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¢ifo) agnetlc radiation (equilibrium

2] .r. n) emitted by any object with

IPE rature higher than absolute null and
é;‘d to the thermal motion of its atoms
a_' d'_?holecules.
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eristics of Heat Radi Fion e

Radiant exitance Radiated energy (E) per
Re unit of surface (A) and R E

unit of time (t) [W/m?2] € A

Spectral density of Radiant exitance for

radiant exitance narrow wavelength

N interval AL per this r, =
wavelength interval

Spectral absorption Ratio of absorbed energy

coefficient to all incident energy for

oLy, narrow wavelength
interval AL
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@@body absorbs all incident energy,
iegardless of frequency (o, =1)
Jr 1\ alled |
| absolute blackbody.

—— Examples a eyepupill, s
: _,__ a black velvet, soot | =—
A widely used model of a
black surface is a small hole

in a cavity with walls that are
opaque to radiation.




aWs, of Blackbody Radiajiorissss
 Name  Formula  Description

Ratio r,/ a, for any body is
constant and it is equal to

Kirchhoff’s spectral density of radiant

(rif ap)r= (raf ag r= -..= (&)

law exitance of absolute
blackbody (s,) at the same T
The radiated energy
Stephen- R, =oT4 increases very rapidly with
~— Boltz- increasing in temperature
-~ | mann’s law

g 0=5.67x10-8 Wxm-2xdeg+

o=

The peak of the emission

Wien’s A ..=bIT spectrum of the blackbody
displace- moves to shorter
ment law b=0.28978x 102 mxdeg wavelengths as the

temperature increases
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The peak shifts

to short-wave
spectral range
as temperature
Increases.

The area
under the
curve IS
equal to R,
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ENEIING _JJ‘ Phyalc
diagnostic imaging _
r)rocr:d,Jré vkoJ glefiege .
WELECHON ana recording
i ejele /rrér aI flux

—— Abnormal tissue
— — in right breast

For a recording of thermogram a photoelectric sensor is used.
Operation principle of a photoelectric sensor is based on the
photoeffect phenomenon
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Hruu&r act IS an electron eﬁlssmn fro LJUr' S

hf = A + mv2/2

__j"*ﬁbsorbed energy (E=hf) by the sample is distributed
~ between a work of electron’s output from the sample (A)
and kinetic energy for electron’s motion (mv2/2).



The n2tgeEo] _Aays—-amdﬂ%"

_,_,,f'Jff]J Jf Cli GUIITIN

V'Slb|9 lonizing radiation

Infrared I Ultraviolet X-ray

== | r

E=hf=hc/A
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@eVaroduction POssEiIities
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J,JGQJJ\ adlatlon (the sun as an example)
JJJJJC we Decay
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*=Chal ﬁcF partlcle accelerators (synchrotron)

—



Production Possibilities (sources)
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= 0+§ynchrotron radiation is emitted by charged
- particles traveling on a curved path (as would
happen while moving through a magnetic field)
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= Sticky Tape X-Rays
!
..; ! 1 " igh ow

B A paper in Nature

shows the remarkable
ability of sticky tape
to produce x-rays.

® http://www.nature.com/nature/

videoarchive/x-rays/
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electrons
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= X-rays
& “X- ray tube comprises a cathode, in the form of a filament, and

an anode, both in an evacuated container. X-rays are
produced when the electrons hit the atom of anode target
(copper, molybdenum or tungsten). The electrons slow down
and lose kinetic energy in form of x-ray quanta
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Characteristic
(linear spectrum)

/T

InteAnsity

Brehmsstrahlung
(continuous spectrum )

Wavelength




Braking X-Rays

Negative charged anode atom electron
shells decelerates moving electron and
induction B of its magnetic field
decreases that causes, according to
Maxwell’s theory, the emission of
electromagnetic wave (x-ray).

Braking X-Rays are characterized by
the continuous spectrum and short-
wave limit (Anin)

Characteristic X-rays

The incident electron removes an
electron A from an inner shell of anode
atom, leaving the vacancy. The
electron from upper orbit occupies the
vacancy, and a y-photon is emitted
Characteristic X-Rays are
characterized by the line spectrum

/ | Removedelectron A
from an atom :
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r'y |ransformation N the X=rayaiihe

: =3 12.38
In practice: /it =
min A V The short-wave limit of x-

ray spectrum defines the

where [V] in kilovolts, hardness of x-ray

! Hard radiation (low 1)
[kmin]m Angstroms Soft radiation (high 1)
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== é%omlc number of anode atom,
= ‘fiéarcoefﬂ(:lent (k=109 V).
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The inner el
shells of ato
are named as K, L
Mandsoon.
The characterls v’ X
rays Is compose:
some spe f er
= ._éer_é_‘? __;—;-f K-series

ar @l = _Jp‘
= S\ L "-

4/\)_
K ' : Excitation
L-series of L-series

@,

Excitation
of K-series

=
=
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= Moseleg's [aw

With increasing nucleus charge the characteristic spectra move to the high

frequency region:
Jf =AZ-B)

where f is a frequency of x-rays, Z is a ordiecutive (atomic) number of the element

and A and B are constants
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W O X=Fay*i X 10SS |
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E X~ yflux passing through Stance
CHEASES

