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B paMKax KypcCa chaywaTtennm nno3HakomMdaTca C AByMA noacuncreMaMm MarHMTHO-pPe3OHaHCHOro TOMOFpaCbaZ MarHUTHOM 1
Fpap,l/leHTHOVl. Ey,u,eT paccMOTpeHO yCTpOI?ICTBO AaHHbIX NoACNCTEM U UX CBA3b C pa,ﬂ,VIO‘-IaCTOTHOI?I noaCcCUCTEMON. Ey,D,yT onucaHbl
OCHOBHbIE€ MPUHUWUMNbI XapakKTepusaunnm AaHHbIX nNogcucTteMm n peleHuns OﬁpaTHbIX 3apay. OcobeHHoe BHMMaHue yaoeneHo BANAHUIO
NX OCHOBHbIX XapaKTepUCTUK Ha Ka4eCTBOo |/|306pa>Keva.

OaHHbIN KypC dABNdeTca cneynaamsanpoBaHHbIM WM nNpeaHa3Ha4dYeH AOnd Marnctpos cC cneumanusaumen B obnacT MarHUTHO-

pe3oHaHCHOW ToMorpadpun.

Within the framework of this course, students will learn about two subsystems of a magnetic resonance scanner: the magnetic one
and the gradient one. We will consider the design of these subsystems and their connection with the radio frequency subsystem. We
will also describe the basic principles for the characterization of these subsystems and for solving inverse problems. We pay a
particular attention to the influence of their main characteristics on the image quality.

This is a specialized course intended for Master’s students who major in magnetic resonance imaging.


https://physics.itmo.ru/ru/personality/karlos_kabal-mirabal
http://physics.itmo.ru/ru/personality/anna_kaznacheeva
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Tema 1. BBegeHue. MarHuTHoO-pe3oHaHCcHasa ¢ u3uka u obopynoBaHume.

MHoroo6pasne MP-3kcnepumeHTOB: MP-cnekTpockonus, MP-penakcauus, MP-Tomorpadus. Pa3Hoobpa3sue o6beKTOB U
X XapaKTepUCTUKN. B3auMocBA3b Mexxay (U3MKOMN, annapaTypon U xapakTepuctukamm obbvekta B MP-akcneprMMeHTax.
Obwme TpebosaHMa. Obwme n TpaAULMOHHbIE XapakTepucTuku obopyposaHust MP. lNone M 4aCTOTHbIA AWanasoH.
OTnnumsa. Obuwaa 6Gnok-cxeMa CTaTUYeCKOro MarHuTHoro nons ana MP  (Bo). YyBcTBMTENbHOCTb. OTHOLWEHMe
curHan/wym. NMpocTpaHCTBEHHOE U CreKTpajsibHOoe pa3pelleHune. BamsaHue cTtaTuy4eckoro MarHMTHOMO Mo Ha npouecc
penakcauuun. JlapMOpoOBCKas 4acToTa Kak HocuTenb MP-uHdopmaumn. KoppeKTUpOBKa BHELIHEro CcTaTU4Yeckoro
MarHuTHoro nonsa. O6Wure XapakTepucTukKM pafgmovacTOTHOrO MarHuTHoro nonsa Bl pgns MP-akcnepuMeHTOB.
SddheKkTuBHOe paguoyvacTtoTHoe none. HacbiweHue. dusmyeckas cBaA3b Mexay PY-nonem m s3neKTpoMarHUTHbBIMU Y
MOJIEKYNSAPHBIMU XapaKTepuctukamm obvekTa. MIMNynbCHOE MarHWTHOEe MoJjie ANA KOAUPOBaHUA, npeanonspusaunm,
n3MepeHun anddysnm, SKCNEPUMEHTOB C LIMKJIMPOBAHNEM MOMA N KOPPEKLUN HeogHopoaHOCTM Bl 1 Bo. TpeboBaHus k
MMMY/IbCHbIM MOCNeA0BaTeNbHOCTAM. KaTyLlKM U 3/1eKTpOoHUKa. eoMmeTpuyeckas cMMMeTpus, pacrnpefeneHne n ero
B/IUSIHNE Ha 3N1eKTPOMarHUTHbIE XapaKTepuUCTUKK.

