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3.1

Ch. 1 Kinematics / 1&3l2%

N

1.1 Motion in One Dimension / —4Ei53

Knowledge Points / 15 &

e Particle approximation / JJi g7l : object size is negligible compared with other length scales / 444 R~} 45 %} o] i R

JEE T 2885 o

e Position / fif & : x(t); displacement / {\if%

Ax =Xx;—X;



o Distance / Jg#%: path length / J§f2 KB, BEJEf; displacement / (8] IEA] i,
e Average velocity and speed / “F-34 35 & 5Py R

_  Ax _ distance
V= —, S=——
At time
« Instantaneous velocity and acceleration / [ 35 28 55 i3 & -
_ dx _ dv _ d*x
Tar YTaTae

o Integral relations / Fl435% & :
u(t) = vy + /a(t) dt, x(t) = xo + /v(t) dt

o Constant acceleration / & Jjfl 3% :
v =, +at,
X =Xy + Upt + %atz,
v? = v + 2a(x — xp).
e Sl units and dimensions / [E 207 5 84X: length T ,mass M ,time T ; dimension check / B4IK RG4S T H o

Problem Methods / f# 15

1. For function problems / Z4{ i : differentiate to get velocity and acceleration / 3R A3 INEE
2. For graph problems / [E{% 55 : slope gives derivative / #3245 54 ; area gives integral / THFRZEFR 43 o
3. For constant acceleration / A I : ol a 2 /HE, AESLHAMEARK.

4. Always attach units / ¢ J5#MENL: FPIR]SE—(L A ST units / E BR B4 o

3.2 1.2 Vectors / K&

Knowledge Points / 18 &5

e Vector/ Z&HE:: has magnitude and direction and obeys vector algebra / K /N7 1) ik & & B A%
e Scalar / $rE: has magnitude only / HA K/,
o Unit vector / B R H::

— A
A=
A

e Vector addition / =Bk : head-to-tail rule / B AR ; component addition / 43 EAH .
o Cartesian components and magnitude / {fj /R 4325 K/

A=Ai+Aj+Ak ~ |Al= [A2+A2+A2

o Polar coordinates / # AL #r :
X = rcosg, y = rsing
e Polar unit vectors / &z ABFREAAN I & -
u, (radial / 12[@), u, (tangential / ][E))
Their directions change with ¢ / J5 [ [i#i i FE 25 (k.
Problem Methods / fi#8i Ji %

1. Decompose first / Jeorfif: {BRBE RO EBHE.

2. Use polar coordinates for circular/central motion / [&] J& 55,50 17 10] Bk 5% % i AR A br

3. Be careful with time-dependent unit vectors / 1 F il I [ AS L BRAL R 5, AR ARFR AN REAR [ 8 BE R TR A B2 2% 5
%ﬁ o



3.3 1.3 Motion in Higher Dimensions / 5 4kia3h
Knowledge Points / H1iH 15,

e Position, velocity, acceleration vectors / Vi B« . fIEEFLE:

r=xi+yj+zk S a=
- v ’ T T dt

o Component equations / 4} J7F#: X, y, z directions are independent when axes are orthogonal / IF.32 J7 i) 7] 431 ik
.
e Projectile motion / #ill{A1Z3}]: when air resistance is ignored / Z8& 2 H 17,

a, =0, a,=—g
o Circular motion / [&] J& 23/ :
= —w?R, a, =Ra
Problem Methods / f#8i /i %

1. Vector equation first / e 5RER,, FH¥.
2. For projectile motion / #li{iz3l: /KIPA)#H, BHAIN®H.
3. For circular motion / [ i3l : 1% Fu3 3 B 77 284k . YIn) 6 st R A8 k.

