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General Formulas
Circumference of a Circle

O=2-mw-r
Area of a Circle

A=x.7r?

Surface Area of a Ball

A=4-7-r?
Volume of a Ball

4
V= 3 3

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=ce



Thermodynamics

Heat Expansion

AL AV
- = aAT, 3 BAT, B =3«
Heat
Q = mcAT, lS:%, la:%
m m

Fluid Pressure

Ptot = Pfluid T Dair = Pgh + Pair

Ideal Gas Law
pV =NKT or pV =nRT

N
where n:%:N—A and R=EkN4

Gas Density and Particle Density

_ Mt _pM N p
v RT” ° VvV kT
Barometric Height Formula
p = poePosh/po = Po , Po
pog P

Relative Moisture
DPwater

Ry =

Psaturation
Van der Waal’s Equation
n2
(p + av2> (V —nb) =nRT

Molecule Radius

3 \V3
7" fr—
167N 4

Bernoullis Equation
2 2

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



Pressure (Microscopic)

2 en 2
P = 3n0 5 (0%) = S0 Wian)e

Temperature (Microscopic)

<Wkin>en = ng

Inner Energy (change)

_ I
2

f

AU NEAT = 5nRAT

First Theorem

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

Isokor
W=0

Isobar

W=p(e—-W)
Isotherm

W =nRTIn (‘/2)
1
Adiabat
W =-AU
Molar Heat Capacity
C = Me, CV:fR, Cp:CV+R

2
Adiabat(Poissons Equations)

Tlvl(’)’—l) — TQ‘/Z(’Y—l)
plvﬁ = p2V27

Quotient



Circuit Process

Qnet = Wnet = fpdv

Efficiency
_ Wnet — Qin - |Q0ut| —1_ |Qout‘
Qin Qin Qin
Ideal Efficiency
_ Twarm - Tcold —1_ Tcold
77 Twarm Twarm
Cold Factor (def. and Ideal)
Qin Tcold
K, = , K= —72
! |Wnet| ! Twarm - Tcold
Heat Factor (def. and Ideal)
Qout Twarm
Vi = , V= o werm
! |Wnet| ! Twarm - Tcold

Gauss Distribution

_ Men  _menv?/(2kT)
1) =\ 5mr®

Maxwell-Boltzmann Distribution

e

Average energy

2
(Wiin) = <me;v > — [en (v?) = §kT

Maxwell-Boltzmann velocities

N ﬁ<v2>: 3kT

m

[2KT
Umax = -
m
8kT

(v)z/ooofMB-v~dv: —

™m



Mean Free Path

1
 nymd2y/2
Heat Conduction
dT Az
P=k-A |— = —
dx B kA
Thermal resistance
Az

AT = Rtherm -P Zf Rtherm = k7A

Heat Transfer

1
P=a-A-|AT|. R=

Stefan-Boltzmann’s law

P=Ac (T"-Ty),0 =5.67-10"*W/m’K*

Preal =& }Dideal

Wien’s law

Amaz - T = 2.8908 - 103K - m

Planck’s law

Smhf3 1
o = T i

The solar constant

Average value ~ 1380 W/m?

Atomic Physics

Photon energy

hc
EPhoton = 7 = hf = hw

Photoelectric effect
hf = WOut + K= WOut + €U0



DeBroglie wavelength

Square well potential

Bohr radius

_aknt
T owpe? 7 0z
ap = 0.529 A

Rydberg’s formula

1 1 1

Z=Rv-7%2 = - =

SLRACEE)
ol

R, = — .
M= geznse

-M
= 7::_‘_ N Reduced mass

M
B =Roo 37

R = 109737.31568 cn ™!

