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Nature of particle A helium nucleus An electron/positron A photon
Charge 0

Mass 0

Speed ~0.05¢c up to 0.99c c

lon pairs per cm of air ~1 000 000 ~10 000 ~10

Interaction with perpendicular
magnetic fields Some deflection Large defleciton No deflection

(to some extent) A couple of cm of a
block of lead or few metres thick
Stopped by Thick sheet of paper Few mm of aluminium sheet concrete
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Radiation

Alpha Particles

Mass

relatively heavy

Electric Charge

double positive

Velocity

relatively slow

less than the velocity of

light

3 x 108 m/s in free space

Beta Particles about 8,000 times negative
lighter

Gamma Rays None None
property Alpha radiation Beta radiation Gamma radiation
Nature of particle A helium nucleus An electron/positron A photon
Charge 0
Mass 0
Speed ~0.05¢c up to 0.99c c
lon pairs per cm of air ~1 000 000 ~10 000 ~10

Interaction with
perpendicular magnetic
fields

Some deflection

Large defleciton

No deflection

Alpha

Bela

Medical X-ray
Gamma

Neutron

Paper Skin Wood Carnent
(TI1T 2 2 B '
IRERERARE DY |

T T LR e 3

e

Stopped by

Thick sheet of paper

Few mm of aluminium
sheet

(to some extent) A couple
of cm of a block of lead or
few metres thick concrete
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Radioisotope

81mKr

9amTcC

137Cs

241Am

226Ra

131l

51Cr

238U

Half Life
(approx.)

13 seconds

1 month

30 years

462 years

1620 years

4.51 x 109 years

6 hours

8 days
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Fission process:

An example of one of the many Fission yields
reactions in the uranium-235 i';?g’“e"‘;g
fission process. mass""'edan PR
of 2.4 neutrons,
235 236 n and average
N+ g U+»g4gg U energy about
215 MeV.
236 144 89 n
92 U 556 Ba +35Kr+ 3n + 177Mev o—>
10 A*95 A*137
o KrQ gamma
N ray
Q
Z o1} 144 i
§ 56 Ba I+
o 001} ¥ Neutrons can
o initiate a chain
0.001f | < reaction.
Fragmenls :
70 90 110 130 150 170

Mass number A of
fission fragment



An example of one of the many
reactions in the uranium-235
fission process.

Fission yields
fragments of
89 Kr A intermediate

mass, an average
7eTO0A

(‘OQ“'. of 2.4 neutrons,
'm -

(+[*f») and average
‘:‘o.".i energy about

A 215 Mev.

Impact by ;
slow neutron

with energy | @)
on order of nucleus is [ Neutrons can\
aneV. unstable, initiate a chain

oscillates. reaction.
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9.8 Construction and working principle of Geiger Muler Tube$

Ionizing radiation

Ionized gas atom
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~13.3 Construction and working

principle of ionization chamber
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veH NalaireT Scintillator

riotl T From Wikipedia,
I
aﬂgiat::d':l 2 Ascintillator is a device or substance that absorbs high energy (ionizing)
electromagnetic or charged particle radiation then, in response, fluoresces
zrerttasld photons at a characteristic Stokes-shifted (longer) wavelength, releasing the
] previously absorbed energy.

2 Most scintillators are inorganic crystals.

Incident nergetic particles
(photons or charged particles

Scintillation photons

< Examples are: Nal(Tl) (commonly used in gamma cameras), BaF,, Csl, BGO
(bismuth germanate, commonly used in PET), LaBr;, Lul,, etc.
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Semiconductor Detectors

internal contact

no field applied potential
o olo (=) oo [5)
——1° p JB n o — — l"/i' nefr—
—— 717
[8) Po i P2} (] ] o
holes electrons \ depletion
electron field applied region
§ anode :uthode
flow Mie /V\“ O m
4 NS .
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forward biased or conduction reverse biased @
hole
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T+Vy

arnodea

electron current
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o \

x
} hole current

cathode

H 1

Charge sensitive
prae-amp

tirme

Main detector types

onductor promoting electron from valence to conduction
band creating electron(-) - hole(+) pairs. (This i1s analogous to electron-ion

pairs generated in proportional gas detectors)