7

3.4 1.4 Frame of Reference / &% R
Knowledge Points / 15 &5

o Frame of reference / % % : observer + coordinate system + clock / Wi%3# . AFRER B,
o Galilean transformation / {IF|B& 25 : if S moves with velocity V relative to S,

r=r +Vt, v=v+V, a=d
o Inertial frame / 54 Z2 : Newton’s laws hold without fictitious forces / 21 5 £ W] B2 F -

Problem Methods / fi#8 5 7%

1. Choose the easiest inertial frame / 335 7 EA R TER .
2. Relative motion problems / #HXHBZA: &5 ry — rp BUEE R R
3. Do not use Newton’s second law directly in accelerating frames unless adding fictitious force / Jllj# 2% R BN 1o

Vocabulary / 237

o kinematics: B3

e dynamics: Bh}1%¥

e particle approximation: J§t 5 371
e displacement: %

o distance: P&FE

 instantaneous: [FI A

e derivative: 54§

e integral: FH4y

o dimension: &%

e vector: KE

o scalar: FpE

e unit vector: BAAIHRE

o Cartesian coordinate: 1§ -F/RABHR
e polar coordinate: RALKR

o frame of reference: Z# R



4

4.1

4.2

4.3

Galilean transformation: i Bg 45 3

Ch. 2 Newton’s Laws of Motion / &1z 5l € {3
Knowledge Points / H1iH /&,

Newton’s first law / Z-§§{ 55— E 3 no net external force means constant velocity / Jo-&-4h J7 M55 BE1H E o

Inertia / {4 : resistance to change of velocity / K33 & B A4S fi 4 it o
Newton’s second and third laws / 22§55 = 55 =

D,F=ma,  F,=-Fy;

Mass vs weight / Jfife 58 & : mass is intrinsic / i B Y14 JEM:; weight is gravitational force / T &5 1,
Non-inertial force / JE1E4: F7+ {4 J7: in frame accelerating with @game, add

Fiictitious = —M@frame

Galilean invariance / il f|lB% 2514 : Newton’s second law has the same form in all inertial frames / 435 45 — SE4R7E
BHERFIEA.
Common forces / & I 17+
— gravity / E f1: mg
— normal force / I F7: perpendicular to surface / 3 B 2 it i
— tension /3§ J7: along string / {% 48
— friction / &} J7: static f; < uN; kinetic fi = u, N
drag / fH}1: R = bv or R = cv?, opposite velocity / 77 [A] 5 i# BEAH Jz.
Terminal speed / 2 ¥ji33 & :  drag balances gravity / [ 775 58 7546 i 5 BE ASFR- 30 .

Problem Methods / &5 /5 1%

. Choose inertial frame and axes / JEF M 2 FNAL KRl -
. Draw a free-body diagram for each object / &™)/ B m 5% F11&
. Write Newton’s second law in components / 43525 4§ 55 — Effo

> F, = ma,, > F, =ma,

. Add constraints / 145 : same rope tension if massless rope and frictionless pulley / ¥ AHZ4R 487K J1AH R ; same

acceleration magnitude for connected bodies / A3 B K/ MH %

. For circular motion / [&J&iZ3)]: radial equation often

muv?
2P ===
.For drag / fH 11 : B4 77 FE, A0 falling with linear drag:
mg — bv = m@ v, =18
dt’ b

Vocabulary / 4 1H]

force: 77

net external force: &4h 7

inertia: PRk

inertial frame: F{h &

non-inertial frame: JE{ETER
fictitious force: {H 7]

Galilean invariance: I Wg A28 P
tension: 3k H7

normal force: ¥/

friction: JE}E



o drag force: [HJ)
e terminal speed: Z&uiid BE

5 Ch. 3 Work and Energy / THFIfE R

5.1 3.1 Generic Forces / —f% J1 F a3}

Knowledge Points / 118 5
e If force depends on position / 25 JT R i & :
dv dv

dv
o m— = Fx) = my—— = F(x)

o If force depends on time / 2 JJ{R#iH} 7] : integrate acceleration over time / X i 8] FH 43
e If force depends on velocity / 7 JI{Hi# & :  solve differential equation / f#5 77 #& o

5.2 3.2 Work and Power / THFIThZ
Knowledge Points / H1iH 15,

o Work and power / THFITh % :

W= fF'dr, W = Fdcosb, P=—=F-v

o Work is scalar / &R & ; positive work increases kinetic energy / IEZHI4INshfE
5.3 3.3 Work-Kinetic Energy Theorem / Bljfit E 3

¢ Kinetic energy and work-kinetic theorem / Zfj g 5 st EHH :

K= %mvz, Whet = AK

54 3.4-3.6 Potential and Energy Conservation / g8 5 fE & <FE

 Conservative force / ff5F J1: work independent of path / fi§{Zh 5 BT 5%
o Potential energy and force / #fE 5 J7:

du
AU = =W onservatives F,=——, F=-VU
e Common potentials / & D2 FE :

1
U, = mgy, F = —kx, U, = ikx2

e Mechanical energy and non-conservative work / ¥k it 5 IE4-5F F155h :
E=K+U,  AK+AU=W,

5.5 3.7 Equilibrium / P-4

e Equilibrium / 34 :

o Stability / F&E P -



5.6

A W N =

5.7

6.1

6.2

WA W N =

d’U S
I > 0, stable equilibrium,

d*U .
T < 0, unstable equilibrium.