Energy levels in Hydrogen
k2 4
B 1366V

E
FE, = szn—g where Ey = o

Quantized angular momentum z component

L=m/I(l+1)

Quantized angular momentum
Lz = mlh

Ratio between the proton mass and the electron mass

Mp _ 1836.152673
Mme




Characteristic X-ray emission

1 3
—— =ZIR.-(Z-1)
e i ( )
1 5
—— =Ry - (Z-74)?
AL, 36 ( )
Bremsstrahlung
he
>\min = w
Reduced mass
o mimeo
p= mi + mo
Moment of inertia
I=ur

Angular momentum

L= prv=priw = Iw

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

Rotational energy diatomic molecule

{4+ 1))‘12 9
E.,=—""JT=
rot 2]— 9 ur
Rotational constant
h2
B =FEy = —
DY

Vibrational energy diatomic molecule

Em’b = hwo . (I/+ 1/2)
Fermi energy at T=0 K

h2 3 2/3
Fpr=— (n> ,where n is the electron density
8m \



Fermi temperature

E
Tr =3
Fermi speed
2Fp
Up =
Me

Free electrons in conductors

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

M
Resestivity
_ mevav
p nee2\
Mean free path
vt 1 1

)\: = =

20¢ 2
NionTT vt NionTT nionA

Specific heat due to conduction electrons

1, T
Cy = §’IT -R- ﬁ
FAFA41 and 85
General Formulas
Circumference of a Circle
O=2-7-r
Area of a Circle
A=m-r?
Surface Area of a Ball
A=4-7-r°
Volume of a Ball
4
V= 3 7o’



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=e¢?

Physics in Fluids and Gases

Thermal expansion

— =a- AT

AV

— =f(-AT
v =P
=3«

Specific Heat Capacity
Q =m-c- (Tend - Titart)

Melting Heat

Q =m-ly
Steam Generation Heat
Q=m-l
Effect
_dw
Cdt
Density
_m
F=y



Force

Pressure

Water Pressure

DPtot = PG+ h + Pabove

Ideal Gas Law
p-V=n-R-T

n— N _ Mtot
Na M
P=RT T kT
Barometric Height Formula
.g-h
p:po.e_popg h = Po ln@
Po- g p
Relative Air Moisture
RLF — Pwater
Psaturated

Van der Waal’s Equation

n2
<p+a-V2)-(V—n'b)—n-R'T

Critical Point

8-a
Vik=3n-bTk=——"7—
K=o = 9T R b
_a
PE = 57
The Vapor Pressure Curve
M-Iy
p:A.eR-T



Reynold’s Number

Laminar if Re < 2300, Turbulent if Re > 2300.

Volume Flow
p=v-A

Bernoulli’s Equation

2 2
p-/l} p-v
S tP g =t gy

p1+

Poiseuille’s Law
b T o)
8- L

Heat Conduction

dT
P=-X-A. T (general)

T —T
P=XA = 2 (linear)
L
T —-T
P=X-2r-L- =72 (cylindrical)
ln(Rf])
Heat Transfer
P=a-A-AT
k-number (U-number)
k a (051 )\1 )\2 (65)
P=A-k-AT
Heat flow(intensity)
P T —T
I:Z:)\- 1L 2 (linear)
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Heat Radiation
Pigeal :U'A'T4

Preal =€ -Pideal

Pnet:Pout_Rn—eUA ( _11131)

out
0 =567-10"%J/(sm?K*)

Wien’s Displacement Law

Amax - T =2.898 102 m - K

Electromagnetic Fields

Coulomb’s Law

1 Q1- Qo
F )
4-7m-€p- € r2
Electrical Field
T Q
U
E=—
d

Point Charge
1 Q

4-m-€-€ 12

E =

Gauss Law For Electric Fields

@E_%Ez JA = @net

Electrical Potential

Electrical Voltage



Capacitor

Q=C-U
.60 A
C= % (plate capacitor)
1 2
W = 3 C-U” (energy storage)
Current
Q dgq
I = — = —
o )=
Ohm’s Law
U=R-I
Resistance in material
L

Ry = Ro(1+ (T —Tp))

