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ns andvalues used in relation to electromagns

are described as follows:

radiation

Radiation ype Ocaurs inthe event |15 generatedby Isabsortedty
Wavelength . ofenergychangesin (examples)
Cosmicrays
00002...0,02pm Nucleons Figh-enerey Around 10 cmofead
(nuclarbuiding | nuclearreactions
blocks)
Gammarys,
05..27pm tomic nuclei Atomic uclear eactons and | Around 1 cm of fead
rdioactve decay
Xradation
Hard 57...80pm Intemalclecion | Highvacuumand gas- | Araund 3...006cm
©057...03%) shell discharge tubes athigh | of aluminium
Soft0.08.. 20m TS Aound 4001 pm
08208 ofluminium, bone, gass
Ultesoft2...37,5 m Lessthan  pm
(20...3754) o aluminium, air
Ughtrys
Ultviolet Ghortwave) | Extermal clctron | Spark, arc glow discharge | Ar
0016..018 pm shells invecuum, quartz lamp etc.
Utiravidet (ong-wave) Quartz 0 <0,15 )
018..036um Glass 0 <031 pm)
Violet [036..042pm Sun, lowing substances ec. | Opaque substances
Blue 049pm
Green 053pm
Yellow 065 pm
Red 0814m
Infared heatays) Heated bodies) Class
081...4004m

Continustion oftable, see Page 123.

9 The following appies to “black body” radiaton:

avergewavelength A

Bample:at+20°C (- 293 0 =559 u,
i.6.at+20 °C the macimum heat adiaton ntensty i ath= 3,89 .
Source: i, HandbuchfrTechikerund Ingenicur.

893 (sbsolute temperature in K.
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Continuation of table, Electromagnetic adiation, from Page 122.

Radiation type Is generated by Is absorbed by
Wavelength A of energy changes in (examples)
Herzanwares
o0130em Aomsormaecles | Spoktonsmites, | Weals
vlciy modulte tubes
Sradasingvaves
Ut [0310m | Resonrtcicats | Tanistorsenders [ Wetls
Short it apactance 20 | propagation ofthese waves is o longer ry ke and

Medum | 100...600m

Long 600...3000m

Telegraphic | 3...30kn

this iswhy ther are no “wave shadows” invalleys and

behind mountains;
waves ae diffacted on the

and deflected back o Eath;
 the space wave steps

with ncreasing wavelength,
behind the gound wave

Temperature polnts ~ General, important temperature points are:

Heaviside layerfonosphere)

Tiple point of water 001
Boling point fwater +10000°C
Boilng point of cxygen —18257°C
Boiling point of itrogen ~196,00°C
Boiling point of ir 1910
Bolling point of slphur 446
Freczing point of siber 9608
Freezingpoint of gold 10630°C
Thermal expanslon  Almost all solids expand when their temperature s ncreased and
of sollds and gases  shiink when the temperature decreases. Water does not ollow thisrule.

Itexhibits ts greatest density at +4 °Cand expands rrespective ofwhether
itrises above o falls below this temperature.

Homogeneous solids expand uniformlyin ll di

ctions

(volume expansion). In many cases, we are only interested in expansion

expar

a specific direction (superfi
n orvolume change

orlinear expar

change, stresses occur within the solid.

. Ifasolid's linear

ipeded inthe event of atemperature
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Physics

I the case of olids,the linear thermal expansion coefficient
(coefficient of lnear expansior) i the elative change n length
per degree oftemperature increase.

Thus, the change inlength Al of a solid i described in terms of:

Al=lg-a-AT

AT= temperature increase

Atemperature increase AT produces the following in the solid:

inthe case of unimpeded expansion

oar =E-exr=E-aAT  inthecase ofimpeded expansion

The following diagram shows the influence of temperature
‘onthe coefficient oflinear expansion a.
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T following table lists a number of exemplaryvalues for oefficients
of linear themal expansion aat +20 °C.

Waterial o Mol o Waterial
106K 106K

Castiron | 9..10 Copper _|16..17__Themoplastics

Unaloyed 2 Auminiom Bickwork

seel

CMosteel | 12..13 Magnesiom [255  Rubble 3

Giisteel | 16..17 Themosels [10..80 Glass .10

of asolid, liguid or gaseous body s therelative volume change per degree
of temperature increase.