Neutral equilibrium / [ %4 : nearby potential nearly flat / [ff iF #GEIT LI F3H

Problem Methods / fi# i /5

. Ask first: force method or energy method? / 5| Fl IR R AEE .

. For displacement-dependent force / (Vi f#&4H% J1: W= J Fdx.

. For path-independent force / {£5F J7: use potential energy / F #HE .

. For friction / 4 BE#%: write Wiiction explicitly / 5.7 5 BRI .

. For equilibrium / i : solve dU/dx = 0; judge stability by second derivative / — [y 53 Wra & 14 o

Vocabulary / 4 i3]

work: I

power: LXK

kinetic energy: Zfifig

potential energy: FfE
conservative force: {f£5F 1
non-conservative force: JE{R5F S
path independent: &2 T5 5%
equilibrium: P-4

stable: FaEM

unstable: ANE&SE Y

Ch. 4 Momentum / slj &

Knowledge Points / H1iH /5,

VAN

Momentum, Newton’s second law, and impulse / & 41§25 — Edfh &

p = mv, Fnet:(;li_lt)s szth:Ap

' : if total external force or impulse is zero / 4 B AN E I ZE
Inelastic collision / FETRMA:Rff% : kinetic energy not conserved / ZfHE A5 .

Perfectly inelastic collision / 524> JE 4 filf## : objects stick together / filf J5 K5 7E—E
Elastic collision / 3i{£7if##%: momentum and kinetic energy both conserved / 5. FIREHBFH

Conservation of momentum / zfj & 57{H :

Center of mass and center-of-mass motion / Jii.0r5 Jfi.0vis 3l

Zi mir;
R, = M

Ma, = Fy
Internal forces / § J7: cancel in total momentum if Newton’s third law holds / X} 2 s HAH B HEI o

Problem Methods / &5 J5 1%

. Choose system / #E 245 FIWTHLE S 240 7.

. Use conservation component-wise / 43 J7 [\ FI<FE: AMpE TR 7 M A4 B
. Collision sequence / i f#&Wf7: JCahE, HELGREESE.

. For many-particle systems / ki 255 : F O T k423,

. For variable-mass-looking problems / 28245 Fi 85 : /ND RS RMBIRT



6.3

7.1

Vocabulary / 4z 1{id]

momentum: FE

impulse: #hE

collision: filfif&

elastic collision: JfUP &
inelastic collision: JEHM:fil %
center of mass: J5i.(»

internal force: P Jj

external force: 4)J)

Ch. 5 The Law of Gravitation / Jj 5| }1 &

Knowledge Points / 4I3H /&

Kepler’s first law / J #5545 —5Eff: planet orbits are ellipses with the Sun at one focus / {7 E LK FAMGIRZS), KIH
Kepler’s second law / JF 5 #h 45 %€ ff: equal areas in equal times / 5% i} [a] 493 A& T AR

Kepler’s third law / FF 5145 = E 8 T? « a3/ BT 5 KM= I7 B IE .

Universal gravitation and gravitational field / Ji 55| 71 53] }11%:

mym, _GM
r2 §= 7

F=G
Shell theorem idea / Bk 5% EHH EAH . outside a spherical mass distribution acts like point mass at center / BRAME 5 Ry

O RE.
Satellite circular orbit / T3 & [RI#h1H :

Orbital speed, period, potential energy, and escape speed / FiEEE . IR, FAE. PR

{GM [ r3 GMm 2GM
L= - T=2r oM’ U=- o Vese = R

Problem Methods / fi#5i J5 1%

. Circular orbit / [B|#j& : set gravity equal to centripetal force / J5 4 5] T2 HEM.0 fTo

. Escape problem / ¥k : set final energy at infinity to zero / G55 AL M AE B IUE .

