explodes?

Student: Yes. The power of explosion makes the bomb into pieces and the pieces fly away.

Teacher: Exactly. Can you tell me the motions of the two pieces after explosion?

Student: It’s too hard to calculate.

Teacher: Itis hard, indeed. If you cannot tell the motion of each piece, you can take the pieces
as one system.

Student: Oh, this would be much easier. The bomb receives the power of the explosion... but
I don’t know how powerful the force is.

Teacher: Don’t wonder how powerful it is. Try to think about the force, is it external or
internal force to the bomb?

Student: It’s the internal force of the system, so it doesn’t influence the total momentum of
the system!

Teacher: Great! According to Newton’s third law of motion, action and reaction, the forces
offset if they happen to the same system. Therefore, the internal force of the system
must be offset.

Teacher: Let’s see if there is any external force that influences the motion of the system.

Student: The bomb free falls, it is only influenced by gravity.
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Teacher: Good. Its horizontal external force is zero. According to Newton’s second law of
motion, to a system with system points mass or an object, . F= MAgm.
Because the external force =mg(|). the horizontal acceleration of the center of mass
=0.

Teacher: Horizontally, the center of mass goes forward remaining at the same speed;
vertically, it does uniform acceleration due to gravity.

Student: Well, then vertically, we can use the formula of uniform acceleration. The center of
mass falls in 10 seconds, h=" X 9.8x10? =490 m.

Teacher: Good. What’s next?

Student: The center of mass would be 490 meters high. One piece of bomb hits the ground,
so the other piece would be 490 meters high above.

Teacher: Wait, the center of mass falls 490 meters from 600 meters high, so...?

Student: Oh, the center of mass is 600 — 490 = 110 meters high above the ground.

Teacher: Yes, the center of mass is 110 meters high above the ground, and the other piece
hits the ground, where is the other piece?

Student: It is higher than 110 meters, but I don’t know where it is exactly.

Teacher: The question says that the two pieces are same weight, so the center of mass would

be in the middle of the connection of the two pieces.

Student: I see. The other piece would q 110 x 2 = 220 meters high above the ground.

ERT  MESEIRNERE > KEEA RTINS ?

B4 AHBIEECD > GIENEE S ZIP IR - R ZTTEREE -

EHD 2 AMREE IR S ST R ER R 7 1R 0 BB KRR ?

B s REET | ARATEA A

ERN  AITEIREE - ANREEDHTIER ERIEGIRE - AT =] DUR A A VESR I 5 A7 R —
{lE 2145 -

B W~ERIEES T o MERZEIRIEN I E. . AR AR EE A 2R -

Zh RIS AN STEEIEE IR - WRENFHE RGN TEEN
vl

B4 BRGEHINT | FTLlEAN SR ERGHIETE |

ERL KR T ARBATEGE e > (EFDEEAIER T > ERIRHEZRGRIEA > Hl
ATEUEEE - L RSN D AR B AR K -

RN ASRFIAARIRAEMINT - B SRHTEShIRAENS
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BUE YEREMET  BRZEEIER -

H  AREF~ATLUKERISN=0  RBAIEEE T - B RS B R
M LF = magy, > REsh=mg(]) » EOHIKFAIHEE=O0 -

B AR AEAKET R B O AER R R R R - TSN BT IR 2 E S -
s &S -

EUE TR E T - BERT DU SR EE AR B0 10 IR TS
h=% x9.8x10>=490 m

FH R B TARIE ?

BUE L OGRS 490 m BV E - AR R - TSR A E e SR
490 m o

B S B 600 SKATEZEE T 490 5 FLL 2

BA o R~E B E 600 —490=110m °

B R 0 R OEEME 110 AR HAE—BEE B - S —iH AR A
5 2

R gER 110 AR FEFRAHEHEL G -

T R EERRIIWE S8 - RIS ORI BRI O E -

BUE L R T 0 S GRS 110 X 2=220m ¢
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SRE TRRIRYE IR BT K2 I X F = mag, SAVEL 4R
HIRBE O ER  HEERUBENEE M KR EE -
Students understand that explosion can be taken as internal force, when there is no
external force, use the formula ¥ F = mag,, toknow thatthe center of mass could keep
the momentum conserved. Also, according to the definition of the center of mass,
students are able to find the mass of the pieces through the position and distribution of

point mass.

An object, which has 8.0 kilograms mass, explodes from 30 meters high above the ground.

The object splits into two pieces from the explosion and the pieces fly away along the vertical
direction. After 2.0 seconds of the explosion, one of the pieces just hits the ground, and the other
is 16 meters high above the ground. If the air resistance and the lost mass from the explosion are
ignored, how many kilograms is the mass of the piece that hits the ground first? (The

gravitational acceleration is set at 10 m/sec?)

—(EE & Fy 8.0 A THVYIRSAEIEHE 55 30 A RPE AR LS AR - IRVERERE] 5 24 Rl
e HIER G E T RIREE - fE@IER 2.0 POF » Hf—fER a7 s —m R ik
M 16 AR S « 22 R B IRe IR EIMEANE B3l AR5t RBIFR IR HEIRE
FZEE % VNT 2 (HEJIIIEEE B 10 AR/FD *)

(A) 7.0

(B) 6.0

(C) 5.0

(D) 4.0

(E) 3.0

(107 575 18)

fZFE Solution :

An explosion is seen as the internal force of a system. It can be inferred that the external force

the object receives is only gravity through the formula }; F= magn,. As a result, the horizontal
total momentum conserves, and the vertical total momentum keeps free fall. The falling distance

of the center of mass 2.0 seconds after explosion is y = %gt2 = % X 10 x 22 =20 m.
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So, the height of the center of mass is h=30-20=10 m. Let’s assume the mass of the piece that

hits the ground first is m kilograms, and from the relationships of the position the center of mass,

mx0+(8—-m)x16

mass, and distance, we can get the equation 10 = . Finally, m = 3kg.

FHRER B AR ZINTT > FIFY F = mag, M HYBSFT 2R ES > ik > 2450
KPREE SR > e E 7 WAIOREF H B 8e - SUBRIER 2.0 BE.L% TRy =

gﬁzgxwxﬁzzomoﬁ%ggﬁﬁgﬁmﬁmwwm»@% SEHAIRR R 2 E

BB mART > HEOAIE B - BRI ATT 510 = 00 R aiA m =3

kg -

Teacher: We’ve mentioned before, does an explosion involve internal force or external force
of a system?

Student: The horizontal component involves internal force only. So, the horizontal total
momentum of the center of mass is conserved.

Teacher: Correct. According to Newton’s third law of motion, action and reaction is the
internal force of the system, it offsets.

Teacher: Therefore, the system only includes gravity, which is downwards, and the center of
mass of the system moves with constant acceleration motion downwards: a = g.
Then how high is the center of mass at 2.0 seconds after explosion?

Student: The center of mass becomes free-fall from motionless after explosion, so the

distance the center of mass falls at 2.0 seconds after explosion is y = % gt* =

%x10x22=20n1

The height of the center of mass is h=30-20=10 m.

Teacher: Great. One of the two pieces just hits the ground at the moment. Let’s assume the
mass is m. The other piece is 16 meters high from the ground. How do you know
the mass of the piece that hits the ground first?

Student: Well, I don’t know.

Teacher: Do you remember the relationship between point mass and the position of the center
of mass in a system?

Student: The mean of the position of the point mass of the system plus the mass of the point

mass equals the center of mass.
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Teacher:

Student:

1
st

R

Eh

R

B
il

B

EH

DRI ERT 2 ERKT P wo VFREHEITY

Yes. And the formula of the position of the center of mass is

M7 +myry++myTy 1 —
T, =——22 ==YN  m;7;. Now we know the mass of the center of
mi+my+--+my M

mx0+(8—-m)x16

mass and its position, which is 10 = , as well as the positions of the

two point mass, we can get the mass of the point mass.

mx0+(8—-m)x16

Igetit, 10 = ,som = 3 kg. Therefore, the mass of the piece which

hits the ground firstis 3 kg.

HMZRrATRRE - BEERGHINITEZEIN IR ?

ERHNINTT > FRLVBLRIK RSN & » 4T IAL -

2t MRS —EEh e (FR TR ERITE R 24N T > Alg B AR
it - 2FEEEE TET > P AGE O 28 A N ENHE E) a=g -
AIEE RN EIR 2.0 FViRF > B LRSI EGES/ 0 2

@IER - B OHRFE S E BTeaeEE) - B VB BB IER 2.0 PO -

T Ty =29t =3x10x 2% =20 m > ELEHA S h /2 h=30-20=10m -

R - BERFRIRE R BV E T — R/ fe g it - e E & Rym » (i S — (e R Bt
= 16 AR AR EEAIE LS b A (VB B 7

IR AR -

LR R P HVE R EVE I B YR (RIS 7

ZERTTHVE R ENE RV E B REC9E - §FERNEONUE -

N N s — MY T M+ tmyTN 1 - N
GeE o NBEMIBNARER = ———= = SR miT o TERTERAE

mit+myo+---+my

HIEE LAV IR E10 = X CX0  sm e i m i FPTRE AL
KUV E T -
T 10 = TN prpim = 3 kg RBESETEHERH (VERES ke -
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1-4 AEFEENE

. Angular Momentum and Torque

BERETET R RENNER > EERIERZIIREUIE  WWABE RG] > 738
HYJTIR - BB B BT ERYRA (7 > e SR S Y B S OE R - iR
e AR ST APR(FELE A - R EmERRE e NS T B EEERE - WERATES
EHEEERAYELE - FRRE A R E MRS

E¥F thiE B¥F thiE

point of application it 7 circular motion fE E

torque JI%E normal force JAIAT]

pivot point SR tangential force Ik YA

arm of force / moment arm | JJEF radius of rotation e

outer product / cross product | ¥M& angular momentum AHEE

right hand rule HFER] angular displacement it

rotational motion et E) angular velocity R
law of angular

counterclockwise rotation WHF ST e . FAE R ERE
momentum conservation

clockwise rotation NERRSE 1 e et
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[ O According to , the direction of is . }

4] © According to the right hand rule, the direction of the angular momentum is pointing up

out of the page.
REEATER] > AmENER T A Ry aRE 5 1 -

[ (2] rotate clockwise/counterclockwise around . }

#14] : The object rotates counterclockwise around the reference point.

VIRaBEE S5 R a1 e -

o BEEE o

FEEETARITR - BAEEELITER
After studying this section, students should be able to:
— ~ TERJIERVES » RITEBLAEE SR A -
Understand the definition of torque and the relationship between torque and change of
angular momentum.
» PEIEE YIRS EE N A

Be familiar with how torque affects changes in an object's state of motion.
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Students are able to calculate the torque through the power of the arm of force and solve

questions utilizing the relationship of the torque and angular momentum.
One point mass does uniform circular motion around O on a horizontal plane, and the rate is v,
as shown in the picture. A(FH), B(Z), C(R), D(T), and E(J%) are all on the circumference.
Consider point D to measure the angular momentum of the point mass, at which point the value

of the time rate of change of the angular momentum of this point mass is the largest?

(AJA (B)B (C)C (D)D (E)E

—HERBLL O RKyBUAE— KV EfFEFERE A ES) - HERE v QEFvR - B~ 4
AT RETEEE o AnRELUT B f“‘ﬁ%ﬁ lh=v=1 SEI’J%@JE R E R A B ]
R EEAEE TR A ?

AH ®L OR OT @BIK

(99 455 8)

#ZFH Solution :

The point mass does uniform circular motion means that the point mass receives a fixed

centripetal force. The torque T equals to the time rate of change of the angular momentum L.
T= AA—IE. The torque T can be represented as the product of force (F) and the moment arm(d): T =
F X d. Therefore, the time rate of change of the angular momentum is proportional to the force of arm
(d): i_l»; o d. From the picture, it is known that d; > dg = dg > d, = 0, and the value of the time rate

of change of the angular momentum is largest at point C.
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i—i SIS LD FE B dFRESoR v = F x d - (NI > AEiERERIELEN 1% 4

Tocd e BB dp>d=dp>d, =0 FEREESCRREE TN &k

Teacher: What does the time rate of change of angular momentum mean in the question?

Student: Torque.
. A
Teacher: Exactly. According to 7 = A_ltl’ torque can affect the change of angular momentum.

Except for that, what is the source of torque?
Student: Torque is defined as force times the moment arm of the force, T = F X d.

A .. )
Teacher: Great,so T = A—i = F X d. We can find the position that has the largest time rate of

change of angular momentum from the power of the arm of force.

Student: But I don’t know how much force the point mass receives at each position.

Teacher: The question says that the point mass does uniform circular motion around O.
In that case, do you know how much force does the point mass receive at each
position?

Student: Well, the resultant force equals centripetal force, so the speed of the object does not
change.

Teacher: Yes, and the force keeps towards the center of circle. We just need to know the arm
of force considering point D.

Student: Oh, I see.

Teacher: Please come to the black board to draw the arm of force of point A, B, C, and D.
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Teacher:

Student:

Teacher:
A
s

ER

B

R

B

ESEiE

B
£
B
il
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B

eI

Good. With this picture, we can tell the length of the arm of force. Can anybody tell
me the relationships between their measurements?
d is the largest, followed by dgand dg, then dy. d. >dg =dy >d, = 0.

That’s right. The time rate of changing angular momentum is the largest at point C.

8 H MR A Eh R iR [ 2 bR (T 2
JIRE

2k BT = AA—i  JIFE SR A SN E B EAVRCR - PRIEZAN - JIAERAR (T

PEEAEI TSI - T =F xd -

AL

RIF~FTblt = = = F xd > JFILAETIERTAV]D » Ik A Eh BRI bR

RAHILE -

AR RA HEE R EHEL B2 IR/

A H S TTAT » EREDL O KylBL U8 R B ) » IS B R ] DUAIE S BE A
EHE B Y52 AR NI 2

i BB SR AT S TIFERELTT > B AR INEEERY ©

e T B R B L Fr DA S 2 T DU T B R 25 R T st ml DA T
gl - FRE T -

saEREIRREEEN - £ IT a0 -

R~ S R B e M5k =] LI T R/ - 3t m] DA e Z IR AR NER A
g ?

d JBk > FACRd_id,, > BfbRd, - d >d_=d,>d,=0-

258 FAMEIRNIFHEE(LREME - £ T NRE K e
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SREH BB IIERRE > TR A) > PR MBS IEE = F X F) -

Infer the net force through acceleration of the object and further calculate the torque

utilizing the determined force (7 = 7 x ﬁ).

As shown in the diagram (side view on the left, front view on the right), the outer wheel radius
R is twice the inner axle radius r. When a constant force F is applied to the rope on the outer
wheel, it causes an object with mass m to move upward with an acceleration of 0.2g, where g is
the gravitational acceleration. If air resistance, rope weight and friction can all be ignored, what
is the magnitude of the torque generated at point O by the tension in the rope suspending the

object?