Tema 2. CtaTMyecKkoe ogHOpPOAHOE BHELLUHee MarHuTHoe none.

Obwaa dusmka ”n TexHosormyeckme xapakrepucTukm MP-marHuTa. Tunbl MarHuToB. [1OCTOSIHHbIE MarHWUTbI.
DNeKTPOMarHuTbl C BO3AYLIHbIM CEPAEYHUKOM. Pe3NCTUBHbIE MarHUTLI C XXene3HbiM cepaedyHnKoM. CBepxnpososLlime
MarHuTbl. MarHnTbl OAS8 3KCNepuMeHToB MP-cnekTpockonuu BbICOKOrO paspelleHus. Marumt ans MPT-obcnepnosaHns
YyesioBeka. MarHWTbl AN Hay4HbIX WUCCAeAO0BaHUN C XXUBOTHbIMU. lpsaAmas n obpaTHasa 3ajava 3/1eKTpoMarHeTusma.
MNoBTopeHne ypaBHeHu Makcsenna, Jlannaca n buno-CaBapa. MarHuTHoe nosie TOKoBOM neTnnM. MarHuTHoe none Ons
Habopa ToOkoOBbIX neTenb. OpgHopopoHOCTb. Cdepuyeckne rapMOHMKUW. 30HaslbHble U TeccepalsibHble FapMOHUKU.
MonvHombl JlexxaHgpa. PacHeT MarHUTHbIX CUCTeM. PasinyHble MeToAbl XapakTepusauunm oAHOPOAHOCTU. MarHuTHoe
3KpaHupoBaHue. CBepXNpoBOAALLNA MarHUT. XapakTepucTuUkn NpoBoAoB n MmaTepuana. CHabXxeHne cBepXnpoBOASALLErO
MarHuTa >3Hepruen. HanpshkeHne B MarHuTe. TpeboBaHms K mnpoBoake. KBeHY (BHe3anHas yTpaTa MarHUTOM
CBEPXMPOBOAMMOCTM) M 3aljmTa OT Hero. XapaKTepucTuku KpuocTaTa. [lepemMelleHne u yCTaHOBKa MarHura.
besonacHoCTb MarHuTa. MexxayHapogHble npasusia.

Tema 3. IMnynbCcHOEe MarHuTHoe none.

3.1. MnynbcHble nocnegoBaTensHocTu ons 1D, 2D n 3D nsobpakeHnn. Obwine TpeboBaHUA K rpagMeHTHON CUCTEME.
WcTopuyeckasa 3BoMOUUA FPafMEHTHbIX CUCTEM M MeTOAOB pacyeTa. Popma NenecTkoB rpagneHToB. [pagueHT ans
cbopa paHHbIX nMoA yraoMm. OpTOroHasbHOCTb. HexenaTtenbHble (N06O4YHbIE) rpaAueHTbl. FpaguMeHTbl 4acTOTHOro U
haszoBoro koampoBaHus. ObLiMe U1  OTAMYMTENbHblE XapakTepucTuku. [pagveHT Bblibopa cpesa. [pagneHT
nepedasnpoBaHns cpesa.

