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Harmonic Oscillator

Simple Harmonic Oscillator

% +wex=0 (1)
Damped Harmonic Oscillator
X+ 28% +whx =0 (2)J
Driven Harmonic Oscillator
X + 2B% 4+ wyx = accos(wat) (3)4

Definition: any system with the equation of motion of the below form is
called a simple harmonic oscillator.

X+cx=0
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Solution about the Harmonic Oscillator (Just copy it)
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Continue: (just copy)
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Critically damping refers to the
damping level where the system
achieves the fastest return to
equilibrium without oscillation.
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Wave:

Classical Wave Equation

¢ ¢ _ip

ox2  viot?

Phase Velocity

Vp. =

A o N I(onastrin)
T k 2 \p -

Complex Wave Function

E: A“'ei(kx—u;t) (8)
Rate of Energy Transmission
P = %pvu.f"A2 (9)

Wave: the disturbance of a
medium propagating through
space

Transverse wave: the direction
of displacement of medium
particles is perpendicular to the
direction of wave propagation.

Longitudinal wave: the direction
of displacement of medium
particles is parellel with the
direction of wave propagation.
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Basic Concept:

Sinusoidal (Harmonic) Waves:
A propagating mechanical wave in the shape of

a cosine or sine form is called a harmonic wave.

The disturbance of the medium is :
2T 21T
€= EZO Cos( X t)
K= Tn wave number
2T

W= frequency

Normal Mode:

Coupled Oscillators

X1 +a1x1+bixo+caxi+dixo =0 (10)
X2 4+ axxy + boxo +cxa +doxo =0
Standing Waves
E(x. t) = 2Asin(27;x> cos(wt) (11)

A standing wave is formed by the interference
of two waves of the same frequency and
amplitude traveling in opposite directions.

The characteristic feature of a standing wave
is the presence of fixed nodes and antinodes,
where nodes are points of zero amplitude and
antinodes are points of maximum amplitude.
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Gravitation

Source: any mass
The gravitation is much weaker than the other

three Fundamental interactions

mimsy 71
Fi, =—G
T2 |12
mZ
G =6.67 % 10711[N - —]
kg
Gravitational Field F M r
E=—=—-@G >
m re|r|
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Gravitational Potential Energy

We always set the infinite far place as zero potential.
Then the gravitational potential energy equals the work
done by gravitation from infinite far place to now

GMm
r

Then we can have first cosmic velocity, second
cosmic velocity and the third cosmic velocity
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Kapler’s Law 1 and 2

1: Each planet moves in an elliptical orbit with the Sun
at on of the focal point.

2:The line from the Sun to the given planet sweeps out
equals areas in equal time.

If at time At, The area swept by the line between the A P’a““ AssEnl

planet and the sun in At is AA. Then this swept area is 71 "2" M7 0
constant over any equal interval of time. ) L=my" ©=Congy
dS Sride
AA lm
— is constant A= dbdg = L h
At i u b
I ol A
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Kapler’s Law 3

3:The square of the orbital period of a planet is

directly proportional to the cube of the semi-major

axis of its orbit. 3
2maz

T =
VGM

o) -0

Where, m1m2 is the mass of the two corresponding
planets, T1T2 is the period of the two corresponding
planets moving around the same star, and R1R2 is the
average orbital radius of the two planets moving around
the same star
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Simple Questions:

Problem 29: As shown in the figure, a thin rod of length [ is suspended from its upper end
at point O, with a mass m attached to the lower end. The mass can swing without friction
around the axis O. Now, a damper is connected to point A on the rod via a connecting rod.

The damping force f acts horizontally, and its magnitude is proportional to the speed v of

the damper plate, i.e,, f = v, where v is the damping coefficient. Let OA = a. The masses
of the rod, connecting rod, and damper plate are negligible compared to m. Assume weak

damping. Calculate the logarithmic decrement of the small amplitude damped oscillation

and the percentage of energy lost per period.

