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BASIC WIATION‘PIWSIFS

Atomic structure, at’,onﬁcvm'uq'b‘e;‘,‘ mass number; isotopes, radioisotopes, Radioactivity
Specific \activity, Laws of ra loactivity, Laws of 'successive: transformations, Natural

radioactive series, Radioactive equilibrium. Alpha rdy spectra - Beta ray spectra - Theory.

of beta decay - Gamma emission - Electron -capture - Internal conversion - Nuclear
isomerigm - Artificial ;‘j,adi'oactwity%fNuclgar crg\s's'sectig_jns ~ Elementary iérleas of fission
~— and reactors—Fusion. Radioactive dating, Accelérator mass spectrometry, Production of
radioisoFopes by neutron and( charged particle bombardments, nuclear cross sectiom.

Radiatiqn sources, Natural and artificial radioactive sources, Large scale production of
isotopes @Reactor produce‘dntlsotopési Cyclotron produced isotopes, Fisfion products,
industri;al uses, Telecobalt ané Brachy Cesium sources, Gold: seeds, Tantdlum wire;!24T,
1 Sources, Beta ray applicators, Thermal and fast neutron sources,

tracers and labelled compounds, Preparation of radio colloids.

INTERACTION OF RADLAILTIQN‘WITHI\LATTER' |

Interaction of charged_pafticl‘tgé‘ with matter; Classical theory of inelastic collisions with
atomic |electrons, Energy loss: per don' pair by primary and sécondary ionization
Dependence of collision energy losses on the physical and chemical state of the
absorber Cerenkoyv radigti'g‘)n',’fEleEtrdn absorption process, Scattering Excitation and
Ionization & Radiative cquisgpg; Bremsstrahlung, Range energy relatioh, Continuous
slowing down approximation (CSDA), straight ahead approximation and etour factors,
transmission and depth depepderice methods for determination of particle penetration,
empirical relations between range and energy, Back scattering. Passage of heavy charged
particles through matter - En rgy 10ss by collision - Range energy relatior - Bragg curve
- Specific ionization = Stopping .Power ~ Bethe Bloch Formula. Interaction of neutrons:
with matter - scattering -.capture - Neutron induced niiclear reactions.

BASIC X-RAY PHYSICS . “L
inuous spectra,

Discovery, Production; Properties of, X-rays, Characteristics and con

Design of hot cathode X-ray|tube, Basic requirements of medical diagnostic, therapeutic
and industrial radiographic tyibes, Rotating anode tubes, Hooded anode tu es, Industrial
X-ray tubes, X-ray tubes for crystallography, Rating of tubes, Safety d ‘vices in X—r'ay
tubes, X-Ray proof and shqc}cprQOf’ tubes, Insulation and cooling of X-ra wbe§, qullé_:
and dental units, Faults in X-ray tubes, Limitations on loading. Physi?al prmmg)le. of
diagnostic radiology: Interagtions of X-rays with human body, differenti f;rgnsx;nssm‘g
of x-ray beam, spatial image formation, visualization of spatial image limitations -of
projection imaging technique Viz. superimposition of overlying structures andv8cat‘ter’,.
application of contrast media and projections at different angles| to overcome
superimposition of overlying structures.

|
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RADIATION QUANTITIES, UNITS AND DOSIMETRY

‘zli)tzgilaet igr‘xlx m{lg ‘ﬂvqgnlce_,, Enelgyﬂux and fluence, Cross Section, Linear and mass.
Srphako cocflicients, Mass encrgy t'raps‘fx‘e"r_/éxr}dwma};‘s energy absorption ‘coefficients,.
R .Bbr : e% ‘%owa:k LET, Radiation chemical yield, W-value, Dosimetry, Energy imparted,.
(CP?Z)R B ose, “.er‘mas“EXf)qur(:, Air kerma rate constant; Charged particle equilibrium
LS ??}tlonfh}p between Kerma, absorbed dose and exposure uhder CPE, Dose
equivalent, Eﬁ‘cf.twe doge, Collective effective dose, Antiual limit of intake (ALT) ﬁerived,
élr poncentra'thn‘ (DAC)J Personnel ‘dose equivalent Committed dobe. Free’Air Ion
Bllamber'(FaAIC), Design of parallel plate F-AIC, Measurement of Air Kerma/ Exposure.

