General Physics I Midterm Review Outline / 347 1 45 >4
4

Basedon/ K3 : slides ¥+ homework fENW. midterm FER+ %,
Focus/ & & : mechanics, rotation, oscillation, waves / 7 %+ # . &3« Wb

1 0. Exam Map / 2% 5 #1 4

Module / B Core ideas / #%.0oHITR Typical problems / 4 Il {5 %4
displacement, velocity, acceleration; Graph reading; integrate/differentiate
Kinematics and vectors / i£8)22 55¢ & components; projectile motion / {i,#. motion functions / {3550 %K
WP MEEE. SrE B 1z

. . .. Connected blocks, circular motion,
free-body diagram, constraints, friction,

’ Ef incli 1 A, RBIEZE. £
Newton’s laws / 4= B £ drag /| 1. . FEdE. LA inclined plane / 143%%2'& B Eis3h. &
work-energy theorem, conservative . . . .
- - Variable force, spring, effective potential
&ob aop 2
Work and energy / Thfg force, potential energy / ZFE EF. % [ A I DR A

SINE 1
impulse, conservation of momentum, Collision, many-particle system, variable
center of mass / & ZNESFHE. Fud mass / fif . ZRF. BRE
inverse-square force, circular orbit,
effective potential / 275 11+ [E%h Perturbed circular orbit / 323, [&] %8

Momentum / i1 &

Gravitation and central force / T 5| J1

o) . R
angular kinematics, torque, moment of . . . .
Rotation / Wi{&#E 5 inertia, rolling / fi231%. J1%E. #3) Pulley, r(,)\llmg; cylgdﬂer, rod roEat1on ALl
iaent . BHERE. FEHEE
Angular momentum and equilibrium / £ torque-angular momentum relation, static Hinged rod, ladder, beam / 85341 #f
Sk 5 equilibrium / 7% 5 f At 16 )70 B
o . SHM, small oscillation, normal modes / Coupled masses or pendulums / 54 7%
Oscillation / JE5l G, MRS e Bl
wave equation, sinusoidal wave, standing
L wave, beats, Doppler-like observation / Rope/string waves, reflection,
Waves / £ 5l) WEh i RE. IESEYE. BEPE. 1. 1831 superposition / ZBJE. . BN
WEE

2 1. Kinematics and Vectors / &35 5K &
2.1 Knowledge Points / 1R 5

o Displacement / \i#%; distance / }§F& 4 [F]F displacement / {ii#% o
AX =Xp—X;
e Average velocity / ¥ ; average speed / SRy HE R :

5o Ax s= total distance
At ~ " total time

A
« Instantaneous velocity and acceleration / i 5 B 5 fji s & -

b= a_dv_dzx
T dr Tdr T de

o Constant acceleration equations / ZJ IR S 2 :



v =V, + at,
X =Xg+ Vot + %atz,

v? = v + 2a(x — x,).
Vector decomposition / Je 43 fi#; magnitude / J/]8:
A=Aji+Aj+Ak ~— |Al= \m
Projectile motion / #l{A3Z3fj: horizontal and vertical motions are independent / 7K 355 & B 77 [ 37

Problem Method / fi#8i J5 1%

. Choose axes / FEALFREl : LN BE B2 3Ty 1) RS 98 HE AR Bl o

. Write component equations / 54} B 7 fE: x and vy directions separately / 4377 [ Ab 3 .

. Use graph meaning / FIEEE X : v-t EEBUENE, RIERMEBE; -t ERPERHEE,
. Check units / #2580 . HJ5 WA E] ST unit / [ FR-BA A7 ] BAA o

Vocabulary / 4z i3]

displacement: fiif%
distance: PE7%
instantaneous: [FEH} )
derivative: 54§
component: )&
trajectory: HifF
projectile: fifA

2. Newton’s Laws and Force Analysis / AT B S Z 106
Knowledge Points / HIiH /&5,

Newton’s first law / -4 55— Ef$: inertial frame / {&M: 2, net force / &4 1A ZEN a =0,
Newton’s second law / 2R 45 — 5B f: W ERBETE.

