Classical Mechanics

Linear motion

Simple Harmonic Motion
_ _ vV=v,+at
For constant acceleration a,ifat¢=0r =rg and v = v():

r=r, +v,t+iar’

o= Jk/m x=Acos(ax+ ¢) o = 27[f
2
Circular motion at constant speed ¢ =" 4 =0’r (Centripetal acceleration, points towards center of circle, ® v=—Awsin(ot+¢) T = 2%
is angular speed in radians per second)

Adding relative velocities ("wrt" is short for "with respect to"): v, +v, =v,

wrt wrt wrt
B C

YF=0© a=0 (Newton’s first law)

F=ma or F=dp/dt (Newton’s second law) FaApR=-FpBa (Newton’s third law)
p=mv (momentum)

Coupled oscillators

Mq=-Kq
2myr, (K — »*M)a =0 (normal modes)
I, =—<— (position of center of mass)
zm,
F =-kx (spring force) f <uN (Friction force relative to Normal force)
GMm

F=-—

e I (gravitational force between two particles)

W= _[F -dr  (work done by force F)

w

Orbit in Newtonian potential U = —C/r, C >0, E <0
e =AE=E.—E, E=KE+PE (work-energy theorem)

L? 2E L2 , 2ma’/?
N — . . p = —, e=1\1+—7, Period =
F=-VU (force derived from potential energy) mC mC VC/m
POtential Energies: U ] lk(x - X )2 (Sprlng force) 2
2 0 Ve = kr’ + 5—
—GM(@)m o o 22m7“ @ =2n/T
U = ——  (gravitational, general) U = mgh (gravitational, near Earth) Il =mR=0 ) A R
) ) _do  do 5
Rotational motion o =—, a=— e— /14 2El2 = MM (reduced mass)
1, . mk my +my
0 = 0y + wyt + o (constant angular acceleration @)
v = wR (rolling without slipping)
dL . i

T=rxF= E:Ia 1| =1Fsin(¢) = Fr,  (torque equations) Rotating frames

L=rxp |L|=mvrsin(¢) (angular momentum of point particle) m¥ =F +2mi X Q +m(QXr1) X Q

L=I® 1 tum for solid object o .

(ang;u ar momentum for solid object) (coriolis force) (centrifugal force)

I,=1I, +Md~ (parallel axis theorum)

I= %MR2 (cylinder around center) [I= %MR2 (solid sphere around center) V=0 Xr

I=5ML (rod around center) = —;ML2 (rod around end)

KE=_ M, v}, ++1.,0" (kinetic energy for object moving and rolling)

KE=1, 0" (kinetic energy for object rotating around a fixed pivot)

_ a,.b . .
Ty = Z mi(GaTh — TRTE) (general moment of inertia)
k




Lagrangian and Hamiltonian mechanics

| dH 0%
H= L pi R
- oL
L=T-V (T=KE) Pi= s T =" (2 11202 4 12 sin2(0)¢?)
doL  oc v 2
—_——= — _-<_8H.-,_8H Lo, 1, 1 2 . .
dt 46— db Pi= 5,71 oy H =+ T () Sin2(9)p¢) (spherical, cylindrical
H=T+YV

First law: dU =dQ +dW,,
Second law: dS > 0

Statistical Mechanics

Thermodynamic Potentials:
e F(T,V)=U-TS

Free Energy

coords)

Thermodynamic Processes:

e [sothermal: T = const.
Entropy: * GULp)=U—T5+pV Gibbs e Isobaric: p = const
e S= k.ln Q o« H(S;p)=U+pV Enthalpy ° Isochori-c: V= const'.
® Siotatl = S1+ S, Work: e Adiabatic: Q=0

Temperature, pressure, and
chemical potential:

dW,,, = —dW,, = —pdV

Boltzmann Factor:
E

) TS First Law: e P(E) = Z_le_kB—lT'
¢ T 1= (ﬁ)v,N dU = dQ — pdV e 7=y eEi/ksT
_ (%S
* p=T (dv)U,N Equipartition: Thermal Radiation
e —u=T (ﬁ) U= (1) kg T per quadratic degree o |=o0pT*
UV of freezdom
S <E) Counting particles
dN/ry Heat Capacity: e Distinguishable: Q = MN
__dqQ . . . . _ MN
Fundamental relation: =aT * Indistinguishable: 2 = T
1 p 1 .. — 34U e ( quanta in N oscillators:
ds:de-l_TdV_de e Constant volume: Cy = — Nel4gy (N—1+q)
e (Constant pressure: ( ) =— '
du  dv q q' (N —1)!
Ch=5=+pP=
p
Ideal Gas Law: dT dT Compressabilit
pV = NKT

Adiabat

PV7 = constant

e Alternative forms

oS
—7(Z2
Cry <8T> PV

° K —_i a_V
5=y \op s

Coefficient of thermal expansion

1 [0V
-9=7(or),



