
PHY 251, Fall 2009: Equations for Exam 2
This is the October 29, 2009 version.
Start of the periodic table: H, He, Li, Be, B, C, N, O, F, Ne, Na,Mg, Al, Si, P, S, Cl, Ar, K, Ca. . .
Constant accelerationa = dv/dt: x = x0 + v0t+ 1

2
at2, v = v0 + at, v2 − v2

0 = 2a(x− x0).
F = ma = dp/dt. p = mv (classically) orp = γmv (relativistically) withγ = 1/

√
1 − β2.

Ek = 1

2
mv2 (classically) orEk = (γ − 1)mc2 (relativistically).

p = h/λ, E = hc/λ = hν with hc = 1240 eV·nm. 1 eV=1.602 × 10−19 J.
h = 4.14 × 10−15 eV·sec,h = 6.63 × 10−34 J·sec,̄h = h/(2π), andc = 3.00 × 108 m/sec.
Masses:me = 511 keV/c2,mp = 939 MeV/c2. ∆E∆t ≥ h̄/2, ∆x∆p ≥ h̄/2.

Bohr model:rn =
n2

Z
a0 with a0 =

ǫ0h
2

mπe2
= 0.053 nm,

andEn = −Z
2

n2
E0 with E0 =

me4

8ǫ20h
2

= 13.60 eV.

mr =
m1m2

m1 +m2

.
1

4πǫ0

Ze2

r2
= m

v2

r
.

− h̄2

2m
∇2ψ + Uψ = ih̄

∂ψ

∂t
= Eψ if U is time independent.

3D Schrödinger equation with Coulomb potential:ψ(r, θ, ϕ) = Rn,l(r)Θl,ml
(θ)Φml

(ϕ) = Rn,ℓ(r)Y
mℓ

ℓ (θ, ϕ).
Volume element:r2dr sin θdθ dϕ.
ForU constant:
E > U : ψ = A sin kx+B cos kx, k =

√

2m(E − U)/h̄, and

E < U : ψ = C exp[−αx], α =
√

2m(U − E)/h̄.

Infinite well: En = n2π2h̄2/(2mL2) with ψ =
√

2/L sin(nπx/L)

Harmonic oscillator:En = (n+ 1

2
)h̄ω, ψ0 = A exp[−ωmx2/(2h̄)].

∆x =
√

〈x2〉 − 〈x〉2
Energy order of shells:1s < 2s < 2p < 3s < 3p < 4s <∼ 3d < 4p < 5s < 4d < 5p

< 6s < 4f <∼ 5d < 6p < 7s < 6d <∼ 5f . . .

|L| =
√

ℓ(ℓ+ 1)h̄, Lz = mℓh̄, ~µL = −(e/2m)~L.

|S| =
√

s(s+ 1)h̄, Sz = msh̄, ~µs = −(e/m)~S.
U = mℓµBB = 2msµBB with µB = eh̄/(2m) = 9.274 × 10−24 J/T.

λs − λ0 = h
mec(1 − cos θ)

2d sin θ = nλ

∫

xm eax dx = eax
m

∑

0

(−1)r m! xm−r

(m− r)! ar+1

∫

∞

0

xn e−ax dx =
n!

an+1

∫

∞

0

x2n e−ax2

dx =
1 · 3 · 5 . . . (2n− 1)

2n+1an

√

π

a

∫

∞

0

x2n+1 e−ax2

dx =
n!

2an+1
∫

sin2(ax) dx =
x

2
− sin(2ax)

4a

∫

cos2(ax) dx =
x

2
+

sin(2ax)

4a