ZF:ma

Newton’s third law / 2= %5 = Efdt: action-reaction pair / {EH J1.5 RAEH &R R, {EFRTEANFEYIME .

Weight / B J7: mg; normal force / ¥ 3 7: T E M tension /3K J1: {4877 H
Friction / B4 :

fsS:uSN’ szlukN
Circular motion / [&] J&i231: radial acceleration / [0yl B

2
v

a, = — =’

r

Drag / B J7: low speed often R = bv; high speed often R = cv?,

Problem Method / fi#i5i 5 1%

. Draw a free-body diagram / 3% f1[&: ANk B

. Identify constraints / 825 : [l —ARAAIHC SR TolgahiR3h.  [R)I0iE BE i A s B ok R
. Project Newton’s law / B4R 55 — g 4t 1RANE . TEANE . 2m/P)E.

. Do not mix action-reaction / NEHEAE HI S A I 1 78GH Rl — ANk il 32 )1~



3.3 Vocabulary / A1

o force: 7

e netforce: &1

e inertial frame: H{E:S% R
o free-body diagram: 5% 7
e constraint: 23

e tension: K fj

e normal force: )

o friction: JEEE S

o radial: &MY

o tangential: HJJ[A]f#)

4 3. Work, Energy, and Effective Potential / I, fE R 5%

N>
P

4.1 Knowledge Points / H1iH 5

e Work / Zfj; constant force / {85 J1{{Th :

W= fF-dr, W = Fdcosb

o Work-kinetic energy theorem / BlfE EHH :
Whet = AK
o Conservative force / ff5F 77: work independent of path / fi§{ZTh 5 i T 5% .

dU

Fy=——

e Mechanical energy / HIHEAE: if only conservative forces act / J A f#5F IR <F{E
E=K+U

e Spring potential and near-Earth gravitational potential / 3% $#\GE 515 LT S 3 fE :
LT
Us = Ekx , U, = mgy

o Effective potential / %24 % {LMBEIIT BEHAE, W0 SRR

1 .2 L?

E = Emr + Py + V(r),
L2

Ueii(r) = s— + V().

42  Problem Method / f#5i 77 vk

1. Decide whether energy conservation applies / BIW AL & B <TIE . B IELRST IS EIM Woeo
2. For variable force / 25 J3: h4efisr W= f Fdx s{f#fE%.
3. For circular central-force motion / H1.0» 7 [&#138 :

o first impose equilibrium / 4¢ i “F#5 544 dU/dr = 0;

o then expand around equilibrium / FE7EEM87 55 BT By BT

« small oscillation frequency / /NSl AT :

U;ff(r 0)
m

w? =
4.3  Vocabulary / A 1H

e work: Ij



5.1

6.1

kinetic energy: Zlifig

potential energy: #fE
conservative force: {£5F 1)
non-conservative force: JE{E5F S
mechanical energy: LIRS
effective potential : ZEZH
perturbation: 33
approximation: TP

4. Momentum, Center of Mass, and Collision / shi&. .5l &

Knowledge Points / 413H /i

Momentum / #fj&: p = mv; impulse / phig: J= [ Fdt = Ap.
Conservation of momentum / B3 5F{H: external impulse zero / #piiR AE,

Center of mass / Jit:(>:

_ Zimiri

R. =
o=

Elastic collision / 3i{#7if##: momentum and kinetic energy both conserved / BB REFF1H
Perfectly inelastic collision / 524 JE 3Rl 1% : objects stick together / K57E—#2, BhHEASFH.
Variable mass idea / 45 Ji i JAAH : RGN R BB v BEB SIS E shEAR LA,

Ma .y, = Fey

Problem Method / fi#5i J5 1

. Define the system / JE & %5 : REGEN IAEWEIIE, 4 HA 0.

. Use momentum conservation only in allowed directions / S YEAb & ZE 1) 77 17 F 3h 8 571H
. Collision problems / fif## /& : Jeahs, & iVEFMBIAE; —4E5 ] AR T o BE S i) o

. Falling string type / #4881 : 7] FIREEOREE, HHIRERSTZERER .