3.2. 'panneHTbl, obecneymBaloLme YyBCTBUTENBHOCTb K ABMXEHUO: Anddysnn, nepdysmnmn, NnoToky. KoppekTupyoLine
rpagneHTbl. Crusher-rpagueHTbl. ObHyIeHMe MOMeHTa rpaameHTa. O4ynwatowme rpagneHTol. Knaccuveckme n 6a3osble
KOH(Mrypaumm rpagueHTHbIX KaTylweKk. Knaccumyecknme MeToAbl pacyeTa rpafueHTHOM KaTywku. KoHdurypauus
KaTylwek Makcsenna. KoHdurypaunsa Fones. Metoasl buo-Casapa. AHanM3 C UCMNOJIb30BaHNEM Chepuyeckux rapMoHUK.
30HasibHble N TeccepaibHble FapMOHUKU. YaydlleHne KoHdurypaumum Fones. OCHOBbI Teopuu LesieBoro nons. Metonbl
NAOTHOCTU Toka. PyHKUUSA uenesoro nons. ®akTop, KOTOPbIN HEOOXOAMMO BKJOYUTbL B (MYHKLUIO LLeNIeBOro Mnos.
PeanbHas KoHdUrypauma kaTylwek. IPPEKTUBHOCTb, OOAHOPOAHOCTb, JIMHENHOCTb, KPUTEPUN KavecTBa rpadneHTHbIX
KaTylwek. Buxpeson TOK. BuxpeTokoBas 3aBUCUMMOCTb MaTepuasioB. MeToAbl KOMMEHCauunm BUXPEBbIX TOKOB. Cuibl,
CBA3aHHblE C CUCTEMOWN rpafUWeHTHbIX MMMY/bCOB. DNEeKTPU4ecKoe nose, co3faBaemMoe rpafnueHTHbIMU UMMYybCaMu.
3aBUCMMOCTb 3JIEKTPUYECKOro MONA OT 3/IeKTPOMarHUTHBIX XapakTepucTuk obbvekTa. [Anccunauma sHeprum. Cuctema
06MOTKN. MOHNTOPUHI TeMnepaTypbl B CUCTEME FPafANEHTHbIX KaTyLlek.

3.3. BaunsiHMe WHOYKTMBHOCTW KaTyweK. MeToAbl ymnpaBfiieHWSs BPEMEHEeM HapacTaHus rpagveHTHOro MMMyJsbca.
3aBUCMMOCTb HanpshkeHHocTn nona nm RLC xapakTepucTtmk. BanaHmne kabenen, Tpybok, coegnHeHuin. CornacosaHune
rPagVNeHTHON KaTyWKK C yCUAMTeNneM MOLHOCTW. TpeboBaHuA K YCUAUTEsN0 MOLUHOCTM W ero XapakTepucTuKu.
XapakTepucTuku nomeweHna. PunbTpylowasa nnactuHa. CuctemMa C MNOCTOSHHOW WMHTEHCMBHOCTLIO rpadueHTa.
OpHocTopoHHUI SAMP. HenunHenHas rpajueHTHasa cucTeMa. Patloc (mMeTon napannenbHoro cbopa A[aHHbIX C
MCMoJib30BaHNEM JIOKaAN30BaHHbIX rpagneHToB). MpocTpaHcTBEHHOE KoAupoBaHme " MaccuB PY-
KaTylek. XapakTepm3aumMa M KOHTPOJIb KayecTBa rpPafgWeHTHOW cucTeMmbl. PasnnyHble MeToAbl XapakTepusauuu
rpagVMeHTHON CUCTEMbl B 3aBMCMMOCTU OT 3Tana MpPOeKTMpOBaHMA, POPMbl U MapamMeTpoB MMMyabca. Pypbe-aHanms.
AHann3 MMHENHOCTN U OPTOroOHaIbHOCTUW. DIEKTPOHHbIE N annapaTHble MeToAbl. MeToAbl TOMOorpadumn. besonacHocTb n
3alluTa B rpaMeHTHON cucTemMe. MexxayHapoaHble npasuia.

Tema 4. TexHONOrMA WMMMUpoBaHua. (2 yaca)




MpUYMHBI HEOAHOPOAHOCTU MarHUTHOrO Noas. AHaan3 C UCNOJb30BaHNEM Chepuyecknx rapMoHUK. XapakTepusaumsa v
0encTBns No KoppekTuposke. MNaccnsHoe N akTUBHOE LLUMMMUPOBaHUE. BO3MOXXHOCTU 1 orpaHn4yeHns. HeoAHOPOAHOCTb
BOCMPUUMYMBOCTM  MarHUTHOro Mofs. 3aBUCMMOCTb OT TreoMeTpuu, TemnepaTypbl, BPEMEeHW, UMMYJbCHOWN
nocnenoBaTenbHOCTN, KapTupoBaHua FAMP. MeTtoabl Tomorpadun. IPPEKTUBHOCTb LWNMMUPOBaAHUA. [uHaMnyeckoe
wMMMmnpoBaHne.  KommneHcauusi BUXPEBbIX TOKOB. B3aumogencreme Mexay rpaguveHTHbIMU — KaTyllkaMmu,
LUNMMUPYIOLWNMUN KaTyLLIKaMU 1 OCHOBHbIM MarHMToM. MeToAbl yMeHbLUEHNS B3aMOAENCTBUS.