IT this happens in the deplation
region, the al field
will rapidly separate the pairs
before they recombme, electrons
drifting towards the anode, and
holes to the cathode, resulting in
a net current across the diode

Integral of current equs

total charge generated by the
ncident particle

Amount of energy required to
create an electron-hole pair is
Known, 50 energy of the
Incident radiation can be found

Shaping amplifiar

—>= MCA
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4.2 units of Radiation
T
persecon

-

1 becquerel = 1 disintegration per second

1 millicurie (mCi) = 37 megabecquerels (MBq)

1 rad = o.01 gray (Gy)

1rem = 0.01 sievert (Sv)

1 roentgen (R) = 0.000258 coulomb/
kilogram (C/kg)

1 megabecquerel (MBq) = 0.027 millicuries (mCi)

1 gray (Gy) = 100 rad

1 sievert (Sv) = 100 rem

1 coulomb/ = 3,880 roentgens

1 °1 A r 71\
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4.6 EXPOSURE MEASUREMENT:

There are four different but interrelated units for measuring radioactivity, exposure, absorbed dose, and
dose equivalent. These can be remembered by the mnemonic R-E-A-D, as follows, with both
common (British, e.g., Ci) and international (metric, e.g., Bq) units in use:

Radioactivity refers to the amount of ionizing radiation released by a material. Whether it emits alpha or
beta particles, gamma rays, x-rays, or neutrons, a quantity of radioactive material is expressed in
terms of its (or simply its activity), which represents how many atoms in the material
decay in a given time period. The units of measure for radioactivity are the curie (") and becquerel

(40).

Exposure describes the amount of radiation traveling through the air. Many radiation monitors measure
exposure. The units for are the roentgen () and coulomb/kilogram (C/kg).

Absorbed dose describes the amount of radiation absorbed by an object or person (that is, the amount of
energy that radioactive sources deposit in materials through which they pass). The units for
are the radiation absorbed dose (') and gray ().

Dose equivalent (or effective dose) combines the amount of radiation absorbed and the medical effects of
that type of radiation. For beta and gamma radiation, the dose equivalent is the same as the absorbed
dose. By contrast, the dose equivalent is larger than the absorbed dose for alpha and neutron
radiation, because these types of radiation are more damaging to the human body. Units for

are the roentgen equivalent man (/=) and sievert (~ ), and biological dose equivalents are
commonly measured in 1/1000th of a rem (known as a millirem or ).

For practical purposes, 1 R (exposure) = 1 rad (absorbed dose) = 1 rem or 1000 mrem (dose equivalent).


https://www.nrc.gov/reading-rm/basic-ref/glossary/radioactivity.html
https://www.nrc.gov/reading-rm/basic-ref/glossary/curie-ci.html
https://www.nrc.gov/reading-rm/basic-ref/glossary/becquerel-bq.html
https://www.nrc.gov/reading-rm/basic-ref/glossary/exposure.html
https://www.nrc.gov/reading-rm/basic-ref/glossary/roentgen-r.html
https://www.nrc.gov/reading-rm/basic-ref/glossary/dose-absorbed.html
https://www.nrc.gov/reading-rm/basic-ref/glossary/rad-radiation-absorbed-dose.html
https://www.nrc.gov/reading-rm/basic-ref/glossary/gray-gy.html
https://www.nrc.gov/reading-rm/basic-ref/glossary/dose-equivalent.html
https://www.nrc.gov/reading-rm/basic-ref/glossary/rem-roentgen-equivalent-man.html
https://www.nrc.gov/reading-rm/basic-ref/glossary/sievert-sv.html
https://www.nrc.gov/reading-rm/basic-ref/glossary/millirem.html
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'5.5 the mechanism of radiogenic
effect:
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5.6 the acute effects of radiation
on human body
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5.7 the long term effects of
radiation of on human body
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7.2 the depth dose distribution:
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7.4 electron arc and beam therapy

Electron Arc Therapy:

Electron Arc Therapy

* The comventiona! technique of
using tangential photon beams in
this case will irradizte too much of
the underlying lung.

* The altemative approach of using
multiple abutting electron fields &
fraught with field junction
problems, especially when angled
heams are used.