& 7-29-1
[M29] B, 4K, EWO BE, THRSERm ¢ Via Sid o
MEERNE B4 O SRR IES . SEHFH
ASRBEFE—HER EEY FBAKRFE, HKXAN
SEBARNERE o REK, B f=y0,y WENRE . % OA=o, FH . EH HERSEHFE
BEAT m, TARAH, BB . RAMEEBRS X BORSE, LR — A AR EERY
BRH .

H1B7-28-8
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Solution :

— i re—— — - PITE s W SA AT ) VY AN S TN
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ay
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EREERSMED B, EHRY
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Challenge Problems:

As shown in the figure, three blocks, each with mass m, are placed on a frictionless

horizontal surface. They are connected by two springs with spring constant k and natural
length x. Initially, the three blocks are stationary, with block A located at the origin O. A o, m o
periodic force F' is applied to block A with the form F' = Fj, cos wt, acting in the horizontal

direction and along the line connecting the three blocks. Determine the characteristic

frequencies of the vibration system and derive the equation of motion for block C.

[ 32) WA, KEHH » HEABBRREERATFRE L, BHUIFRKN x0 ERUS

k AR ERE . RN =R RB i, B =, o= . o=
A BEFIRA O, BB HFEK . 3k ABUANE T Al 8 c

541 F,E8 F = F, coswt, KV HEEESHERE 0 -
B RRRDRAMEEEER, HESHERCHRED

. 1M 7-32-1
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Long Long Solution:

[9%] BREFEB - SHAHEH=RROHHEIBE . SIAMELEE, TBH =/ 1
WZERBHE, TRISMESRAAG . MHR,FEBFRAET, TARRCHERHE .
‘“] &E&gﬁﬂ I.A\B\C m%ﬁé}ﬁu* IA\xB\xC,mq"'u% :%Q,Ei‘gg&ﬂ?maﬁ
FHBA

WMB A mra=Fgcoswt +k(zp— x5 20) (1)
BB map=k(zc—z3—29) —k{xp— 25~ 20) (2)
. BHRC mre=—k(zc— 78— 70) (3)
=\#m, @
m(xp+ xp+zc)=Fy coswt (4)
(DA, 8§
m(.i‘A“.'l':c)*‘k(IA—Ic):FoM—Zk.to (5)
(1) 2 #(2)KXm3)X, %
m(xa—2zg+zc) +3k(xp~ 225+ 2c) = Fo coswt (6)
51 F W ELHR
g1=zpt xptxe
Q=xa~ Z¢ (7
g3=x5~2zp+xc
FE(4).(5)(6)REY |

maqy = Fg coswt
m&iz+kq2=Focosw—2kxo
mqs+ 3kqy= Fy coswt

(
|
“ k
jéz*“—w-mooswtﬂ;zo (8)
|

MR AT, R AR Sh 3 B B A B TR o 4, B A T RE N IE R HR
_ [k _ [3
i Ve “'3_\/ m

HRE)XTHFH
a = —F,;fm (9)
at w§41=%mﬁwl - 2wixy (10)
éa*w%q;=%m (1)
(€3] 52 IOEROER-T e b J=i
F,

1= m;coswt*’Cﬂ*-Cz
CiRC, AR &’ A GRE . MREHR
=08, 2o=0,2p=z0 2c=219
..tA=.‘;:5"_'.i'c=0

FAE X (DR, RTHELFENWMEGEH

:=0N,{f":3.x"'f“= ~220/04=0 (12)
N1 == q3=0
i ERYIRG, BN
C,=0
F,
Cr=3z+—%
T8

q|=ﬁ3(l-msux)+310 (13)
mia
GO)FBRAOR.(1OXTHE R
éz + w§(¢)2 +2zy)= %:"0050)!
glA

Q=ga+2xzp
ERMER
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Continue:

Q+wiQ= f”'.qun wt
REEMEERZERHHTE, RETEN
Q= A coswt
RAFTROH)R HBRARY. B
Fy

AT (et -a)

F RN
Fq

—m(w§-w2)