Vocabulary / 417

momentum: ZfjE
impulse: g

center of mass: J5i.(»
collision: fifi{#
elastic: THAEf)
inelastic: JEgM: Y
variable mass: A5 i
external force: 4p 7

5. Gravitation and Central Force / Ty 5| J15d.0 1
Knowledge Points / HIiH /5,

Universal gravitation/ JT 5| }1: F = GmM/r?,
Gravitational potential energy / 5] JJ#gE: U= —-GmM/r.
Circular orbit / [B#3& :

GMm  muv? 5
5— = —— = mw’r
r r

Escape speed / k615 F :



2GM

Uesc = R

o Kepler’s third law / FF 8155 =2 T2 « r for circular orbit / [E#158 T B 7.
« For central force / H1.0> /7 : angular momentum L = mr26 is conserved / £ 25715 .

6.2 Problem Method / fi#8i /5 1k

—_

. In central-force problems / H.0» J181, eE<pfEE: Eand L,
2. Replace angular motion / {425 153 : 6= L/(mr?),

3. Convert to one-dimensional radial motion / {t. — 442 Mi53) :

B = Zmi’ + Ug(r)

4. For small radial perturbation / 28] /M : X Uy 5 ro AL =B ETF o
6.3  Vocabulary / H:1i]

e gravitation: 5|}

e orbit: FiE

e central force: H1.0>

o radial coordinate: 7% [HAHR
o angular momentum: £zl
o escape speed: kit % BE

7 6. Rotation and Rolling / NI{A&%: 8 5 & 3
7.1  Knowledge Points / FIiH &5

e Angular displacement, velocity, acceleration / Fi{if% M E. I E:

deé _dow

6, CO=E, OC—W

e Linear-angular relations / 5 5 5 fi & :
s=r6, V= rw, a, =ra, a, = rw?

e Torque and moment of inertia / J1E 5 s & :
t=rXF, 7 = rFsinb, I=fr2dm

o Common moments of inertia / % WAL ZNE R :

object / ¥4 I
uniform disk/cylinder / ¥5] B £ 5§ Bl 1+ %MR2
rod about center / #FGEHRIL 1—12ML2
rod about end / }F 55l AR ML?

« Rotational dynamics, kinetic energy, and rolling constraint / #8) Ef%. #3135 EILIH
dr=Ia, K= %Iwz, Uem =Rw,  amm =Ra
7.2 Problem Method / fi# 5 7 %:
1. For pulley and rod / {§#EHIAF: 435 Fal 7 #E. Hahiife. LM,

2. For rolling down incline / £} & 5l :
e along incline / Y54} : Mgsind — f = Ma;



8.1

e torque about CM / Z&Jfi.t>: fR = Ia;
e noslip/ LiE3: a=Ra,

. If the surface becomes frictionless / 5 #E N JE#F T : friction is zero, torque about CM is zero, so w stays constant; check

whether v,,, = Roo still holds / TLEEETC 3, FIMEBEAAE , M REARM—REIINAL.

. Use energy when constraints do no work / )5 J1 Ml hisH 26 R e & -

Vocabulary / 4 i3]

rigid body: Nz

angular velocity: 3 B

angular acceleration: £ il &
torque: J1%E

moment of inertia: #%3h1E &

rolling without slipping: TCiE 3R
pulley: 8%

cylinder: [&|4H

incline: £}

7. Angular Momentum and Static Equilibrium / f &2 5 11 P

Knowledge Points / I3H /A

Angular momentum / £ 35 ; fixed-axis rigid body / E#li N :
L=rXp, L=Iw

Torque-angular momentum relation / JJ4E 5 fsh&E: >, v = dL/dt.
Conservation of angular momentum / f slj5<F{H: if external torque is zero / #p S35 HZE .
Static equilibrium / # 715 :
— Translational equilibrium / *E3°Fff: Y. F=0
— Rotational equilibrium / #3°Ff#i: D t=0
Center of gravity / B.[»: uniform gravitational field / 5] = i H 5RO ES

Problem Method / fi#5i 5 v

. Choose torque origin smartly / 353 4552 & 1ERMDH g RE.

