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1 Mechanics

Lagrange’s Equations of Motion:

L:L(qﬁqj’t) (1)
L=T-V (2)
d (0L oL
i (55) oy 0 )
Lagrange’s Equations with Undetermined Multipliers:
d (0L oL 0 fr
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Hamilton’s Equations of Motion:
H = H(qj,pj,1) (5)
H=T+V (6)
H=> pjg—L (7)
J
oL oL
= pi=— 8
0H O0H
T 9
U= P Gy, (9)
O0H 0L
"ot~ ot (10)
N
da 0b da 0b
a,b} = — 11
o} ;(5%’ o pi 3pi3qz‘) 1
af _9of
E—m‘f‘{f,H} (12)



ot

The M-List V3.1 DJB DRC
Orbit equations for a known orbit:
r=r(0) (13)
21 1 pr?
— -+ -=—-—"—"-F 14
dozr r 2 (r) (14)
_ _Mmz (15)
mi + mo
I = ur?0 = constant (16)
1 11
E=—py?+-—+U 17
KRyt (r) (17)
2 Electrodynamics
Coulomb’s Law
= 1 qige
F= —= 18
47'('60 7’2 ( )
Electric field of a system of point charges:
= 1 i
E(r) = =7 19
(r dmeg = r?r (19)
Electric field for charge distributions:
il 1 p(F) N
E(7) = d 2
) 47T60/ rz 4 (20)
Gauss’s Law:
1
(DE = / E-dd= *Qenc (21)
s €0
¢B=j§§-da=7§v“f.da=fl.df (22)
s s c
Solution to Laplace’s Equation in spherical coordinates with no ¢ dependence:
V(r,0) = Z (Aﬂ“l + Blr_(“rl)) P, (cos ) (23)
1=0
Solution to Laplace’s Equation in cylindrical coordinates:
V(p,¢) = Do+ Colnp + Z [A;, cos(ng) + By sin(ng)] (Cpp™™ + Dpp") (24)
n=1
Maxwell’s Equations:
In General:
1
V-E = —p, Gauss's Law (25)
€0
- 0B
V xXE = 57 Faraday's Law (26)
V-B =0, No Magnetic Monopoles! (27)
= - OE
V X B = pgd + po€o—=—, Ampere — Mazwell Law (28)
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In Matter:
V-D = ps (29)
. 9B
V x 57 (30)
V.-B= (31)
. - 9D
Potentials:
. DA
E=-VV-— (33)
B=VxA (34)
Lorentz force Law:
ﬁ:q(E+vx§) (35)
3 Quantum Mechanics
3.1 Commutator Relations
[a,b] = —[b, a] (36)
[x,p] =il (37)
. dO
’hﬁ = [0, H] (38)
(39)
3.2 Hamiltonian
Classical Mechanics
p2
H(z,p) = 2+ V() (10)
For QM
h(l o
p= i <8m> (41)
h( O
R < ap) (42)
. K2 92
HYU = BV (44)
3.3 Angular Momentum
[Ji, Jj] = iheijkjk (45)
Ji |j,m) = h/§(G + 1) — m(m £ 1) |4, m) (46)
I |j,m) = mh|j,m) (47)
J?|j,m) = j(j + )R [, m) (48)
Jy=J, +ilJ, (49)
J2=J+J,J_ —hJ, (50)
(51)
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3.4 Particle in a box length L, 0 <z < L:

d>U
—— = k%
dx?
2mE
e
h

nmx

U, (z) = Asin (—)

L
2
A=4/2
L
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n2m?h?
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2mL?

3.5 Particle in a box length a, —g <z < a

2
d>U
—— = kU
dx?
2mE
K="
h
)
VL

U, (z) = Acos (?) , for odd

U, () = Asin (?) , for even

3.6 QM Harmonic Oscillator
For notes, see Section

aT|un> = Vn+ 1unt1)
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3.7 Time-independent perturbation theory: (ch 6 griff)

E,ll = (1/}2\H’|\Ifg> (First order correction to energy)
0 / 0
k= Z EO _ EO
m#n n m

0 / 0
1 _ < m |H |\P'rb> 0
Y, = Z E‘S _ EO o

m#n

4 Modern Physics
Relativity:
1 1

7_\/1_1}2_\/1/82

c2

v
P=z

V=r(t— 2

' = (z—vt)
m = ymg
E =mc?® = ymyc?
E? = p*c + m3ct
E = KE + myc?
KE = (v — 1)mgc?

b ="mov
L
L=="
Y
Hydrogen Atom:
—13.6eV 1
E, = 5 = ——Ryd

Treat excited one-electron atoms like Hydrogen, but include the effective charge, Z:

_ —13.622

E, 5

= E,(Hy)Z?

n

5 Thermodynamics and Statistical Mechanics

PV = NET
H=U+PV
F=U-TS

G=U+PV-TS

oU
Cr= (aT)P
OH
v = (aT>V
OlnZ
U=(E)= -3



The M-List V3.1 DJB DRC

5.0.1 Canonical Partition Function
1 . _
Qn = N3N //d3N$d3Np€ AH (96)

1
Where g = T and H is the Hamiltonian of the system.

6 stuff

6.1 Quantum Notes

6.1.1 Simple Harmonic Oscillator

B2oPr 1,
P(new) = new <n|n>old = /\I'(x)fww\ll(a:)olddx (98)

6.2 Parallel Axis Theorem

The moment of inertia of any object about an axis through its center of mass is the minimum
moment of inertia for an axis in that direction in space. The moment of inertia about any
axis parallel to that axis through the center of mass is given by

Ipar.ami,s = Icm + Md2 (99)

where d is the distance from the center of mass to the new axis. The expression added to
the center of mass moment of inertia will be recognized as the moment of inertia of a point
mass - the moment of inertia about a parallel axis is the center of mass moment plus the
moment of inertia of the entire object treated as a point mass at the center of mass.

6.3 Oscillator Notes

For a one dimensional oscillator between classical turning points, +A, the period is given
by

A
T= 2/ dt (100)
—A
It is a good idea to try and write the differential equation in the form,
P4+ wir=0 (101)

, because then you have the frequency, w, automatically and the solution is known.
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