Voltage Sharing and Current Sharing
- R+ Ry

R+ Ry

U, E

I Iy

Faraday’s Induction Law

Coil

13



Effect

2
P:U-I:R-P:U—

p=
t

Magnetic Flux

d=DB-A-cosb
Where 0 is the angle between the normal of X and B

Charge in Magnetic Fields

F=q(7 x B)
For a straight conductor:
F=1(T x B)

Magnetic Fields Created by Live Conductors
Long straight conductor:

v 1
ool

2-m-r
Coil:
g Moo N-1
l
Toroid:

MONTNI
B="—"———
2-m-R

Alternating Voltage, Alternating Current

u(t) = 4 - sin(w - t)
i(t) =1 -sin(w-t+ @)

w=2-7w-f f

1
T
a i
_ [ =fug = —
V2 T2

P=U-TI-cos(p)

Where ¢ is the angle phase angle between voltage and current

U=ueg =

14



Addition of Sinus Waves

N
ZAi-sin(w-t—i—ai):A~sin(w-t+a)

i=1

Where A = /X2 +Y? and tana = ¥, where X and Y is given by:

N N
X:ZAi-cosai, Y:ZAlwsinai

i=1 i=1

RC-Circuit
Capacitor Discharge:

Capacitor charging

Time Constant:

T=R-C
Impedance
Kapacitive:
1
Z = X = —
c C= T
Inductive:

ZL:XLZO.)'L

U
=7

Ziotseries = \/R2 + (UJL - 1/WC)2

tan = wL —1/wC
=

Average Effect:
Pegg = Uer - Lot - Cos @

Resonance: )

wo =

[\)
3
| s
ﬂcs
Q

fo=

15



Transformer

Impedance Transform:

Tables

Ui NI

Uy N I

@:&(
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The Basic Units of the SI System

Physical Quantity SI Unit  Abbreviation
Length 1 meter 1m
Mass 1 kilogram 1 kg
Time 1 second ls
Electric Current 1 ampere 1A
Temperature 1 kelvin 1K
Brightness 1 candela 1lcd
Ammount of Substance 1 mole 1 mol

Derived SI base units

Quantity Unit SI base unit
Acceleration, a 1 m/s? Im-s2
Work, A 1J=1Nm 1kg -m?.s72
Density, p 1 kg/m3 lkg-m™3
Effect, P 1W=11J/s 1kg-m?.s73
Charge, Q 1C 1A-s
Voltage, U 1V=1J/C | 1kg-m?-s73.- A"
Electric field, E | IN/C=V/m | 1kg-m-s3-A""
Frequency, f 1 Hz 157!
Inductance, L 1H l1kg-m?-s72.A7?
Capacitance, C' 1F 1kg ! m2.g%. A?
Force, F 1N lkg-m-s2
Magnetic field, B 1T lkg-s72-A7!
Resistance, R 1Q lkg-m?-s3. A2

Pressure, p 1Pa =1 N/m? lkg-m™'.s2

17



SI-prefix

SI-prefix | Symbol | Decimal
Yotta Y le24
Zetta 7Z le21

Exa E lel8
Peta P lelb
Tera T lel2
Giga G 1e9
Mega M le6
Kilo k le3
Hecto h le2
Deca da lel
Deci d le—1
Centi ¢ le—2
Milli m le—3
Micro n le—6
Nano n le—9
Pico p le — 12
Femto f le — 15
Atto a le — 18
Zepto z le — 21
Yocto y le — 24