.Write > F, =0, Y, F, =0, Y, 7 =0/ ZX R A

. For just-about-to-slip or lift / Il 18 Sl sl M ZEHa AL : XV SR ol BRI I (L
. Check sign convention / # 25 IE 577 1]« MRS F55 BHEF 4B A EER

Vocabulary / 417

angular momentum: £zl &
equilibrium: 4

static equilibrium: & J7 P4
translational : Z3ljf)
rotational : FEFH]

center of gravity: H.(»
pivot: . X

moment arm: S}



9 8. Simple Harmonic Motion and Coupled Oscillators / 4%z sl 5 # & k3l
9.1 Knowledge Points / 1R 5

e Stable equilibrium / & & 3P :

e Near stable equilibrium / & 5& & Ff T :

UGx) = Ulxg) + skes(x = %o)°,

keff = U” (xo).

e Simple harmonic motion / {123l

X + w?x =0,
x(t) = Acos(wt + ¢),

2

1
T =% f=z

[4]
 Energy of SHM / i ¥RENfE & :
E = 1ka? = Lo
2 2
« Simple pendulum small angle / B3 /N 3D -
6+ %6 =0, w=./7

e Coupled oscillator / #&HEF: normal modes / & IEBLIHHS FH x1 + X2, X1 — X, BRAE FEARAE(E R -

9.2 Problem Method / fi# /i /5 1

1. Linearize / 244k : small angle means sinf ~ 6, cosf ~ 1,
2. Write equations of motion / Hiz# /7 #2: ¥ —W/ME, ZIE K EEE
3. Find normal coordinates / 8 1EAAFR: & WATHFR R S5
e in-phase mode / [FJFH#: 0, + 6,
e out-of-phase mode / JL R : 6, — 6,
4. Use initial conditions / FI#JIG5:: H—i&f# A amplitude / PRI F11 phase / FB7 fiRHi 3k o
5. For coupled pendulums with spring / SRS BHE: SHEMKEHE 48 L6, — 6,).

9.3 Vocabulary / A1)

o oscillation: g3}

o simple harmonic motion: 4z 3l
o amplitude: JEIF

e phase: FfiL

e angular frequency: iR

o period: S

o frequency: iZ

e stable equilibrium: F& & P4

o normal mode: f& iFA%

e coupled oscillator: ¥HE&IET

e small-angle approximation: /NAIT{L



10

10.1

9. Wave Motion / J{¢ 5}
Knowledge Points / FliH 5

Wave equation / Izl 75 2 :

General traveling waves / {7 1B % :

y = f(x—vt) (right-moving), y = f(x+vt) (left-moving)

Sinusoidal wave / IE5% I :
y = Acos(kx — wt + @)
Relation/ = £ :
W 27
U—E—/lf, k_T’ w=2xf

String wave speed / 5% I % JE :

T

U= —_
“

Superposition / Zfill i #H : linear medium / £ A 5 (L% ARECHE N o
Standing wave / 3£} : opposite directions, same frequency and amplitude / J5Z [f] 25 45 25 PRI % 200 o

Beats / #fi: close frequencies / SARFEITH], foear = |f1 — f2lo

Energy density / fE &% & : small-amplitude string wave has kinetic energy density

_ 1 (oy 2
c-b(2)

Reflection at fixed end / [& %23 524 : boundary condition / i1 54518 y(xo, £) = 0, S5 BeAE A B2 B i s AL S 18
%F:o
Moving observer / iz W% : replace coordinates / ARFREE:, Ll observer moving at vy: X = X' + Uyto

10.2  Problem Method / fi# 8 71

1.
2.
3.
4.
5.

Determine direction / H|WiEIE T Ml : kx — wt [A] +x, kx + ot [7] —X.

