RADIATION

MIKLOS KELLERMAYER

RADIATION IS EVERYWHERE

Orion Nebula

Source —> Radiation — Irradiated object

RADIATION

Propagating energy, in the form of waves or subatomic particles, emitted by an
atom or body as it changes from a high energy state to a lower energy state.
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Quantity Symbol Sl unit Abbr. Notes
Radiant energy a joule J ensrgy
Radiant flux (] wan w radiant enargy per unit ime, also called radian! power
Radiant imensity ] WAl per sieradian Wer! power per unit solid angle
= power pér unit solid angle per unil projecied Source area
Radiance L wall per steradian per square metre War'm? Somasimes confusingly calied ibnshy”
power incident on a surface
Fradiance E 1 wall per square metre wm-?

Sometimes confusingly called “intensity”
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TYPES OF RADIATIONS
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OSCILLATIONS ARE
SOURCES OF WAVES

OSCILLATION

Tacoma Bridge catastrophy

The original Tacoma Narrows Bridge was opened to traffic on July 1, 1940. It was located in Washington State,
near Puget Sound. It was the third-longest suspension bridge in the United States at the time, with a length of 5939
feet including approaches. Its two supporting towers were 425 feet high. The towers were 2800 feet apart.

Strong winds caused the bridge to collapse on November 7, 1940. Initially, 35 mile per hour winds excited the
bridge's transverse vibration mode, with an amplitude of 1.5 feet. This motion lasted 3 hours.The wind then increased
to 42 miles per hour. In addition, a support cable at mid-span snapped, resulting in an unbalanced loading condition.
The bridge response thus changed to a 0.2 Hz torsional vibration mode, with an amplitude up to 28 feet.

DISPLACEMENT VS. TIME
OSCILLATION FUNCTION OF SHO
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TYPES OF WAVES

e Accordin ]g to source:
1. Mechanical: elastic deformation propagating through elastic
medium
2. Electromagnetic: electric disturbance propagating through space
(vacuum)

L ACCOI’leg to propagatlon dlmen810n
1. One-dimensional (rope)
2. Surface waves (pond)
3. Spatial waves (sound)

* According to relative direction of
oscillation and propagation:

1. Longitudinal
2. Transverse

RELATIVE PROPAGATION
WAVES DIRECTIONS

Traveling Waves
1) Transverse (direction of 2) Longitudinal (direction of
Elasticity and a source of energy are the preconditions for periodic motion, and oscillation is perpendicular to oscillation is parallel to direction
when the elastic object is an extended body, then the periodic motion takes the direction of propagation, e.g., light) of propagation, e.g., sound)

form of raveling waves.

Bird's eye
view of

small
pond
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A pond has an equilibrium level, and ‘%‘\——
gravity serves as a restoring force. When
work is done on the surface o distrb its
level, a ransverse wave is produced.

A disturbance of the air pressure produces
a spherical traveling pressure wave

sirin @\ tsoun' Q)A'A sound wave in airis a e

room longitudinal wave.




PARAMETERS OF A WAVE

skHarmonic waves: particles go through harmonic oscillations.
+#Oscillation time (period): duration of a single oscillation (“T”).
s*Frequency: inverse of period (f).

s The wave propagates with a given velocity (“phase velocity”, “v” or “c”)
s Distance between points of identical phase: “wavelength” (A)
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TRAVELING WAVE
RELATIONSHIPS

The bobbing of the float on a
pond is like

the bobbing
ol a mass on
amlnﬂ [}

smue
hamonic mation

Transvorsa
The wave
advances ong
wavalength A
while the float
EBXBCUIRS One
period T. The
ratabonship

A=vT
along with
T=1#

gives the usual
farm of the wave
relationship
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POLARIZATION

Polarization:
oscillation is oriented in some preferred direction

Birefringence is related to polarization:
anisotropic propagation velocity

Only transverse waves can be polarized.
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Polarization of mechanical waves: ,){f' | E‘\N\/
Vo 0
Polarization of electromagnetic waves (light): | '%’ @WB"EI“J {Lr@ - I. %
mﬁ‘ Polanzer Analyzer

DIFFRACTION

Huygens-Fresnel principle:
every point of a wavefront is the source of further waves

Head-on view
of polarization
plane

Plane polarized wave Unpolarized wave

Slit smaller than A Slit greater than A Slit comparable to A




INTERFERENCE OF WAVES

Principle of superposition!