Thus, the change involume AV is described in terms of:

AV = Vo -BoAT &V = volume change
Vo = iniialvolume
B = coefficient of thermal volume
expansion
AT = temperature increase

In the case of homogeneous, sold b
B=3a

In the case of gases, the coefficient o cubical expansion isthe same
value for all gases and temperatures at constant pressure and relative
tothevolume Vy at0°C

1A 11

=Y T " mask

Superficil thermal expansion can be described by the thermal volume
‘expansion coefficient:

44 = surface change
Ag = iniial surface

B = coeffcient ofthemalvolume
expansion
AT = temperature increase

M:AngﬁAT
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Physics.
Definitions, values and constants
Atomic bullding - A number of important atomic building blocks of matter are described

blocks _as follows:
Name Explanation
‘Atom ‘Smales,chemically unfform patict ofan element, consisting of anucleus and

an electron shell; orde of magnituce ofthe iameter 10710

theatomic nuce re smaller by a factor of 10° 0 10%

theprincipal mass of th atom s lcated in th nucleus

(Gensity approximately 10 glem);

alchemical processes (aswellas many elecrical, magnetc and opica processes)
takeplace intheatomic shel;

atoms consstofelementay paries, arund 300 ae nown

Elementary parices | Elementary pariclesarethe smallest known building blocksof mafer.
The partices included inthe sandard model ofpartile physicsare:
6 quarks, 6 leptons, the gauge bosons (mediaors)and th Higgs boson

Lignt Neutrno

quantum  Antineutino
Ectron
Positon

Kaon
Praton Lambda parices
Antiproton~ Sigma prticles
Neutron

Antineutron

Photons. ‘Quantaof the electromagnetic radiaton field

Light quantum

Leptons Partices extraneousto the nucleuswith  hlf-inegral spin 1= 1/2)

Neutrno Mass, heoretical= 0 (<0,2 kel
Charge=0
Haltlfe==

‘Smalestelementary particlewith negative charge:
Elctron Charge=—2

Restmass =9,1093826- 10 kg,
Haltlfe==

‘Smalest clementary particlewith positiv charge
Positon Charge=se
Mass=9,1093826-107 kg

Coninuation oftable, see Page 117.
‘Sources Tile, Paul Allen, Physik i Wissenschaftler und Ingenieure, Heidelberg Springer Spekium,
7. Aufiage 2015.
Tipler, PaulAllen Modeme Physik, Manchen, Odenbourg, 2. Auflage 2010.
Demtrscer, W, Experimentalphysik 4 - ke, Teilchen- und Astrophysik, Berln, Spinger, 3. Auflage 2010.
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Continuation of table, Atomi

ing blocks, fom Page 116.

Explanation

Totality of nuclearactive partices

HHA

Nuckeans

Nuckearactve partces with a halFntegral spin (= 1/2,3/2,..)

Collctveterm for protons and neutrons, which ae constanty transiorming
into one anothern the atomic nucleus;
atthesame time, the = meson field producesthe charge transfer

Positvlycharged nuclear buiding block

Neutron

Uncharged nuclar building block
Charge=0
Restmass =167492728-107 kg

Hyperons

Unstabl, superheavy elementary paricles
Charge=*eor0

Mass= 220010 3300 elecron masses
HalFlfevalues around 105

Pion kaon

Nuckearactve partces with Integral spin (1=
xample: - and K-mesons

Unstabl, elementary patces, which ar fther positively ornegatively charged,
orelectically neutral;

Restmasses:

%

7 m=273,2 electron masses

Molecule

‘Smalles, chemical uniform partice of a compound
composed o atoms;
held together by a chemical bond

‘Source: Tiper, Paul Allen, Physik fur Wissenschafler und Ingenieure, Heidelberg Springer Spektrum,

7.Aufage 2015.