* In short, it appears that for a
certain class of cases, electron arc
therapy has no  reasonable
alternative.

+ For superfiial umors
along curved surfaces
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* (a)integration of the stationary beam
profiles
* This method requires an isodose

distribution 3s well as the dose rate

calibration of the field (under stationary
beam conditions) used for arcing.

* Radii are drawn from the isocenter at a
fixed angular interval A8 (e.g.,10 degrees).

* The isodose chart is placed along each
radius, while the dose at point P as a
fraction of the maximum dose on the
central axis is recorded.

+ Let D,(P) be this dose as the isodose chart
is placed at the radius.

Isodose distribution in arc rotation with and without lead strips st the ends of the
arc, using a lon of an Al Randa ph clasely dating an actual

patient cross section,
Arcongle = 236 degrees;

Average radius of curvature =10cm;
Beam energy = 10 MeV,

lead strip thickness = 6 mmy;

Field size at the surface = 4,2 x 8.5cm?,



Radioactive elements (radionuclides) are produced by:
2 Natural occurrence, but rarely
2 Nuclear reactors (bombarding neutron beams to stable nuclides)
2 Nuclear fission (as a product)
2 Cyclotron (bombarding accelerated charged particles to stable nuclides)

A radioactive compound used for the diagnosis and therapeutic treatment
of human diseases.

2 Radiopharmaceutical = Radionuclide + Pharmaceutical

For example,
9mTe-MDP = 9mTc (radionuclide) + MDP (methylene diphosphonate)

2 Used in skeletal scintigraphy primarily for detection of neoplasm, infection, or
trauma.

'8F-FDG = '®F (radionuclide) + FDG (fluorodeoxyglucose)

2 Used in positron emission tomography primarily to diagnose many brain
diseases, measure regional brain function, measure myocardial viability, and
diagnose or stage a variety of cancers.

Table of Diagnostic Medical Radionuclides

Radlonuclide Halflife | Major Decays | Major Energles
(MeV)
Carbon 11 (C-11) 20 minutes | positron emission | 0.511
Fluoride 18 (F-18) 110 minutes | positron emission | 0.511
Gadolinium 153 (Gd-153 | 241 days | gamma 0.097/0.103
Gallium 67 (Ga-67) 78 hours | gamma 0,093/0.184/0.300
Indium 111 (In-111) 28days | gamma 0.2450.171
lodine 123 (1-123) 13hours | gamma 0159
lodine 125 (1-125) 60 days gamma 0,035
lodine 131 (I-131) 8 days beta/gamma 0.606/0.364
Rubidium 82 (Ru-82) 1.3 min gamma 0.776
Technetium 99m (Te-99m) | Ghours | gamma 0.140
Thallium 201 (T1-201) T4 hours | gamma 0.167/0.135
Xenon 133 (Xe-133) S2days | gamma 0.081
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CAMERA « Collimator
» Nal(TI) crystal.
— L e » Photomultiplier Tubes(PMT)
s L » Pre-amplifier

» Position logic circuits
» Amplifier

» Pulse height analyzer
""" » Data Analysis Computer
uw ey » Display (Cathode Ray Tube etc).
ST B gy * Gantry
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asics theory of positron

emission tomography

Beta® {Positron) Emission

These mostly praton-rich (except 2} radionuclides are used in positron

imaging (a.x..a. Positron Emission Tomography or PET, in short).
p-n+e +v,
X, Ve +7,
SF=0+e 47,
LC=N+e +7

S0-5N+e +7,

/ Tracer in PET

' Special form of substance such as glucose in
. injected in body is FDG

| (Flouro-dehydroxy glucose) that collects in cells
. that are using a lot energy such as cancer cells

Why glucose ?

. -

When radio pharmaceutical inserted in body.
Body consume energy in the form of glucose
- Tumor has high rate of consumption

'Working Principle of PET:

Positron emitting tracer is injected
into the body which emits positrons
causing annihilation that results two
gamma rays.

These rays are detected by
opposing detectors.

The incident photon is converted into
light and converted into electrical
signals by PMTs.