Two waves in phase: amplitudes add
¥
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Two identical waves slightly out of
phase: amplitude doubles
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Decomposition of complex function into
component sinusoidal waves
(Fourier’s principle)

Two identical waves with phase slightly different from T:
wavelength doubles

ELECTROMAGNETIC

WAVES

THE ELECTROMAGNETIC
WAVE

Electromagnetic disturbance propagating in space
No elastic medium is required.

Magnetic
field
vibration
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Direction
of wave
moticn

Electric
field
vibration

THE ELECTROMAGNETIC
SPECTRUM
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DUAL NATURE OF

LIGHT

LIGHT:
PARTICLE VERSUS WAVE?

Sir Isaac Newton
1643-1727

Christiaan Huygens
1629-1695

PHOTOELECTRIC EFFECT
THE EXPERIMENT

Incoming hlue light Incoming red light
collecter plate < - . o —. amitter plate collector p[,k e e S
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PHOTOELECTRIC EFFECT
THE EXPLANATION
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x Einstein, 1905
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- curremt flows - no current flows
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Wilhelm Hallwachs, 1888
Philipp Lenard, 1902

vacuum

electrons get to collector plate

Ekin = hf = Wex

Ekin = kinetic energy of escaped electron

, Photon:
h = Planck’s constant (6.62:10-34 Js) . ) .

: e travels with the speed of light (c) in
f = frequency of light
hf = light ener: light quantum, “photon” Ve
& gy gntq 7 e does not exist at rest, has momentum
Wex = work necessary for the escape of the
o has no rest mass

electron from the atom

® Electron emission: instantaneous upon illumination

e Electron emission in BLUE light

#NO electron emission in RED light

o Photoelectric current: depends on light intensity

e Photoelectric current: does NOT depend on light color




During propagation

LIGHT IS AT ONCE WAVE
AND PARTICLE

Wave Particle

|
- During interactions

. . Manifestations:
Manifestations: f .
. . Photoelectric effect

Diffraction .

Refraction
Interference L.

L Excitation

Polarization L

Tonization

LIGHT IS A SPECIAL RANGE
OF THE EM SPECTRUM
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Long wavelengths: Short wavelengths:

wave nature dominates particle nature dominates

THE ELECTRON VOLT:
CONVENIENT PHOTON ENERGY UNIT

Energy gained by a single unbound electron when it accelerates through an
electrostatic potential difference of one volt.

1eV =q-V=1.6-1019CV=1.6-109]

o] TeV: about the energy of motion of a flying mosquito.

210 MeV: average energy released in fission of one 2°Pu atom.

200 MeV: total energy released in nuclear fission of one 25U atom.

®17.6 MeV:  total energy released in fusion of deuterium and tritium to form *He.
e13.6eV: energy required to ionize atomic hydrogen. Molecular bond energies

are on the order of an eV per molecule.
e25¢eV: energy of blue-green photon (500 nm).
e1/40eV: the thermal energy at room temperature.

INTERACTION OF LIGHT

WITH MATTER




TYPES OF INTERACTION OF
LIGHT WITH MATTER

GEOMETRIC OPTICS

Incident beam Reflection e The optical ray or beam
® Ray optic diagram
e Principle of reversibility

Refraction
Scatter 'U :
Absorption . 10 .
Emission
REFLECTION REFRACTION

Perpendicular axis of incidence

Incident beam Reflected beam

e Incident and reflected beams and axis of incidence are
in the same plane.
e Incident and reflected angles are identical (a=a")

Perpendicular axis of incidence
|

Incident beam

| Fermat’s principle of shortest time
a
ni

ny

B Refracted beam

e ncident and refracted beams and axis of incidence are
in the same plane.
oSnell’s law: sino (oN n,

sinB ¢, n




IMAGE FORMATION BY
CONVEX LENS

Object s RS
size: ~
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Refractive power (diopter, m): D= ?