. Satellite period / TLE2F#A: combine v = 27r/T with gravity equation.

. Central-force small perturbation / H1.0» JJ/Ni5l : write effective potential / 5 25553k

Vocabulary / Az 17

gravitation: 5|}
universal gravitation: 73 5| }1

orbit: #E
ellipse: A
focus: HE&H

satellite: T &
escape speed: ki H
gravitational potential energy: 5| J73fE



8 Ch. 6 Rigid Bodies / {2

8.1 6.1 Rotational Kinematics / #3128 8l

e Rigid body / Mlf#: distances between all mass elements remain fixed / 8- 5 /5, [6] B5 25 A28
e Angular displacement / fi{iif%: 6.

e Angular velocity / fi#E: w = db/dt.

e Angular acceleration / fiIEEE: o = dw/dt,

o Constant angular acceleration / 2] £ Il /AR :

w = w,+ at,
1
6 =06+ wot + EatZ,

w? = wj + 2a(6 — 6,).
e Linear-angular relations / kB A E X 5K

s =r6, v, = ro, a, =ra, a, =rw

8.2 6.2 Rotational Dynamics / #:3l35l 1127
 Torque and moment of inertia / JJ4H 548l & :
7=rXxF, 7 = rFsiné, I=fr2dm
 Rotation dynamics, energy, work, power / ¥ 8h3 /12%. fEE. Ih. =X
1.,
Z‘L':IO(, K=§Ia), W= 7do, P=10

e Parallel-axis theorem / “Ef 7%l E i :

I = Iy + Md*

o Common moments of inertia / % WAL DN EH :
object / #{& I
point mass / B mr?
hoop / EIZR MR?
solid disk or cylinder / SE/O\EI B 85 B4 %MR2
solid sphere / SE/LVEK %MR2
thin spherical shell / J&¥K5% ;MR2
rod about center / FF£EH éML2
rod about end / ¥4 s %ML2

83 6.3 Rolling / %3

« Rolling without slipping and rolling kinetic energy / o5 sh& s 5 R sh3hkE
o, 1 2
Uem = Row, aem = Ra, K = =Mvgy + =I.m@

2 2

e Static friction in rolling / }& zfj 1 i BE#5 . may do no work for pure rolling on fixed ground / X} [ % #b i 4t & 2 v A~
'f&m > Lﬁ{/\ﬁ%ﬁo

8.4 Problem Methods / fi#5i 77 vk

1. Separate translation and rotation / 3 fl#E 8143 5 -



8.5

9.1

9.2

—

AW

9.3

. For rolling incline / £} &3] :

Mgsinf — f = Ma, fR=1Ia, a=Ra

. For pulleys / ji§%5/8i: block equation + pulley torque equation + no-slip string constraint.
. Use energy when rolling constraint holds / F&i& 3R 3 H i EEB A FEAE N 7T I RE & .
. If surface is frictionless / Y6¥& i : no torque about CM, angular speed may remain constant / %} Jo.0Jc 156, A E A

Ao
Vocabulary / 417

rigid body: N[z

rotational kinematics: #3532
torque: J14E

moment of inertia: % ZE &
parallel-axis theorem: F474 EH
rolling: &3l

rolling without slipping: Toi&3hE3h
angular acceleration: £ il 3

Ch. 7 Angular Momentum / £ 5l &

Knowledge Points / H1iH /5,

Angular momentum, torque, and theorem / fZ1&. Ji4E 5 EH:

dL

L=I‘Xp, T=rXF, Tnet=m

Conservation of angular momentum / ff 33 5F{H: if net external torque is zero / & 4p JIFE N E
System of particles / Jii /5 % : internal torques cancel under central internal forces / H00 N 7 N J14EHETE -
Rigid body fixed-axis angular momentum / ¥ %€ 4l f sl & :

L=1Iw
Central force / H1.0>J7: torque about center is zero, so angular momentum is conserved / =T J1.0 1 ME, fishE

R

Problem Methods / &5 /5 1%

- Choose origin / i&2:% i MR DA S H Ko

. If force passes through origin / #5 J73d J 55 : torque is zero / J15E HZE .