Then these signal is transfer to
amplifier and other electronic circuit.




e gantry and detector

component of pet scanner:

Gantry PET

Hing Dlameter 82 -93 am
Transaxial FOV 50 - 60 <cm
Number of Rings 18- 32

Number of scintiliation crystals 9.2 - 18k
Detector Blocks 144 - 288

Number of PMTs 264 - 1155

Axial 1518 am




/_\M_\’

sscribe the data acqui
system of a pet scanner




Basics theory of SPECT
e

0 Gamma-ray photons emitted from
* the internal distributed
\ radiopharmaceutical (tracer) penetrate
through the patient's body.

Spral 1o gloctionics

" Radioisotope decay
by y emission

O Detected by a single or a set of
collimated radiation detectors.

SCmtilaton wie for y rays

O Most of the detectors used in

~ current SPECT systems are based on
a single or multiple Nal(Tl) scintillation
detectors.

- O In SPECT, projection data are L2
acquired from different views around

Nuclear medicine N

Technetium -9854 1 st
v'Meta stable nuclear isomer of TC-99
v Symbolized as TC-99m thatis used in terms of

million of medical diagnostic procedures




71 Detector Crystal in SPECT

Thallium activated Sodium lodide
- Detectors of gamma rays
It is sensitive to gamma rays and convert into light

\u

Commonly used Radio nucleotide in

SIHACYT
e
energy
Tc-99m 140 6.02 hrs
Ti-201 69,71,80 73 hrs
I-123 159 13 hrs
In-111 1,7,245 2.83 days

Xe-133 81 5.25 days
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" The apolication of spect and pet scanner

SPECT vs PET imaging

A , 4t :
» Emits positrons « Emits gamma radiations Attriute SPECT ET
Deatection Single ys Coincident ys
A Sam oy, m ne 13
E, 70 - 300 keV 511 keV
o Costlier scanner « Less capital Intensive Spatial res. -~ 10-12mm ~5-6mm
scanner Atten.Correction No / Yes* Yes
: lim“Cd ham"c Of ; lﬂllgt'.f liVCd rddioisotopes * Possible with SPECT/CT or transmission source
tadiopharmaceuticals systems

SPECT vs PET Perfusion
SPECT PET

Energy: 78-7140 KeVW S11 KV

Aftenuation correction: Attenuation correction:
somelimes always

SHress. exercise, Stress: pharmacologc,

pharmacologec axercise in future (F-18)
Frotocol, start 1o finish: FProtocol, start o
2212 hours finish:30-45 minutes

Ventricular function: posa- Ventricuiar funciion:
sreas, re=t stress rast
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MAGs3 is preferred over Tc-g9m-DTPA in , patients with impaired function, and
patients with su ected obstruction, due to its more efficient extraction. The MAG
clearance is highly correlated with the (ERPF), and the MAG3

clearance can be used as an independent measure of kidney function.  After intravenous
administration, about 40-50% of the MAG3 in the blood is extracted by the

with each pass through the kidneys; the proximal tubules then secrete the MAG3
into the tubular

Tc-9g9m-DTPA is filtered by the and may be used to measure the

(GFR) (ina ), making it tﬁeoretlcally the best (most accurate)
choice for kidney function imaging. The extraction fraction of DTPA is approximately
20%, less than half that of MAG3. ' DTPA is the second most commonly used renal
radlopharmaceutlcal in the :

Radioisotope renography is a form of of the that uses LA
renogram, which may also be known as a MAG3 scan, allows a physician or a
to visualize the and learn more about how they are functioning. - MAG3 is an acronym for

tri , acompound that is with a radioactive element -
The two most common radiolabelled pharmaceutical agents used are Tcggm-MAG3 (MAG3 is also called
mercaptoacetyltriglycine or mertiatide) and Tcggm- (diethylenetriaminepentacetate). Some other
radiolabelled pharmaceuticals are EC (Ethylenedicysteine) and 131-iodine labelled OTH (