ragg-Gray thef)r » Mathematical expression describing Br&g’g;Gray“pr’iﬁcipie’and- its

eriyation. ‘Bl‘xrlu__l‘,‘and }Spqnce‘r"At‘t;i;;.ﬁ@avity theories: General, definition of calibration
factor —>N;;5'NK»‘N1?9§;fz“ND.\‘ -IAEA, TRS277: Various steps to arrive af%ﬁ: éfnpreséion for

Dy starting“from Nx. TRSsss: No,wio: Now: Koo :Ko, Derivation of an expression for
Ko,0o. Calorimetric standards.. Measurement of ‘D for External beams from $CO
teletherapytv‘maghi\x;@,}; Linac: Referénce conditions for measuremeit, Type of ion
chambers, Phantom, Waterproof sleeve, Derivation of an expression for[Machine Timing

——rror. Beam Quality Index Measurement.____

RADIATION DETECTION AND MEASUREMENT

Principles of Radiation' detection an

d tiedsurertierit - Basic 'p‘rindii]:s of radiation

detection (Gas.iEﬁleavdf;{écii_ots~' onization chambers -~ Theory and design - Construction
of condenser type chambers arid‘t himblé chambers; Gas multiplication - Proportional and

GM Counters (Char _
time Scintillation detectors ~Se

lic:and inorganic counters - Dead time and recovery
diigtor detectors < Chemical systems, Radiographic
riescént Dosimeters (TLD), Optically stimulated
: nce -d R photoluminescent dosimeters - Neutron
Detectors, Nuclear' milsi ¥ fast nieutrons - Solid State Nuclear track (SSN'TD)
detedtors, Calorimeters; New be\;dppmqgis;’]jtbéimeﬁér"s based on condenser chambers -
Pocket chambers ~ ‘Dosiirieters .based: ‘on: current measurement - Different types of
electrometers =-MOSFET, Vibrating ¢ondenser and Varactor bridge types, Secondary
standard 'therapyle: oSIE . Farmer :Dosimeters, Radiation field| analyzer (RFA).
Water phantom :dosimetry s i Bfachytherapy dosimeters, Thermoluminescent

d‘osin{iétér‘"z‘éédéi‘sff;orﬂfﬁ:ed:i’éal ‘qpp:,ﬂmgftigg_s,,»-@alibraﬁQn and maintenance!of dosimeters.

and Radio-chromic films: Thermolw

Lumijnescencé -d ters (OS

RADIOBIOLOGY.

Biological Effécts of Radiation: Somatic éffects of radiation - Physical factors influencing
somatic effects - Dependérnice on dose, dose rate, type and energy of }*adlau on, temperature,
anoxja, - Acuteé radiation jsickness, LDsorgo dose, Effect of radiation on skm and bloo‘d
forming organs, digestive tract -.Sterility and cataract f"?rmatlo_n,.r Effects of c%x_ron;c
exposure to radiation; Ipduction of léukaemia, _Radl‘amin Cgrctno renesis, Risk of
carcinogenesis, Animal and human data - Shortening of life span, In:utero exposure,
Genetic effects of radiation, Factors affecting frequency of radiation in .uced mutations,
Dose-effect relationship, first generation effects, Effects. due to mutation of recessive
Genetic' |burden, Prevalence of heredltar}'r steas s and .defe_cts,
_ Concept of doubling dose and genetic risk estimate. Biological
ogical factors affecting cell survival, tumqr
-conventional fractionation scheme and. th‘elr
e cell cycle, High LET radiation

characteristics;
Spontaneous mutation ratg, Con c
basis of Radiotherapy: Physical and. biol
regrowth and norihal tissue response -1_\‘I§n. ente
effect of reoxygenation, epair,_re.d;stmkutlon. in :
therapy, Time dose fradﬁoTIlation, Linear and Linear Quadratic models. j
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DI;AGNOSTIC RADIOLOGY