. Use angular momentum conservation for sudden events / 558544 Rl R apdy & H A shBESHE.
. For rigid bodies / WI|{4fi: connect

7 =1Ia, L = I, K=%Ico2

Vocabulary / 4 1H]

angular momentum: £z &

torque: JI4E

external torque: A J74H
central force: Hu.(»f7
fixed axis: SEHl

conservation: SfE



™I
L

10 Ch. 8 Simple Harmonic Motion / {4ji& iz
10.1 8.1 Equilibrium / £

o Equilibrium of point mass and extended body / fit /5 15 Wil 44 P-4 -

D F=0, Dt=0

e Static equilibrium / # JJ3F#: linear and angular acceleration both zero, object at rest / £ il 35 B 0 £ hnse & H i
1k

10.2 8.2 Harmonic Oscillator and SHM / & ¥R+ 5 Hii& iz )

e Hooke’s law, SHM equation, and solution / # 70. Ef3t. W& H R 5

F = —kx, mx = —kx, X+ aw?x=0

W= \/g, x(t) = Acos(wt + ¢)

e Velocity and acceleration / 3 & 55 fjjI 8 B -

v = —Awsin(wt + ¢), a=—wx
e Energy/ fE&:
1 1 1
E=L1a? = Lo? + Lix
2kA 2mv + ka

10.3 8.3 Motion Near Stable Equilibrium / & & it 8 /MRS
e Taylor expansion / ZE ¥ @I :
UG) ~ Ulky) + 35U () = %)
o Effective spring constant and small oscillation frequency / 2534 3h BE 205 /MRS X «
ket = U'(x,), 0=k
e Pendulum small angle / B33/Nf -

6+ZQ—O, w =

10.4 8.4 Damped Oscillator / fH JEJRzN

o Damping force and equation / [H.J& J1 5 7 F&:
F; = —bv, mx+bx+kx=0

e Underdamped / RFHJE: oscillates with decaying amplitude / JRIE 5 BEAB RS -

e Critical damping / Ifi 3 BH )2, : returns fastest without oscillating / A% ¥ 5 1 8] 4 o
e Overdamped / JZfHJ2: no oscillation, slow return / A3 H. I8 318

o Damping reduces mechanical energy / [ JE S B EFERL o

10.5 8.5 Forced Oscillator / 3238 yE5h

e Driving force and equation / 3X 5] 11 5 752 :
F(t) = Fycos(wyt), mXx + bx + kx = Fycos(wgt)

e Transient response / 2 5. : depends on initial condition and decays / S5 I5 51 X - E o
o Steady-state response / FaZ iR : oscillates at driving frequency / LLBK SRR IR 5



Resonance / &4 : amplitude becomes large when driving frequency is near natural frequency / 3% ST 5 23T [ A 5
HINHRIE AR o

10.6 8.6 Coupled Oscillators and Normal Modes / ## & k15 faj IEAH

Coupled oscillator / #&#%F: motion of one coordinate affects another / AA%r [A]FH FFZIH o

Normal mode / T8 IEA#: all parts oscillate at same frequency with fixed relative amplitude and phase / &-%R4> [7] #i HAH
X R IEAH L [ 5E o

In-phase mode / [ ###: coordinates move together / [&] [H]iz 3}

Out-of-phase mode / S H##: coordinates move oppositely / & [A]iZ 3] -

General motion / —f%iz3}: superposition of normal modes / & IEAZE

10.7 8.7 Molecules and Solids / 43+ 5 & {4

Around potential minimum / #FEM%/IMELfI T : interatomic potential can be approximated as harmonic / Ji|i ] #0] T
BUAEIRT

Elastic properties / 3444 it come from microscopic restoring forces / 3¢ B WK E 11 -

Young’s modulus / 4 [X A& :  stretch/compression stiffness / 148 E45N B .

Shear modulus / BJ¥J#i5: shear stiffness / Hi BT EE .

Bulk modulus / A FRA# 1 : compression stiffness / Fi4FH 45 Wl

10.8  Problem Methods / fi# 8 5 1%

1.
2.
3.
4.

5.

Identify equilibrium / #4745 .

Linearize / £k : small angle, small displacement, ignore higher-order terms / /NEUTALL, ZWE &= M.