18




Constants

Name Variable Value Unit
Speed of light in a vacuum c 299 792 458 m/s
Planck’s constant h 6.62607015 - 10~34 Js
Planck’s constant h 4.13566787-1071° eVs
Planck’s constant h 1.054573 - 10734 Js
Planck’s constant h 0.658212-1071° eVs
The Elemental Charge e 1.602176634 - 10~ 19 C
Bohr Radius ag 0.529177-10~10 m
Electron Mass Me 0.910938 - 10730 kg
Electron Mass Me 0.510999 MeV /c?
Proton Mass m, 1.6726219 - 10727 kg
Proton Mass my 938.2723 MeV /c?
Proton Mass my 1836.152 70 Me
Neutron Mass My 1.674929 - 10~27 kg
Neutron Mass My 939.5656 MeV /c?
Neutron Mass My, 1838.683 62 Me
Boltzmanns Constant k 1.380649 - 10-23 J/K
Boltzmanns Constant k 0.861739 104 eV/K
Avogadros Constant Ny 6.02214 076 - 102 mol *
Rydbergs Constant R, %
Rydbergs Constant R, 13.6057 eV
Rydbergs Constant R, 109 737.32 cm ™!
The General Gas Constant R 8.3145 J/(mol - K)
The Fine Structure Constant o #th = m
Dielectric Constant for Vacuum €0 0.885419- 101! As/Vm
Permeability of Vacuum 140 1.256 637 - 1076 Vs/Am
Permeability of Vacuum 140 471077 Vs/Am
The Bohr Magnetone 73] % =9.27402-10724 Am?
The Acceleration of Gravity g 9.80665m/ s2
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Pressure for Satturated Steam (boiling pressure) at Different Tem-
peratures

Water Mercury
t/°C | Vapor Pressure/Pa | Vapor Pressure/Pa
—30 38.1 637.0-1076
—20 103 2.41-1073
—15 165 4521073
~10 260 8.08-1073

-5 401 14.3-1073
0 610 24.7-1073
5 872 40.7-1073
10 1.23-103 65.0-1073
15 1.70- 103 0.103
20 2.34-10° 0.160
25 3.17-10° 0.246
30 4.24 - 103 0.370
35 5.64 - 10° 0.553
40 7.37-10° 0.810
50 12.3-10° 1.69
60 19.9- 103 3.37
70 31.2-10° 6.43
80 47.3-103 11.9
90 70.1-103 21.1
100 101.3 - 103 36.4
110 143.2 - 103 61.0
120 198.4 - 10° 99.4
130 270.0 - 103 158.1
150 476.0 - 10° 374.0 - 10°
200 1.55 - 106 2.30 - 10°
250 3.97-10° 9.92 103
300 8.59 - 10° 32.9-10°
350 16.5 - 10° 89.7 - 10°
374 22.1-106 20 137.0 - 103
400 — 210.0 - 103




Length Expansion Coefficient

Substance a/(1070K™1) Substance a/(1076K™1)
Aluminum 23 Glass (typical value) 6.0
Silver 19 Tungsten 4.3
Brass 19 Marble(typical value) 2.5
Copper 17 Invar 2.0
Iron 12 Graphite 2.0
Steel 11 Diamond 1.2
Platinum 9.0 Quartz 0.4
Resistivity for Common Conductive Materials
Substance p/(107%Qm) | Substance  p/(107%Qm)
Silver 1.59 Iron 10.0
Copper 1.68 Platinum 10.6
Gold 2.44 Constantan 49.0
Aluminum 2.82 Stainless Steel 69.0
Tungsten 5.60 Nichrome 120

Volume Expansion Coefficient

Substance 3/(107°K™1)

Substance 3/(107°K™1)

Acetone 1490
Gasoline 950
Ethanol 750

Glycerine

Water

Mercury

500
210
180
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Density

Solid Substance p/(10%kg/m”) | Fluid  p/(103kg/m?)
Aluminum 2.70 Acetone 0.79
Lead 11.3 Blood 1.06
Gold 19.3 Ethanol 0.79
Iron 7.87 Ether 0.72
Copper 8.93 Glycol 1.12
Platinum 21.5 Mercury 13.6
Silver 10.5 Water 1.00
Tungsten 19.3 Vinegar 1.12

Specific Heat Capacity

Solid Substance  ¢/(kJ kgT'K™!) |  Fluid  ¢/(kJ kg 'K™1)

Aluminum 0.90 Water 4.19

Marble 0.88 Sea Water 3.90

Porslin 0.84 Ether 3.72

Glas (typical value) 0.83 Methanol 2.55

Iron 0.44 Ethanol 2.49

Copper 0.39 Glycol 2.39

Brass 0.38 Vinegar 2.06

Silver 0.24 Olive Oil 1.97

Tungsten 0.14 Mercury 0.14

Viscosity
Fluid  7/(1073Pa-s) Cas n/(10-%Pa - s)