Tema 5. PaguouyacTtoTHOoe MarHuTHoe nose (6 4acoB)

5.1. ®opma paano4acTOTHOro uMMyfbca. BpemeHHble M 4YacToTHble obnacTu. lMpsiMoyrosibHble MMNyNbCbl. SINC-
uMmnynecbl. Umnynbcbl SLR (LWUuHHapa - Jle Py). WMnynbcbl nepemeHHOM 4acToTbl. WMNynbcbl BO3OYXAeHUS 1
nepedokycmpoBku. NHeepTupyowwmne nmnysibcbl. KOMANo3nTHble PY-uMnOyabCbl. MMNynbCbl Nnepefadyv HamMarHu4YnBaHus.
MHoromepHble wuMnysbCbl (2D ©n  3D). HaknOHHbIe WMMNYAbCbl. WMMOyAbCbl MNPOCTPAHCTBEHHONO HaCbIWEHUS.
MpocTpaHCTBEHHbIE CNeKTpasibHble MMMyJibCbl. Mapkupytowme umnynbcel. SPANMM n DANTE. Aguabatudeckue PY-
nMnynbcbl. UMnynbcbl Bo36yxaeHWsA, nepedoKyCMPOBKN N MHBEPTUPYIOLLNE UMMYbCbl. DYHKLUN MOAYNALNN.
XapakTepuctnkn n dyHkums PY marHuTHoro nons B MP-akcnepumeHTax. Ob6wwune uenu npu npoekTupoBaHun PY
KaTyllek, KBa3uCTaTuU4yeckoe 3JIeKTPOMarHWTHoe ycJioBMe. Pagnmo4acToTHOE MarHMTHOE W 3JIeKTpuyeckoe nons,
co3paBaeMble OOHUMM KOHTYpoM. [MpuHUMN B3auMHOCTW. Pa3a B PagMo4acTOTHOM MarHUTHOM none. JInHenHasa u
Kpyrosas noaspmsauns pagnovacTtoTHoOro nons. KeagpaTypHble KaTywKu AN nepejavn v npuvema. [eHepauus
KaTylKaMn OOHOPOAHOrO PaguvoY4acTOTHOrO MNOMA: KaTylKka Tuna “ATUdbA KNeTKa”, OTKPbITas KOoHMUrypauus wu
MNOBEPXHOCTHbIE KOHMUrypauuu.

5.2. PacnpepeneHve nons TMOBEPXHOCTHOW KaTywWwKW. KBaapaTypHble TMOBEPXHOCTHblE KaTywWwKu. ®PyHKUMN
KOHAEeHCaTopoB. B3anMHas NHAYKTUBHOCTb U KPUTMHYECKOE nepekpbiThe. MaccnBbl MOBEPXHOCTHLIX KaTyllek. Kputepuun
00151 NPOEKTMPOBaHNA KaTywek. OTHoweHne curHan/wym (OCLU), paspeweHune, nosne 3peHus (FOV), oAHOPOAHOCTb NoAA
B1l. OCLW n pa3peweHune B 3aBncnmMmocTun oT FOV. ®a3oBas 1 B3BeLlMBalOLWAas KOMNeHcauuns Bkaaga sokcena s OCLU. KN4
KaTylwek. MoBEPXHOCTHbIE KaTyLWKWU C ABOWHOW HAaCTPOMKONM. Llenn noBepxHOCTHbIX PY-kaTylwek. Pe3oHaHCHble uenu.
Llenn HacTpoinku n paccTponkn. CornacosaHune, CBA3b W pa3BsA3Ka B peXumax npvema u nepepgayun. EMkocTHoe un
WHOYKTMBHOEe cornacosaHue. CorslacoBaHve wWMMNegaHca C WCMONb30BaHWEM JIMHUIA nepedayn. XapakTepusauns
MOBEPXHOCTHbIX KaTylleK. PeasibHble NOBEPXHOCTHbIE KaTyLWwKK B annapate MPT. CoeanHeHne MacCcnBa NOBEPXHOCTHbLIX
KaTylek. KCnepnMeHTalbHOe f0Ka3aTebCTBO.

