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General Formulas
Circumference of a Circle

O=2-w-r

Area of a Circle

Surface Area of a Ball

A=4.-7.7?

Volume of a Ball

Volume of a Cylinder (base times height)
V=A-h

Logarithms
log(a - b) = log(a) + log(b)

log(a®) = ¢ - log(a)
lg(a) =d = a= 10"
In(a) =d = a=c¢e

Thermodynamics

Heat Expansion

AL AV

Heat

Q=meAT, I, == [;="*

Fluid Pressure

Dtot = PAuid + Pair = PN + Pair

Ideal Gas Law

pV =NET or pV =nRT

Miot N
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where n =

Gas Density and Particle Density

_mtot_pM _N_p
= — No = —5 = —

V. RT’ vV kT

Barometric Height Formula

Po , Po

Pog p

p= poe—pogh/po7 h =

Relative Moisture

RM _ Pwater

Psaturation

Van der Waal’s Equation

n2
(p + aW) (V —nb) =nRT

Molecule Radius

3b 1/3
r =
(167TNA)

Bernoullis Equation

2 2

v U
p1+p71+pgy1=pz+p72+pgyz

Pressure (Microscopic)

2 Men
—MNn,
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2
b= <U2> = §n0 <Wkin>en

Temperature (Microscopic)

<Wkin>en = ng

Inner Energy (change)

f

AU = §NI<:AT = / RAT

§n



First Theorem

2
Q=AU+W with W:/pdV
1

Isokor
W=0
Isobar
W=p(Va—-W)
Isotherm
W =nRT In <“2)
Adiabat
W =-AU

Molar Heat Capacity

f

C=Mec, Cy=3R Cy=Cy+R

Adiabat(Poissons Equations)

Tlvl(’)’_l) — T2‘/2(7_1)
pl‘/lfy = pQVQ’Y

Quotient

Co _ o _q, 2
Cy cv f

v

Circuit Process

Qnet = Wnet = fpdv

Efficiency
- Whet  Qin — |Qout] _

1— |Q0ut ‘
Qin Qin Qin

Ideal Efficiency

_ Twarm — Teold —1_ Teold

Twarm Twarm

Cold Factor (def. and Ideal)

Qin Tcold
K= 2~ K,=_——-"°=°°
f |Wnet| ’ d Twarm - Tcold

Heat Factor (def. and Ideal)

Qout _ Twarm

Ve = , V=
f |Wnet| ! Twarm - Tcold

Gauss Distribution

_ Men  _menv?/(2kT)
1) =\ e

Maxwell-Boltzmann Distribution

f(v) = 4mv? (sz})?)/z o= menv?/(2KT)
T

Average energy

Menv? Men | o 3
<Wkin> = < B > = B <'U > = ikT

Maxwell-Boltzmann velocities

Vems = \/(02) = 3kT

m

[2KT
Umax =
m

e 8kT
<U>=/ fup-v-dv=1/—
0 m™m
Mean Free Path
[ 1
N nemd?v/2
Heat Conduction
dT Ax
P—k~A~'dx ’R_H
Thermal resistance
Ax
AT =R erm'P. Rermzi
th if Rin A



Heat Transfer
1

P=uoa-A -|AT -
o A|AT], R = —

Stefan-Boltzmann’s law

P=Ac (T*" - Ty),0 =5.67-10*W/m?K*

Preal =€ Pideal

Wien’s law

Amas - T = 2.898 - 103K - m

Planck’s law

Smhf3 1
o = T i

The solar constant

Average value ~ 1380 W/m?

Atomic Physics

Photon energy

hc
Ephoton = T = hf = hw

Photoelectric effect

hf = Wout + K = Wous + ely

DeBroglie wavelength

Square well potential

h2
Ey= (- n?
" <8mL2> "

U, (z) = \/z sin ()

Bohr radius

eoh? n? n?

_ Do =
e Z 0z
ap = 0.529 A

Rydberg’s formula

1 1 1
Z=Rv-72(= - =
=2 (= )
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Ry = —or -
M= gezpse H

m- M

—— Reduced mass

M fry
M

M +m

Ro = 109737.31568 cm ™!

Ry = R -

Energy levels in Hydrogen

k? 4
B —136eV

Ey
E, =—Z*— where Fy =
where 0 oh

n2

Quantized angular momentum z component
L=hm/I(l+1)

Quantized angular momentum

Lz = mlh

Ratio between the proton mass and the elec-
tron mass
my

= 1836.152673

Me

Characteristic X-ray emission

1 3
—— = "Ry - (Z-1)?
PP LG

1 5
—— = Ry - (Z—-74)?
AL, 36R ( 74)

Bremsstrahlung
he

)\min = 77
eU



Reduced mass

_ mimso
#= mi + mo
Moment of inertia
I = pr?

Angular momentum

L= prv=priw=Iw

Quantized angular momentum
|L| = h/I(T+ 1)

Rotational energy diatomic molecule

I(1+1)R?
Eror = %7 I= 1”2
Rotational constant
h2
B =FEy = —
o= o

Vibrational energy diatomic molecule

Em’b = hwo . (V+1/2)

Fermi energy at T=0 K

T 8m A\ 7

h2 3 2/3
FEr = (n) ,where n is the electron density

Fermi temperature

E
=
Fermi speed
2FEp
Up =
Me

Free electrons in conductors

Resestivity
mevav
nee2\

Mean free path
vt 1 1

Nion T2Vt Nion T2 NionA
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Specific heat due to conduction electrons

1, T
= -T2 R —
=57 Ty

- N
ne=f LA ,where f is the number of free electrons per atom
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