WIEFrRAYERE (A28 R - AR ERE ) > SMm-EE R BNEER r gy 2 £ -
e ST F SN L A4ty - AT EEE S m AYPIEG LUIERE 0.2 g (] E2EE) > ¢ 7%%7]7][[
BT o FHZERAT) - MoV E R BT S a] REg AT - RIEEYIRGHYAE 15RO
O BEFTEAN B EE L N IE#E ?
(A) 0

(B) 0.6 mgR

(C) 1.2mgR

(D) 1.6 mgR

(E) 2.0 mgR

FRE - ERE-

(105 457 10)

fZFE Solution :

Infer the resultant force through the known acceleration of the object and further calculate the
tension of the rope T. Finally, calculate the torque of the tension utilizing the tension and its
moment arm.

HEAYIRG Z IR & 77 AR E AR T & HHRI BT S LR
ZI3HE - (HEE R m PR LUIZEE 0.2 g ] B3EE) > [NILT —mg =m x 029 > 13
T=12mg - QG HVEEHIGE TR T B O MfELANNERERT Xr =

1.2mg x 5 = 0.6mgR -
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Teacher: What is the definition of torque?

Student: The cross product of the vectors of the moment arm and the force.

Teacher: Yes. So, we need to know the tension of rope T and its moment arm. Think about it,
what is the force exerted on the object with mass m?

Student: It receives rope tension T upwards and gravity mg downwards.

Teacher: What about the motion of the object?

Student: It goes upwards with 0.2 g acceleration.

Teacher: When the object receives rope tension T upwards and gravity mg downwards, it
goes upwards with 0.2 g acceleration. How can we represent T?

Student: Because the acceleration of the object is upward, T — mg = m X 0.2g. And we can
get T = 1.2mg.

Teacher: Great. How much is the arm of force?

Student: It’s the distance between point O and the line that rope tension works, which is r.

Teacher: That’s right. Now we know the forces and their moment arms. We can find the

torque of each force.

Student: It’s easy! The value of torque is T X r = 1.2mg X g = 0.6mgR.

R JIERYE ST ?

B0 JIEBTIHIMA

ERl : BHY AT E S AR TSRSV - 18 BEE R m (YReZ
FIWIRLE FTHIE HIVE 2

B4 0 ZRJTEE EAVEERS T LR JTEE NHYES] mg -

T HRGH RSN IRRR AN 7

240 BELUINEE 0.2 g [ LA -

Rl BTV 2 2R _ERVAERTT T > DU A NEYEE D) mg fEAITR - DUJNZRFE 0.2 g (A
S AR ] DUEEER R T IE ?

SR NRYIREIIIZRE R E > BT —-mg =m x 029 > 13%] T = 1.2mg -

LRl OB ARG HNESE RS R ?

B2 0 B0 O BEEFIMESR I IE FGRAVEERE - thitiEr -

ERl el > BRI TOE S maes kIR EE T -

g RIEF~DHEORERE Txr = 12mg x 7 = 0.6mgR -
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Work and Energy

BT FALERE A 2 TR
BT FALRE ARSI 2 MR

AREGE DTN IER - BB F-X BAGTREIEDHIR/N > W5TA TThagEs | E8# > H

==

TEFR IR o BEEERRTTT > WS E DAL RE KSR RE LR T IV E B 775 T
ERRESTIAL ) o [RIRF /M 4AE DAL RERVEER S - DIST YIRS I E26E -
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2-1 IhEdEhEE
Work and Kinetic Energy

\

AKEESE T BN B BISERREPIED W = F - d) » RILIER SRS T 5
B - FRER D EYIREATERIY) - RiEE BRI ED) - W AS IR ~ (F&
L RAELh 73 AR BIE5E -

wHRTPAEME TR ) (F-X)ZRA(RE - SRR LSNIFTERIL) > BE AT AR EE )
TECHENRERE - B0« S RSEEFTRAVD) - & T Thee e > 08 T iR e e
MHECES -

EF thiE EF thiE
energy REE inner product (scalar product) | NFE(4HEFE)
principle of

FEESFIEERE | external force e4a|
conservation of energy
work I chemical energy {EEERE
kinetic energy Hhae positive / negative work =%
potential energy firgE work (-) energy theorem ThEE EH
mechanical energy JIE2RE
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[ (1) is exerted on over . }

4] - When an external force is exerted on an object over a certain distance, work has been

done on the object.

EINIE R YR a8 — BReERET - ARZSNIE S YReEL) -

[ ® The work done by on . }

4 - The work done by an external force on an object is equal to the force multiplied by the

distance parallel to which it is applied.

—fE5NT > (EFAE YR LRI - SR TR LE R EhH AT AR -

o BEEE »

EEEAREITE - 2AEERLINE S
After studying this section, students should be able to know that:
—  TIRENREHVESR ©

To understand the meaning of kinetic energy.
* BEIEREE I DhRE E HE -

Can correctly apply the work - energy theorem.

|1
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StEH  RERENRERVE SR o AT IERRE(E R BRE B ARAVRA (4 -
Students can understand the definition of kinetic energy and use its relationship with

velocity correctly.

If a sphere of mass 720 kg has a kinetic energy of 3,600 kilo Joules, the speed of the sphere

mustbe  m/s.

(A)10% (B) 103 (C) 10* (D) 105 (E) 106

HEEF 120 A TEYERES - BA 3600 TREEAVENAE - ARG AV ARE B2/ DA RUFD 2
(A)10% (B) 103 (C) 10* (D) 105 (E) 106
(111 2501 5)

#ZFH Solution :
Given the equation for kinetic energy K = %mv2 where the mass of the object and the

magnitude of its kinetic energy are known, we can solve for its velocity.

BIRE K = -mv? ERWIESE & R BAEES  HITTHERIBS AR K = ~mv? = 3600 X

10° =2 x 720 x v? » FIit: > #HFv = 100m/s -

Teacher: Now, we have a sphere which weights 720 kg. It has a kinetic energy of 3,600 kilo
Joules (KJ). What is kinetic energy related to?

Student: An object’s kinetic energy is related to its velocity.

Teacher: That’s great. Velocity means how fast or slow an object moves. How about this - Is
kinetic energy only related to velocity?

Student: I guess so.

Teacher: Let's consider this example - if an elephant and a ping-pong ball are moving towards
us at the same velocity, which of them has more kinetic energy?

Student: An elephant has more kinetic energy.

Teacher: That’s correct! In this case, an object’s kinetic energy is also related to what?

Student: Its mass.
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Teacher:

Student:

Teacher:
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. . . . 1 .
Correct. We can write kinetic energy as an equation K = Emvz. Now, we are given
with an object’s mass and kinetic energy. We can solve for that object’s velocity.
Oh! I see it now! Plug in the numbers 3600 X 10° = > x 720 X v, Therefore, its

velocity is v = 100 m/s.

Good job!

— i 720 N FrEvEREE - BA 3600 TEEEAVEIRE - 35 1H - EHREIRYIEHI(TIEATRH
HIE ?

VIR B P A R -

RAF ~PVIRSIE BRI DS SR IRGHY IR - FRIEERE H R B RE (A5 2

fEZ eI |

5 RA ARG — R BRI B R g MR - M2 ia s ehke
WE ?

REFEA LS HEDEE -

28 | L EhRE R IRSHY (A RE 2

VIRGHVE & -

B BIRER K = %mvz - BMERNYIREE & S AHEIRE » sLrl LARIEY A

R e

DO BRIET - UERIHBIAER AL 3600 X 10° = 2 x 720 X v? © FLUHR

v=100m/s -
PNz
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st ¢ MEA T DhRE e ) ARIARTRE -

Students can apply work energy theorem to solve problems.

As shown below, a bucket is tied to a rope of a fixed length running through a frictionless pulley
and attached to a wooden block of mass M on a horizontal table. Sand is gradually added to the
bucket until the system begins to move. At this time, the mass of the bucket with the added sand
is M. There is no rolling motion with the block moving in the horizontal direction. The kinetic
friction between the table and the block remains constant f, and the acceleration of the system is

g. The magnitude and direction of the tension acting at any point in the rope is T.

When the block, initially at rest, is displaced to the left and the length of this displacement is s.
The wooden block’s kinetic energy is Ki, and the total kinetic energy of the bucket with the
added sand is Ko. Which of the following equations are true? Select TWO that apply.

WEFTR > AifAREA ST E R - EEFVKPRE EEER M AYR
B - SEERHIMEMDIIA B - B A rEER My~ REGGEE I -
BRSPS SN HA ) ZRVBIERE DR EEE R > ENREEES ¢ HA
EEEHRII ST SRR~ BESR T -

EORBEHA (EBRLG - M/ EhAYEERE Ry s B REEAVENRE Ry Ko mARELA DA 4REhaE &
Ko » A5 R A 2 (EEE 2 7H)
(A) Ki=(T—f)s (B) Ki=(Mag+T)s (C) Ka=(Mag+T—f)s
(D) Ki+Kz2=(M2g—f)s (E) Ki+Ko=(M2g—f-T)s
(AR = 110 Z251 61)
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#ZFH Solution :

The bucket and the wooden block are connected with the rope, so the magnitude of their
displacements must be the same. Given the work-energy theorem W = F -S = AK where F
refers to the net force on an object, the net force on M; is T f and that on Mz is Mag T,

so Ki=F - S=(T—f)s ; Ko=F - S= (Myg—f)s.

Adding M and M; gives K1+Ky=(Mag—f)s.

ABREL g DLAABRE B2 - NIt - MBS EMEE - HIIBEEHEW =F - S = AK > HHfiy F
FYIRERTZ 2 &) - Mi Fz & =T > M2 B2 & J1=Mag—T » # Ki=F - S=(T—f)s ; Ko=F -
S=(Mag—1)s °

K S Ko A5 > 15 KitKe=(Mag—f)s ©

Teacher: When the wooden block moves from rest through a distance, there is a change in its
kinetic energy. The work-energy theorem states that the work done by an external
force on an object is equal to the change in its kinetic energy. So, we should figure
out the work first.

Student: I know this one! Work is equal to force times displacement when the entire force is
paralleltoit. W = F-S§S = AK .

Teacher: Very good. Now, what does F in the work-energy theorem (W = F - S = AK) refer
to?

Student: An external force.

Teacher: More specifically, F refers to the sum of all forces acting on an object. We call it
net force.

Teacher: To calculate the kinetic energy of M1 and M2, we need to draw their respective free-

body diagrams. I need two volunteers.

Student:

Mg

The forces applied on the wooden block | The forces applied on the bucket with
the added sand
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Teacher: Very good. Now, please calculate the work done by the external force on the wooden
block.

Student: The gravity M1g is equal to the normal force in the positive direction on the wooden
block N. The two forces cancel each other out. Therefore, the net force that gives
total work done on M1 should be W = F - S=(T—f)s.

Teacher: Thap's right! The wooden block is initially at rest, so its kinetic energy is zero. When
the block starts to move by a force s, the change in the block’s kinetic energy must be
Ki—0= Ki. How do we express it in a mathematical equation using the work-energy
theorem W = AK?

Student: K1=(T—f)s.

Teacher: That’s right. Following the same steps, we can solve for the kinetic energy of the
bucket and sand K2.

Student: K2=(T—f)s

Teacher: Great! So, what will be the total kinetic energy of M1 and M2?

Student: The total kinetic energy of M1 and M2 combined is K1+K2=(M2g—f)s.

Teacher: Correct! So, what are the answers?

Student: (A) (D).

LR RBRICREIEEDES) - A AEIRESIE - iR ST > SN THYIRG(ELE
FRPGHVEIRE L o ATLIRMIEZ Z e E SN T YIRS (F R -

Bt BHE - DhER ISk EIE TR - W = F-S = AK -

I AREF > AVEIHREEEEW = F - S = AK)TEYF - f5HVERET] 7

24 57

LRl BERSMERVERS - FIERVEVIRGRTZAVINDGEM - a7 -

RN R TEH M Mo BEDRE > IR RIS SR EYIEG AT 28I IE - S ALE

B F A -
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ARERZT) Al AN <Z

R4 | BB IR N T ARBE T RV DR 2K -

HJ] Mig FIERFGARBENIER T N M - afDHE0H - BTBL Ma Fsziy & e
THW = F - S=(T—)s

KT | ARIRFEAERF LAY » BIRERZ - FTLEARSEZ T8 s 1% > KREEHVED
REEMLElE Ki—0=K, - fRIZIHEEEH » W = AK » Ff 0] DUEZESI=E 2

Ki=(T-f)s °
B > A A DARIARIEIRY D7 A A rR A FI 4D HYENRE Ko -
Ko=(T-f)s °

RIF~HIE My Fe M2 HU4RENRE » 2%/ DIE ©
LEBHEE By KitKo=(Mag—1)s °

I8 | BB ZE B BB 7

(A)D) «
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Power

ARE AT > UIRE TEIIIVRCE | RORBIRRTARE - NIt E R PR I ED)
HFFEHVELE o FE(EDIIF RG> R o] B BTN « 594 » Dt vl IR RAE 2SR TR
8 o
B¥ thiE B¥ thiE
Energy conversion
Efficiency FEs HE =R
/transformation
Power IhR consume JHFE
average power S TR one kilowatt hour —JE(FE)/1 T /NiF
instantaneous power BEFTh% | horsepower (hp) B
Watt FLCELRR)
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[ o not only but also . }

i5] : Power is not only the rate at which external forces do work but also the rate at which

energy is transferred.

DR RN TEDIIRCR - R RS -

® From the formula , it can be seen that
Therefore, if , the power is

{54 : From the formula P = F - ¥ = Fv cos 0, it can be seen that power is the scalar product
of external force and velocity. Therefore, if the two are perpendicular to each other, the
power is zero.

AP = F - § = Focos O[B! » TPRESMSURIEIAERT - RILERME
T GAHEER » DR RE -

[ © is the rate at which . }

#4] - Power is the rate at which energy is transformed.

IR ERE B AR -

~
BRI E 0 HFEFREFIL v
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After studying this section, students should be able to know that:
— ~ TERLIER  SPI TR BGER DRAY E FE
To understand the definitions of power, average power, and instantaneous power.
T~ BeREHThEROG T R D ERE B A -

To be able to calculate the work or energy transferred with the power.

w BIREERE s

plE—

SHH  AEEIBTIRAINER - SKIGATHRAEE -
Students are able to determine the required energy using power and time.

Ming needs to walk 1.2 km to get to school from home. When he walks at a velocity of 1 m/s,
his body burns 2000 Joules of energy per minute off him. If he walks at this constant velocity
from home to school, approximately how much energy will he use??

(A) 2x10° Joules (B) 4x10° Joules (C) 2x10* Joules (D) 4x10* Joules

NG REIEEITRE 1.2 NEAVES - EfUERAVERE 1m/s K SEHFAREERR
pore 2000 EH - S FEREFEERIENR - AIRGIHFRZ VHEE ?
(A)2x10° £H.  (B)4x10° H  (C)2x10* £H (D) 4x10* ££EH

(92 B2 30)

48

fiZ3E Solution :

When a person walks at a constant speed of 1 m/s, a 1.2 km route takes that person 1200/1=1200

s =20 min to complete. With this condition in mind, the question says that Ming’s body releases
2,000 Joules of energy per minute under this rate. Therefore, the energy consumed by Ming when he

walks to school from home is around 2000%20=40000=4*10" J.