KoHurypaumnsa obbemMHbIX KaTylwek. MeToabl NAOTHOCTU ToKa. MeTtopn uenesoro nonas. KoHdurypaums Trna “ntuybs
kneTka”. M'mbpuaHasa, HM3KOYACTOTHas W BbICOKOYACTOTHas KOHMUrypaums Tuna “NTuybs KaeTka”. DKBMBaJIEHTHbIE
cxeMbl. HacTponka n cornacoBaHue. KaTywkn ¢ ABOMHON HacTponkon. CrnekTpasbHbi aHanus. OavHa KaTywkn Tuna
“NTnybs KNeTka”. XapakTepucTmka Koaun4yecTBa neTenb. BansHume kpanHux koneu. PY-ogHopogHocTb Bl. BaunsHwne
KoHAeHcaTopoB. B3anmogenctseme PY KaTyllek C 3/IeKTPOMarHUTHON 70KpYy>KatoLlel cpeaol. SkpaHupoBaHne “nNTuyben
KneTkn”. BavsaHne 3KpaHMpOBaHMA Ha OOHOPOAHOCTb M MHTEHCMBHOCTb Bl u Ha KM[ kaTywkun. Metos nsobpaxeHuin
ONs ynydlweHna ogHopodHocTu. MeTon ceTok. KapTa B1. PacyeT nnoTHocTu Bl. Cnyval oTKpbIThIX KaTylwek. KaTylwka
TMNa “NTWYbA KJIeTKa” C ABOWHOW HacTpPOMKon. TpeboBaHUA N BO3MOXXHOCTU. Pa3nnyHblie BapuaHTbl. Kputepun Boibopa
TOMOIOrK AN KOHPUTrypaunn KaTywKy Tuna “nTnybsa kneTka”. OrpaHnyeHmnsa KaTywek Tuna “nTuyea knetka”.

5.3. NonepeYyHble aneKTpoMarHUTHble KaTywku (TEM). HekoTopble KoHurypaumn. Npenmyuwectea. LLnmmuposaHue PY-
KaTylwek B KoHpuUrypaumsx TEM. LileneBoe none n yHKUMs NoToKa. [oBepXHOCTHble KaTyLlwkn TEM. DnekTpoHHas 610k-
cxeMa TEM n MHorokaHanbHbIX KaTywek. KapTa Bl KaTywek TEM. KapTa Bl KaTywku Tuna “nNTuydba KaeTka” no
CpaBHeHUIO C KaTywkamn TEM c Harpy3skoil n 6e3 Hee. MpoekTupoBaHMe N peannsaumna mMaccusos TEM. KaTywkn TEM
ONA KOHeYHoCTen.

XapaKTepuUCTUKN [U3NTIEKTPMYECKNX pPe30HaTopOoB. MNpenmyLecTBa U HegocTaTku. MmMbprnaHbie 31eKTPOMarHMTHbIE MOAbI
(HEM). HekoTopble cneumanbHble KaTywKn. PY KaTywkn ona mMoAoenn XMBOTHOro. PY-KaTywKn Ona TBepAOTeNbHOro
AMP. PY KaTywKkun-katetTepbl. MUKpO-KaTyLLKN.

YaenbHbln  KO3(hUUMEHT nornoweHns (SAR). dnekTpuyeckme cBOWCTBa TKaHen. O6wme MeToabl pacyeTa U
MmogenupoBaHua. CpaBHeHMe pa3HblX KOHdurypauui. MpoTokonel MPT pagna cHuxeHus SAR. PaguoyacToTHas
6e30nmacHOCTb. MexAayHapohHble npaBuia. KOHCTpyKuus PY-ycunmTenss MOWHOCTU KU npueMHuka ans MPT. O6wume
XapaKTepucTuku.