Tile, Paul Allen, Modeme Physi, Manchen, Oldenbourg, 2. Auflage 2010.
Demiroder, W, Experimentalphysk 4 - Ker-, Teichen- und Astophysik,Berin, Springr, 3. Aufiage 2010.
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Atomlcand The following table liss the atomic numbers, mass numbers, nuclear
‘mass numbers, _radii and atomic radi, completewith corresponding ratios, for  number
nuclearand atomlc  of selected elements.

adl Element | Atomic | Mass Nuclear | Atomic Radii-
= = [
Bt = | B
(s |y |t

R A N P [
S IS T
R S I TS P
P P PO C
S I P R 5
S T Y 35
R I N S P
S S S LS PN
<3 55 133 62 26 41935
R R - R (P T

Soutce: Tile, Paul Allen, Physik ur Wisenschafilerund Ingerieure,
Heidelberg Springer Spekirum, 7. Aufiage 2015.
Tiper, Paul llen, Moderme Physik, Manchen, Odenbourg, 2 Auflage 2010,
Dentioder, W, Bxperimentalphysik 4 Kern, Teilchen- und Astophysik,
Berin, Springer, 3. Auflage 2010.

Values used  The followingtable showsa selection ofvalues used n nuclear physics and
Innuclear physicsand ~other ields.

other flelds

N nit Definiion

Mtomic mass | u=1,66053886- 107 kg The relative mass of the nuclide 2C

i the unit

Partcle number M= molar mass.

HalFlfe s,min,d,a Time required fo half of the original

decay constant) | quantityof atoms to decay

Atomic energy | Electronvolt u The enerey gained by an electron
16V=1,60217653-10) ontraveling through  potential
1MeV=10°eV of1Vis the unit

Continuation oftable, see Page 119.
‘Soutces Tile, Paul Allen, Physik i Wissenschaftler und Ingenieure, Heidelberg Springer Spekium,

7. Aufiage 2015.

Tipler, PaulAllen Modeme Physik, Manchen, Odenbourg, 2. Auflage 2010.

Demtrscer, W, Experimentalphysik 4 - ke, Teilchen- und Astrophysik, Berln, Spinger, 3. Auflage 2010.
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Continuation of table, Values used in nuclear physics and other felds,

from Page 118.
Name Uit Relatonshp/ Defiiton
formula symbols
Elecronmass | 1MeV=1762661-10%kg | From the equivalence o energy and
Pz mass (according o Einsein)

Absorbed dose | Gray?) Energy absorbed per unit mass
16y=1/ke of inadiated material;
1rem = 10°2 Gy (obsolete)
Activity Becquerel A Ameasure ofthe intensity
ofaradicactive |1Ba=1/s of radioactive radiation;
substance 10i(Curig)=3,7-108q
Dose equivalent | Sievert!) H=Dwy ‘Ameasure of the reltive biological
15v=1]fkg effectiveness of the radiation effect;
the energy absorbed in the human
body as a esult of exposure to
a specific type of radiation;
radiation weighting factorwg=1
frradiation up to 20, a-radiation,
hard neutron radiation)
Energy dose rate | W/kg. D -
Ton dose e J=Qm Charge/mass;
1R Roentgen) = 258- 10" ke
(obsolete)
londoserate | Alke Curtent/mass or

charge/(mass-time)

Eective m @ Ameasureoftheyield of nuclear
crosssection reactions;
imaginaty cross-secton through
the nadiated atoms
‘Amaunt Mole n=NNg=m/M | Amountofsubstance
of substance: = patticle number/Avogado's
constant

‘Sources Tiper, Paul llen, Physik fur Wissenschafler und Ingenieure, Heidelberg Springer Spektrum,
7.Aufage 2015.
Tile, Paul Allen, Modeme Pysik, Manchen, Oldenbourg, 2. Auflage 2010
Demiroder, W, Experimentalphysk 4 - Ker-, Teichen- und Astophysik,Berin, Springr, 3. Aufiage 2010.

9 The nitsGray (G) and Severt () are both equivalnt tothe it kg.
Gyis used o expressthe pure (physical) absorbed dose of radiation. S isused fa factorhas been ncluded
o take account of the biologicalefectiveness f the absorbed dose.
Uil 1985, the it rem was used to messure dose equivalent; oday, the it Sv s used.
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Physlcal constants A selection o

portant physical constants s described below.