~
BRI E 0 HFEFREFIL v
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49

OV KT TRT A ERET P we TITEBHHREFT

HREREREE 1m/s BF > 1.2 NEAVRIEFEIEE 1200/1=1200 s =20 min °

N BRafy#HME 2000 SREAVRESE » L ARV NIITE A E SR - REYFIHME

2000%20=40000=4%10"J ©

2 -
B
- ¢

B

ERi

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Ming uses 2,000 Joules of energy per minute, which means his power output is
2,000 Joules per minute. We also know that he walks at a speed of 1 m/s. Then, how
do we know the energy Ming consumes when he walks to school from home?
Given the equation E=P x t where t refers to the time taken by Ming to walk to
school from home. Therefore, solving for t and multiplying it by the energy Ming
consumes per minute should give us the answer to this question.

That’s right! This question says that the distance from Ming’s home to school is

1.2km. How long it takes him to get to school?

1200/1=1200 s =20 min, it takes Ming 20 minutes to get to school.

That is correct! Now, we plug in these numbers and solve for energy.

I know this one! 2000%20=40000=4*10"* J. When Ming walks to school from home,

he consumes 4x10* Joules of energy.

Great job! Remember, the SI unit of time for energy and time should be consistent

in your calculation.

/NEREE S $EDHAE 2000 FEELAVAE R - FRDIEIE 2000 fEE/ 7 0 ATE MY ERS
HARE 1 m/s o S EERIE ME 5 FIEA AT T %/ DRERIE ?

RRy E=P x t » FrLAZ SRt 2 i B A A 1 /DISRE > FiSk bt
S EEHFEIVRER -

YEE | AV IEEREERRE 1.2 N > BRI EETCS/ DR RENE ?

1200/1=1200 s =20 min * /NHZESE 20 734 -

BET | BAERFTARE - B BUE > BiReckHIEEE T !

FAHE | 2000%20=40000=4%10" J * /NIHTEZARERIEITEIHFE 4x10" FEHAVEE

=
EO

PR | ST IR EE R DR R R R ] B Y — 2 -
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Students can understand how energy relates to friction and velocity.

A truck with a mass of 2000 kg climbs a road slope with an incline angle of 7° at a constant
speed without wheel slippage. Assume that air resistance and mechanical energy loss due to
components can be neglected. Given that the gravitational acceleration is 10 m/s? , sin 7°=0.12,
and the engine output power is fixed at 80000 W, What is the approximate speed of the truck in

kilometers per hour?
(A) 60 (B) 80 (C)90
(D) 100 (E) 120

—H/NEEAVEE R 2000 AT EHEEATTUFEN T DEFRER—HEL 7° BN
BRI - 22 AIH TR DAY D E2RE 1R B n] 20E » B IR Ry 10 m/s?
sin 7°= 0.12 - [fi 5 [ 28 DhR[EE £ 80000 £ - AIVNEHAYEARL Ry 2/ Dy BN 2

(A) 60 (B) 80 (C) 90
(D) 100 (E) 120

(101 5% 9)
#ZFH Solution :

Solving this question needs to determine the output rate of the engine first to solve for the truck’s
final velocity. The work-energy theorem is needed as it states work done is equal to the change
in kinetic energy. As a result, the free-body diagram is to be drawn for the analysis of all forces
acting on the truck.

As shown below, when the truck is moving on a hill, there are three forces acting on the truck:
friction acts upward f and the force of gravity acts downward mg along the hill. There is also
normal force N acting perpendicular to the hill. In addition to the force of gravity, it can be
divided into two components: A force acting perpendicular to the hill mg cos 8 and a force
acting parallel to the hill mg cos 6. From the question, it is safe to say that the net force acting
on the truck in the vertical direction is zero (N=1mg cos 9).

This indicates that the net force acting on the truck in the horizontal direction is

F = mgsing = 2000 x 10 X 0.12 = 2400 kg -m/s°

>0 BOOp AR EERE TR FRPETRE
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With the output rate of the truck’s engine constantly at 80,000 watts, plugging in the numbers
from above into the equation for power P=Fv gives the truck’s velocity v = g =

80000 m/s =333 /s =120 km/hr.

2400

BEREELE S [ 2 T R G 2 R - FEAETIREEHE & JIE=#Re &1L -
AL - e G2 i

EEHNRYE TR BEZEIRM 2 BRI £ (5 N2 E ) mg 0 KRR N HIIE
A (AUREEFTR) « HRNES) mg 7J#]9) B E B R RIEZHImg cos 0 LT AR HY
mg cos O ] o SUNEHALHE BRHE T A T2 EIH & J1 R ZE(N=mg cos 0) » KL RI/NE
HALETRHE 2 EI0E )T © F = mg cos 6 = 2000 x 10 X 0.12 = 2400 kg- ™/, -

B3 428 TR [E 2 By 80000 L 0 Ftiimyast P =Y ma asmadss

P _ 80000 _ .
= = 200 m/s =33.3 m/s =120 km/hr

v =

Teacher: When this truck is moving up a hill at an angle with a 7° incline, what types of
forces will be acting on the truck?

Student: There are three forces acting on the truck: the force of gravity mg, normal force N,
and friction from the plane f.

Teacher: Therefore, F = mg cos8 = 2000 x 10 x 0.12 = 2400 kg - m/sz'

Teacher: Now, with this value and the truck’s output rate of 80,000 watts, how do we solve
for its velocity?

Student: Hm...no idea.

Teacher: Do you still remember the equation to represent the relationship between power,

external force, and velocity?

Student: Oh, yes! P = F - = Fvcos 6. Power is the scalar product of external force and

velocity.
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Teacher:

Student:

Teacher:
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Excellent! Now you know how to calculate velocity from power and external force.

Easy Peasy.

P _ 80000 o
v=—=——-m/s =333 /s =120 km/hr_ The truck’s velocity is 120 km/hr.
There you go.

NGBS B 7° (UREIE » SRR R /E FHIE ?

N EZEIEE ) mg ~ TE[ ) N FIHARAS FAIREIE ) £ HIfEF -
(Klit F = mg cosf = 2000 x 10 X 0.12 = 2400 kg - m/sz °
Ry BUERTAEEE ST - thAE NEEAS B4 80000 F » ANELEER
/INEHHYEEARIE ?
WAL AR -
HECFYIRNINT - HEATRR AT 7
BAEREAK T | P =F - = Frcosf » ThRZEASIRIREATAT S/ -
A | ATERLRE R A A] AR BN AR AR T

A v ="=220m/s =333 m/s =120 km/hr » FiLl/NGSATHR R
120 43 BL/ING «
EET
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Conservation of Mechanical Energy:

Gravitational Potential Energy Near the Surface of The Earth

r4BYIRS E R I AT AV S A R R HBER A L s B LR TR DR (7 - &)
ERRESTIL > MEE ST PRSP IIEIRRSFIIELNZ AR - Betkadam I ERRE T INAVIE R — B HE -

BF thiE EF thE
potential energy fiLgE mechanical energy JIEERE
gravitational potential conservation of mechanical

EEATIA: S TIERRESTIAL
energy energy
elastic potential energy | SEME7EE conservative force PR5F
zero-potential surface LA AEE non-conservative force JEORSF S
air resistance ZZRIH T Pendulum b
work-energy theorem heEEHE vertical circular motion 15 LB 7))

53
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[ o is independent of . }

4] : The work done by a conservative force on an object is independent of the object's path,

only depending on the initial and the final positions.

PRSIV IEL) - EAVIRG RS B (R AR - L EEERBLE R B B -

[ ® When , . ]

#14) - When gravity does positive work, the gravitational potential energy of an object decreases

and kinetic energy increases due to the conservation of mechanical energy.

EEELIN - VIGHVE IR0 - BBIREREI - NR IS RE~FIAL -

[ © is subject to . }

4] - If a system is only subject to conservative forces, then the mechanical energy of the object

is conserved.

ERSUEZIRSTIER - ARG TS RESFIRL -

o BEEHE »

TEEEE AR IT% - BAEERLITER

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

— ~ BRARMIAE - BIREBLTIERRE = A H YRR
To understand the relationship between potential energy, kinetic energy, and mechanical
energy.

T THRRORSTIBEERST IRV > TREHIET 2SR e JTERRE ST
To understand the difference between the conservative and non-conservative force, and be

able to determine whether a system satisfies the conservation of mechanical energy.

BUOpAMBEARETRLN FRPEERE B
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Students can understand the definition of mechanical energy and distinguish one setting

from another where involves energy transformations.

Which of the following processes involve mechanical energy transformation? Check all that
apply:

(A) The process of a meteorite falling onto the moon's surface.

(B) The periodic oscillation of a spring-mass system.

(C) The process of burning coal to generate heat.

(D) The process of solar power generation.

(E) The process of hydroelectric power generation.

YRR A R B T ERRE R R R A ¥

(A) PEAREE|AREREAVER -

(B) SEEFERVIRRH SR RGEE M IREEE) -
(C) WAL 4= 2y iaiE -

(D) KEmrEsEEHYEE -

(BE) /KITSERIBIE -
(110 5231 57)

#ZFH Solution :

(A) As a meteorite is falling to the surface of the moon, the gravitational potential energy
between them decreases. This displacement is converted into meteorite’s kinetic energy.
Therefore, this process must involve mechanical energy transformation.

(B) During the periodic oscillation of the spring-mass system, the elastic potential energy
between them changes as the spring is being compressed and extended repeatedly. This
periodic change in the energy leads to the changes in the kinetic energy. Therefore, this
process must involve mechanical energy transformation.

(C) Burning coal to produce heat is a process of converting chemical energy to thermal energy.

This process does not involve mechanical energy transformation.

> BOOp AR EERE TR FRPETRE
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(D) Using sunlight to generate solar energy is a process of converting solar energy to electrical
energy. This process does not involve machinal energy transformation.

(E) Using moving water to generate hydro-energy is a process of decreasing the gravitational
potential energy between Earth and water. This process converts that energy into the water’s
kinetic energy, which rotates the hydro turbines and moves the rotor to produce electricity.
As a result, it must involve mechanical energy transformation as this energy consists of
kinetic and potential energy.

(A) FRAEETE S B BRR AR T - FRA B HERERYE I gek/ ) - BRI ARYERE -
A R T ERRE R -

(B) #HEEEAYIAG{F IR Z AR T - SR B AG R RS M O RE A R T 5 TP B B
b thrE RS LIS E R N ETYEI L - RILA S K E T EERE iR -

(C) wABEELZE A2 iERE - BB AV LA A EEE » IR A ZENE 12 Aeidik -

(D) KIZgE#ERYIER - sEE I HDCREEARCEERE » QA ZFNEIT AR -

(B) 7KIJEg ey imfE - /KB ERTE Y B I gE IR D - BEHAR/KAYENRE - LIHERD S im ity
AR - FHRIBE R RCERE - RIL AP R I RE R - S 2 BgE R ARE -

Teacher: What is mechanical energy?

Student: Mechanical energy is the sum of kinetic energy and potential energy.

Teacher: That’s right. From this concept, it is safe to say that a process is associated with
mechanical energy transformation as long as there is a change in an object’s kinetic
or potential energy. Now, think about option A. When a meteorite is falling to the
surface of the moon, is this process associated with mechanical energy
transformation?

Student: A falling meteorite indicates a decrease in its potential energy, which is transformed
into kinetic energy. So option A is associated with mechanical energy
transformation.

Teacher: That is correct. How about option B? The motion of the spring-mass system
oscillating.

Student: The motion of the spring-mass system oscillating is related to elastic potential and
kinetic energies. As a result, option B is associated with mechanical energy

transformation too.

Teacher: Very good. What is this with option C, the coal burning process that produces heat?

>0 BOOp AR EERE TR FRPETRE
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The energy from burning coal is chemical energy. The heat released is thermal. This
process of energy transformation is from chemical energy to thermal one. It is not
associated with mechanical energy transformation.

That’s right. How about option D, the process of generating solar power?

Solar panels receive sunlight and convert it into electricity. This process of energy
transformation is from light energy into electricity. It is not associated with
mechanical energy transformation.

That is correct. Lastly, what is this with option E, the process of generating
hydropower?

Uhm.... I am not sure about it.

Well, for example, hydropower can be generated when water flows from high
ground to low ground. The force of moving water rotates the hydro generators for
electricity.

Oh I'see! When water flows from high to low ground, the decreased potential energy
of the running water is converted into kinetic energy. The hydro generators
transform it into electricity. As a result, the process of generating hydropower must
be associated with mechanical power transformation.

There you go!

EECF R IR ?
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Students can use their understanding of conservation of mechanical energy to explore the

velocity and forces on an object experiencing circular motion in a vertical plane.

A roller coaster is an amusement ride commonly found in theme parks. Its track is usually
designed with loops as shown below. Assuming the loops are made a perfect circle, and the track
1s situated on a vertical plane, the roller coaster cart is rotating around in circular motion without
power drive. The track provides the centripetal force as the roller coaster cart moves through the
loop. When the friction resistance can be negligible and the acceleration due to gravity is g, what
is the magnitude of the acceleration when the roller coaster cart reaches the lowest point of the
loop?

EEIRE S JF AL E TRy RS - HE R A B FoREYERE o 55
IEERVERERE - BEER R ER o EERENERE AT I 2T
S AN T - B et m 0T - BRI DT AR - I K g HIEE
SRR e R (Bl Rl i ST - B R RRE Y I B H 2 /D Ry(] 2

A)2g @B)3g (C4g @M)5S5g (BE)o6g
(107#5% 17)
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#ZFH Solution :

Let the velocity of the roller coaster carts at the highest point be v1, the radius of the circular
track be R. When the cart reaches the highest point, the net force acting on the cart = gravity

(downward) + normal force (downward), and the net force applied = normal force (downward).

2
Therefore, the formal force must be F. = m% =N+ mg =mg, so v, =./gR.

During the run, all the external forces applied are conservative, and this condition satisfies the

principle of conservation of energy. Let the velocity of the roller coaster cart at the lowest point

be v,. %mvlz +mg(2R) = %mvzz, so v, = ./5gR. When the roller coaster cart accelerates

2
to the lowest point, the cart’s acceleration value is a, = % > 5g.

LEEE RS B R Fyvy > BB SRR -
B S A - BT & D=E (R M IEETI(E ) - IHEEI=E.L () AL

LS IER - K, —m——N+mg >mg > v, =+/gR °
R T2 AT B B RS F » ORI « S TrEE R B S By vy -
%mvﬂ +mg(2R) = 2mv,? » It v, > JSgR o B R SR I R R

Teacher: When the roller coaster cart travels to the highest point, what types of forces will
act on the cart?