Topics of Magnetic Resonance Hardware

Topic 1. Introduction. Magnetic Resonance Physics and hardware

Diversity of MR experiments: MR spectroscopy, MR relaxation, MR imaging. Objects diversity and characteristics.
Relationship between the Physics, hardware and object characteristics in MR experiments. General Requirements.
General and common characteristics of MR equipment. Field and frequency range. Distinctions. General Block diagram of
Static Magnetic field in MR (Bo). Sensibility. Signal Noise ratio. Spatial and spectral resolution. The influence of the Static
Magnetic field in the relaxation process. Larmor frequency as a carrier of the MR information. Correction of the external
static magnetic field. General Characteristics Radiofrequency Magnetic field B1 for the MR experiments. Effective Radio
frequency field. Saturation. Physics relationship between the RF field and the electromagnetic and molecular
characteristic of the object. Pulse magnetic field for codification, pre polarization, Diffusion measurements, Field cycling
experiments and correction of the Bl and Bo inhomogeneity. Pulse sequences requirements. Coils and electronics.
Geometric symmetry, distribution and it influence on the electromagnetic characteristics.

Topic 2. Static homogeneous external magnetic field




MR magnet general physics and technological characteristics. Magnet types. Permanent magnets. Air cored
Electromagnets. Iron cored resistive magnets. Superconducting magnets. Magnets for High resolution MR spectroscopy
experiments. Magnet for Human MRI studies. Magnets for animal research. Direct and inverse problem of the
electromagnetism. Recalling of Maxwell, Laplace and Biot Savart equations. Magnetic field of a current loop. Magnetic
field for a set of currents loops. Homogeneity. Spherical harmonics. Zonal and Tesseral Harmonics. Legendre
polynomials. Calculation of magnetic systems. Different methods for the homogeneity characterization. Magnet shielding.
Superconducting Magnet. Wire and material characteristics. Energizing Superconducting magnet. Stress in the magnet.
Wiring requirements. Quench damage and protection. Cryostat characteristics. Movement and installation of the Magnet.
Safety concerning the magnet. International regulations.

Topic 3. Pulse Magnetic field

3.1. 1D, 2D and 3D Images pulse sequences. General requirements for gradient system. Historical evolution of the
gradient systems and calculation methods. Gradient Lobes shape. Gradient for oblique acquisitions. Orthogonality.
Concomitant Gradients. Frequency and Phase Encoding Gradients.

3.2. Common and distinctions characteristics. Slice selection Gradient. Slice rephasing gradient.

Motion sensitizing Gradients: Diffusion, Perfusion, Flow. Correction Gradients. Crusher gradients. Gradient Moment
nulling. Spoiler gradients. Classical and basics gradient coils configurations. Classical Methods for the calculation of
Gradient coil. Maxwell coils configuration. Golay configuration. Biot Savart methods. Spherical Harmonics analysis. Zonal
and Tesseral harmonics. Improving the Golay Configuration. Bases of the Target field theory. Current density methods.
Target Field function. Factor to be included in the Target Field function. Real coils configuration. Efficiency, Homogeneity,
linearly, Figure of Merit of gradient coils. Eddy current. Eddy current dependence of the materials. Methods for Eddy
current compensation. Forces associated with gradient pulses system. Electrical field generated by gradient pulses.
Dependence of the electrical field on the object electromagnetic characteristics. Energy dissipation. Coiling system.
Temperature monitoring in Gradient coils system.

3.3. Effects of coils inductance. Methods for driving the Rise Time of the gradient pulse. Dependence of the strength and
RLC characteristics. Cables, tubes, connector’s influences. Gradient coil matching to the Power amplifier. Power amplifier
requirements and characteristics. Room characteristics. Filter plate. System with constant gradient intensity. Single side
NMR. Nonlinear Gradient system. Patloc. Space codification and RF array of coils.

Characterization and quality control of the Gradient system. Different methods to characterize the gradient system in
dependence on the step of the design and Pulse shape and parameters. Fourier analysis. Linearity and orthogonality
analysis. Electronics and Hardware methods. Imaging methods. Safety and protection in the Gradient system.
International regulations.

Topic 4. Shimming technology (2 hours.).

Causes of the magnetic field inhomogeneity. Spherical harmonic analysis. Characterization and correction actions.
Passive and active shimming. Possibilities and restrictions. Magnetic field susceptibility inhomogeneity. Dependence on
the geometry, Temperature, time, Pulse sequence, NMR mapping. Imaging methods. Shimming efficiency. Dynamic
shimming. Eddy current compensation. Interaction between the gradient coils the shim coils and main magnet. Methods
to decrease the interaction.