Glycerine 1480 Oxygen 20.2
Engine Oil 1000 Helium 19.4
Mercury 1.55 Air 18.4
Ethanol 1.20 Nitrogen Gas 17.6
Water 1.00 Carbon Dioxide 14.8
Acetone 0.32 Hydrogen Gas 8.7
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Specific Melting Heat and Steam Generating Heat, Meting Point and

Boiling Point

Substance | Is/(kJ/kg) Melting Point/°C I5/(kJ/kg) Boiling Point/°C
Helium 21 —269
Nitrogen Gas 26 —210 200 —196
Oxygen Gas 14 —218 210 —183
Methane 17 —182 130 —161
Ethanol 105 —114 841 78
Ether 113 —116 377 35
Mercury 12 -39 293 357
Water 333 0 2260 100
Sodium 113 98 4200 892
Lead 23 328 860 1744
Aluminum 398 660 10500 2467
Platinum 101 1769 2370 3827

Constants in Van der Waal’s Equation and Molecule Radii

Gas Chemical Name a/(10~2Pam®mol™2) b/(10~°m*mol ') /(107 m)
Ammonia NHj 42.1 3.71 1.54
Argon Ar 13.6 3.22 1.47
Helium He 0.345 2.37 1.33
Carbon Dioxide COy 36.3 4.27 1.62
Carbon Monoxide CO 15.0 3.99 1.58
Krypton Kr 23.4 3.98 1.58
Mercury Hg 81.7 1.70 1.19
Nitrogen Gas Ny 14.0 3.94 1.57
Oxygen Gas O 13.7 3.18 1.47
Water Vapor H,O 55.2 3.05 1.45
Hydrogen Gas H, 2.47 2.66 1.38
Xenon Xe 42.4 5.11 1.72
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Triple Point

Substance Name Tt/K pr/kPa

Ammonia NH; 1954 6.07
Carbon Dioxide | CO;  216.55 517
Nitrogen Gas N, 63.18 12.5

Neon Ne 24.56 432
Oxygen Gas (0D 54.36 0.152
Water HO 273.16 0.610

Hydrogen Gas H, 13.80 7.04
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Periodic Table

Prefix

Prefix
SI-prefix

SI-prefix | Symbol | Decimal
Yotta Y le24
Zetta y/ le21

Exa E lel8
Peta P lelbd
Tera T lel2
Giga G 1e9
Mega M le6
Kilo k led
Hecto h le2
Deca da lel
Deci d le—1
Centi c le—2
Milli m le—3
Micro n le—6
Nano n le—9
Pico p le — 12
Femto f le —15
Atto a le — 18
Zepto Z le — 21
Yocto y le — 24
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Constants

Constants
Name Variable Value Unit
Speed of light in a vacuum c 299792 458 m/s
Planck’s constant h 6.626 07015 - 10734 Js
Planck’s constant h 4.13566787-1071° eVs
Planck’s constant h 1.054573 - 1034 Js
Planck’s constant h 0.658212-10~1° eVs
The Elemental Charge e 1.602176 634 - 10~ 1° C
Bohr Radius ag 5.291 77210903 - 10~ m
Electron Mass Me 9.109383 7015 - 10731 kg
Electron Mass Me 0.510998 954 MeV /c?
Proton Mass my, 1.67262192369 - 1027 kg
Proton Mass my, 938.272 096 MeV/c?
Proton Mass my 1836.152673 43 Me
Neutron Mass My 1.674 92749804 - 10~27 kg
Neutron Mass M, 939.565 428 MeV /c?
Neutron Mass My, 1838.683 661 73 Me
Boltzmanns Constant k 1.380649 - 1023 J/K
Boltzmanns Constant k 8.6173336333 - 10~° eV/K
Avogadros Constant Ny 6.022 14076 - 1023 mol *
Rydbergs Constant R, 5 ::ag
Rydbergs Constant R, 13.6057 eV
Rydbergs Constant R, 109737.32 cm™!
The General Gas Constant R 8.314462618 J/(mol - K)
The Fine Structure Constant o #zhc = Tlogﬁ
Dielectric Constant for Vacuum €0 0.885419 - 1011 As/Vm
Permeability of Vacuum 1o 1.256 63706212 - 10~° Vs/Am
Permeability of Vacuum 140 47 - 1077 Vs/Am
The Bohr Magneton B % =9.2740100783 - 10~24 Am?
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FAFA45