Student: There will be normal force from the track acting on it. The gravitational force should
also be at play. Both are in the downward direction.

Teacher: That is right. At this time, the net force acting on the roller coaster cart equals
centripetal force. Do you still remember how to represent it mathematically?

Student: Yes, I do! Let the velocity of the roller coaster at the highest point be vi, then the

2 2
centripetal force at this point can be written F, = m%. Therefore, F, = m% =

N +mg.
Teacher: That’s great. Since all external forces acting on it are conservative forces, this
condition satisfies the principle of conservation of energy. What is mechanical

energy?
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Student: Mechanical energy is the sum of kinetic energy and potential energy.

Teacher: Correct. Let’s think about this first: when the mass m, the track’s radius R, and
gravity mg remain constant, what is the magnitude of the normal force N that results
in the minimum v, ?

Student: I know this one! When the normal force N is zero, v; must be the minimum. So,
plugging in these givesv; > \/g_R .

Teacher: Very good. How about the value of v,when the roller coaster cart travels to the
lowest point? You can use the principle of conservation of mechanical energy and
write down the equation. The lowest point can be seen as the zero point.

Student: When the roller coaster cart travels to the highest point, its mechanical energy is

%mvlz + mg(2R); when the cart travels to the lowest point, its mechanical energy

should be %mvzz_ According to the principle of mechanical energy conservation,
the lowest point of the cart’s mechanical energy equals to its highest point
%mvlz + mg(2R) = %mvzz. It is already known that the minimum value ofv,

is4/gR, By rearranging the equation, we can obtain the minimum value of v,

is4/5gR.
Teacher: That's right! Finally, the question asks for the magnitude of the acceleration of the

car at the lowest point of the track when it can travel around the entire circular track.

Do you still remember the formula for centripetal acceleration?

Student: 1know! The centripetal acceleration of the car at the lowest pointis a, = 1%7, Since
the minimum value of v, \/m . The acceleration of the cart at the lowest point
is 5g (upward) gives a, = 1%2 > 5g.

Teacher: Great job!

LRl EEREMEPUER SR o g2 FILETTRI(EHIYE ?
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SRS RS HORE R TR By,  HUEREESE LI, = m % R

TLUEFIR, = m% = N +mg -

ERN  REE - INBRE TR 2SN & RRSF ) > SO TIERRESTIA - JIERREIE ELIEHIE 2

g IR RE=EREHILAE

Ehl R S fEEE m o~ $UEHER ~ EImgEEAERIER T o BIEET]
N 5%/ Vitg > vi G H &/ METE ?

AR JRHIE | BEIEFETIN B 0 BYEFH: - v ARy IME > BT IHEEE i) DI E v, =

JoR -
Rl R | IVE R B - ERVER v, g E 2/ VIR ? 5 E T
HERZERETRE IR (R E (RS -

Bf s BRI RSB  JIERER —mv1 +mg(2R) : (ERRESES > JER @Eluémvzzo
RIZTIERRE TR > SR AE = B A S (R REHY I B REAE 55 %mmz +mg(2R) =

%m CAE R v, /MBS gR > BTERIE a] DUSEv, 5/ ME Fy/59R

AT UREE | (g o R H FE R AR B S S T > SRR R R
HRERE - B A ORI AR AT 2

B S | SOREREESA O R, = 2 o BRI v AT IME R 59R -
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2-4 N2EESFE : EBIIUEE
Conservation of Mechanical Energy: Elastic Potential Energy

SIPIRG AT D B R R & x BRIEED > NI - 58I RE BLoR (o R Y P T REEE
HE N RobrsF 7« BV 2 RsFITERT > AT & D2 AE IR - e 258 0 E > I
VRe S (ERGREE) - BMTRHE R ISR ST IS e ) -

BEF thiE B¥F thiE
spring TR compress R4
equilibrium point - flr G elastic force sE M g
extension HEE spring constant NG
elastic potential energy S MEALRE shoot HHL R
compression R4 & simple harmonic motion | f&jz& AHEf
stretch fif&
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is proportional to . }

BIey -

When an object is subjected to elastic force, its elastic potential energy is proportional to

the square of the spring's extension amount.

BV ARy - HR (i AE B S (R B AP T RIEEE

[9

is stretched/compressed by : }

G

When a spring with a spring constant £ is stretched or compressed by distance x, its

elastic potential energy is U = %kxz.

EEMEEERS b AU R B x B SR URER U = %kx2 °

the only work done on is by . }

il -

63

When an object is connected to a spring and undergoes simple harmonic motion on a
frictionless horizontal surface. The only work done on the object is by the elastic force
of the spring, thus satisfies the conservation of mechanical energy.

YRe R o (R K SRR B - PR SZ58 I IME D) B0 e JIEREEST
1 -
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After studying this section, students should be able to:
— ~ FRARSEMEAREAVE F -
To understand the definition of elastic potential energy.
= T PRRERE R e T ERRESTIAL ©

To understand that mechanical energy is conserved in simple harmonic motion.

w BIREERE s

plE—

sti ¢ EREE NS BRRE IR E R -

To understand the principles of conservation of momentum and mechanical energy.

There is a spring-gun at rest on a smooth and horizontal ground shooting a steel ball which has
0.20 kg mass. The speed of the ball is 4.0 m/s relative to the ground horizontally. It is known that
the energy is completely provided by the compressed ideal spring, and the force constant of the
spring is 2.4x10° N/m. The mass of the spring-gun without the steel ball was initially 1.0 kg. The
entity of the spring-gun can slide freely on the ground. If all friction generated in the process is
ignored, what was the length of the compressed spring at the beginning of the spring-gun
shooting the steel ball?

(A)3.6 cm (B) 4.0 cm (C)4.6 cm (D) 5.0 cm (E) 5.6 cm

—REIES R KPR E RS K —HEE R 0.20 kg HYSHERDAH S E K 4.0 m/s
FY7KSPRE ST Y - RIS — 43 5HRRR AR 8 58 2 thBRGanyER AR SR f2 (0t - S8y 1 3
Fy 2.4x10° N/m > SESHERATEZMEAVEE R 1.0 ke - SHERBIE G rA - E BHEE)
SRR TP YR BE T - AR — PRGBS S ERIR - SRR AR RE R T
Hilfer ?

(A) 3.6 cm (B) 4.0 cm (C)4.6cm (D) 5.0 cm (E)5.6 cm

(106 FF£55%55)
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#ZFH Solution :

Because before and after releasing the steel ball, the system of the spring-gun and the ball only
receives elastic force (internal force), the momentum conserves.
Peun = Poall => 1.0 X vgun = 0.2 X4.0. Therefore, vgun = 0.8 m/s.
And before and after the shooting, it only receives elastic force (conservative force) horizontally,
so the mechanical energy conserves (the loss of the elastic potential energy = the sum of the

momentum of the spring-gun and steel ball):

|‘5'U::z i| = |‘dK.-:-?

+ |ﬂﬁ’_,ﬁ-| =X (24X 10%)xx? ==

X 1.0 X 0.87 +2 X 0.20 X 4.0% .
x=40x 107" (m)=4.0 (cm)

FHHY SR S b B PR SRR (2258 ] (WD) {ER > @ ETF Dy = vy =

10X vy =0.2x40 i, = 08m/s - MAEFRF AR - AP EIEZET] (FRSFIT)
B > BUODERE P (FRAR Z M AE=08 SR AR EAGHER 2 BIREAT) -

|AU# %| - |‘dK.-:-:>

+|ak

=2 % (24 % 10%) X x2 =~ 1.0 X 0.8% +2 X 0.20 X 4.0° .
x=40%X 107" (m)=4.0 (cm)

o Va - _Oﬁ;:d.{)m/s

IR -»>

0l teTl Sibie

Teacher: If we see the spring-gun and the steel ball as a system, is the system affected by any
external force during the process of the spring-gun at rest shooting the steel ball?

Student: The system is not affected by any external force. The steel ball was shot because of
the internal force, which is elastic force.

Teacher: Good. Does the momentum of the system change after the spring-gun shoots the
steel ball?

Student: No. The system is not affected by any external force, so the momentum of the
system does not change.

Teacher: Yes. Now we know that the masses of the ball and the gun are 0.2 kg and 1 kg,
respectively, and that the shooting speed of the ball is 4.0 m/s, then what would the

speed of the spring-gun be after shooting the ball?

o 3OO AMBEFRE TR FRPETRE F
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Student: The spring-gun was still before shooting the steel ball, so the momentum was 0.
But after shooting, the momentum of the system becomes 1.0 X vgun =0.2 X 4.0.

Since the momentum remains still after shooting, we can infer that the speed of the

spring-gun is veun = 0.8 m/s backwards.

Teacher: Great! Do you remember what condition is required for conserving mechanical
energy?

Student: Sure. If the system only receives conservative force, it makes mechanical energy
conserve.

Teacher: Exactly. Does the system meet the condition of conserving mechanical energy?

Student: Yes, it does. During the shooting process, it is only acted upon by elastic force
horizontally. Elastic force is conservative force, so the system meets the condition
of conserving mechanical energy.

Teacher: Good. The conservation of mechanical energy of the system means that the elastic
potential energy the spring loses equals the sum of the kinetic energy of the spring-
gun and the steel ball. How would you write the equation?

Student: I know. Assume that the length of the compressed spring is x, the elastic potential
energy is U = 5 kx?. Since the elastic constant of the spring is 2.4 X 10> N/m, we
get 5 X(2.4 X 10%) x x> =1 X 1.0 X 0.8% + %5 x 0.20 X 4.0%,

Teacher: That’s right. After organizing the equation, we know how much x is.

Student: It’s easy. x = 4.0 X 102 (m) = 4.0 (cm). The spring is compressed by 4 cm.

Teacher: You’re so good.

LRl CEREEAENIERT f— (24T - (ETH SR Ia AT (P55 s ER A IS
SaRAZEINIRVE(EE ?

B RWULAERZESNINER - BRI 2RI IHIEA

ERT AR o AR SRR ST HMER AR - A MAVEN ST ?

24 g WRERSEAZINIEN > FiblagighErE -

LRl gk o BEEMRIEIERNITEHVE B h K 0.2 kg Rl 1 kg » UK SMERES HiHYZR
&Ry 40m,s o HEESHSHERTR - SEERIRHVEREE %/ Ve ?
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FE s TR0 BRI 05 B A RSB RARE10 X v, +

0.2 x 4.0 NETHAHRHI RSB EAE  BTLAA] LIRTERRAVEERE vy = 0.8m/s>

AR ©

Ehl R | ALERCS I RRE ST IRAY RS ?

B Bl REZRSTIEY) > Bl e JIERE T -

LRl T2k o ALEEIE(E SRS TTERRE TN 7

B ¥ INREMERSRAT AR - AT REZHEIED) - BB IRT T > N &R
G e JIERRESTIAL -
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24 Ln

HHE | (e s R R Ry x - AR L REY = %kx2 » HSREE A

L 24<10° N/ m » LA

IX(24X10%) X x?=2xX 1.0 X0.82 + =X 0.20 X 4.0°

ERN 8 BHEATRMENE x EZVT

B {RAGHE | BIHEEEE A5y = 4.0 X 1072 (m) = 4.0 (cm) » FrLASRSEHRRLE 4 &
55 o
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To analyze the changes of elastic potential energy in simple harmonic motion.

An ideal spring with negligible mass has one end fixed and the other end attached to a point
mass. The system undergoes one-dimensional simple harmonic motion on a smooth horizontal
surface. Which of the following graphs most likely represents the change in elastic potential
energy (U) over time (t) during one period?

H—HE 1] RESHVB IR E — IS E > S UmE A R AP A — s
gl > HIE—EEIHA - 58VERE U BarsiE ¢ Ay bEm nTge Fs MY 2

U U U
T ’I‘/\ A
0 / > t 0 > t 0 \ / >t
(A) (B) ‘ ©)
U
U A
OT/\ /\ S/ 0 /\ >t
(D) ‘ (E)
(103 F$5% 5)
fZFE Solution :

Based on the formula for elastic potential energy, U = % kx?. When a point mass is at either end
of its motion, the system has the maximum elastic potential energy. When the point mass is at
the equilibrium position, the elastic potential energy is zero. One period of motion consists of
the point mass moving from the equilibrium position to one end, returning through the
equilibrium position to the other end, and finally returning to the equilibrium position. Option
(D) is the graph that represents the relationship between the elastic potential energy of the system

and time.
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fREZFEMEIRE U = %kx2 © ERSAE W ImREHT » F SR B KSR IE(LRE © A PHTRAET > 2t

Ay BE R R - S ERE PR S - LB — B ks > FE IR AR V- threh - 2%
Y —iE Rl - B E| F AR o R —(EAE RS - AII(D)E A &RAYsR I AE B
HRf ] BB ] -

Teacher: How should we express the elastic potential energy of a point mass when it is under
elastic force?

tudent: . . D . . D
Studen Elastic potential energy, whichis U = %kxz, is proportional to squared x, which is

the squared length of stretched spring.

Teacher: Yes. At which point the point mass is, the elastic potential energy would be the
smallest?

Student: When the point mass is at the balanced point. Because the stretched length of the
spring is 0, the elastic potential energy is the smallest, which is 0.

Teacher: Good. Then, at which point the point mass is, the elastic potential energy would be
the largest?

Student: It is easy. When the point mass is at the end of the compressed spring, as well as the
stretched spring. Because it has the largest stretched length x, the elastic potential
energy would be the largest.

Teacher: Great. If the simple harmonic motion starts from the balanced point, what points
would the point mass pass in order in a period?

Student: Starting from the balanced point, the point mass would reach one end of the spring
and go back to the balanced point. Then, it reaches the other end and finally goes
back to the balanced point.

Teacher: So, which chart represents the relationship between the elastic potential energy and
time?

Student: The elastic potential energy goes to the maximum from 0 and goes back to 0 from
the maximum. Later, it goes to the maximum and finally back to 0. Therefore, the

answer is (D).

Teacher: Correct!
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Conservation of Mechanical Energy:
General Form of Gravitational Potential Energy

N

TrERYBGE B B R R A EE I AL AR (R R— e » AT E Tz AE — AL )y
ERETIR  STRYIRSRER B ER R AR (RS (TR RATEEEE) - Bl B NS FERY
By > R TIEEE - PRETHENRE B REAYEE: -

EF thiE EF thi
gravitational potential energy | B2 JIAILAE satellite NIE#E
infinity fiegs g gravitational constant | EE JJHEH
gravity HERS]T] mechanical energy JIE2HE
escape velocity F B kinetic energy El)Ets
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is defined as at . }

BIey -

The gravitational potential energy is defined as zero at infinity (where the gravitational

potential energy is at its maximum), and thus the gravitational potential energy in the

. GMm . .
equation U = - Is always negative.

DA

H R B (R AR R O DR E R BT - Al U = -2 Kby
SIRRE By fE -

regardless of . }

HGR

For the Earth, the escape velocity for all the objects, regardless of their mass, is always

approximately 11.2 kilometers per second.