Match to SHM form / b4 " + w?q = 0,

For coupled oscillators / #&4&F: write matrix equations or add/subtract equations to find normal coordinates / 5 %H
B By A 4K T IE AR AR o

For forced/damped systems / [HJE 53l : 45X 43 natural frequency, driving frequency, damping / [X 43 [ A #5%. HKzh
A B

10.9  Vocabulary / H: 1]

11

11.1

A

simple harmonic motion: iz 3l
oscillator: g+

damping: FHJE

damped oscillator: FH 2R T
forced oscillator: Z3iHIR+
resonance: IR

transient: 7S

steady state: Fazs

normal mode: & IF 4%
in-phase: [

out-of-phase: JZHf

Young’s modulus: % [GiEE
shear modulus: B P E:
bulk modulus: {AFAEE

Ch. 9 Wave Motion / Jz 5]

9.1-9.2 Introduction and Wave Function / JF 5] N5 5 ERZ%L

Wave / ¥ : propagation of disturbance and energy through a medium / $. 3 Fl§E B 7E A B P E4% o



e Mechanical wave / HlAEJ% : needs medium / A i .

o Transverse wave / f#iJJz : disturbance perpendicular to propagation direction / g5l 77 [ 3 B A& J5 17
o Longitudinal wave / 4\jz : disturbance parallel to propagation direction / #3175 [a] AT 4% 77 1]

o Wave function / JBR%5: y(x, t) or u(x, t) describes displacement / iR A i fif% o

e Traveling wave forms / 72 :

f(x —vt) (right-moving), flx +ot) (left-moving)
11.2 9.3 Superposition and Interference / Z 5 T

e Superposition principle / ZfjlIJEH : in linear medium, resultant displacement is algebraic sum / 24\ 5t (L85
GiEb/IB

o Constructive interference / #HF#: waves reinforce / JHE55
o Destructive interference / #{§TF#: waves cancel partly or completely / S AH EHAETH o

11.3 9.4 Transmission and Reflection / i 4f 5 7 5}

e Reflection / [4}: wave returns at boundary / JF{E 1 5Lz Ml

o Transmission / % 5f: wave continues into another medium / J 3k N\ 55—\ it o
o Fixed end reflection / [& g ¥ 2 4t : inverted pulse / ik < AH o

o Free end reflection / § f¥%% /24 : not inverted / ASJ2AH o

 Boundary condition / 1 5 5544 determines phase / 1 5 544 g € SR

11.4 9.5 Waves in a Solid / [E{Ar FA %

o Atomic chain model / J5i 7-4##5%: atoms connected by effective springs / J5i 1 &30 #5554

 Continuum approximation / 424 FiiEfbl: wavelength much larger than atomic spacing / JF K3 )T J8 /a1 ¥H

o Longitudinal wave in solid / [E{A&ZLj : displacement along propagation direction / /i % {S&4% 75 1Al

e Wave speed increases with stiffness and decreases with mass density / Ji 5 [ W) BB R e e, [ 25 B 3 R I8N o

11.5 9.6 Linear Wave Equation / Z&1%: I 3l /5 F&

e Linear wave equation / £ 14 3k 3 77 2 :

&y _ 22y
ot? Ox2
e String transverse wave speed / 5% i 1 & :
T
U= f—
u

e Derivation idea / # 5 J8#%: take small string element dx; use vertical tension component difference / BUNRIT, F|H

kK hBRENRE,
11.6  Problem Methods / &5 5 1%

1. Identify wave direction from argument / fj K 4¢ 528 BHIM 10 . x — ot 51T, x + vt 17

2. To derive wave equation / # S s TR : /NEEZ J1 + 4R — EFE + /NA I o

3. Reflection questions / JZ /i : write incident plus reflected wave and apply boundary condition / N5 i 5+ i 32
BFFAE

4. If medium parameters vary / v RS HUEML : BOERBIY AT RERE AL EAS , IESX A — €M

11.7  Vocabulary / H: 1]

o wave: J¥
o medium: 4}J
e transverse wave:



e longitudinal wave: Z\j¥%

o wave function: J¥PR%L

e superposition:

e interference: T

e constructive: A

o destructive: FHIEHI

o reflection: JZH}

e transmission: &5}

« boundary condition: R4

e continuum approximation: #ZEA " FITI

12 Ch. 10 Sinusoidal Waves / 1F5% i

12.1  10.1 Sinusoidal Wave Function / 1E5% i PRIZK

« Sinusoidal wave / IE5X % :

y = Asin(kx —wt + ¢) or y= Acos(kx — wt + ¢)
e Amplitude / JElE: A,
e Wave number / J}# %% :