Basic mechanics and electronics

Momentary Speed
S ds

Umedel = 27 Umomentant = E

Momentary Acceleration
v v2— V02
t 2s

dv d%x
Gmomentan — a = 12

Momentum
p=m-v
Force
dp m-dv
F = — = = .
dt a R
‘Work

S2
W:/ F . ds

S1

Kinetic energy

Wikin] =
Potential energy

B
Wpot = _/ F.ds=Wpt(B) - Wpot(A)

A
Effect
Preger = —
cdel ;
dWw
Pmomen an — ~ 5,
k dt
Coulumbs law
_ 1l a1-g
dmey 12
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Electric flow

o =E-dA

Force on charge in electric field

F=q E

Force on charge in electric field

F=q-v-B
Where v is perpendicular to B.
Electric potential energy
W=¢q-E-d
Voltage
w
U=—
q
Energy in condensator
W = L Q-U
2
Instantaneous current
Q . dq
Iredel = Tt = 7
del =T
Ohms law
U=R-1
Resistivity
L
R=p—
PA

Temperature dependence
Ry = Ro[l + o(T — Tp)]

Where Ry is the resistance at temperature Ty

Battery
U=F—-R;-1
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Electric average power

w
Pmedel:7:U'I

Series circuit

Uror =U; +Us + ...

Resistance in series circuit

Rror =R1+ Ry + ...

Parallel circuit

ITOT = Il + 12 + ...

Resistance in Parallel circuit

L1,
Rror Ri Ry

Kirchhoffs law 1
LH+L+1I3+..=0

Kirchhoffs law 2
U —RiI—RyI—-U;=0

Charge of condensator

R=C-U
Plate capacitor
€ 6()A
o - &l
d
Energy in Capacitor
Q-U
W=-=-"—
2
Capacitance is series circuit
1 1 1
-+ +..

Cror C1 @ Cy
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Capacitance is Parallel circuit

Cror =C1+Cy + ...

Magnetic flow
$,,=B-dA

Magnetic field around a long straight conductor

B:HO'I
27

Magnetic field in long straight coil

g HrtoN -1
l
Induced Voltage
d®,,
Uind = ————
¢ dt
Self induction in coil
di
ing = —L - —
tind dt
Energy in coil
L.-I?
w =
2
Angular frequency
2
=97 . f ="
w w-f T

Instantaneous value, alternating voltage

u=1-sin(wt+ )

Effective value

Sl=

Impedance of Coil

ZL:LU-L
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Capacitor impedance

Zo=—

Total impedance

Z =21 — Zc|> + R?

P
i
Resonance
Frow = 1
" oanV/LO
Thermodynamics
Heat expansion
% = aAT
AV
— = BAT
v B
8 =3«
Heat
Q = mcAT
=
m
@
T m

Fluid preassure

Ptot = Pfluid T Pair = Pgh + Pair

Ideal gas law
pV = NET
pV =nRT

Gas density and particle density

_ Mot _ Zﬂ
\%4 RT’
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Barometric height formula

h= 20, 2O

Pog p

- h
p = poe P9 L/I)O,

Relative humidity

RM — Dwater

Psaturation

van der Waals’ equation

n2
(p + av2> (V —nb) =nRT

Critical point

8a a

Vie=3nb, T = 3opp PE= o7

Periodic Table

Unit Conversion
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