HHEKS - FrAYIE S wEEA)  IREEREY Ry 11.2 SE/FD -

is unable to . }

T

When the mechanical energy of an object is less than zero, it is unable to escape the

gravitational force of the Earth.
EVIRGHI I RE/ NN B - ARG EERNERS [ TR -

~
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After studying this section, students should be able to:
— ~ BB E T REVE 5 -
To understand the definition of gravitational potential energy.
= BRI EEREAYE S - DU ISR EAVE IS - BIREE I E2REVREA (R
To understand the definition of escape velocity and the relationship between the

gravitational potential energy, kinetic energy, and mechanical energy of satellites.

o BIREERE s
BlzE—

st AFEEEHN R 24D SRV EAVEE -

To assess students’ understanding of each physical quantity in the binary system.

There is a system consisting of planet A and B, which can be seen as two point masses.

The masses are m and M, respectively (M > m). With gravity of the two stars, they do circular
motion around the center of mass O with radius r and R. If the center of mass does not move, the
two stars are infinitely far away from each other, and the total gravity potential energy is zero,
which of the following statements are true? (G is gravitation constant.)

(A) The sum of the momentum of the two stars is zero.

(B) The kinetic energy of the two stars is equal.

(C) The cycle of the two stars circling around the center of mass O is equal.

(D) The total gravity potential energy of the two stars is -GmM (1/r +1/R).

(E) The relationship between the mass and radius of the two stars is mR = Mr.

73
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—ZEEH AR R E R ~ W EEREERG 0 HEE A m B M (M >m ) > R
WIEIIER T 43I ¢ 81 R GEL400E.0 O MBI EE) - HE 0 O FFEAHE)
Wi B BRAH PR ES 2 - R SHVARE SRR R » RN ARG » WL TERE ? (G HEIE
% TREIEASITEED
(A) WERNEENLE -
(B) WiZFKAVEIREESE -
(C) MENKSE O HIHHEIIHESE -
(D) WiEBKHVAEESIMIRERy -GmM (1/r +1/R) -
(B) W Z2IKAVEEHGTFEH mR=Mr HE%

(94 F45% 16)

fi#Z5H Solution :

In a binary system, the system is not affected by any external force, so the total momentum is

conserved.

(A) Since the center of mass is initially rested, the total momentum of the system is zero. The
momentum of the two stars is equal but in opposite directions.

(B) When the two stars have the same momentum, the kinetic energy is inversely proportional
to the mass (K = % mv? = p?/2m).

(C) The center of mass is fixed, so the relative position of the two stars does not change, and
the cycle is the same.

(D) Potential energy can be calculated with the distance (R-+r) directly.

(E) Balanced moment of force: mr = MR.

R LT RGAZENEINT - FrASEEhE T -

(A) WEEARELEFFL  SRGRBELET > WMEKZEFENIMEE > TTHEMEK -
(B) WiEIK BhEMHER » BifeEE ERUZILK = Y2 mv? = p?/2m) -

(C) WELOAY @ SAHEIEGER A > FrLUEIHEE -

(D) ArsEr] ERELUEEE(RA)ETE -

(E) J#EFf# : mr=MR-

Teacher: Do you remember what a binary system is?
Student: Yes. It is a system consisting of two stars which circle around a shared center of

mass on an orbit.

Teacher: Great. What is the feature of the momentum of the two stars?
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Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

Student:

Teacher:

2 -
B
- ¢

B

They have the same momentum but in opposite directions.

That’s right. The binary system does not receive any external force, only the internal
force of each other, so the momentum is conserved. Let’s take a look at option (A).
In a binary system, does the sum of the momentum of the two stars, which is the
total momentum of the system, equal zero?

Yes, it does. The system is not affected by any external force, so the total momentum
of the system equals zero. The center of mass remains unmoved.

Great. What about option (B)? Does the kinetic energy of the two stars equal? Think
about it the relationship between kinetic energy K = 1/2mv? and momentum P =mv
when the momentum of the two is the same.

No, it doesn’t. Because K = p*/2m, and when the momentum is the same, the kinetic
energy is inversely proportional to the mass. The mass of the two is not equivalent,
so the kinetic energy is not the same.

Good! Now option (C). Does the cycle of the two stars circle around the center of
mass O the same?

Yes. The system is not affected by external force, and the center of mass of the
system is fixed and on the connection of the two stars. The relative position of the
two stars remains unchanged, so the circling cycle is the same.

You’re right. Next, option (D). Is the total gravity potential energy of the two stars
-GmM (1/r + 1/R)? Remember, gravity potential energy is related to the distance
between the two stars!

No. The distance between the center of the mass of the two stars is (R+r), the total
gravity potential energy should be -GmM (1/r + 1/R).

That’s right. Finally, option (E). The relationship between the mass of the two stars
and the circulation radius is mR = Mr, is that correct?

No, it is wrong. The relationship should be mr = MR.

Bingo!

HECRH TR B 24005 2

sifs > EHRHIEZMEMRN RS - EMESELERVEL - EE R85k -
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ERN 28 - NAMEZIUIAZENEMSINT - RARIEIINTIER - Frblgh&sr
1AL - FRPEE(A)ERTE » B 24 > W EERIVENER > L2 RFHVREIE - §FRN

0 g
B4 g RBRENZINIER > Bl ARSAEEI 25N 0 > MfIEyE LT 4R
ﬂ: o

ZE - R - TR (B)EEE s IV ENRE A S 2 v DB - IEBEAEE R ER T
BEE K = 1/2mv f1Eh = P = mv (R (% o

B4 FHE%E > Wk K=p2m > EEIEHEER T > BIReRE 2R - WEE
B > FTLIBIRE RS

ZEf 0 AR ~TE(C)EEE  WEBREEE L O MEEhnV AT E 2

B4 % RBRERNZINT > 2B OB HAERAER 2R - RILREK
ARSI B RS - SSETHEIEES -

EEf 0 2 AED)EEE - FEBKAVAEE I EEE-GmM (1/r + 1/R)IE ? Zipfs > &
I BE AT AR BRI A BE A R -

B4 % FAAREERE OMOVEERZ R > FTLEMIV4EE IO FEREZ 2 -
GmM (1/r+ 1/R)

EET 0 8 | AR —(E - (B)5ETE > W EBKIVE B THEE mR=Mr 1%
g 2

a0 A% WERRYE EEGE T EEIERE mr= MR YR -

SIS

° 3OO AMBEFRE TR FRPETRE F



KT FR T ENET P oo L EEHEFEL L

BIE_

sy - ERYEGEhAE BT RE IRV RRN -

To understand the relationship between kinetic energy and potential energy of an object.
The gravitational acceleration of a star with radius R and without atmosphere is g. If an object
without propulsion is shot upwards vertically at initial speed v = \/g_R , what would the distance
between the highest point and the surface of the star?
4) 7 B OR (D)3 (B)2R
—{EFE S ROIGARRNER  FEHRHRAVENINEER g HHZERER v =

VIR WV S (A RS - FILLYIES BT B SRR
FYEERE > Ry AT 2

(4) 3 B) 3 (OR (D)3 (B)2R

(100 F45%5 8)

fZFE Solution :

During the process of the object rising, the loss of kinetic energy = the increase in potential

energy. Name the mass of the object m, the mass of the star M, and the distance between the

2
highest point that the object rises and the center of the star x, we get that %m(w/ gR) =

GMm GMm . GM 1 _GM GMm GMm
(— R+h) — (- T)' Apply this to the surface g = 7 M = (— R+h) — (- T)> and we
1GMm GMm
et —3 0 = (-5

So the highest point that the object rises is h = R away from the surface.

FEVIHG ETHRAERR S > BB DAVEhRE=IE I AL AE -
CYRREER mo BEIREER M U DI R & BN B O HYEERE A x o B A[3IEC

SmJaR) = (-5 - (S5 fAsRE g = T im S = (- 55) - 5
1 18 = (S BRI F AR RS h = R ¢
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Teacher: How does the object receive force?

Student: The object receives gravity downwards and air resistance upwards.

Teacher: Well, the question says there is no atmosphere on this star.

Student: Oh, then it only receives gravity downwards.

Teacher: Exactly. If we see this from the perspective of kinetic energy, is gravity conservative
force or non-conservative force in motion of the object?

Student: It is conservative force.

Teacher: Good. If the object only receives conservative force, and the mechanical energy
conserves during the motion, the loss of kinetic energy = the increase in potential
energy. Please come to the stage and mark the energy of the object in different

positions. Let’s assume the mass of the planet is M.

Student: . o G
- k= T R+h
h
1 GMm
v=.gR Ek=zin(\ng)2 U=-—4

Teacher: Amazing! The loss of kinetic energy is converted to potential energy. We can make

GMm GMm

. 1 2
the equation: Em(,/gR) = (- R+h) — (- T)-

Student: But what about gravitational acceleration g?

Teacher: Can anybody tell me how to express the gravitational acceleration g on this planet?

Student: Is it 9.8 m/s*?

Teacher: That’s the gravitational acceleration on the surface of Earth. The question says that
the radius of this star is R, and we assume that the mass of the star is M, then how
do you represent the gravitational acceleration g?

Student: 1know. It is g = GM/R>.

Teacher:

Yes! That’s correct. We can apply g = GM/R? to the equation. %m% = (— (;WTZL) —

GMm

(=)
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Student:  Oh, T get it. The answer I get is that the distance between the highest point the object

rises and the surface of the star h is R.

Ehl VIR B e 2

B YIRS Em MYED] > BA R ERYZERETT -

ERL R ol H SR PIEEER EIRA AR -

g W) 2R NRVE D

ERl - Jgeh | ARIMILARE ERVBUR RS S o Y EYR S TR BN IR E TR
(S ALEN

B BIRSFIT -

Zhl - ARGARYIRE 2 ORSF MR - SRR TP TR RESFIAL - FUR D HYEhRE=RE T
MVLEE - BR[FIE2 L eV EA R ERVRE R - MR EKEE /R M -

%/:—E‘ : X GMm

v=20 E,=0 U:—m

GMm

1
v =./gR Ek=z"l(-f9R)2 U=_T

il KT RO NIBIREERR A - RPTITLIIEA Fm(JgR) = (— 2y

R+h

GMm

=—)

B WREINNEE g /S 2
RN AARESTIRAEEEENRNEIINEE ¢ RoRITESE?

=R %Q.Sm,r’s—ﬂ% o

Zhl - ALERERHR IS AT IIZR R R o B H SRS EIRAYFEE R I
B EREER M > AVEETIIEE g v LUSERRIE ?

GM
RZ

B HATE | g =

S EET | RITITLMEg = SR AT - Im S = (- Sm) _ (_@my

2 R R+h

B4 T > REHHACEYG BT RSB 2 IR AR h 2 R -
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*x = FIREHERENER %

Application of Newton's Laws of Motion

BT A LRTE RS £ RIE %&
BIL A LRTE RS & Tt

DEHIEEEL T - EHEYRS IR E AR - AERR T T2 A T R
ZIEAHLSN - EERIHAA AR & > RIITPIRGHYZ J3IREE - DLRIRGZE 5 V- iR G
PR SR - RSN > PP G R IR 52 > WkaT R BB BaE 8 - £ A EIhER

oL -
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3-1 £EPERMNA
Force in Everyday Life

AEI 48T G A G~ B MO EREEEY] > BATEMS)  IEETT
PR E Y] - EMTOEEREYE L RAES SRAYVERS -

i

B¥F thiE EF thiE
electric force W) friction JEE ]
gravity B contact force P )
magnetic force 1577 kinetic frictional force BT
action at a distance HEEE ST static frictional force FRIEEIE T
elastic force G ya| perpendicular FH
normal force nAEpa; vertical P HE
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[ O Itis found by experiments that the is proportional to the . }

4 « 1t is found by experiments that the magnitude of the maximum static friction force is

proportional to the magnitude of the normal force.

HE RS RARFEEIHEE - BUER IR EEKIEL -

(2] can be divided into two categories according to :
and

4 Forces can be divided into two categories according to the way they act: force at a

distance and contact force.

" REAERIAY TG > ATBATERASRR ¢ R B T -

[ © The and of the ground are commonly seen in life. }

4 - The normal force and frictional force of the ground are contact forces commonly seen
in life.

MR IR D SRR )% HE A E E R T -

BEER w

TEEEE AR - BAEEEII MR
After studying this section, students should be able to know that:
— ~ AEBETEAETE -

Be familiar with calculating the resultant torque.

=~ ERVIRSATZ & I BINERE Z B

Comprehend the relationship between the resultant force on an object and its acceleration.

82 3O AABERERE TR FRPEERE



KT FR T ENET P oo L EEHEFEL L

w BIREERE o8
BllE—

s« AT ERETE -

Be familiar with the calculation of torque.

A thin rod with length of d and negligible mass has a fixed center point O. Two point masses, m
and 2m, are placed at each end. The thin rod is orientated at an angle of 0 from the vertical line
as shown in Figure on the right. Assuming the acceleration of gravity as g, what is the magnitude
of the total torque received by the rod about center point O?

(A) 3mgd sind

(B) 2mgd sind

(C) mgd sinf

(D) (12)mgd sinf

(E) (2/3)mgd sinf -

—RER d - EE A DI EHVHE - HAugh O BEE - MinSBEEEER m & 2m IVE
B AR T R 2 A Ry 0 0 WA RS o s EE IR E Ry g 0 RIS O BiFrEL
KR Z EE R ? i 2m
(A) 3mgd sind i

(B) 2mgd siné

(C) mgd sinf

(D) (1/2)mgd sind
(E) (2/3)mgd sind -

#ZFH Solution :

Given the formula of torque, i.e., torque around a point = force x the distance perpendicular to
the force. The torque exerted by 2m about center point O is 2mg xd/2xsiné in the clockwise
direction. Similarly, the torque by m about is mg xd/2xsiné in the counterclockwise direction.

Thus, the resultant torque is 7=mgxd/2xsinf—2mgxd/2xsind= — (1/2)mgd sind.

The magnitude of it is (1/2)mgd sin, and the direction is clockwise.
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HI[JIRE=J1<J1E R A B & K 2m AYE RS 0 O BERTIE AT IRy 2mg xd/2xsing IH
B8 7] o B & m AVE BTSN SRR Ry mg xd/2xsind 5§ 7 A

Fir LA 54 J74E 1=mgxd/2xsind— 2mgxd/2xsinf= — (1/2)mgd sin@ >

HIJAEEE B (1/2)mgd sind » J5[A ElIEmG & -

Teacher: Class, this question asks about the torque produced by gravity around point O of the
thin rod. Can someone tell me where the axis is?

Student: The axis is at center point O and perpendicular to the paper.

Teacher: That is right. With the given axis, we can calculate the torque exerted by the two
point masses, 2m and m, about the perpendicular axis at point O. Now, draw the
forces acting on the rod and the moment arms on the diagram.

Student: Finished!

