Final Exam Equation Sheet 750:124 Spring 2022

Kinematic Equations

Linear, constant acceleration

1 2
X =xi+vit+§at
v=v; +at
v = v} + 2a(x; — x;)
Rotational, constant acceleration
1 revolution = 2it radian = 360°

w=w;+at
1 2
Hf—0i=a)it+§at

(1)2 = (J)lz + 2a(9f — 91)

Circular motion around the Center of Mass
s=r0

vV=Tw W=7Xv/r? V=wXT7T
a=ra a=7xd/r? Ad=dax7
1

— 2
KErotation,cm - 2 Icmwcm

Rolling without Slipping
UCM = RC()
acy = Ra

1 2 1 2
KE, ouing = Emvcm + Elcmwcm
Vector Products
|5| = |/T><§| = |/T||§|sin9
AxB= (azbs — asby)t — (aybz — aszb,)j +
(a;b; — azby)k

Newton’s Laws for Rotational Motion

Moment of Inertia around the Center of Mass
I =Xmgr? for point masses

Inoop = MR? for hoop

Iisk = smR? for disk

Iroa = =mL* for rod of total length L

Isotia sphere = = mR? for solid sphere

Inotiow sphere = > mR? for hollow sphere
Torque and angular momentum
7 x F = |7||F|sin ()

T =
L = #x § = m|#||[V|sin (¢)

) dL
zTethE
L=1& B
T=Ia F=

I
]

Conservation of Angular Momentum:
Iia)l- = Ifwf (If Z‘?ext = 0)

Static Equilibrium Conditions:

Zﬁext =0
Zizext =0
Kepler’s Laws and Universal Gravitation
N - m?
G =667x10"1" ——
kg
. GM
ag(r) = -t
5 GMm
Fe(r)=— 2 7
Mgartn
IEarth = 2—ar ~ 9.8 m/52
Earth
GMm

Ug(r) = f Fe(r)dr = i

Circular Orbit: Fy(r) = M gene

2
Kepler’s 3" Law for Circular Orbits: T? = ZLMT3

Simple Harmonic Oscillator

Fspring = —kx

x(t) = Acos(wt + @)
_ 21 1

T =
W
w = \/% (spring) w = \/% (simple pendulum)

v(t) = —wAsin(wt + @)
a(t) = —w?Acos(wt + @)

Waves & Sound
Plane Wave:

2
y(x,t) = Asin [771 (x + vt)] = Asin(kx + wt)

T

v=tAf =12 k=2, 0=2
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Sound Intensity and Level
Threshold of hearing: I, = 10712 KZ
m

1
B(dB) = 10 log (1—)
0
— fav ] = P"”’Z for spherical waves
Area Anr

Travelling Wave on String

V= \/%, W is linear mass density  (taut string)
K, = %uAZwZA Erorn = %quwZA
PA = %,UAZ(UZU

Interference
(Path Length Difference of Two In-Phase Sources)

Destructive: |r; —1,| = n%,n =1,35..
Constructive: |[r; — | =nA,n=1,2,3 ...
Standing Sound Waves in Pipes (Air Tubes)
Sp(x,t) = son sin( kyx) cos(w,t)

If both ends are open or closed,
L=n2n=123..
fan=nfi,,n=1273,..

If one end is open and one is closed,

L= n%”,n =1,3,5,...

fn=nfi,n=135,..
m
Vair = 331; 1+T./273°C

Thermodynamics

Linear Expansion: AL = aL,AT
R = 8314 J/mol - K
N, =~ 6.02 x 1023molecules/mole

ky ~ 1.38 x 10723J /K
TC S S(TF - 320)
T =T, + 273.15K

3 .
KEtranst = EkBT ; average for molecules in gas

v = [3kBT _ [3RT
rms T m - M

PV = nRT = NkyT

Q= mc(Tf -T) = nc(Tf -T)
cy = %R, Cp = ER monatomic ideal gas

Adiabatic Processes: pVY = constant ; y = z—z
1% Law of Thermodynamics

AE;,: = %nRAT = %NkBAT monatomic ideal gas
AEq:; =Q + Vl/ongas

AEine = Q — Why gas

The work done by the gas:

Vy
Wpy gas = f PdV ,  Wisoparic = P(Vf - Vi)
Vi
Vs
Wisothermar = nRT In (V)
l
Heat Engines
W = [Qnl = 1Qcl
e= i _ 1- 191 real efficiency
|Qnl |Qnl
Qcl _ T T,
Ideal/Carnot cycle: IQ_:I = i D Cigeqr = 1— T_;
Entropy
dqQ FdQ
dS = — AS=| —
T fl T

S = kgln (Q;), Q; number of microstates

2" Law of Thermodynamics
AS, iverse = 0 for any real process

Asuniverse = ASsystem + ASsurroundings

Entropy Change of an Ideal Gas

AS = gnR In (;—f) + nRIn (VV—f) , f=number of

degrees of freedom

T
AS =ncyln (—f) Isochoric Process
L
AS = % Isothermal Process

AS =ncpln (?) Isobaric Process

Entropy Change of a solid/liquid

AS = mcln (;—f) for temperature changes
AS = mTL for phase changes

Qs = mLs = T;(SLiquia — Ssotia)

Qy, =mL, = Tv(SGas - SLiquid)



