Oscillation motion
f=rp. w=73F

SHM: a= C(l;TQx = —(UQSL’, a= ‘(1;29 = w20
zx=z,,. cos(wt+6), z . =A
v=-—v,, sinwt+d), v, . =wA
a=—a,, cos(wt+d)=-w?z a, . =wA
E=K+U=K,,, =imwA)?=0U,,, =3kA?
Spring: ma = —kzx
Simple pendulum: ma, = mal=—mg sinf
Physical pendulum: 7=1a =—-mgdsinf
Torsion pendulum: 7=1a=—k0
Gravity

Fhy :—Gmlm2 f19, forr >R, g(r)=

G = 6.67250 x 1011 N m? /kg?
Regrip, = 6370 km, M, gpp = 5.98 x 1024 kg
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Circular orbit: a. =
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Kepler’s Laws of planetary motion:
i) elliptical orbit, r = 1—5% 1= 1%, ro = 1%
ij)L—Tm% %Z%T—A&Zﬁzconsh
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Escape kinetic energy: F =K +U(R) =
Fluid mechanics

Pascal: P = %—Tl = %, 1 atm = 1.013 x 10° N/m?
Archimedes: B = Mg, Pascaul:N/m2

P = Pypmy +pgh, with P =5 and p= 1

h
F:deAHpgﬁfo (h—y)dy
Continuity equation: Av = constant

Bernoulli: P + %pv2 + pgy = const, P>0
Wave motion
Traveling waves: y = f(z —vt), flx+vt)
In the positive z direction: y = A sm(k —wt— )
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T=% w=%F k=7 v=fF=7

Along a string: v = ,/%

General: AE = AK + AU = AKmax
=Aft 2 At W
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Waves: Ry = Ry "Ar = Az Y

P= %uv(wA)27 with p = %_T;
Circular: %:%{'%'%:%{'ZFTU
Spherical: % = %TT‘T/L Arriy

Sound
V= %7 $=8,,.c08(kz—wt— )
_ AV Os
AP = -BSr-=-B3}
APmaz:BK‘sm = pUvWS

Piston: AA—T = ﬁ—v . AAAtx =pAv
Intensity: I = % = %pv (Ws,,..)>

Intensity level: 5= 10logqg I_Io’ Iy = 1012 VV/m2
Y(x,t) =csin(kxr —wt)
Circular waves: (r,t) = % sin(kr —wt)
Y(r,t) = Esin(kr —wt)
Doppler effect: A\ =0T, fy= %, fl= K—:
is wave speed relative

(vsound + Usource)/f(%
detected wave length established by moving source of

Plane waves:
Spherical:

! _
Here v’ = Vsound £ Vobserver

to moving observer and \ =

frequency fo. freceived = freflected

Shock waves: Mach Number= Ysource — .19
sound Sin

Superposition of waves

sin(kz — wt) +sin(kz —wt — @)

Standing waves: sin(kz —wt) +sin(kz +wt)

Beats: sin(kz —wjt) +sin(kx — woy t)

Others: a cos(kx —wt)+bsin(kz —wt)

y=sin(kz —wt), z=sin(kx — wt)

Phase difference:

Fundamental modes: Sketch wave patterns

Rod clamped middle: Q/\— =/,
A=y
2 =

String: % =/,
Open-open pipe: % =/{, Open-closed pipe:
Temperature and heat
F=20+32°, K=C+273.15°
Constant volume gas thermometer: T=a P + b
Thermal expansion: o = % %, 0= ‘1/ Cén‘{
Al=alAT, AA=2aAAT, AV =3aV AT
Ideal gas law: PV =nRT=NEkT
R =8.314510 J/mol/K = 0.0821 L atm/mol/K
k=1.38x10"23J/K, N4 =6.02x 1023, 1 cal=4.19 J
Calorimetry: AQ =cm AT, AQ = LAm
First law: AU =AQ — AW, W= [PdV

Conversions:

Conduction: H = % — kA AAZ’ AT, = _Aﬂlﬁ_l
Stefan’s law: P = O’A6T4, o =567 x10"8 m;"’m
Kinetic theory of gas

2
Ideal gas: Apy =2muvy, F = %p_g - m;w
Pressure: P = %E = mV—N % T;’}—V 2
P=38FK, K,=%=%kwr, T=213+T,
PV =NEkT, n=N/Ny, k=138x10"23J/K,

N4 = 6.02214199 x 1023 #/kg/mole
Constant V: AQ =AU =nC, AT
Constant P: AQ =nCp AT

C
Y= ﬁ» CP - CVV =
C, = % R, for transl.4+rot+vib, d=3+2+42

Adiabatic expansion: P V7 = constant
vT'TTLS t 1 — 1
UTel)r'ms tmw d2 nV
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Mean free path: /= (