Ph&siéal principle of diagnostic radiology: Interactions, differential trdnsmission of x=ray
‘beam, spatial image formation, vistalization of epatial image, limitafions of projection:
imaging technique. Radiography techniques: Prime factors (kVp, mAs and SID/SFD),
influence of prime factors on image quality, selection criteria of prime. factors, Filters;
Scatter reduction: F actors influencing scatter radiation, objectives o scatter reduction;.

contrast reduction factor, scatter reduction methods; beam restridtors (diaphragms,
cones/cylinders & collimators); grids. Intensifying screens and their Function,
Radiographic Film: Components of radiographic film, Image quality: Tmage quality
parameters. Xero-radiography, mammography, Interventional radiology,; digital
radiography (CR and DR systems), digital subtraction techniques, Conventional
tomography (principle only), orthopan tomography (OPG), Coriputed T omography (CT),
QA of CT equipment, Magnetic Resonance: Imaging (MRI) and Ulfrasound Imaging
(USG). ' |

NUCLEAR MEDICINE| _ i N R

|

Introduction to Nuclear Medicin %, Unsealed Sources; Production of Ra}:lion‘ublide used in
Nuclear Medicine; Reactor based. Radionuclides, Accelérator based Radionuclides,
Photonuclear activation, Equations ‘for' Radionuclide Productiz’rn, Radionuclide
Generators and:jth‘eir‘.oper;adbn'i_pfinciplés;:Vax"'i‘o"us usages of Radiopharmaceuticals.

ures; Thyroid Uptake Measurements, Renogram, Life Span _
s, Life Span of RBC etc: General concept of Radionuclide
torical developmenits. |
Radionuclide Imagmg-Of;her techniques and Instruments; The Rectilinear Scanner and
its o’perational rp;ixigiple,-l;Basic;erlnciple‘s"-:‘and.,Design of the Anger Camera / Scintillation
Camera; System componets;; Detector: System and Electronics, Different types of
Collimators, Design andP;erformance Characteristics of thea'Convergiu"g, Diverging and
Pin hole Collimator; Image: Display’ and Recording'Systems, Digital Image Processing
Systems, Scanning' Camers, Physics of PET and Cyclotron: Principles of PET, PET
Instrumentations., Treatméntof fI?hy;fofO)iicstis, Thyroid cancer with 1-151, use of P-32
and Y-90 for palliat:‘iir,e:t_zre:%tniéﬁg_Ra&iiaﬁo‘n Synovectomy anid the isotopes used. Concept
of Delay Tank and various ‘Waste Disposal Methods used in Nuclear Medicine. Planning
and Shielding Calculations during the installation of SPECT, PET/CT and Medical
Cyclotron in the N uclear Medicine Départment, |

In-vivo Non-imaging: proged
of RBC, Blood Volume st

RADIOTHERAPY

Benign and Malignant tumors, palliative and curative therapy, beam ther’apy Equipments,
low kV therapy xiray units, telecobalt units - source design - beam/ collimation and
penumbra - trimmerg and |breast cones, Design and working of medical electron linear
accelerators - beam collimation - asymmetric collimator - multileaf collimator, Output
calibration of 60Co gamma rays, high energy x-rays and electron beams usmg‘IAEA TRS-
398. 'Central axis dosimetry parameters-PDD, TAR, TMR, SAR and SMR. Beam
Modifying devices. Target|volume definition and dose prescription criteria- ICRU 50, 62
and 82 - SSD and SAD set ups. Depth dose characteristics and Clinical application of x-
rays, gamma-rays, electrons and high LET radiations. Special techniques in radiation
therapy -TBI, TSET, electron arc treatment and dosimetry, intraoperative
radiotherapy,$DCRT, IMRT, IGRT SRS, SBRT and adaptive Radiotherapy. Quality
assurance of Radiotherapy units. ;
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Brachytherapy tgchniquLs = surfice mould, intracavitary, interstitia ‘and intraluminal,
‘techniques. Afterloading techniques - Advantages and disadvaritages of manudl and
remote afterloading techniques. Requirement for brachytherapy soutces. Description of
radium and radium substitutes - 187Cs; 60CO, 192Ir, 1251 and other commonly used
brachytherapy. sources, fl.Dose rate considerations and classification of brachytherapy
techniques, Low dose rate (LDR), high dose rate-(HDR) and pulsed dose rate (PDR).
Paterson Parker and Manchester Dosage systeéms. ICRU 88 and &g protocols,
Specification and calibration of brachytherapy sources - RAKR and A} S-IAEA. TECDOC