Teacher: Next, we determine the magnitude of the total torque. Please refer to your force
diagrams and tell me the magnitudes of the moments exerted by point masses 2m
and m about the axis.

Student: The torque exerted by point mass 2m about center point O is 2mg xd/2xsiné in the
clockwise direction. And, the torque exerted by point mass m about center point O
1s mg xd/2xsinf in the counterclockwise direction.

Teacher: That's correct. Since these two torques have opposite directions, we need to find the
difference between them. We subtract the smaller value mg xd/2xsinf from the
greater one 2mg xd/2xsinf. What is your answer in terms of the magnitude of the
resultant torque and its direction?

Student: The magnitude of it is (1/2)mgd sinf and its direction is clockwise.

Teacher: Well done. However, we were only asked for the magnitude, so D is the answer to

the question.

Ehl R EEMEEIE L O BATELRIIAE o BB R R Ry i
0E ?

B4 0 o O Bh > SEERARmE A -

Ehl ek BEERMEFIGREEER 2m AVEE & m HVER IR O RiHVEE
ElFTAG RAY IR - HI R AL R [ SR MAE L] B2 TR !

B HH T
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N BT IR E 2 1% AT LETRE I T - ARB IR E HAVE - B &5 2m
FUE SRy m HYERL > 77 S R S4B K 26/ Vg 2

B4 E& 2m WERFTEMNIFES 2mg *xd/2xsind IEFF#E 7[5 - 8 & m HYE R
AEHYSIHE By mg xd/2xsing FilF§E 7 1] -

ERN 285 IOR Ry WA {EE B R A R R T [ [ AT DARS 1B (E ZEAE R FRAF 50
PAEE LAY 2mg xd/2xsing » JHZ5EEIEY NG mg xd/2xsind » & 1F 20 &)
FEAR/INFIT ] Ry falug?

Bk 0 K/ NEy(1/2)mgd sin > 5 [A] B lIEREST -

ERE 88 0 FRLIEZEEED) -

plEE—

B ¢ BB AR

Learning the relevant calculations of friction.

A horizontal conveyor belt is moving in the +x direction at a constant velocity v. A box with a

mass of m is gently placed onto the moving conveyor belt at time t=0. At t=0, the box's velocity

is u=0 in the horizontal direction, as shown in Figure. Assuming the coefficient of static friction

b

etween the box and the conveyor belt is us, the coefficient of kinetic friction is w, the

acceleration of gravity is g, and the effect of air resistance can be negligible:

1.

2
3.
4

At t=0, what kind of friction is acting on the box?

At t=0, what is the magnitude of the box's acceleration?

When the speed of the box reaches v from 0, what is the travel distance of the box?

When the speed of the box reaches v from 0, what is the work done by the friction acting

on the box?"
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I e L] =0 Bf > A5 T2 E— TS IHIEH 7 BhEEEEST
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(HEMERR 110 TMERAS (BEEVIEL LD H=% 55 118 H #&ufl3-2)

fZFE Solution :

1. At t=0, the conveyor belt is moving with a constant velocity v to the +x direction, and the
box’s velocity at this time is zero. Thus, the box has a relative velocity to the belt to the left.
Therefore, the belt exerts a kinetic friction fx on the box to the right, which accelerates the

box until it reaches the same velocity as the belt.

2. Applying fi= Hrxmg — MAa we have a=pg.
3. Applying v? = 02 + 2(urg)S, we have S=u. g.

1
~mv?Z.
2

4. Thus, W=FxS = (Hxmg) XZZig
1 R =0 AR A 3 v i TR E) - mILRrE RS AT SlE 2

P SRR A /e SO T2 A B (RG-S B A A
[E] fy 1k o

2. fife = Pxmg =Ma . G5 a=piy g
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2

3. Hv? = 0% +2(ug)S > 15 S=——— -
2ukg

4. H W=FxS = (Hxmg) x=2—= 1mp? .

2urg 2

Teacher: Now, let's look at the first question. It asks for the type of friction acting on the box.
In the current scenario, the box slides over the surface with respect to the conveyor
belt, so static friction will not come into play. Instead, it is kinetic friction that acts
on the box. What type of friction is this?

Student: It's kinetic friction as the box is initially at rest at t=0. While the conveyor belt
moving with a constant velocity v, there is relative motion between the belt and the
box.

Teacher: That's correct! We also know that we can ignore the effect of air resistance.

This means that at t=0 only the kinetic friction exerted by the belt on the box.

With this in mind, how do we determine the acceleration of the box?

Student: Applying the equation £’ L ma, we have f, = Hgmg = Ma Thus, a=Hkg.

Teacher: Correct. Moving on to the third question. It asks us to determine the travel distance
of the box when the box reaches the velocity of v from 0. With the value of the box's
increasing acceleration and the change in its velocity, we should be able to answer
this question. Can you tell me how to solve for box’s travel distance?

Student: We can substitute those values into this formula ¥°= ¥ +2a§,
2
This gives us v2 = 0% + 2(ug)S. Thus, SZZZ—g.
k

Teacher: Great job! Finally, the last option is about the work done of the friction acting on the
box with time. According to the work-energy theorem, the resultant reaction is equal

to the change in kinetic energy, not any other form of energy. In other words, the net

force equals the frictional force. So, the work done by friction is% muv?,

Student: I see it now. Thank you, Teacher!
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HFeES—E  ERFETZTERHEEIER] > VIR Z AR > (AR
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DB o AR TE =0 RV R ET R v FTLANE Z A Y

A o
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AR 2 > PR T ARG T LR A 2R e 2

| R F=Xm@ > fi= Bing =ma , A1 a-tig -

Dogsh o PEESE RN ATV 0 ZE] v AR - FETHVALRE (A 7 iERE
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3-2 BAOFEHER
R Static Force Equilibrium and Application

ARETI YIRS - AOPTHERAR L © SRAERF PRS- AR TR T V-
H P Z R EERZIIG I RE > HFTZAIG BT R -

REEGFTERST AV - A R R D Z RV H0iEE 2 7 2 P (R 2D - [ -
BRI EATZE IR R - A REET] T S o NI > FIRREERATEYIRSE
WIFEZAE IR T - ORISR P - FIEEIR P > R AEiRvR L HEY -

E¥F thEE ¥ thiE
static force equilibrium AR ] fulcrum B2 .
translational equilibrium | % 4y clockwise JNEHS $1
rotational equilibrium skl By~ fhy counterclockwise Wil Et
resultant force =9 component force Al
resultant torque =WApE normal force EES
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[ o A will start to when . }

4] : A stationary object will start to accelerate when it is acted on by external forces. Similarly,
if a stationary object is subjected to a torque, it will start to accelerate rotationally.
AFIEHIPIRGZINIMERI TR - SR IRATHE - FEEEH - S (ERIYIRE 2 IREER
AlE BRI e -

[ ® The conditions of and may not be at the same time }

4] : The conditions of translational equilibrium and rotational equilibrium may not be

satisfied at the same time.

PR AR E PR R OE - A RERIRFRRIL ©

[9 may be a , or it may be a . }

#14) © An identified system may be a complete object, or it may be a part of an object.
ZERHVEE > mlpEE (e A - e RERE —YIReRYEES -

o BEEHE »

FEETARITR - BAEEELITER
After studying this section, students should be able to know that:
— BT S -

Determination and calculation of static force equilibrium.
Y VAR Py

Static force equilibrium analysis.
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Application of static equilibrium to solve problems.

The system in Figure on the right is in state of equilibrium. The angle between the crane arm PO
and the horizontal line is 60°. The crane arm is free to pivot around point O and has a mass of
200kgs distributed uniformly along the length. The string PS is at an angle of 30° to the
horizontal line and remains taut, while the crane PSO is standing vertically with a mass of 160
kg hanging from the end of the crane arm. Assuming the mass of the cable can be negligible,

find the tension in the cable (Let the acceleration of gravity be g=10 m/s?).

(A)1600  (B)2600  (C)3200 (D)3600  (E) 5200

filE AEERRERE - EEERE PO FI/KEGRIVHA & 60° > HuJ4kE O BhiE sy - &
BEF 200kg Hopmta4s > #18R PS EGAI/KPEERYARA & 30° » PSO LA EEE A -
BB LinfGE—E 8K 160kg INEY) > FEIEIG R - FHLARE » HERMEREE 02
BEARET - HISHZR AR ITE S/ DA 2 (IEJIIETE =10 m/s?)

|ZI

(A) 1600  (B)2600  (C)3200  (D)3600  (E) 5200
(110 FF5% 6)
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Blue line= force on the load;

QGreen line: tension in the cable T

(Dotted line = the balanced, vertical components of the three forces at the point of rotation O)

fZFE Solution :

Because the entire system is at rest, it achieves static equilibrium. As a result, the resultant force
= 0 and the resultant torque = 0.

Starting a free-body diagram of the crane from point O as the axis of rotation. As the concept of
static equilibrium states that the sum of clockwise torque is equal to the sum of counter-clockwise

torque acting on a body, this gives:

T X cos60° X L = 200 X 10 X cos60° X (=) + 160 X 10 X cos60° X L o the tension

T=2600(N).
BB S AR - FRLUZ T > RIS D=0 > &350 - DL O Bk Bk
aspali={RAIIEL L EUR S LSS S WA CIDAREE N IS Wl CIbab- IR 3
o _ ° E °
T X cos60” XL =200x 10 X cos60 ™ X (:) + 160 X 10 X cos60 ™ X L’éﬁ@%jj T=2600(N)

Teacher: How do we determine the tension in the cable?
Student: Using the principle of force equilibriums.

Teacher: That’s correct! Because this system does not translate or rotate, it achieves static

equilibrium.
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Student: Well, with point O as the axis of rotation, we can draw a free-body diagram to
visualize all the forces acting on the crane. But how do we calculate the torque on
the weight of the crane arm?

Teacher: To do that, we can treat the axis of rotation as the point where all forces are
concentrated. The distance from that point to the fulcrum point is the moment arm.

Student: That also means the center of gravity is in the middle of the crane arm.

Teacher: Very good. As a result, all three forces cancel each other out. This includes the
torque due to the force of T in the counterclockwise direction, and the 2000-N force
along with the 1600-N force in the clockwise direction. This system maintains the

state of equilibrium in terms of torques and forces.

M PR RIE R _ERYRIINE ?

B4 0 (ERJIERY -

D BE | HRAEEI A PRI E SR A - R

B 0 ARERAMEL O BE RO > SEIEFETTIIE - (B ERE E R EERIE ?

Rl BT AR E MR E AT E IRV B O SRR S

B4 0 FrLlEE R B ]

Rl EBREF > BTLA=(E IR IFE P - BE T Frig kit 0 - & 2000(N)EL
1600(N)HY B SIS IR $1J0%E > W5 1R Z T REZE S it -
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Analysis of static equilibrium.

Two magnets with different masses are placed at rest on a horizontal table. Their north poles are
facing each other and at static equilibrium. Figure 10 displays the forces acting on the two
magnets. F1 and F> are magnetic forces, f1 and f> are frictions, wi and w: are the forces of
gravity, and T and T are the normal forces.

Let the gravitational acceleration as g, if we only consider the magnitude of the forces, which of

the following equations is correct?

WIS B A E SRR B K2 E > FEMEEAR N AHA - 25 0 FdrE 0 B 10 AEM
ZHERARER - - B B s o BEEES > wi-w2 BES T RBIER
71 - REINNEER ¢ HEFRIINEE » Al N FIR G e ?

T, T
Pt F
1 ST N _f-l_ .| N I | S 2
Wi *
L & (10)
(A) Fi=wig  B) Ta=W2g () wi=%> (D) T:=T> () fi=F>

(109 FEH 47)

#ZFH Solution :

The system reaches a state of static equilibrium, so: (A) F1 = wig cannot be proven; (B) the
correct equation for (B) should be T>=w»; (C) It has been given that the masses of the magnets
shown are not the same; (D) as explained in (C); (E) F1 = F? is correct because F; and F are the
action and reaction forces. They cancel each other out. It is also given that they are at static

equilibrium, so F1 = f1 and F2 = f>. Thus, f1 = f.
ZHEEERIEE > NIE - (A) B~ iR BHEEEST S B) =24 % 5 (O) B

BREEARE (D) 41 (C) : (BE) RENMEAREMANENLIER S A= R v
NHERS 'F'rl:fl, Fo=f; e fi=fz > EEE%?E%%(E) °
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Teacher: What is wrong with (A)(B)(C)(D)?

Student: (A) F1 = wig cannot be proven; (B) the correct equation for (B) should be T2=w?2 ;
(C) It has been given that the masses of the magnets shown are not the same; (D) as
explained in (C).

Teacher: That is right. Then, why is (E) correct?

Student: Because F1 and F2 are the action and reaction forces. It is also given that they are

at static equilibrium, so F1 = f1 and F2 = f2. Thus, f1 = f2.

Teacher: Great job!

EH © (A)YB)CHD)FELEIIE 2
B (A) B MRS EEEY (B) =W A (O) THmBER R (D)

wC -
HRl 285 TINE) BT TEHIE ?

pli
HE

R b A R(ER B R (ER = » REF SRS SUkER=hA, B=f
Hh=f o
Fh s IRAENE |
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3-3 fili¥E
Collision

FRIBATHER

BAE - HZ > fERTERYAEE - FIRE
REAIRS > HERFE R T R
B - AURE Ry "SRR

PRl | ="

g - F = AP/At . iR -

EEZRH TN RIRIREEE)
N IE S L) - TS RHE AT ~ R W YIRGHIRE)
sedFoRPERTE | Rifd > EiEhiiE i)

LHEEE
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¥ thE ¥ thaE
collision Tl kinetic energy | EIRE
elastic collision GBI AR momentum =
inelastic collision JEoE MR conservation SFIA
completely inelastic collision I EoE M center of mass U
one-dimensional space — 4z loss fEFE
initial velocity W spring nEL
final velocity RIEE Galilean cannon | fflIFI[H&f
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If , keep the same 5 }

4]« If there is no external force, the total momentum of a system keeps the same before and
after collision.
RZIN TR BT » 2SR T{% 2 J88hEAH[E -
[ ® Elastic collisions , SO . }
fil4] « Elastic collisions do not consume energy, so the total kinetic energy is conserved.
SRR N OHFERE R - AREIRE TN -
[ © We can use to . }
#5i14) : We can use the conservation of total momentum and the conservation of total kinetic
energy to derive the effect of an elastic collision.
PO R FHAEEI 2T - RAZEIREFIN - R HEE SR MR A4S 2R
[ ® Due to , when , . }
{514 : Due to the action-reaction law (Newton’s 3" Law), when two objects collide, the forces

exerted on each object are equal in magnitude and opposite in direction.