In the following way
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WHETE 115 the linear attenuation
SGOET 1CIent L is x-ray path.
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- _'_; e hnear attenuation coefficient of material increases
~with increasing its atomic number and density, and varies
with the energy of the incident X-rays. In general u

Increases with decreasing energy.
* Mass attenuation coefficient: y,,=1/p, un=kA°>2L
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. EraVS INMWeEdicing

Diagnostic
radiology

X-ray source patient X-ray detector

The pharmaceutical compounds ,U ~ k /1 SZ 3

= with high x-ray attenuation coefficients for radiography are called
= Radiopaque substances (or radiographic contrast medium)
Example: BaSO,

Therapeutic The rapid mitosis of cancer cells made them more
radiology susceptible to radiation destruction and less capable of
regeneration than slower-growing normal cells.
X-rays can be used for killing the cancer cells without
destroying an unacceptable amount of normal cells.
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Ionlzlng radic n|§ adiation that carries

eno Igr

= JJJ el ve s Beams of particles:

ys, * alpha partlcles
rt|cles,

;_j-" : mma rays = bet

— ® protons,
®* neutrons.




ation power decreases:
gamma-beta-alpha
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Iamzmg_power decreases:
- =" - alpha-beta-gamma
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131, thyroid, lung, kidney
51,,Cr spleen
75,,Se pancreas

= brain, lung, liver, spleen,
~~ technetium = 1 bone, kidney, thyroid, heart,
== skeletal muscle

gallium 67,,Ga lymphomas

hydrogen 3,H a variety of clinical assays
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RaWIvactive dm

‘process Wwhereby a

raiclozler] ve.dsotope.breaks down to release
iuiation; nucierand elementary particles.
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.:. = At
- N = Nye
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= JW ié NO is the initial number of radioactive
"£- Iclei, N'is the number of radioactive nuclei at
tthe given moment, A is a radionuclide decay

constant tisa tlme

= The negative sign indicates that the population
of radioactive nuclei decreases with increasing
time.
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hEMalf-decay period o e

substances released by
the Chernobyl accident

Number of / Iodine-131 8.02 days
radioactive
nuclei N No Strontium-90 28.79 years
Caesium-137 30 years
No/2 N=N,e+t Plutonium- 14.4 years
0 241 (which (430 years)
decays
: into Americiu
—== R m-241)

771/2 — %an

® [he probability of decay is usually expressed in terms of

the half-decay period (the half-life, T;,,) rather than i;

® [he half of radioactive nuclei decays within a half-decay
period (or half-life).
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_frhwnlt of the activity of radioactive sample is Becquerel (Bq).
1Bq = 1s1.
The off-system unit of activity is Curie (Ci). The activity in 1 Ci
characterizes the source with decay rate in 3,7x1010

disintegration/second. 1Bq= 2,7x10-11Cj,
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WEENIUE]ler dELECTOr s

® The Geiger counter consists
of an argon-filled tube.

e Radiation enters the tube,
ionizes the argon producing
lon-pairs (i.e., an electron
and an argon cation) that
creates current.
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2 Agise sed dose Is the energy absorbed per
- unit mass:
e D = AE/AM
mts Gray (Gy)
| 1~Gray = 1 J/kg
- Non-system units: rad
1 Gy=100 rad

Louis Harold Gray

Inventor of
radiobiology
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crlz JrJ‘—‘ (Jf Of e produced In a small volume

of zllfef rrr* _SS m
=-7fkg, non-system units: 1 rontgen (R)
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Rolf Maximilian Sievert

SOIVEIENT DOSe g,
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H T s €X D

WIEIENDIS & j_i_:;)sorbed dose,

i< I3 F],J':Jﬁ.ii*r

(W-—‘I ng fiactor for the type

Pioneer in studying the impact

—-C - 'e Ia*hon Or of repeated radioactivity
et exposure (and its application
== Ré1at1ve Biological Effectiveness (RBE)) boCameERfcatmcR)

SI units: Sievert, non-system units: rem
1 Sv =100 rem
rem (roentgen equivalent in man)



Type of Radlatlon
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e _Dose. the summe
ses for each organ or tlssue
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| _._m ng' Is weighting factor for the type of

— tissue, H; is tissue equivalent dose.
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 Gonads

3 {ﬂarrow (red) 0.12

= - Lung 0.12
:'Stomach 0.12
= _‘.i.r;.:‘f'f Breast 0.05
e Liver 0.05
: Esophagus 0.05
Thyroid 0.05

Skin 0.01
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MDLSE rate: Pr=D/t (Gy/s, Sv/s, C/(kgxs))
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) (”JJJJc* ve dose H.=X Hpi x N,
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= H"‘i‘* average dose equivalent in a given exposure

—

.grOUp, N:is the number of individuals in each
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— @xposure group
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Al LlrYAEeul]
Efgy o) atoms and molecules in a cell.

' lom/m _J adlatlon causes atoms and molecules to
SCOME ‘ionized or excited.

©)j giih'g' radiation can produce free radicals,
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= produce new chemical bonds
and crosslinks between macromolecules,

damage molecules that regulate
vital cell processes (e.g. DNA, RNA, proteins).