Q
7788 (14) X3 R A 7 E 5 B2 3l 4

Q; = C; cosw;t + C; sinwyt

coswit

BB (14) AR B MY
I:‘" z)msw.' + C, coswyt + Casinwyt
TEH

F, ;
Q2 =Q~2xo——-—2° syooswt + C) coswyt + Cysinwyt — 2y
m(wz-w)

PR C B C Bk (2)ARE, A

- Fe _ 239
Gi= m(wl—w?)’ C2= wy

REH

Fo 222 g
= coswt ~ cosw;yt) + sinwyf — 2,
m(w%'wz)( w2 ) w2 w2 0

(it )T B ()R, FIE B Y

92

Q= m(w’%'g_‘:‘jicmax + Clomswst + Chsinwat
aMEH(12)X,8
v o Fy ‘o
Ci= mlel-o0) C53=0
3
q;=-—F°—.(cosw¢ ~ coswt )
m(mi—m‘)
g (7R, o %G

=N _%.9
=37 2%%

#2(13).(15)\(16)R XA, B/ 19 3R C MBS B A

(14)

(15)

(i6)

~F—oz(l-oosa.ut)

Imw (

: - 0
xc=2z0% 2m (w3 — w?)

Fo
6m(wi— w?)

AP w; W ow; RREAOFFENE

T0 .
;osmwzt + (cosewt = coswst )

Tips:

When you encounter such problems with more
than 3 objects, what you need is just your
patience.

And to simplify your calculation, you can use
new variable from the relationship between
original variables.

Like this:

JQI=IA+-TB+1C
Q27 XA~ X

lQJ'-' xp~2zp+ xc

"CKSMQI)‘
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Wave Comprehensive Questions:

Problem 36 As shown in Figure 7-36-1, a spring with a mass m, spring constant k, and
natural length L has one end fixed while the other end is connected to a mass M. The entire

system is placed horizontally, and the mass M can slide on a frictionless horizontal surface.
1. Derive the wave equation for the longitudinal elastic wave and find the wave speed.

2. Assuming L is much smaller than the wavelength of the elastic wave and the amplitude

of M is Ay, find the amplitude distribution along the spring.

3. Under the condition m < M, determine the zeroth-order and first-order approximate

frequencies.

(E36) WHET-36-1,HRN m FERMH ¢ HARFEKHIL, —WEE, B —R5— K
B M OWENE, BT REKVERRE, Wk M al7ER K FE LS . 1. A% Mm%
B A BRI REE 2. BE L /A FRERHOEK,M RN A, RREEEEANEE
M3 m&M BRET 0 BR BT A — ST DA

w+du
i@ ;.—-I
"M H
S ALLILaS Y F==7")
0 o) L P R | v
<+ z r+dx
HhE7-36-1 HE7-36-2
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Solution:

(SH] MR RA T R, M R AW N — @58, HERER 46 . W
HET-36-2, UMREEZWMALERE O, KFHEY - 8. SRARENT 2 (2 +de)
ZME—hB . WREHN B x ANUB N, (x+dr) ABREBH (u + du), M dr NEEY

WKEEY du.lﬂﬁﬁi?y%. H 89 T R, K dr ANEREMAIIEE 7
F=ydx (1)

dx
A Y RARGMERR .Y SHEF Sk HUME . DS TMIME Az, WMHH
=hAy =y B
4
Y=kL

ﬂ*ﬁaﬂﬂ.Fﬁﬁﬁﬂﬁﬁﬁﬁ%#*ﬁﬁ.m(l)ﬁ.$lﬁﬂﬂ9§”ﬂiﬂtﬁ%# ;
HRARLE - DR AADR REF SN - E DA RARSHE B REAS TR
& v, EMEATR .
MR LAV HIFEBEOR SRS, THFABESH BOWHE AR IR, HAD
SR, ARG AN
BE o FREMYS TERBRERAON, REMESFARE 7 HER .
(W] 1. mAHET7-36-3, FEMMENF » 00(x+2r)2ZMB— DB, EHNE HHRSH

-~

Maybe the most important part

SEMYEN Fy A F AR EABRKRAE NN

Fz'F] [(g-: rélhx
L343 LT T UN &

-(&).]

