
PHYS-201 Equation Sheet for Final Exam

(17 March 2010, Disque 108, 13:00-15:00 AM)

Simple Harmonic Oscillator; Simple and Physical Pendulum

FS = −kx x(t) = A cos(ωt + Φ)

ω =

√

k

m
T =

2π

ω
=

1

f

E = K + U E =
1

2
mv2 +

1

2
kx2 =

1

2
kA2

ω =

√

g

L
ω =

√

mgd

I

Damped Harmonic Oscillator

x(t) = A exp

(

− bt

2m

)

cos(ωt + Φ) ω =

√

k

m
−
(

b

2m

)2

Travelling Waves; Standing Waves in Strings and Air Columns

y(t) = A sin(kx− ωt) k =
2π

λ

ω =
2π

T
= 2πf v =

ω

k
= λf

v =

√

T

µ
P =

1

2
µω2A2v

fn =
n

2L

√

T

µ
(n = 1, 2, 3, ...)

fn = n
v

2L
(n = 1, 2, 3, ...)

fn = n
v

4L
(n = 1, 3, 5, ...)
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Maxwell Equations

∮

~E · d~A =
q

ε0

∮

~B · d~A = 0
∮

~E · d~s = −dΦB

dt

∮

~B · d~s = µ0I + ε0µ0

dΦE

dt

~F = q~E + q~v × ~B

ǫ0 = 8.8542 × 10−12 A2s2N−1m−2 µ0 = 4π × 10−7N A−2

Electromagnetic Waves; Poynting Vector; Radiation Pressure

E

B
= c c =

1√
ε0µ0

c = λf f ′ = f

√

c + v

c − v

~S =
1

µ0

~E× ~B u = ε0E
2 =

B2

µ0

I = Savg = cuavg P =
S

c

Diffraction & Interference on a Double Slit or Multiple Slits

δ = d sin θbright = mλ (m = 0,±1,±2, ...)

δ = d sin θdark = (m +
1

2
)λ (m = 0,±1,±2, ...)

ybright = L tan θbright ydark = L tan θdark

Diffraction & Interference on Thin Films

2nt = (m +
1

2
)λ 2nt = mλ

ii



Diffraction & Resolution of Single Slit or Circular Apertures

sin θdark = m
λ

a
(m = ±1,±2,±3, ...)

θmin =
λ

a
θmin = 1.22

λ

D

Blackbody Radiation

P = σAeT 4 σ = 5.7 × 10−8Wm−2K−4

λmaxT = 2.898 × 10−3m · K En = nhf

e = 1 (emissivity of the blackbody) h = 6.626 × 10−34J · s

Photoelectric Effect

Kmax = hf − Φ = e∆VS λc =
c

fc
=

hc

Φ

e = 1.602 × 10−19 As hc = 1240eV · nm

h̄ =
h

2π
= 1.055 × 10−34J · s c = 2.998 × 108ms−1

1 eV = 1.602 × 10−19 J

Discrete Spectra of Atomic Gases: Rydberg Formula

1

λ
= RH

(

1

22
− 1

n2

)

(n = 3, 4, 5, ...) RH = 1.097 × 107m−1

Ei −Ef = hf
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Bohr Model of the Hydrogen Atom

E = V + K = −kee
2

2r
mevnrn = nh̄ (n = 1, 2, 3, ...)

rn = n2 a0 En = − kee
2

2a0n2
(n = 1, 2, 3, ...)

ke =
1

4πǫ0
= 8.988 × 109N · m2(As)−2

e = 1.602 × 10−19As

a0 =
h̄2

mekee2
= 5.292 × 10−11m me = 9.109 × 10−31kg = 0.511 MeV · c−2

1

λ
= RH

(

1

n2
f

− 1

n2
i

)

(nf = 1 : Lyman, 2 : Balmer, 3 : Paschen)

Compton Effect; De Broglie Waves; Uncertainty Principle

λ′ − λ0 =
h

mec
(1 − cos θ) λC =

h

mec
= 0.00243nm

λ =
h

p
=

h

mv

vphase =
ω

k
vg =

dω

dk
=

dE

dp

∆x · ∆px ≥ h̄

2
∆E · ∆t ≥ h̄

2

Wave Function

∫

+∞

−∞

|ψ(x)|2dx = 1 Pab =

∫ b

a

|ψ(x)|2dx

〈x〉 =

∫

+∞

−∞

ψ∗(x)xψ(x)dx 〈f(x)〉 =

∫

+∞

−∞

ψ∗(x)f(x)ψ(x)dx
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Particle in a Box; Schrödinger Equation; Tunneling

ψn(x) = A sin (knx) = A sin
(nπx

L

)

En =
p2

n

2m
=

h2

2mλ2
n

=
n2h2

8mL2

− h̄2

2m

d2ψ

dx2
+ Uψ = Eψ

T ≈ 16
E

U

(

1 − E

U

)

exp−2CL C =

√

2m(U − E)

h̄

Special Theory of Relativity

∆t =
∆tp

√

1 − v2

c2

= γ∆tp L = Lp

(

1 − v2

c2

)1/2

=
Lp

γ

x′ = γ (x − vt) x = γ (x′ + vt′)

y′ = y y = y′

z′ = z z = z′

t′ = γ
(

t − vx

c2

)

t = γ

(

t′ +
vx′

c2

)

u′x =
ux − v

1 − uxv
c2

ux =
u′x + v

1 + u′

x
v

c2

u′y =
uy

γ
(

1 − uxv
c2

) uy =
u′y

γ
(

1 + u′

x
v

c2

)

u′z =
uz

γ
(

1 − uxv
c2

) uz =
u′z

γ
(

1 + u′

x
v

c2

)

~p =
m~u

√

1 − u2

c2

= γ m~u E = ER + K

ER = mc2 K = (γ − 1)mc2

E = γ mc2 E2 = p2c2 +
(

mc2
)2
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