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Tomography - imaging by sections or sectioning

&Projected image

& Tomographic cross sections
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Pulmonary embolism

Chest spiral CT scan with radiocontrast agent
showing multiple filling defects both at the bifurcation
("saddle" pulmonary embolism) and in the pulmonary
Source: wikipedia AR
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An image using X-rays
Tomography
An axial slice




Making a Chest X-Ray
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Chest radiograph
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Image A: A normal chest radiograph. Image B: Q [A00N "7 MTYD NMINN
wSource: wikipedia fever pneumonia.
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Covid-19

Courtesy of Prof. Jacob Sosna, MD
Hadassah Medical Center
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Chest X-ray, chest radiograph

A chest radiograph is a veteran imaging examination and very common. It is a non-invasive
test that is associated with an exposure to a low dose of ionizing radiation.

The chest radiograph provides an image of the interior chest organs — the heart the lungs,
the mediastinum, the aorta and other large chest blood vessels, ribs, large bones around
the chest the trachea and the diaphragms.

The chest radiograph is a safe, inexpensive and available test that allows diagnosis of
multiple conditions. The image is far less detailed than a chest CT.
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To understand what is X-ray irradiation and how MRI works: :MRI Ty NI 2011 NP ‘N ANy o
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Harmonic motion NN NN
1. Amplitude, periodical motion NNITAN NYIN ,NTIV 79NN .1
2. Period (back and forth) (w1 170) Ntnn .2
3. Frequency — how many periods per second Ny 0NIThn nnd — NN .3

Oscillatory motion

Y —> point of suspension
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Waves n'7a
Definition — progression of energy without progression of NN ¢ NINTRRN K77 110K 7 NNTRRn - ANman
matter
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Examples — wave in rope, a rock in water

Transverse wave ann 7.2
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Drawing of a wave as a function of D'I0N |NT2 ,DIZNN 7W N'¥7119) 720 IrY
space, at a particular time
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A wave is a function of
space (x) and time (t)

A —amplitude

A - wavelength

T — period

f — frequency (how many
periods per second

T=1/f

V — wave velocity — velocity
of energy progression

V=A*f  (m/sec)

Place is constant, time is changing
Drawing of the wave as a function
of time in a particular place
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Lets “freeze” space — look at the motion of YN 0T 7202 7a nyin 7y 75n01 - 2annn nx "Rom”
the wave through a slit. NN NYVIRN Ny¥an 7ann v n71p7m
How would one molecule of the wave
perform the harmonic motion.

https://en.wikipedia.org/wiki/Harmonic_oscillator##/media/File:Simple_harmonic
_motion_animation.gif

T
Space is constant, time is not constant / \ / \

Draw the change in amplitude as a NTIVYYONKA 'Y K7 TN VIR DIppnn

function of time
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lonizing radiation is radiation, traveling as a particle or
electromagnetic wave, that carries sufficient energy to
detach electrons from atoms or molecules, thereby ionizing
an atom or a molecule. Gamma rays, X-rays, and the higher
ultraviolet part of the electromagnetic spectrum are
ionizing, whereas the lower ultraviolet part of the
electromagnetic spectrum and all the spectrum below UV,
including visible light, nearly all types of laser light, infrared,
microwaves, and radio waves are considered non-ionizing
radiation.
The ability of a particle or a photon to be ionizing depends
on its own energy only.

Radiation damage on chest X-ray - 3 days of camping.

Head CT radiation damage — 17 transatlantic flights.
12 h transatlantic flight — 0.05 mSv
Mammography 0 0.4-1.0 mSv

Exposure to radiation at different highest.
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All of the electromagnetic waves are travelling at the same speed — the speed of light
C=constant

C=3*108m/sec

NN NN YR 'R
NANIN7 NN A wR W
There isn’t a correlation between the speed and the energy
There is a correlation between the frequency and the energy

E=h*v

IN

E=h*f

Planck constant 179 viap —h

For waves:
V=A*f
For electromagnetic waves:
C=0*f
YR NNNN D 720 IR DNTTNN 2 VAR WY W 01'01ANN0EZ7R 0721 17D
Meaning that in EM waves there is a constant correlation between the frequency and wave length because the speed is
constant.
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The photoelectric effect (Albert Einstein, Nobel Prize) (211 019 — VWA VIQTR) NVFIRIVION VPORN

In an electrical circuit, electrons flow because metals contain DN NDNNAY I DINVPR 7w NN - "mwn 72yna
free moving delocalized electrons. DMIYR X7 VYND
In an open circuit — there is potential. NNN ¥'— NINS '"7nwn 7ayn
[lluminating by UV light releases electrons from the cathode. LDTINPNN DXIND [NUVPZR DRI UV IR T 20 DIRn
The cathode rejects the electrons and the anode attracts the TOYIN ATARNI [NVPZRN DX ANIT ATINED
electrons. “7nwn 7ayn N0l NTIRN X DNLVRR W DT
This leads to flow of electrons from the cathode to the anode
and creates a closed electrical circuit. NX 0'7un OX D2 ;0201 X7 "Mmwn 7ayn = IR 2 NOXN
IR irradiation does not lead to the nTNp [ o ﬁﬁ\‘ NP NTIVY9NN
same effect, even if the amplitude is raised. cathode oo

. _ _ m; TN 2''7n Naon
Particle explar_mat|on: o ga\. m\ Anode ["7 D7D W 7120 X 7N DY
Every UV particle can ionize ® [2"7 N713' 'R DITR VIR 7707
IR particles cannot ionize E’\.

D1IVID — NON X77 N"AMIX DN7 W'Y D'P'PIN
Particles without mass — photons IR PN
Particles of light — the quantum theory D'LIIPZN NN

=

[+
I
Wave—particle duality is the concept in quantum mechanics NANINN NP7 [NAY NIYOIN W' — N1NEn 7 NIYRITN

that every particle or quantum entity may be described as 22 1N> NANINNY N7RD W 0N
either a particle or a wave.
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Rontgen tube — makes photons — particles of X-ray radiation — very high energy photons

There are 2 other phenomena that need to be described prior to the description of X-ray imaging: fluorescence and
phosphorescence.
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Fluorescence
Fluorescent material — absorbs energy — does not heat but emits light.
Light energy — photofluorescence

Heat energy - thermofluorescence

Electrical energy - cathodofluorescence, electrofluorescence

Image source: wikipedia
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Fluorescence

Jablonski diagram.

After an electron absorbs a high-
energy photon the system is excited
electronically and vibrationally. The
system relaxes vibrationally, and
eventually fluoresces at a longer
wavelength.

The Rutherford—Bohr model

Every shell is associated with a
different energy. The distance between
the shells determines the frequency of
the emitted light.

Characteristic radiation: every atom
has its own unique shells, 3-4 different
emission frequencies are possible.

First described for Fluor, hence the
name.
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n=3 el |=irails
Bohr model

NN NX AIXNN (n) [XD 017N 190NN
. AE = hf .DIVNA NIMNVPIRN NANIRD

The quantum number (n) describes here
the electronic energy shells in the atom

Image source: wikipedia

The Rutherford—Bohr model of the hydrogen atom (Z = 1) or a hydrogen-like ion (Z> 1),
where the negatively charged electron confined to an atomic shell encircles a small,
positively charged atomic nucleus and where an electron jumps between orbits it is
accompanied by an emitted or absorbed amount of electromagnetic energy (hv).

The orbits in which the electron may travel are shown as grey circles; their radius
increases as n?, where n is the principal quantum number.
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