Pu

Fa-F =Y ( “).ar= Y $4ar

whaemmf.u.uwu:m

Bp
i’ﬁ;_mﬁ
dz* YL d:
ERRFEEL,
Pu_m Fu_,
2zt YL 2
%
Qdu_ 1 Fu_
ar? o* ar

REEHTEOREILA, AP o WEE, N

-~ E Rl o N A L T A e e Ao e

Fy

(2)

(3)
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Continue:

2. MERABEHHRQ)ANMR . BREFLHLRFAEER o Kz, HREELK L LEK
MMEE BB RS AR T BEMR, FEBGNEESAHRE . REULER TEH B
(2)R97% & , 4

ulz,t)=A(x)cos( wt +¢) (4)
RABSHHFRQ), EEWHL o CHEEER,

FA(x w?
-+ — —
dx? va(a:) g

FXRAE MR T BHER, HEE Y
A(z)=a sin(%x)-*bcos(%x)
R o Mo ARERY THANALHHRE . ERELH,2=0,A0)=0:EEBEH . =L,
A(L)=Ao'ﬁﬁ
0=bcos(%f.)
o » w w
Ao=asin 2L ) + beos( 2L ) B0

B LA E s, 8
6=0

° sin(—vaiL)

A(z)=

‘ ( w )
smn|— x
v

Ag
sin(gL)
v

ER— N EZRY AP EE o i (Q)AME, HAEK o HETERYE . # A(z)RAMGDRK,

H

u(x.t)=asin(%x)oos(wt+<p) (5)
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Continue:

3. I M (DR, BB AN Y (S ) WA L R 2 = L OIS, AT

B(L4) mermm—,
M(5E) =-v(3), ()
i (5)X
(:“—‘;)L= "amzsin(‘ﬁ,‘L)mS(wt +¢)
(B), =% es( 2 Jootar + )
RA(6)X, B
- Maasin{ 2L =~ ¥ %cos( 2L )
B
Maotan( L )= X
£
un(5L) =3
s
Y=hL,o?=%12
g
%Ltan(f;"L)=§ (7
RErmABBAE o m(DARE . @ m<<M,wTLEﬁ’l‘99ﬂ,W¥ﬁiﬁ:m.ﬁ
anl e )
8

w?l?: _m
v M
somv _mk _k
“TML2 Mm M
By
o 2
M
X IE Jo 22wl 3 3 S et 1) e 3h AR
B—RiEMH
)5 42
RA(DR,
3
-3 )5
Bp
2 2
(2) [+ 5(2) 1%
£

v\ _k ik
L) =5, bkt o o= SHE. 8

BERIA SR 7 PSR .
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Celestial Motion Question:

(7] P, MuRRA A 2R R R 5 B8 M MM, B EPOMERE » R%, AT EER
R BRBRAORRHANARSGHRIFRR SN RE

& MBI MR L, BRI BR 9 TS 9 g O xfwe
om. BFMWESD WREEHEELRERIER M - LT -

i8R A0 A R A 51 B LA R AR I BR R e s \\
EHET4 . {

pe Uy
1. BRUES, A BB QO ALK - SR N 4
B 8% S ROBE (A B o (9K RN >~ =
o 2Vrly
M,/ GM; E HE6-7-1
Kb I RGN A HIE,C R AKR .
2. B MR A SRR S LR AT R B (L E AR

3. BHENBRE AREER »(0), BRE D EMEE R wp(0), ZWHE MR KR E K
r(e) M wp(e), BRFHRA, A RP1EE Rz sh . BXUEH

B i) ~ e VIE‘”“[frm -7 (0]

BRI G=6.672X10"" Nem'/kg’, M =5.89 X 10 kg, M., =7.34 X 10 kg, r = 3.84 X 10"
m, Ry =6.37X 10° m(Hus K4 ) . SN HIRAA BRI N 2% 84, 303 A BIRE 5>/t