Topic 5. Radiofrequency Magnetic field (6 hours)

5.1. Radiofrequencies pulse shape. Time and frequency domains. Rectangular pulses. SINC pulses. SLR pulses. Variable
rate pulses. Excitation and refocusing pulses. Inversion pulses. Composite RF pulses. Magnetization Transfer pulses.
Multidimensional pulses (2D and 3D). Ramp pulses. Spatial saturation Pulses. Spatial spectral pulses. Tagging pulses.
SPANMM and DANTE. Adiabatic RF pulses. Excitation, Refocusing and inversion pulses. Modulation functions.

RF magnetic field characteristics and function in MR experiments. General goals in RF coil design quasi static
electromagnetic condition. RF magnetic and electric field produced by one loop. Principle of Reciprocity. Phase in RF
magnetic field. Linear and circular polarizing RF field. Quadrature in transmission and reception. Coils generation
homogeneous RF field: Birdcage, Open configuration and Surface configurations.

5.2. RF magnetic field characteristics and function in MR experiments. General goals in RF coil design quasi static
electromagnetic condition. RF magnetic and electric field produced by one loop. Principle of Reciprocity. Phase in RF
magnetic field. Linear and circular polarizing RF field. Quadrature in transmission and reception. Coils generation
homogeneous RF field: Birdcage, Open configuration and Surface configurations.

Surface coil’s field distribution. Quadrature surface coils. Capacitors functions. Mutual inductance and critical
overlapping. Arrays of surface coils. Criterion of coils design. Signal Noise Ratio, Resolution, Field of View (FOV), Bl
homogeneity. SNR and resolution versus FOV. Phase and weighting compensation of the voxel contribution in the SNR.
Coils efficiency. Double tuned surface coils. RF surface coils circuits. Resonance circuits. Tuning and detuning circuits.
Matching, coupling and decoupling in reception and transmission regimes. Capacitance and Inductive matching.
Impedance matching by transmission lines. Surface coils characterization. Real surface coils in MRl machine. Connection
of surface array coils. Experimental proof.




5.3. Volume coils configuration. Current density methods. Target field approach. Birdcage configuration. Hybrid, Low pass
and high pass birdcage configuration. Equivalent circuits. Tuning and matching. Double tuning coils. Spectrum analysis.
Birdcage coil length. Number of loops characteristics. Ends rings effect. B1 RF homogeneity. Effect of the capacitors. RF
coils interaction with Electromagnetic the surrounding. Birdcage shielding. Effect of the shielding in the B1 homogeneity,
intensity and the coil efficiency. Method of images to improve the homogeneity. Mesh method. B1 map. Calculation of the
B1 density. Open coils case. Double tuning birdcage coil. Requirements and possibilities. Different options. Criterions for
the topology selection of the Birdcage coil configurations. Birdcage coils limitations.

Transverse Electromagnetic coils (TEM). Some configurations. Advantages. Shimming of RF coils in the TEM 2
configurations. Target field and stream function. Surfaces TEM. Electronic Block diagram of the TEM and multi tuning
coils. B1 map of TEM coils. B1 Map Birdcage versus TEM coils load and unload. TEM arrays design and implementation.
TEM coils for extremities. Dielectric resonators characteristics. Advantage and disadvantages. Hybrid electromagnetic
modes (HEM).

Specific Absorption Rate (SAR). Tissue electrical properties. Common calculation and simulation methods. Comparison
between different configurations. MRI protocols to decrease the SAR. RF safety International regulations. RF power
amplifier and Receiver design for MR. General characteristics.
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Monutuka oueHuBaHus

OL,eHO4YHbIE CPeACcTBa AUCLUIIJIMHBI: DK3aMeH, CEMUHaPp.

DK3aMeH Mo JaHHOMY KypCy COCTOUT M3 ABYX YacTen:

1. MncbMeHHbIN 3K3aMeH. VI3 gecAaTn BOMpoCOB, KOTOpble CTYAEHTblI FOTOBAT 3apaHee KO AHI0 MMCbMEHHOr0 3K3aMeHa, OHU [0J1KHbI
BbIbpaTh 3 cny4valiHbiM obpasom.