Verify wave equation / B IFSE 7R 43515R — i} 1] SR 23 18] 4. 155 w? = v?k%,

Reflection problem / Seif i : B NIk + Sosphise, PR g umal B i A4 1

Superposition problem / Z I : i f = A EZ X IOFILER, HIW 7 standing wave / B o

Moving observer problem / iZZ)W2¢ ¥ i : 4L Galilean transformation / fiIF|BEAS e, TR FHHER,

10.3  Vocabulary / 41

wave: %

transverse wave: ik
longitudinal wave: ZLJ
wave equation: JEEh 75 1E
sinusoidal wave: IFEX I
wavelength: K

wave number: J%{
superposition: ZJI
interference: T3
standing wave: B
beat: ]



e boundary condition: R
o reflection: J% 4t
o linear mass density: ZR% %

11 10. High-Frequency Problem Templates / /& #i @RI A

11.1  A. Perturbed Circular Motion / 3, [&] & 12 3h

1. Conserved quantities / SPfEE:: central force gives angular momentum conservation / .0 i f sh B <FIE; A ohihR
WEN AR, AR EE AL, HYURRE AT RESE .
2. Energy form / fEEZ;:
Felm? s L +V(r)
=2 T ome s
3. Circular orbit condition / [B| %18 551 -
dUee|
dr |~ 0

ro

4. Small oscillation / /Mg :

o
w? = eit(ro)
m
5. Compare with orbital frequency / FIHE A ERILE . H w,, = L/(mrd).

11.2  B. Rolling Cylinder on Incline / [&| 34} & 3h

1. Top rough half / 2B BEHE . use rolling constraint / FIVEBIZ) .
2. Friction direction / B4 5 7] : 2L rE 14, B ERhmm L.
3. Energy at halfway / F| i1 J5 g &

Mv? + lla)z, MR?, v=Rw

1 1
2 2 2 I=3
4. Bottom smooth half / B : no torque about CM / XTBG TG S48, @ AAE; gravity changes translational
kinetic energy / B J] B4 IN-F- 3 3Gk -

5. Check no-slip / # & TLHE 3N : £ v # Rw, WAHLIEhES.
11.3  C. Coupled Oscillators / #8&PRzh

1. Write linear equations / 5 £ /7% o

2. Try normal modes / 24 {8 IEA%: X; = X, and x; = —Xx; for symmetric cases / XFR ARG Ao
3. Get eigenfrequencies / SR ZAEH R .

4. Superpose modes / Z I f& IEA

5. Use initial conditions / EHJ 4515 E JRIE AL o

11.4  D. Rope or String Wave / 48 i

1. Use a small element / BUNER dx.

2. Vertical force from tension / 3k 1R B4y 835

3%y dy dy
dx — =T| = — 2
g xatz [axx+dx axx
3. Obtain wave equation / 53k 3l /7% :
a%y _ Td%y
o uox?

4.1f tension changes with position / Z5ok JIREf BAS: T = T(x), FREEIEH IEZ I VE A —RiR

12 11. Quick Checklist Before Exam / R 2 {5 H

e Can I draw a correct free-body diagram? / %G8 75 1 H} iIE 742 1€ 2



e Can I choose the system and conserved quantity? / FtAE 751k 2R 55 3 AW spE B2

e Can I distinguish force, torque, work, impulse? / FTFERF X 4 F1. 11%E. Th. np&E?

o Can I switch between linear and angular variables? / X HE & {E LB A i B (A FE e

e Can linearize small oscillations? / & HE 7 i/ MEBh & kAL ?

o Can I derive the wave equation from a small string element? / G 7 148 cHE Ik 3h H#E e
o Can I use boundary conditions for reflected waves? / X HE 7 FH 12 8 &4 A0 38 I 55 i

13 12. Last-Day Formula Sheet / #gij /2~ Fo#id
Kinematics and Newton’s law / i& 3% 5 415 g

dx dv
v=— a=—, ZF—ma

Work, energy, and momentum / ¥j. fEE53&

W= [F-dr, Wy = AK,

U
E =K+ U, F, = T
p = muv, J =Ap.
Center of mass and gravitation / .0 55| 1
R _ZMno o _GmM . GmM
cm Zi m; ’ g r2 8 r

Rotation and rolling / 2] 5 %3

T =rxF, Y1 =Ia
1 1
Ty = EMRZ’ Irod,end = EMLZ’

K. = %Icoz, L = Jw,
Uem = Ro, Ay = Ra.
Oscillation and waves / #3115 )%
X+ w’x =0, x(t) = Acos(wt + ¢),
Wpendulum = \/%[ s f% = Uz%,

Ustring = \/1;', y(x,t) = Acos(kx — wt + ¢).