'y the figure, the masses of the Earth and the Moon are denoted
wy Mg and M,,,, respectively, and the distance between their

3 i represented by r. The Moon can be considered a
wint mass. The rotational axes of both the Earth and the Moor
yass through the Earth's center. The angular velocities of the

arth and the Moon are Wy and Wy, respectively, Due to tdal

orces, the Earth's rotation speed undergoes a slight change,

which in turn affects the distance between the Earth and the

Moon, as well as the total energy of the Earth-Moon system

Prove the relationship between the rate of change of the
| nce between the Earth and the Moon, r, and the rate of

change of the Earth's angular velocity, wy

it of inertia with respect to its

own rotation, and (i is the gravitational consta

Derive the expression 1or the rate of chanage of the total
angular momentum of the Earth-Moon system

Assuming the distance between the Earth and the Moon |
r(U) and the initial angular velocity of the Earth's rotation |

w that after being perturbed, the resulting

10 "N m?/kg’, M, 5.89
7.34 = 10%kg, 1 3.84 % 10°m, N

ince between the Earth and the Moon Increases

many hour ¥ 1l the Earth's rotation period
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Solution:

(5] B ARKAZINE RENHEARTE, EBUT vpwyr BXR . ARG
B Rz 3 e 1 IR I BT w5 r AR . TR o 55 r B9RE, TRE 1 M
BIMAR . ERH r OBERT o HEXREBRRM .

HOAREHEYRE E BHEBREFANE(S op AX), ARGEMREDHFE(E w,

#3) BURM A AT HBIECS - A%). B, SE T R w2

ARGINFIENBY EEERRNVIMER T A, 6 A RENEIRE EBS 7
BOOR B MR op /0,00 A HE - 0K .

Tips:
Hidden conditions that are most easily overlooked
when doing planetary motion problems:

Angular momentum conservation and energy
conservation

(W] 1. ARSFRRINE, AHRFHE HY FERNANE,H
’f,wg* Mmrzm,,,: 't.
g

Ie=% Mg RE
BHEBNEHRR | AeE R .8
Tgog + Mt () =0
ARG B S A, ch R 2,

¢ Yelfn pp
9
(%)*
by, =~ r’
AKX, B
l»;mg*M,.f(mEd—di(ré) 0
i
%r"ir:———’-!—‘f—"—_
B M, v CMz
&
S Z'.s"rli "
M./ GMg =

ERH EROAFAEE o, 90/ SFHE AME - X
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Continue:

2. ARKNYIMMIRE QIR AHME, ARGHMHE SN R, A R 5
BN

E=3 Iz ok +IM, 2 - G LM
EQ2)ARA, 8
E=1rpup- g MEM
S E RIRHR 69R 1Y

dE

GMs M, .
d_t:IEwE(i)g+ -

272 g

@O PH op A8

dE _ _Mq /G-Me__%}',
d¢ P @WE r r2

RREFRERA, TR ERBES R ER . Rk, % - >0 0,55 <0, EMYBE, o
WA/, B (R, BEK 8 E R .

3.518(3)K,
dwg= —%‘,/ GM; d(Vr)
B, 8B
wp(t) —we(0)= "&"’—'&LM‘E[J ()= r(0)]
=
wg(!):l__Mm\/GMg rZO}[ 7(z) _ ]
) Teugl0) 70) "1
AP =0 HHAEMZ, e = REXRFEHZ . 4
rat} _
(0) = 1.02
L OAIAEXEREE,H
@a(t) _, g

wo(!)
B, B3 e R (S e | A FRIBE L BR7E 58 b0 2% B, — N HUER B (MbER A 5 — B9 ) B K
bl

., -
.0g=2h
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Orbit Problems (most important)

As shown in the figure, a spaceship is orbiting Mars in a
circular orbit with a speed of v0. It is known that the radius
of Mars is R, and the height of the spaceship's circular orbit
above the surface of Mars is H. Now, the spaceship fires a jet
radially outward from the circular orbit in a very short period
of time, so that the spaceship gains a radial velocity toward
Mars of av0, where a is a constant much smaller than 1.
Because the amount of gas ejected is very small, the mass of
the spaceship can be considered unchanged after the jet.
After the jet, the spaceship orbits Mars in a new elliptical
orbit.