2. CeMuHap - no 15 MUHYT Ha CTyAeHTa, Mo Hay4YHOW cTaTbe, onybsMKoBaHHON B nocnefHue 10 neT, CBA3aHHOW C copep>kaHneMm
Kypca.

OkoH4aTeslbHasa oLeHKa — B3BeLleHHas No pe3ysibTaTaM 060ux MeponpuaTui.

Assessment form

Evaluative means of discipline: exam, seminar.

The course exam consists of two parts:

1. Written exam. In ten questions, that students prepare in advance on the day of the written exam, they must choose 3 at random.

2. Workshop, of 15 minutes per student, based on a scientific paper from the last 10 years related to the content of the course.
Final Evaluation - Weighing Both Activities.

Tun caMocToATeNbHbIX 3agaHUi

Bonpocek! ana 3aK/lo4YMTesIbHOro TecTa.

YacTtb 1. HanuwuTe TEeCT co cnenylow MM BONpocamMu:

1. HaszoBuTe M onNuWMTE NapaMeTpbl, XapakTepusyowme rnose Bo, n nx eanHuubl.

2. Ha30BWUTE OCHOBHbIE MPUYMNHbLI HEOAHOPOAHOCTEN BO 1 NpnuHUMN AeNCTBUSA LUMMMUPOBAHUSA.

3. W3n0XxunTe B3aMMOCBA3b MeXAy PU3NYEeCKUMM NapamMeTpaMmn U TeXHONOrMYeCcKUMM napamMmeTpamMmn, Kotopble Heobxoanmo
Y4UTbIBaTb NPU MPOEKTUPOBAHUN FPaANEHTHOW KaTyLUKW.

4. [Mepeyuncnnte BCe PYHKUUN FPASANEHTHOro MMNyJbca 1 onuwnTe 3 n3 3TuX pyHKUMn. NI3noxmnTe 4encTBMe rpagneHTa Ha
CUCTEMY CMNHOB.

5. OnuwwuTe B3anmonencTeme mexnay Bo, rpagneHTHbIM nMnynscom n PY nonsgmu. Kak MOXXHO KOMMNEHCUPOBaTb 3TKU
B3aMMOLencTBmA nnn nsbexxatb nx?

YacTb 2 MNpe3eHTauusa n ob6cy>xpeHne HayuyHOn paboTbl, OTHOCALLLEACA K OAHOW U3 C/IeAyIOLUX TEM:
1. TpoeKkTupoBaHMe OCHOBHOIMO MarHUTHOro noss Bo.
2. PacyeT OCHOBHOIrO MarHuUTHOro rnons Bo.



XapakTepu3aumsa n KoppekTuposka Bo.

PacyeT rpaAneHTHON KaTyLLKK.

MpoekTnpoBaHne rpafMeHTHON KaTyLUKN.

XapakKTepucTuKa rpaguneHTa.

B3anmopencTeme mexnay Bo, rpagneHTHbIM MMNynbcom 1 PY nonsmn
TexHoNorns WMMMMPOBaHNS, Npouenypa.

N U AW

Final Test Questions.

Part 1 Write test with the following questions:

1. Mention and describe the parameters and their units which characterize the Bo field.

2. Discuss the principal causes of the Bo inhomogeneities and how the Shimming process works.

3. Discuss the relationship between physics parameters and technological parameters to be taking account in the Gradient coil
design.

4. Mention each of the Gradient pulse functions and describe 3 of those functions. Discuss the action of the Gradient over the spin
system.

5. Discuss the interaction between Bo, Gradient Pulse and RF fields. How these interactions can be compensated or avoided?

Part 2 Presentation and discussion of a scientific paper related to one of the following themes:
Design of the main magnetic field Bo.

Calculation of the main magnetic field Bo.

Bo characterization and correction.

Gradient coil calculation.

Gradient coil design.

Gradient Characterization.

Interaction between Bo, Gradient Pulse and RF fields

Shimming Technology, procedure.
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