RADIATION SAFETY|AND RADIATION PROTECTION ST

Radiation dose to ‘indivi\duals*‘ﬁ'dmnatu'fnl radioactivity in the envir onnlent and man-

made sources. Basig concepts of r}ldiation,;prptcct‘ion\s,tandards ~ Histprical background,

International Comn1i§Si¢):n'~on Radiological Protection and its reco endations. The
system of Radiological Brotection: Justification of Practice, ‘Optigﬁzztion of Protection
and individual dose limits; Radiation and tissue weighting factdrs. ‘Categories of

exposures, Occupational, iP’ubli"c; and Medical Exposures. Evaluation ‘ofi external radiation
hazards, Effects of dxstaqce, time and shielding- Shiélding calc;ﬂati()xi}s - Personnel and
area monitoring, Internalradiation hazards Y Radio toxicity of .’d_i_f‘feife'rig radionuclides and

the classification of laboratories; Control of contamination. g

Planning of medical rad_i_a’ﬁ‘o‘n mstallatlons- Géh‘er‘alcbns,ideratién's? D’JE‘i gn of diagnostic,
deep therapy, telegammi and accelerator installations, brachyther py faciliies and
e alboI ratories: -Valuation.;of radiation hazards in z‘nedlcal diagnostic

medical radioisotgp _ ‘ n h ‘
therapeutic: installations: - Radiation monitoring: procedures - Protective ‘measures to
reduce radiation ej:})OSure["to s d patien lRadjoactiye Wwaste management. Handling

of patients Waste dis a%l_;facihfc_;e”’ - Radiation safety during source.-transfer operations
Special safety feai in: a ors; reactors, gources of radipactive wastes -

Classiﬁcatiozi of ds

D

1P°3 d102 i&ﬂf,as‘té’s, Treatment techniques for solid,

5 - Periissible limits for disposal of waste Sampling techniques

r Ge glca.l, hydrologlcal ‘and .metegro_log?\cal parameters -

Ecological cons'ide‘r‘aﬁbns,. Transportation of: radiosctive substances, packages, General

packing requiremerits; Transport documents, Labeling. and marking of packages,

Regulations appquabl‘;e;fdff different modes of transport. Physical protkction of sources,

Radiation Emergencies and their Medical Management.

National Legislation, _xégqjlatoryjframpwqu, relevant regulatory qu ments such as Act,
Rules, applicable safety. odes, Standards, guides and ‘manuals, r.a(.hatmn surveillance
procedures. Regulatbry" requirements; TCRP and its rec_on?m;endatlo s, .Categones of
radiation exposures, risk }'aétorsﬁ,;international/ national radlanoq prot ction standarfls—
ICRP, BSS and AERB fec_z%»m‘mer‘xdatidn. UNSCEAR recommendations, factors governing

liguid and gaseous éffluer
for air, water and solids

internal exposure. .
RADIATION ﬁzMERGENcrEs AND EMERGENCY
RESP ONSE/PREPAREDNESS

Radiation accidents and éinergencies in the use of radiatiog.sourpgg a%d ):?.qt..lipmter.lts.in
radigtherapy, Nuclear 'Me"dicine,' diagnostic radiology and industries, Radiation injuries
and Medical ,Manag’emen%_ Normal and Potential Exposures. Elements of emergency

planning and preparedness.
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Prof Sha 'ufta Wahab (Convénbi},): Prof. B.P. Singh |
Department of Radiodiagnosls Departmerit of Phys;cs.

Dr. M. A. Bllal ' Dr: Mudasir Ashra £ shah
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