Find: 1. The height hA of the perigee of the spaceship's
elliptical orbit from the surface of Mars and the height hB of
the apogee of the elliptical orbit from the surface of Mars. 2.
The orbital period of the spaceship in the elliptical orbit.

HBs-11-1
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Solution :

(W) WE, FHEXERDRYET, EHREN v. CHAREEY R, M HBE
BMAEREHREN H. 5 RGN E A EHHR A IMUS KBS, F CARREE
KERZMEE avg,e BBEMF L HHE . EHSRBND, WU CARORRTH RS | 05
AR, CMRXBEHOHENEETT .

oK1 CMIRBI SRR K B QB A ERE AR hy DURGE KR 5B KB R R
hg.2. CARGEREB B E AEAT R

[9247) CHEX RIEME R, MAHEER =

R+H.marx>§42—rouo. A 0 1 1)

SIS , NS B 00 L1 K 0 A 0 4
MiEHT REKRAR A EXESY B,AFB 5
KBS B ry Mrg(ra=hat Rorg=
ha+ R). RN B 0055 1, B
PURAE TS .

R T, MY L 16 4
B LM KRR AR avo., HW A
SRR G K B I R S0 v, B
HOSAUERBOE vo MK/ 161, ISR CABIE v, v 5 avg (NS vo BE)OO% B

B REZ, 0= vysing BOTBHRISEUS , CARSE B B9 0 0 BUE I L rocy5ind = L 1y,

AT A T B8 I B = 17 Y T B HE O BN K ML BRSO T BB
A ol A TR B PGS 1T T A B LR T T AR LR T LA MR g A0y, T
FFEH B =S A R AR S Pl (S T
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Solution :

(R] RAEMEMEBEIHH M #om, CHTMHRY ST, W5 KR b0 NSRS
—H r WO RS — v 27, M TR BT AENR .

BRI 547, AR ST E 17 09 BB I 700 B THAUR SN EF 4
P AKEBUEE ] rov,sind(P SRBAMENHZA). hIF BB M, 6% LT T R
BIEKEA A WEKEAB WEBRE L o0 B3 rvs. KO

L S, 1 P | _1
27OV T 30y smﬂ—’i'r,.z-‘-—z-rgv,,

B
TYUo = FAVA = rplg (1)
HULRIE T E®R, A
1,2 GMm_1 . GMm_1 , GMnm
VTR, TN g e NVAT
H
1’i=vé+ (avo)z. rps="ro
HU E=X,#
';-m[vgi-(a-uo)z]-Q:'f—m=—;'mvi~6xm=%mu$-g—r‘\gﬂ (2)
TREFESRETH A
GMm _ muj
nz. o

GM = rov (3)
B (1).(2). )R, TTBMET r(#H ry Rrg)dI KRR
(1-a®)r*=2rgr+ rd=0

EREMAR KEER rg NERE rg B

PR | G | ! §
AT l+a 1+a
~_To _R+H

a
raMirg AHRECMEXRSAHEXRGSXEPONER . 8O AR S0 K RSB XRE

o ) 8 B 5 5 Ny
JkA:rA-R:FIl:“aR

H+aR

l-a

lha =rg= R=
LAY LR BRSSP

ratryg=2a

1 r
a=‘§”(r4+ r5)=’l“:q‘;

MY AT 4030 52 17 8 P
2xry
]

To:

WM/ RMETEET AN T, A e =2k, 7

.I_(g)"
To— o
[/
a %_21t7'0 1 A
T_To(ro) T (l—az)

m JOINT INSTITUTE
RAEER PP



Thank you !

From Mass Effect Legendary Edition
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you can enjoy Physics itself 11!

- From Watch Dog?2
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