Y


https://en.wikipedia.org/wiki/Neonate
https://en.wikipedia.org/wiki/Radioisotope_renography
https://en.wikipedia.org/wiki/Effective_renal_plasma_flow
https://en.wikipedia.org/wiki/Radioisotope_renography
https://en.wikipedia.org/wiki/Proximal_tubule
https://en.wikipedia.org/wiki/Lumen_(anatomy)
https://en.wikipedia.org/wiki/Radioisotope_renography
https://en.wikipedia.org/wiki/Glomerulus
https://en.wikipedia.org/wiki/Glomerular_filtration_rate
https://en.wikipedia.org/wiki/Renal_function
https://en.wikipedia.org/wiki/Radioisotope_renography
https://en.wikipedia.org/wiki/Radioisotope_renography
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/Radioisotope_renography
https://en.wikipedia.org/wiki/Medical_imaging
https://en.wikipedia.org/wiki/Kidney
https://en.wikipedia.org/wiki/Radioactive_tracer
https://en.wikipedia.org/wiki/Nuclear_medicine
https://en.wikipedia.org/wiki/Radiologist
https://en.wikipedia.org/wiki/Kidney
https://en.wikipedia.org/wiki/Radioisotope_renography
https://en.wikipedia.org/wiki/Thiol
https://en.wikipedia.org/wiki/Acetyl
https://en.wikipedia.org/wiki/Glycine
https://en.wikipedia.org/wiki/Chelate
https://en.wikipedia.org/wiki/Technetium-99m
https://en.wikipedia.org/wiki/DTPA
https://en.wikipedia.org/wiki/Ortho-iodohippurate
https://en.wikipedia.org/wiki/Radioisotope_renography
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Block Diagram
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10Mdiation (IR)

Infrared radiation (IR), sometimes referred to simply as infrared, is a region of the

where range from about 700 (nm) to 1 millimeter (mm). Infrared waves are longer than those
of visible light, but shorter than those of radio waves. Correspondingly, the of IR are higher than those of
microwaves, but lower than those of visible light, ranging from about 300 to 400

Infrared light is invisible to the human eye, althou?h longer infrared waves can be sensed as heat. It does, however, share
some characteristics with visible light -- namely, infrared light can be focused, reflected and

Wavelength and frequency
Infrared can be subdivided into multiple spectral regions, or bands, based on wavelength; however, there is no uniform

definition of each band's exact boundaries. Infrared is commonlgl separated into near-, mid- and far-infrared. It can
also be divided into five categories: near-, short-wavelength, mid-, long-wavelength and far-infrared.
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https://whatis.techtarget.com/definition/electromagnetic-radiation-spectrum
https://searchnetworking.techtarget.com/definition/wavelength
https://whatis.techtarget.com/definition/nanometer
https://whatis.techtarget.com/definition/frequency
https://searchnetworking.techtarget.com/definition/gigahertz
https://searchnetworking.techtarget.com/definition/terahertz
https://whatis.techtarget.com/definition/polarization-wave-polarization
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~10:2Define Infrared detector

An infrared detector is a that reacts to (IR) . The two main types of detectors are thermal
and photonic ( ).
The thermal effects of the incident IR radiation can be followed through many temperature dependent phenomena.
and are based on changes in resistance. and use the

. Golay cells follow thermal expansion. In IR the are the most
widespread.
The response time and sensitivity of photonic detectors can be much higher, but usually these have to be cooled to cut

. The materials in these are with narrow band gaps. Incident IR photons can cause

electronic excitations. In detectors, the of the detector element is monitored.
detectors contain a on which photoelectric current appears upon illumination
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https://en.wikipedia.org/wiki/Detector
https://en.wikipedia.org/wiki/Infrared
https://en.wikipedia.org/wiki/Radiation
https://en.wikipedia.org/wiki/Photodetector
https://en.wikipedia.org/wiki/Bolometer
https://en.wikipedia.org/wiki/Microbolometer
https://en.wikipedia.org/wiki/Thermocouple
https://en.wikipedia.org/wiki/Thermopile
https://en.wikipedia.org/wiki/Thermoelectric_effect
https://en.wikipedia.org/wiki/Spectrometer
https://en.wikipedia.org/wiki/Pyroelectric_detector
https://en.wikipedia.org/wiki/Thermal_noise
https://en.wikipedia.org/wiki/Semiconductors
https://en.wikipedia.org/wiki/Photoconductive
https://en.wikipedia.org/wiki/Resistivity
https://en.wikipedia.org/wiki/Photovoltaic
https://en.wikipedia.org/wiki/P-n_junction
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10.4 block diagram of a infrared scanner
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