IR FH B A A e EECARTESE = ) WP Re il iy <2 0 AR MR > T3 TRIAHRC -

.

is a/an application of . 1

BIey -

A Galilean cannon is an application of collision (shown in the right figure). 6 1‘
AES A Ak e (a0alE ) - 8

o
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After studying this section, students should be able to know that:
— ~ SEETERERE 2 ST o
Analyses of completely inelastic collisions.
=~ SEPERFREAVETE o

Calculation of elastic collision.

w BIREERE s
BlE—

s ¢ RS e M A RE E L -

To calculate the change of energy in completely inelastic collision.

As shown in Diagram 11, there are two balls A and B, which have mass ma and mg. The ratio of

ma
which is ma = & = L . Both the two balls are hung on a fixed-point O with a rope, which has

length L, separately. Ball A remains still, and ball B is pulled rightwards horizontally. Later, ball
B is released to collide with ball A, and the two balls immediately stick together. Afterwards, the
largest height of the oscillation of the two balls is L./2, as shown in Diagram 12. The mass of the
rope and the air resistance are ignored. Assume that the potential energy when the two balls are
falling at the lowest point is the zero, what is the ratio of the loss of the mechanical energy caused

by the collision and what is the final mechanical energy?

3

—v—aﬁii

Yl 11 fr » SHEERESRR TET L H s 2R HERILE M 1
/NS B FE RS By L BOAI4GHIA E— B E S O - FIEREF I » 2B AR EE
WLk BFUKT > SRR EF I REI Z Bk (0 LB FRBR R AR S - B WAER T ENEETE—7E - FhE—
MBI RA S R L2 » B 12 BE R EE - S B R 22 A0 3 20 -
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fiEl 11 12
fEas AR ER H 28 T FERF Y a (RBE R iz gE B 8E - AR I8 2R 89 2 ReA G oK EE T 22 AE
HIEEGI R N5 e 2

1-«a a

(A) (B) S (O=" D)= (E)0

(109 FEEH 48 )

fiZ3E Solution :

ERENERER - (BRI S 2 M A - RS SR AT 2 RSN I(E D) - RIRHEAT - &
BIELERTTIAL -
EEtE IRV > ATH(E [DAVERTIEREE > FlfE(E 12)RVEE 826 - NS Re=H

FIfrREEhAE o (REEE HoREEFIREG > T2 P a0 ok 1) (ESINIERE 9B
(1B 1 DFI4E SR (R RN TEEEE): T F X g X 0+ 2 x g X L=0+gL=gL

(B 12)9%a 788 4E: ™% x g x L2+ 2 x g x L2=(o+1) X g X L/2

AR R HY I E2EE: gl-(ot]) X g X L/2

b TR IR HY T ERRE (G R AR A T SR e R EL1:

[gL-(o+1) X g x L/2])/(gL)= (1-a)/2

According to the diagrams, the phenomena is that ball A and ball B stick together when there is
a completely inelastic collision, and the total mechanical energy of the two balls must lose.
However, if neglect the gravitational force at the moment of the collision, the summation
momentum would keep constant.

The change in mechanical energy can be calculated through the total mechanical energy in
diagram 11 minus that of diagram 12. Total mechanical energy = gravitational potential energy
+ kinetic energy. The question only requires the ratio, so ma can be assumed as o, and mg as 1.

(gravitational acceleration: g)

% 3OO AMBEFRE TR FRPETRE F
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Teacher: What collision is this question?

Student: Inelastic collision!

Teacher: That’s right! Balls A and B eventually stick together, so it is a completely inelastic
collision.

Student: So, there will be energy loss.

Teacher: Yes. However, regard the total momentum, the momentum of the whole system will
remain still before and after the collision. (If we neglect the gravitational force at
the moment of collision.)

Teacher: We can assume that m is o, and mp is 1. Find the total mechanical energy in diagram
11, then minus that of diagram 12. This is the loss of energy.

Student: Finally, we do the ratio.

Teacher: Good for you! Remember that the gravitational potential energy of ball A and the
momentum of ball A and B are all 0 in diagram 11. Therefore, the gravitational
potential energy of ball B = total mechanical energy.

Teacher: The total mechanical energy in diagram 11 (the initial total mechanical energy):
my X g X 0+ mp X g X L=0+gL=gLL
The total mechanical energy in diagram 12: m4 X g X L/2+ mp X g X L/2=(0+1)
X gxL/2
The loss of mechanical energy caused by collision: gL-(a+1) X g X L/2
Therefore, the ratio of the loss of mechanical energy caused by collision and the
initial total mechanical energy is: [gL-(o+1) X g X L/2]/(gL)= (1-a)/2

Student: I see.

ERT 5 FE S TR 2

B2 ¢ JRoRPERIE |

EHl: J2eh | - ZWERERESAE L - FrLUZS5E IR PEREER !

B4 Ll AR ERERE -

LD BHY - BEEEFREEREIRE - AhHERT - 12 > BERSKHBIEES - 985
T R o (A0SR 2B R E I/ FHEE )

e
FeMaEEs T o ok 1 AREEH(E 11)VAETEREE > FE(E 12)18)

HIERE - MLEEIRHVREE -
B4 RRHEREE -
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S RS | TERE DAV S AR Z AR B 0 - BT Z R
AL FE=4EJE2RER |

AT y . m, m

(& 1D)VEE T RE(FARAESTERE): T X gx 0+ & X g x L=0+gL=gL

(B 12)i4a 784 ™7 x g X L2+ & x g X LI2=(0+1) X g X L/2

T A JJERAE: gl-(at]l) X g X L/2
T [ HE A B T B REA G R AR 48 T2 RE R B
[gL-(a+1) XgXL/2)/(gL)= (1-0)/2 -

A TR

plE_

tHA ¢ SRR AR S ERRE R AT -

Analysis of the mechanical energy of elastic collision.

There are two same-sized balls hung on the same point on the ceiling. The length of both of the
strings is L, and the mass can be ignored. The mass of the left ball is 2m, and the mass of the
right ball is 3m. Someone lifts the two balls at hr and hr height and releases the balls from
stationary state to let the balls move towards each other. An elastic collision happens when the
two balls are at the lowest point, as shown in the diagram. After the collision, if the highest height

that the left ball reaches is still hy, what is hy : hr?

AR MEFEEVNER » ZLRER L~ B & ] R G HERAE M E AR ERE % > /2
BNRIVEE Ry 2 m o AB/NRIVEE Ry 3 m o FARGER/ NREEE AR e Al

ha o SRUINER AR IERBRC o S/ NERIEIA PR > (R INER I 17 R IR0 2 4 TF 8 MR

AVERBIFTR - BifEt o 2580 R R R E S A R e

Al Pa: P e 2 £l
(A)9:4  (B)32 (Ol (D)23  (E)49 - .
(110 5% 7)
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#ZFH Solution :

Solution: This question is about one-dimensional elastic collision (at the moment od collision).
Since the left ball returns to the initial point, it means that velocity is the same before and after
the collision, but in different directions. According to the conservation of total momentum as

well as the conservation of kinetic energy, the velocity after the collision can be inferred.

BERE R — SRR VERTE (FE—RIFRRD) - R 728 NERIIE R & SR RIRE R, - (CERRIFE AT -
RIVERFER/N—1% - RIS - BERARIB B E TN - M EEIRE TR R R R AR
[iE

VL =—VL=02m-3m/2m+3m), VL+2 x 3m/2m+3m)VR (v:i#E » L/ R:A5 0 K:hiliH#E%)

ey 17 Vv 25, _ A= S R\ — -'ngl s h,. he—9- °
B VLATVRE=—32 > FIRIELD 12mvv=meh JiE(5 VO 297 » m he: he=0:4

Teacher: What does it mean that the left ball returns to the point it is released? What physical
quantities may conserve?

Student: The total mechanical energy of the left ball doesn’t lose.

Teacher: Good. Besides, because of action and reaction force, the forces of the two balls are
the same, but in different directions. So, what physical quantities are equivalent
before and after the collision of the two balls?

Student: The total momentum before and after the collision is conserved.

Teacher: Great. Since the collision causes no loss of total mechanical energy to the left ball,
it does not cause any loss to the right ball. Therefore, what collision is it?

Student: Elastic collision.

Teacher: Exactly. So, we can infer the result through the conservation of momentum and
conservation of kinetic energy.

Student: Sure.

Teacher: Vi F=—v, =2m-3m/2m+3m), Vi +(2 X 3m/2m+3m)¥z (v: velocity, L: left, R:
right, F: after collision)

Teacher:  And we get the ratio Yz * Ve = —3:2. Later, according to 1/2mvv=mgh, we can

—
infer that v (velocity) = vV 29 Therefore, h : hx =9 : 4.
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EHN AR/ R 1% B FRECRE - ARATER S ? Al B a <N ?

B B/ RIS 2 RE SRS

LRl REF > S0 > HIRTERI ISR AE IR A - RIE R/ MBS EL > BT LARY
ERAEREAR AT A (T e B S 4R - & 7

B RfERTEHIHEI R S -

ERN  REE - BEARRIRERT /218 NIRRT ERRE AR IR - G/ NERL AN & - FRLUE (T
ilf 4 7

B3R ¢ BEMERILSE -

ERl : gsh o NILAUEBEEE TN - DUKBREAN S - RiEGS A A S -

B4 T dFHY -

=S VL k=—VL=02m-3m/2m+3m), VL+2x3m2m+3m)VR (v:i#i}E - L& ~ RA
KoM %) ©

EHE e VLATVRE=—3:2  FEERLER 1/2mvv=mgh - HEf% v 290 . m7g By

hg =9:4 -
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Thermodynamics

BT FA LA ARSI 2 ARIEE
BvA A el TIE N 7/ 1

ARESe DI BB A ARG R BINEHIRE (7 > B8 - BETI(P) ~ BefA(V) ~ JRIE(T) ~ K5
B(n) > 8  RIB DR FHERGET AR TESE > GE PR - TPy
IR ~ MifE A Es 2 IR BT T > WE B 2 Y B & - &l > M aamBeiREE  BvP
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The Ideal Gas Equation of State

s A EHEGRAR Z R IF T B EBARIRIEE - B PLE AT R AR BT (P)EdRa (V)
(R ~ 46 B e R R AR T ) ()RR S (T) Z B (% ~ E R PR AR RA(V) B EE(T) 2
%o R E SR ERIIRAR IR DL ERA (R - 1S HHEREURASIRRE 72 - PV=nRT -

EF thiE B¥F thiE
) HARRHRSINGE
thermal equilibrium EUSfey ideal gas equation of state
JREx
thermometer REET mercury 7KHR
kelvin He ORI gas ERl: s
pressure 2] macroscopic scale E#
volume BefE molecule Pamn
density I physical quantity Y E
ideal gas assumption/hypothesis
barometer REERET AR AR R
ideal gas law
atmospheric pressure | SEEE gas constant REEEE
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[ o is valid only for . }

4+ The Ideal gas equation of state is valid only for ideal gases.
HARRHRSINE T2 FBE AR AR RAS -

[ 2] is inversely proportional to at . J

4 : The volume of an ideal gas is inversely proportional to its pressure at a fixed temperature.

AR B EE R T > HASTREER T AL -

[ ® Observing at , We compare . }

14 - Observing the properties of gases at the macroscopic scale, we compare the relationships

among their pressure, volume, and temperature.

R BB RN - ML R ~ BSOS AR (4
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At the end of learning the chapter, students are able to acquire the following concept:
JEHERASRAGIRRE R I TR SR Bl

Apply the ideal gas state equation to make conceptual inferences and manipulations.

w BIREERE s
BlE—

SREF ¢ 4 SRR TR (PV=nRT) » DURSE AT Famp eV weeg » HEE BRI 221
B -
Two formulae of ideal gases and buoyant force are needed to figure out the heated air
temperature when the hot air balloon climbs: the ideal gas equation (PV=nRT) and the

buoyancy formula (FB=poutside air* Vballoon Xg).

The Taiwan International Balloon Festival at Taitung is a popular leisure activity. To fly a hot
air balloon, the air inside the envelope—the largest part of the balloon, needs to be heated. This
causes the volume of the heated air inside the envelope to expand, making the balloon lighter
(as any object is buoyed up by a force that is equal to the weight of the air displaced by the
object). Now, there are four people riding a hot air balloon with a total mass of 6.0x10* kgs
(not including the air inside). When the air is heated, its volume expands to 3.0x10° m? and the
balloon rises. At this point, the buoyant force in the air is equal to the total weight of the hot air
balloon (including the air inside). Assuming that the air outside the envelope remains at a
constant temperature of 22.0°C and density of 1.2 kg/m?®, and that the air inside and outside
behaves as an ideal gas under these conditions. Determine the temperature inside the envelope

when the balloon climbs.

(A)81 (B) 72 (C) 57 (D) 42 (E) 22
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& m&

ERNEEE S RIR R FE R R ZEIRROES) - ZREEVEIRA 2 » MRIEVRIK
HAVZER > ERIREEEER » DIz R (VB2 R0 I EN IR EZZ AT
FrEEpRISE = RNER ) - A —RRIRTREIU A RIVAEE & 5 6.0x10° kg CRETRAZE
R o BINEHENZES » (FHBEREEZR 3.0x10°m? » HIE[F128 » ISR 0T SR EVR
HREABIVHER (BFRAZER)  AIBERNNZEROREZZ/0°C? (REFIMNLR
ks 22°C o ZEREE R 1.2 kg/m® > @I ~ JMVZE RE AR RAS - BBk
ZERHVRE ~ BRSNS -

(A) 81 (B) 72 (C) 57 (D) 42 (E) 22

i

(110 5% 18)

Teacher: We are given two variables in this word problem. One is the gas volume and the
other is the air temperature. Can you think of the ideal gas equation needed to solve
this problem?

Student: A free-body diagram also! This diagram can help us map out all the forces, including
the buoyant force and the ones that exist for the balloon.

Teacher: With the information, we can figure out the relationship between the amount and
temperature of the air inside the envelope. The Ideal Gas Law states PV = nRT,
which means if the pressure of a gas (P) and its volume (V) are kept constant, the
number of the moles of the gas (n) is inversely proportional to its temperature (T).
V is proportional to n, so V is inversely proportional to T.

Student: In this case, the moment the hot air balloon climbs, the buoyant force exerting on it
is equal to gravity. We can find out the volume of the air inside the envelope by
subtracting the total weight of those four passengers.

Teacher: Buoyant force = p outside air X Vballoon X g
= 1.2 kg/m® x 3.0 X 10°m> X 10m/s*> = (6.0 X 10? kg + the volume of the heated
air inside the envelope) X 10m/s?. This gives us 3,000 kg.

However, we still need to figure out the original air temperature prior to take-off.

Assuming the pressure and volume of the balloon remains constant and the outside

air temperature is 22°C, what is the volume of the air inside the envelope?
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Student: 1.2 kg/m> X 3.0 X 10*m?® = 3600 kg. The volume of the air inside the envelope at
22°C, / the volume of the heated air inside the envelope = 6/5

Teacher: You can see that we can use the ideal gas equation to figure out the heated air inside
the envelope of a hot air balloon in Kelvin. Remember the temperature should be
based on the Kelvin scale.