Name Value ‘Explanation

Gravitational constant (6= 6,67428-10"*" m?/(kg -57)| Force in N which afracts 2 bodies weighing
1 kg each and set 1 m apart

Standard gravitational 80665 m/s? ‘Standard value defined by the 3rd General

acceleration Conference on Measures and Weights in 1901

Molar gas constant R =8314472)/(mal - K) ‘The work that must be done to heat 1 mol

of an deal gas b 1 Kunder constantpressure;
same valuefor all sufficient ideal gases

Standard molarvolume | Vo

2613996 107 mjmol | Volume occupied by 1 mol of an ideal gas

under standardcondions

Avogad's constant | Wy = 60221415105 mol-1 | Number ofatoms or molculesin 1 mol
ofa substance

Loschmidtsconstant | N, = 2,6868- 105 Namber ofatoms or molecules in 1 w2
of gas understandard conditons.
©°Cand 101325 Pa)

Boltzmann'scomstant. |k =Ry Average energy ncrease of a moleule or

380650510 )/K | atomwhen heated by 1K

Faraday's constant ol e The charge quantity tansportedby 1 mol
164853383104 C/mal_| ofsingly chargedions

Elementarychage e =il The smallest possibe charge
£0217653.10%°C | charg ofaneecton)

Pemitii o feespace 1 Propotonaly acorbetween the charge

(electric constant) O TE ‘density and the electicield strength
8542.102Fm

Pemeabilty of fee space 256610 H/m Proportonal facorbetween the nduction

(magnetic constan) =107 Him andithe magnetic ieldstrength

Speedoflight @ =29979-10%mis Propagaion ot of lctiomagneticwaves

Planck's constant h =6626-10%].5 ‘Combines the energy and frequency ofalght

(acton quantum) quantum s 3 proportionliy factor

Characteristcimpedance |2, = 37673000 Propagaion resistance for electromagoetc

ofavacuum waves i avacuum

(impedance of e space)

Stefan-Boltzmann's o =5,67040-10*W/ (m? K | Combines the radiation energy and

constant temperature o a raditing body

Continuation oftable, see Page 121.
‘Sources Tile, Paul Allen, Physik i Wissenschaftler und Ingenieure, Heidelberg Springer Spekium,
7. Aufiage 2015.
Tipler, PaulAllen, Modeme Physik, Manchen, Odenbourg, 2. Auflage 2010.
Demtrcer, W, Experimentalphysik 4 - ke, Teilchen- und Astrophysik, Berln, Spinger, 3. Auflage 2010.
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Continuation of table, Physical constants, from Page 120.

Name Value Bplanation

Planddsradiation | ¢, =3,74177138-10-"“W- m | Contants ofPlanck’sadatin law i the orginal

constants G -14387752.107m.K | wavelengthdependentormulation

Wien'sconstant|[K =28978-107m K Combines the wavelengthof he radiaton
maximumwith theabsolue temperature
ofaadiating by

Rydverg'sconstant R, =1,05737 -10"m Fundsmental, nuclar hysica constantoccuring
instandard fornulae forspectallines

Restmass m, =5,1093826-107'kg | Mass ofasttionayelectron

ofanelectron

Electonradius |1, _=2817940325 10 m _| Radius of anelctron(spheicl formaton)

Bahsradus |1 =5291772108-10" m | Radiusofthe imnemost elctron path i Bohr's
atommadel

Atomicunitofmass [u =1,66053886- 107 kg | Unified tomic massunit one twelfth o the mass
ofan atomofthe nuclide 20

Uritof mass 1UM=951.496 M/ D Used forenerey conversons

Scarconstant |5 =1365 /= 1365W/m? | Radiation enegy of the[sunwhich arvesverticaly
atthe upperimits ofth Earth's atmosphere
(onthe ground the value s reduced to 340 W)

‘Sources Tiper, Paul Allen, Physik fur Wissenschafler und Ingenieure, Heidelberg Springer Spektrum,

7.Aufage 2015.

Tile, Paul Allen, Modeme Physi, Manchen, Oldenbourg, 2. Auflage 2010.
Demiroder, W, Experimentalphysk 4 - Ker-, Teichen- und Astophysik,Berin, Springr, 3. Aufiage 2010.

9 Hlectonvolt (V) and mega electronvolt (e) are measures of energy i nuclear physics.
1 eV the enerzy gained by an elctron when it s accelerated n an electrica feld o 1 volt

(1eV=1,60217653-10)).

Electromagnetic  The characteristics of electromagnetic radiation are:

radiation W propagation atthe speed o

W wave nature:

W o deflection by electric or magnetic fields

W wavelength )

T

= speed oflight = 299792 kms

f= frequency in Hz
T~ period of oscilaio