27

k:T

e Wavelength / JFK: A
« Angular frequency, period, and wave speed / 52 FHII. ik
w=2rf, T=-, v
/ 7
o Medium particles perform SHM / Ay Ui il i 118 3l , AHBETGALRE / BURIRE), PBeflsk.

I
e

Af

12.2 10.2 Energy Transfer / fE 1L

 Kinetic energy density / ZfjfE 55 &

_ 1 (oy 2
e

o Potential energy density / #fEBF . from stretching of string / 3¢ 5 7% #hiff

P N =N

e Average energy density / 34 HEE 85 & for sinusoidal string wave :
U o pw?A®

PASN=N

 Energy propagates with wave / f8 BJE 7515 o

12.3  10.3 Intetference and Beating / T 51

 Same frequency and direction / [E#5i [&] [i]Z Il : resultant amplitude depends on phase difference / &4RIEE YL T-HE AL
#,

o Interference conditions / F i 51

A¢ = 2n7m  (constructive), Ap = (2n+ 1) (destructive)

e Beating/ f]: two close frequencies superpose / F NI ERZN0
e Beat frequency / A4 :

fbeat:|f1_fz|



124 10.4 Standing Waves / B i

« Standing wave / I¥{f7: two equal-amplitude waves traveling opposite directions / ¥ 5| £ g 52 [ i Z 0
o Typical form / $LRIFE R, :

y = 2Asin(kx)cos(wt)

e Node / JT7: always zero displacement / i 1E 2.
e Antinode / Jf i : maximum amplitude / JRIFEH K-
e String fixed at both ends / 3 [& E 5% :

2L nv v

/1=7 fn=i=nf1’ fl:i

n

12.5 10.5 Fourier Analysis / {& B 43 #7

e Fourier idea / {# HLIH- JEAH : periodic functions can be written as sums of sinusoidal functions / J& i B4 v 43 i M 1E5%
RILEM

e Harmonic / #J: integer multiple of fundamental frequency / FEMEEH A o

e Square wave / J5 i often needs odd harmonics / & & UGB IE B INE R

e Physical meaning / #)¥7& X : complex waveforms are superpositions of simple sinusoidal waves / & Z&iJ & 7] 43 i %,

12.6  10.6 Doppler Effect / 223 Eh3q v

o Doppler effect / 23837, : observed frequency changes due to relative motion / %12 21 52 AF 2 5 2% o
e Moving observer / M2¢# 1Z3)): toward source increases frequency / FEiF IR R T 5 o

e Moving source / J¥fiz3): toward observer shortens wavelength / 5E T M2 H I K284

e Forsound / X} : wave speed is relative to medium / J #AH XA oL E

e Useful convention / # FiC5: v wave speed, vg observer speed, Us source speed; signs depend on whether moving
toward each other / #F- S HUR TG HE 5 .

12.7  Problem Methods / fi#5i J5 1%

1.Read kx — ct / IR RE: Tl Ak, w,4, f, v,

2. Verify wave equation / 3F ) 3l /7#%: compute second derivatives and require w? = v’k
3. Superposition / ZJIf: use trig identities / F§ = fAfEZ&R .

4. Standing wave boundary / 3EJ i1 5L : fixed end means node / [ 5 ¥ A2 I 15 o

5. Fourier questions / {# B : e WrZ7 {8, odd functions use sine series / & AL 1IF5Z 2045

6. Doppler questions / 23518 : 554317 source moving or observer moving / 4% 43 1 I I ik 2 W 3 511

2
°

12.8  Vocabulary / H: 1]

e sinusoidal: E3ZHY

o amplitude: JEIE

o wavelength: K

e wave number: JF%(

« angular frequency: SR

PN = N7

e energy density: FEEZE
e phase difference: A2
e beating:

o standing wave: Ik

e node: Iy

e antinode: Jfig

e harmonic: %)%

o Fourier analysis: {# 4347



o Doppler effect: 23 i3k b

13 High-Frequency Exam Templates / 15 3 % i3 i 7 A
13.1  Template A: Free-Body and Constraint Problems / 3% 1 5 £ i /i

1. Draw free-body diagram / 3% 1/ .
2. Choose axes / ¥4 : i A AN E A , B R AR .
3. Write Newton’s second law / B 215 5 — € f#t.