Student: (273+22)/(273+ the heated air temperature ) = 5/6. So, the heated air temperature

inside the envelope is 81°C.

Zh . EEARIFREEREAERE - A EERER R R EERAGIRE T2 ?
B4 0 BAENEGT  FINEGRIRN 2B EIHEE -
Zhh . A EEHEEERENIRI% > H PV=nRT 4Ii# - & PV [EE - n BEURER
bt > XIAE E'-E_Etb)i/\ﬁ'iﬁﬁ%i(n) FTEA - RAGE BEUR L -
B4 DGR ERER BT —BEE - I ITERBRIKE ) BRI A&
MREER - i AEIIPBSKNZERIVE R
N FST = p oaaXVoasmXxg=1.2 kg/m %x3.0x10° m3x10°> m?>x10m/ s2
= (6.0x10° kg+IFRFIRANIZZ RE &) x10m/ 52
IIEER N ZE RE B = 3000kg » Fe TR (¥ IR - FEAEE R RG]
AEEGRTT —mum?% 22°CHy » BRNZEZSREER/RZ /D ?
B 1.2kg/m?® x 3.0 X 10°m® = 3600 kg » 22°C BFERNZERE & / AN ERE &
=6/5 -
W - FTPARI R EERA A - IS EIIIEVE BGRERN AT ZZ RURE » SO A DT ORI |
(273+22) / Q73+A8) = 5/6 » FRLIKE = 81°C -

g
=+
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sti ¢ EFERASIRRE A2 : PV=nRT -

Use the ideal gas law, PV=nRT, to solve the following problem.

Given the safety concern, a 10.0-liter oxygen cylinder is installed with an air-relief valve to
vent air automatically when the internal pressure exceeds 12 atm. This 10.0-liter cylinder is
filled with oxygen at a pressure of 10 atm and a temperature of 300 K. The cylinder is carried
in the back of a car for transit. However, due to the hot summer day, the sun heats the car to the
point that the valve releases a small pocket of air. Upon arrival at the destination, the oxygen
in the cylinder has a new pressure of 12 atm at a temperature of 400 K. Assuming R = 0.082

atm-L/(mol-K), how many moles of gas does the cylinder discharge?

(A) 1.3 (B) 0.41 (C) 0.23 (D) 0.11 (E) 0.051

ERNEeEe  —EEER 10 ATHHIERM  H T —EERIIR 12 KRB 5t
P RASHENAE R - SR FRRASA R 300K ~ B)] 10 KRABEMER o (FHEER
ARMAEEEATE T (ERREH T > BRI R R M I E T » R ED
RS EHE AT AV - SRENEREE R 12 KRER RE R 400K « HEEAER
HEH By 0.082 atm-L/(mol-K) » RIFFHAVRAGLY 2/ VEH. ?
(A) 1.3 (B) 0.41 (C) 0.23 (D) 0.11 (E) 0.051

u>

(108 4575 15)

Teacher: The ideal gas law, PV = nRT, comes to our minds the moment we see this problem.
Student: The volume of the oxygen in the cylinder is constant, which tells us what only P, n,
and T change.
Teacher: The initial moles of gas (n) is PV = 10 atm X 10 liters = nRT
=n X 0.082 X 300K = 4.16 moles.
Student: The new moles of the gas is 12 atm X 10 liters = n; X 0.082 X 400K = 3.65 moles.
Teacher: The new n minus the initial n is 4.16 moles — 3.65moles = 0.41moles. So, the total

air released is 0.41 moles.
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Zhh 0 BREEERMEAEE] PV = nRT -

B RURBSHEEE - FiDUAA P n s T EAEEE) -

T 0 FTRAERAR 0 PV = 10 KEEE X 10 AFF = nRT = n x 0.082 x 300K > 300 K B4
A ERHE n=4.16mole °

B2 1 12 RGBS X 10 AFF =n1 X 0.082 X 400K = 3.65 moles » fftlL » 400 K 5
Z EHE ni=3.65mole

T 0 FTLUREDEK 4.16mole — 3.65mole = 0.41mole » [t A AT RAEEH
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4-2 RISENIEW

R The Kinetic Theory of Gases

ARETEIER 2 g T g - KT RV - R R EBME - (i
PREfSRAEG T THY P B - MEBRVERDRERAE % - FEBERRRE TR A
RSy ~ B~ EHEBEE - R o0 T B A HEE) SRS “BhRE
A" (kinetic model) » BR[EHG FORAS A F] - SRy “SRAREN 5w

B¥F thiE ¥ thiE
microscopic TRy temperature oSS
macroscopic B kinetic energy 5
pressure B2 T3 molecular aF
root-mean-square speed | 7R AR Maxwell speed distribution

PAKf]
internal energy NEE molar mass EHES
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[ ©® The higher , the greater . }

#f4) : The higher the temperature, the greater the average kinetic energy of gas molecules (is).

AT o SRAR T TR EIRERLAK -

[ ® As long as the (is/are) known, . }

4] © As long as the molecular mass of the gas and the temperature of the gas are known, the

root-mean-square velocity of the gas molecule can be calculated.

HERE R AR T ENRARH RS - sl PETRH R AR 7 TR T R -

[ ©® We must clarify that . }

#4] : We must clarify that due to the random collisions between gas molecules, the speed of

motion of each molecule is not constant.

BT ZERERS - HHFSRAR TR BB AR AR oy T B B R A G — Rl R 2 e

BEER w

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

— ~ FRfRSRAGEN T o B AR

Understand the correlation between physical variables in the kinetic theory of gases.

= EERERE et A

Learn how to analyze the gas kinetic theory.

BUOpAMBEARETRLN FRPEERE B
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Help students understand the calculations of relevant variables in the Kinetic theory of

Gases.

The same ideal gas is put into two different closed containers. Which of the following statements
about the features of the gas in the two containers is correct when the two gas systems reach
thermal equilibrium?

(A) The pressure must be higher when the temperature is higher.

(B) The pressure must be lower when the volume is bigger.

(C) The average kinetic energy of gas molecules must be higher when the pressure is higher.
(D) The total kinetic energy of gas molecules must be higher when the gas has more moles.
(E) The root-mean-square speed of gas molecules must be higher when the temperature

is higher.

A ISR B AR SR 0 A (A [FIR P A s T - SR Be R BT irR - TR
A es N RSB RR - ]38 IR ?

(A) SREEEE - BEILERK -

(B) HEfRiAE - BEERYN -

(C) BENEARE - Rlen THIFIEIRE L ERCX -

(D) HEHEEAE > AT THIREIREL EBON -

(B) REESE - KRB THIERERNERAX

Teacher: Do you remember the States of Ideal Gases Equation?

Student: Yes, we do. It is PV = nRT.

Teacher: Exactly. Let’s look at option A first. It says the pressure will be higher when the
temperature is higher. Is that right?

Student: Not really. Because n and V are unknown.

Teacher: Yes. Both mole number (n) and volume (V) affect the magnitude of pressure, so we

cannot be sure that higher temperature necessarily implies greater pressure simply

because the temperature is higher. How about option B?
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Student: We cannot be sure about that, either. The n and T are unknown.

Teacher: Correct. Pressure and the average kinetic energy of gas molecules are mentioned in
option C. Can you tell us how pressure and the average kinetic energy of gas
molecules are related?

Student: Sure, P = %Ek-

Teacher: Yes. In this case, we know that due to the unknown number of molecules of the
volume of a unit, we can’t tell if the average kinetic energy of the molecule is larger.
Let’s take a look at D. Can you tell us the relationship between the final kinetic
energy of molecules and the number of moles?

Student: . - 3 . .
According to Exr = EnRT, since we don’t know the temperature, we can’t tell if

the final kinetic energy of the molecule is larger.

Teacher: Great. The last one is E. Root-mean-square speed is mentioned, and the formula of

itis Vpps = /3;11 Could you tell us why the higher the temperature is, the higher

the root-mean-square speed must be?
Student: Because the question says the types of the gas are the same, the molecular weight

(M) must be the same. It is known that R is a constant, so we can be sure that the

higher the temperature is, the higher the root-mean-square speed will be.

RN ARRESCEHEERRE TR USRS ?

B4 0 B | & PV=nRT -

Ehl : Jgsh o AIERMTE R A BIH > A BSOS > B —ERCR > B 7

A A= > WAEnHflV EZARAE -

RN 2 > RN EEE n NIEGR V B e R TIA AU - AR PSR ATEE
o ER = BB —E R > AV B BEIANE ?

B WREUARE > BEXE n R T RA -

EHD SRS o B C BREBRBRIRIRAR o TR ERE - REREAEA MY B Z
AR (U 2

HJLX’;‘%P=§—$E€°

EHD  J28E > ARERTRE AT DRI E R BEA AGAERY T EEORA - A UREHIE 3 1Y
PHEEIRER SRR - #EE MR D BIH - e RISy T HEERE LR H R
[EHIRE (RS 2

pli
HE
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Al Exr = %nRT BB R AR Bt A FIE 77 T SR 2 S W EEL
* o

ERl - REE > AR E 2 > BEIHEEE] T OTIRERR - FLTIIREREY AR
Vrms = %  ARFIRE SR R (TR EE S & > RAe T TR T AR EHR

KU ?
B NRE S REEEMEE - 878 M AHE - 1 R HEXAYEE - A2
b = > IR EEOK

pIEE—

st ¢ RGBT A A B

The application and calculation of Kinetic theory of Gases.

There is a sealed container with an ideal gas which reaches thermal equilibrium and has two
monatomic molecules. The gas is mixed with 2 moles of Gas X and 1 mole of Gas Y. It is also
known that Gas Y has twice as many molecules as Gas X. Which of the following statements is
true?

(A) The kinetic energy of Gas X is different from that of Gas'Y.

(B) Gases X and Y share the same root-mean-square speed.

(C) The partial pressure of Gas X is half of that of Gas Y.

(D) The final Kkinetic energy of molecules of Gas X is twice as much as that of Gas Y.

(E) The average kinetic energy of molecules of Gas X is twice as much as that of Gas Y.

— IR H A s A R PRy AT > T HI B AR » il 2 BREAYRRG X A1
SHAVRAR Y - EXY Y TEE X Y188 2 15 > A NS & 1 2

(A) FEfESREG T THUSREIE A -

(B) WAfERAG T T HY TR EARAE T -

(C) X FHEEHIEE > 2 Y GBS BRY = & -
2

(D) X SR T4REIRE - B Y RAGTHREhRERY 2 % -
(E) X R HE8EE - B Y RES F 85N 2 £% -

Ho BB AAR RS TR FRPE TS
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Teacher: According to the description of this question, the variables of the gas are the number
of moles and the molecular weights. What do you think about the final kinetic
energy of molecules in Option A?

Student: We only know that momentum equals the mass of the substance times its speed, but
we don’t how this will help us tell whether Option A is right or wrong.

Teacher:  Sure. The formula of final momentum of molecules is £P = Sm®. We can imagine
that there are a lot of molecules moving in all different directions in the container.
Each molecule has the same mass but in random speeds and directions.
Generally, there is no significant difference in the number of molecules moving in
different directions. Given this, what conclusion can we reach?

Student: Regarding the gas molecules, the final momentum is zero.

Teacher: Exactly. Option A, therefore, is wrong. Next, Option B mentioned root-mean-square

. . 3RT . .
speed, and its formulas is Vs = - The question also mentioned that the gas

is in thermal equilibrium inside the container. Given these, can we tell if B is wrong
or right?

Student: We know that Gases X and Y have the same temperature because of thermal
equilibrium. However, the question says that the two gases have different molecular
weights (M), so the two have different root-mean-square speeds. Option B is
therefore incorrect.

Teacher: Well done. Let’s look at Option C. It talks about partial pressure. We have learned
that partial pressure is equivalent to its molar ratio. As a result, the partial pressure
of Gas X is twice as high as that of Gas Y. The answer is incorrect.

Student: Okay.

Teacher: Next, D talks about the final kinetic energy of molecules, and the related formula is
Exr = %nRT. How does this formula apply in this option?

Student: According to this formula, we know that under the circumstance of thermal
equilibrium, the final kinetic energy of molecules is proportional to the number of
moles (n). Therefore, the final kinetic energy of molecules of Gas X is twice as
much as that of Gas Y. So the answer is correct.

Teacher: Yes. The last one is Option E. It mentioned the average kinetic energy of molecules.

Can anybody try to explain this by what we’ve learned before?
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Student: Sure. The formula of the average kinetic energy of molecules is Eyx = %kT.

In this formula, k is a constant, and since the gas has reached thermal equilibrium,
Gases X and Y have the same k and T. As a result, the average kinetic energy of

molecules of Gas X equals that of Gas Y. The option is therefore incorrect.

RN RIS H BRI > AIESRARAYVEN - TR SR BT T’ - BOH A 2R T
HEENE - RSB E A (T AR 2

B4 0 HANESEFNYERE SR UHELT - EAF R ERRZACHE A BIRESIE
fife ?

THE C R S TREIE IP = Imv > RITALMEG AR AR 2005 TrEE
HEE B THVEE % o EEET BRI o SFIRKER - EEEDTE
SN 7B AR R o B A DUS B SRR e 7

B HREES TS > BEEREREE -

ERL 28E > B A BIEEY  HACEEIHE B BIHPRE] T OUPIMRER - mHAE

y 3RT EWAN as Sl y e Az 3
By Vrms = /7 A H SGREIA S NEECEE ARG - N ETEHE B #IHE A

IEHENE ?

B PO RIBRIE T —HE - {E R E AR T8 M
—bE > AR TSR — b » B R -

AT AOH - BEERIVERE C - SRER SRS - Bl AT A
SYBEELBRE ST - 50 X FASSEEIER Y SRS - SR e
fy -

B gRH -

i S D BUERES AN - TELAMIIARE B = 2nRT - EREFIA
SRR (S 2

B AR BT AERCEOIRETT - 5 OB ELLBIH 0 - 5 X R
HO5Y TN B Y A FARENAERN 2 6% - USSR TERERY -

HT A - BACRIR A B B - HOBUEHES TAOTAIBIAS - AL EE R A
P A B AR S 2

e ARl S FATPAIBIRS AT, = SKT > Hob k R BIERE T B AR

BlY

FLARSE—1% > INIE X RS T FEisE sl Y miesr T FIBse s - IhHe
THANIEHE
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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

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

https://ocw.mit.edu/

Khan Academy

ATERRE > A EVYIERERR R RE HERYE R o

https://www.khanacademy.org/

Interactive Simulations, University of Colorado Boulder

OEjAERES > T BFHEME AR -
https://phet.colorado.edu/

Collection of Physics Experiments, Charles University in

Prague

R EERGET NER - WHE S FEAR -
https://physicsexperiments.eu/en/physics
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PhysPort, PER

YA EWHRERE - 2 FEMHRE TR - mHEREREE
https://www.physport.org/assessments/

22

TrHE AR EAH BRI R -

https://pansci.asia/

ISLE Physics

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

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

[ Elective Physics (II) ]
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