TOTAL INTERNAL
REFLECTION

Feflection and trangmission

|

| The ray coetficients for non-normal |
L incidence can be calculated
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APPLICATION OF TIR:
OPTICAL FIBERS

High 1ndex

Total internal

reflection

Individual fider

Low 1 nde:

coating

light back into core. Its refractive index
than that of the core.

from damage and vapor condensation.
+Optical fiber bundle: bundle containi
of optical fibers in parallel.

ore Buffer
Coating

*Core - glass core in which light propagates.
+Cladding - Outer optical material, which reflects

is smaller

-Buffer coating - Plastic covering for protection

ng hundreds

TRANSMITTING IMAGE IN
OPTICAL FIBER

«If the arrangement of fibers
is maintained within the
bundle, then the image is
faithfully transmitted.




MEDICAL FIBER OPTICS:
ENDOSCOPES

* Arthroscopy: diagnostic and therapeutic examination of joints

. Objectives:
(arthroscopic surgery) -diagnostics: visual inspection, biopsy, contrast agent
*Bronchoscopy: examination of the trachea and bronchi delivery

-therapy: surgery, cauterization, removal of foreign objects
*Colonoscopy: examination of the colon 124 gery, Z 4 gn obj

+Colposcopy: examination of the vagina and cervix

+Cystoscopy: examination of urinary bladder, urethra uterus,
prostate. Through urethra.

“ERCP (end i de cholanei hy):
delivery of X-ray contrast agent, via endoscope, into biliary
tract and pancreatic duct.

*EGD (Esophago-gastroduodenoscopy): examination of upper GI
tract (gastroscopy).

Laparoscopy: examination of abdominal organs (stomach, liver,
female gonads) through abdominal wall.

*Laryngoscopy: examination of the larynx.

*Proctoscopy: examination of the rectum sigmoidal colon
(sigmoidoscopy, proctosigmoidoscopy)

*Thoracoscopy: examination of pleura, mediastinum and

pericardium via chest wall.

LIGHT SCATTERING

8t No?
A'R?

Rayleigh scattering
from air molecules _

J,=J, (1+cos’©)

. L e Elastic collision: photon energy Js=intensity of scattered light
] e ae® R (wavelength) does not change Jo=intensity of incident light
O saeer . ¢ Emission by resonating dipoles N=number of scattering particles
Light s a=polarizability (dipole moment per electric field)
source Observer ] A=wavelength of light

R=distance between scatterer and observer
©=angle of scattered light

Strong wavelength dependence -> enhancement Particle size greater than wavelength -> even
of short wavelengths -> blue sky reduction at all visible wavelengths -> gray clouds

MEDICAL APPLICATIONS OF
LIGHT SCATTERING

Light il
ight source Detector (a)

Turbidimetry:

scattered e measured via
apparent absorbance

Nephelometry:
Detector (b) esmall scatter

® concentration dependence

® concentration measurement of

immune complexes

LIGHT ABSORPTION
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LIGHT ABSORPTION LIGHT ABSORPTION
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GENERATION OF LIGHT

GENERATION OF LIGHT e Black body radiation (thermal

radiation)

e [Luminescence




Electromag

THERMAL RADIATION

netic radiation emitted from all matter due to its possessing thermal energy

Heat exchange,
temperature
equilibration

T1>T2

vacuum

Light emitted by
hight-temperture
object

KIRCHOFF’S LAW

Ratio of spectral emissive power and absorptivity is constant.

For a black body (BB):
Ojpp = 1

BLACK-BODY RADIATION

spectral Stefan-Boltzmann law:
emissive 4
pover M, (T)=oT
— T4
T Wien’s displacement law:
/ 3
. Al = const
e
Tl
| | /| S Planck:
klll ax i, j\’” f
1 E=hf

APPLICATION OF THERMAL
RADIATION

Thermography, infradiagnostics
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