Z F=ma

4. Add constraint equations / I Z) 3R /7 &
5. Solve and check limiting cases / 3R #3486 2 AR PR 15 10 o

13.2  Template B: Energy Problems / fE & Ui

1. Identify conservative and non-conservative forces / [X 43 {57 HFIERSE ST o
2. Write the energy equation / H§E & 2.
Ki+Ui+WnC=Kf+Uf
3. For rotation / #3lj I K, o
4. For rolling / &3/ I v = Rw,

13.3 Template C: Collision Problems / Fifi & /&

1. Momentum conservation first / B SFE

2. If elastic / #3E . FHINZIRESFIE.

3. 1f perfectly inelastic / 25 52 4 JE 5, AilfJm 2 ) 8 B .
4. Check direction signs / #2577 [] 1F £

13.4 Template D: Central Force and Perturbed Orbit / H.(» 11 5 Z 34 E

1. Conserved angular momentum / F.(>» 71 F M sh &7 :
L =mr?0
2. Write effective radial energy / 512 M 230 fE & :
1 .2 L?
3. Circular orbit condition / [&| %18 14 :
dUett _
ar

4. Small oscillation / /N3l :
2 = Uty

r

m
13.5 Template E: Rolling Rigid Body / & WIl{&
1. Translation / *F-3)j :
> F=Mag,
2. Rotation / #3fy:
D Tem = Iem@
3. Constraint / ZJ3: if no slipping / o1 i
a., = Ra

cm

4. Energy / fE &

1 1
K= EMvgm + Elcmco2



13.6  Template F: Coupled Oscillators / #8445 zh

1. Write linear equations / B £ 77 7%

2. Try normal coordinates / 2235 x; + X,, Xy — X, 5B 6; + 6,,6; — 6,5,
3. Get eigenfrequencies / SR & IEM %,

4. Superpose normal modes / & IEAR o

5. Use initial conditions / F #4545 14 E R IEAIA 7 o

13.7  Template G: Wave Equation / J 5l 75 2

1. Take a small element / BUNTC o

2. Find net restoring force / 3R K& 17,

3. Apply Newton’s second law / 45 45 — 1,

4. Use small-angle or continuum approximation / /N B ZESET L o
5.Match to y, = vy /X HEbRHERE s 77 FE 35E H k

XX

14 Formula Checklist / /33538

Kinematics / i& 3%
_ dx a= dv _ dzx
T Tdat T de?’
1
v =y, +at, x:x0+v0t+zat2,

V2 =02 +2aAx, r=xi+yj+zk.

Newton, work, energy, momentum / 2=i5E . Ty, GER. FhE

> F = ma, mg—bv:m%,
W = fF-dr, P =F-v,
W, = AK, F = —VU,
E =K+U p = mv,
_ ap
J =Ap, F "
Gravitation and rotation / 5| J15%3))
GmM GmM
Fp = 2 Ug =T
JE T C
Uorbit = - orbit =2r o’
7
Uesc = =z 4 =rXF,
>t =Ia, I = [fr2dm,
2 1
I =Ip+Md, Ky =1l
L =rXp, Lfixed axis = 100
Rolling and oscillation / # 3 5H#3)
Ucm = RCU, Acm = Ra,
X 4 w?x =0, x(t) = Acos(wt + ¢),
k g
Wspring = \/% > @Wpendulum = \/E s
mx+bx +kx =0, mXx + bx + kx = Fycos(wyt).

Waves / i3l



yright = f(X - Ut):

3 8
_y = Uz _y

at? ax2

]

y(x,t) = Asin(kx — wt + ¢),

w =2rf,

2L
Ay =,

Soeat = 1f1— fal-

Verw = S(x+00),

Ustring = \/1;"
2
k = 7,
19} = % = ﬂ,f,
f =X
n oL’



