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UNITS AND CONSTANTS

e SI units: meters (m), kilograms (kg), seconds (s}, coulombs (C)
e = 1.6 x 1071 C, clectron charge = —e
o Energy unit is joule (J)
Often use electron-volt
1eV=16x10"177]
o Temperature unit is kelvin (K)

Often use equivalent voltage of the temperature:

kT, (kelvins)

€

T, (volts) =

where k = Boltzmann’s constant = 1.38 x 10-2 J/K

1V <= 11,600 K

e Pressure unit is pascals (Pa); 1 Pa = 1 N/m?
Atmospheric pressure ~ 10° Pa = 1 bar
Often use English units for gas pressures

Atmospheric pressure = 760 Torr

1 Pa <= 7.5 mTorr

VY| otk La B el 58




Quantity

electron mass

proton mass

elementary charge

speed of light in vacuum
permeability of vacuum
permittivity of vacuum
gravitational constant
Planck constant
Boltzmann constant

dgale” il S

i i
Fundamental Physical Constants
Relative
Uncertainty
Symbol Best Value® (x10-6)
e 9.1093897 x 1073 kg 0.59
my 1.6726231 x 10~%" kg 0.59
e 1.60217733 x 10-1? C 0.30
c 299792458 m/s exact”
o 4x x 1077 H/m exact
€0 1/poc® F/m exact
G 6.67259 x 10~ N.m3?/kg? 128
h 6.6260755 x 10~ J .8 0.60
kg 1.380658 x10-2 J/K 85

SI Units And Their Abbreviations, Interrelationships

Quantity
length

mass

time

electric current
temperature

amount of substance
atomic unijt of energy
atomic unit of mass
frequency

force

pressure, stress
energy, work

power

electric charge
electric potential
capacitance

electrical resistance
magnetic flux
magnetic flux density®
inductance

Name

meter
kilogram
secand
ampere
kelvin

mole
electron volt
amu

hertz
newton

pascal
joule
watt
coulomb
volt

farad
ohm
weber
tesla

henry

Symbol

mﬁgbﬂj<05u;pz$:%g-x>m§5

€ its

102 cm = 100 A
107 E

C/s
~1/116044 eV

~1.60217733 x 10719 ]
~ 1.6605402 x 10-27 kg
s~! (cycles per second)
m-kg-s2

N/m? = m~' kg -5~2
N-m=m? kg 82

J/s =m? kg-s73

8-A

W/A = m? kg.s73- A1
C/V=m"2kg-1.54 A2
V/A =m? kg.s73 A2
V.s=m2kg-s72A"!
Wb/m? = kg-s~2. A~
Wb/A = m?-kg-5-2. A2

iy LBl ¢l
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Other Physical Constants

Quantity

Avogadro constant
Molar gas constant

Air (20°C and 1 atmosphere)

density

sound speed
atmospheric pressure
molecular weight
viscous diffusivity

Water

density
sound speed

viscous diffusivity

Earth

mass

mean radius
gravitational acceleration
magnetic dipole moment

Symbol

Na
R

Value

6.022 x 102 #/mol
8.31 J-mol-1K-!

2.49 x 10?® molecules/m?
343 m/s

760 Torr = 1.01 x 10% Pa
28.9 g/mol

1.5 x 105 m?/s

3.33 x 10?2 molecules/m?
1460 m/s
1078 m?/s

5.98 x 10 kg
6.37 x 10° m
9.81 m/s?

8.0x 102 A.m?

Particle Massges

Particle Atomic  Best Atomic
or Atom Symbol Number Z Mass® Value
electron M, 0.000548 579 903
muon my 0.113428913
proton my 1 1.007276 470
neutron m, 1.008 664 904
deuteron mp 1 2.013553214
triton my 1 3.016050
helium M. 2 4.002603
carbon mg 6 12.01115
nitrogen my 7 14.606 7
oxygen mo 8 15.9994
argon MA, 18 39.948

iron mg, 26 55.845
molybdenum m, 42 95.94
tungsten mw 74 183.84

V%o

Energy Units
(mc?/e, MeV)

0.511
105.658
938.272
939.566

1875.613
2809.853
3728.402
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Frequencies
electron gyrofrequency fea = wee /2% = 2.80 x 10° B Hz
wea = B /mec = 1.76 x 107 Brad/mec
ion gyrofrequency fei = wei/2x = 1.52 x 103Zu—BHz

wei = ZeB/mic =9.58 x 103Zu 2 B rad /sec
electron plasma frequency fpe = wpe/2x = B.9B x 10°n.'/2 He
wpe = (dxnge? fm )22
= 5.64 x 10n, /2 rad /sec
ion plasma frequency fpi = wpi/2x
=210 x102Zu" 30,1/,
wpi = (4m,z°e’/m¢)‘/’
=1.32 % 103Zu7 27,1/ 3%ad /sec

electron trapping rate Ve = (c.KE/m.)V’
=726 x 108K1/2 £/ goc ™!
ion trapping rate vri = (ZeKE/[m;)'/?
—=1.69 x 107 ZY/2KV/3E1/2) —1/2 go 1
electron collision rate ve = 2.91 x 10~%n, In AT, ~3/2 sec—?
ion collision rate v; = 4.80 x 10-32%:~1/ 3, In AT; ~3/2 pec ™
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Lengths
electron deBroglie length

classaical distance of
minimum approach

olectron gyroradius
ion gyroradius

clectron inertial length
ion inertial length
Debye length

Velocitles
electron thermal velocity
ion thermal velocity

ion sound velocity

Alfvén velocity

X =K/(m.kTe)V? =276 x 10737, "% cm
CQ/kT = 1.44 x lo_.’T'—lcm

re = Vre/wee = 2.38T. /2B ' cm
re=vrifwe
= 1.02 x 10?22z V/2g-tem
c/wpe = 5.31 x 1050, /2 cm
efwpi =2.28x 107Z 1 (u/ny) /2 em
Ap = (kT/4xne?)!/? = 7.43 x 107T/2n"1/2 em

e g

vre = (kTs /m.)'/?
=4.19 x 10"7T.'/2 cin f8ec
vri = (kTi/m¢)'/?
= 9.79 x 108 —1/3T,1/2 e /nec
C, = (vZkTe /mi)'/32
= 9.79 X 105(yZT./u)!’/? cm /sec
va = B/(4xnimi)'V/2
= 2.18 x 10";4"‘/21;.--1/23 cm/sec

dad 99 chidie
Dimensionless
number of electrons .
in Debye cube nAd, =~ 41 x 10M [Te(eV)]?/ /m
. _ Ap
Coulomb logarithm InA = In (m)

plasma to
magnetic pressure

Lundquist number

Yy

L =2, /(12703 ) =~ 6 x 10-°Z,/T.(eV) m
bAT, = h/(dnmev) =~ 1.1 x 10719/{T(eV)|'/2 m
s = P _ n¢T._+ m T
T B/ 24 B1/2u0
~ 4.0 025 Lo [ . == £ ]
x 1 ( ) Tu(eV) + > Ti(eV)

B?
s = a?/(n/po)
- L"/CA
= 16100 LEELVER (17 )
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