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Table 1. Interactions between medical device and MRI, and their relating regulations

Item ISO/TS 10974

ASTM

Heating
(Section 10)

Protection from harm to the patient caused by RF induced heating F2182-11a

Protection from harm to the patient caused by gradient induced  —

device heating (11)

Vibration Protection from harm to the patient caused by gradient induced  —
vibration (12)

Force Protection from harm to the patient caused by B0 induced force  F2052-14
(13)

Torque Protection from harm the patient caused by B0 induced torque F2213-06
(14) (Reapproved 2011)

Artifact Protection from harm to the patient caused by image artifact (15) F2119-07

Extrinsic electric  Protection from harm to the patient caused by gradient induced —

potential extrinsic electric potential (16)

Rectification Protection from harm to the patient caused by RF rectification —
17)

Malfunction Protection from harm to the patient caused by B0 induced mal- —
function (18)
Protection from harm to the patient caused by RF induced mal- —
function (19)
Protection from harm to the patient caused by gradient induced  —
malfunction (20)

Combined test Combined fields test (21) —

Marking Markings and accompanying documentation (22) F2503-08
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W T TSR DAL

Fig. 1. Concept of a vector field, its divergence, and rotation superim-
posed on a picture (source of reference unknown) of a wheat field. In
this figure, electric vector field E is shown as an example.
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Table 2. The Framework of Classic Electromagnetics

HBERRE

7736 % 35 (2016)

(éggzi?(;rlllsg tem%ggleﬁ}?afnge Major points Applications cali/clsﬁs;?ﬁggfém
Maxwell’s Electrostatics Coulomb’s law for ~ Any device or Vector analyses including ;
equation (Static electric field) electric charge phenomenon with Addition,
Gauss’s law static electric field ~ Subtraction,
Electric scalar such as a copy Production,
potential machine etc. Differentiation,
Laplace’s equation Integration,
Poisson’s equation Divergence,
Steady state current Vector potential Any device or Rotation,
(Static electric current Ampere’s law phenomenon with Gauss’s theorem,
field) Biot-Savart’s law direct current such  Stokes’ theorem,
as an electric light, Green’s theorem,
an electric heater and
etc. Helmbholtz’s theorem.
Magnetostatics Coulomb’s law for ~ Any device or
(Static magnetic field) magnetic charge phenomenon with
Magnetic scalar magnet such as a
potential motor, an MR scan-
ner etc.
Quasi-steady state cur- Faraday’s law Any device or
rent field Lenz’s law phenomenon with
(Slowly changing elec- Electric circuits alternative current
tric current field) such as a household
electric appliance, a
personal computer
etc.
Non-steady state cur- Ampere-Maxwell’s  Any device or
rent field law phenomenon with
(Electromagnetic Wave equation electromagnetic
wave) Radiation, propaga- wave such as a com-
tion and diffraction = munication device
of electromagnetic  like a cellular phone
wave or a wireless LAN, a
microwave oven, an
MR scanner etc.
Lorentz Relationship between Dynamics of an An accelerator, a
force kinetic and electromag- electric charge cathode ray tube
equation netic parameters etc.
5. Lo THELDZUMADPEHETE 2L %->TL %

LAV DR DL PEL, HHRELT
£ U AEARAORRNZE, b bBEMEHIC

L, BRI ORI L 25 E SRR I i 5 %
EAHL TV, TP ERIEOTEATHY,
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Fig. 2. A picture of the Hebraic harp (source of reference unknown)
called “nevel” and a differential operator called “nabla”

_ aEx+a_.Ey+ oE:
X 9y 0z

CORERIL, BAHRICBITSH, X7 FIVRD 3
DOFREG D, FHRANDHWSG ThH5HDT,
N7 PIVBRZEDOREIL EOREBEEHL T35
DpeFd. P2IZTOEBEIINY FIVROFR
# (divergence) *MEEINS. ZORT % Fig.
1 OHFICEARANICRB L 7. X7 FIVROH
INSISLTTRIROBRE BN TAT, ZOHK
BOLFE»OOIEROBEBEH L 2BNUL, £
TORBNMEZHFT A LIC%5.

—77, COWBEFICNT PV EAMEOEKRT
TER SR EITE, ROBID ISR T F v
=ICRA.

90

a

ad ad . .
= Ja— J— — I'C+ + z
vxE <l o ]a 62) X (iEx+jEy+kE:)

i jk
_|8 8 9|_ <6Ez aEy>
ax 3y a ay 0z
E:. Ey E.
dE: OE: oE, OE.
<6z ax> <§_E>

CHERZ FIVRO[EER (rotation 721 curl)
LI A, TEEE | 355 RICBWTZDON
7 FVFIZED S B WIS < & D el IMFAE
THDPEKREIC, ZOWEEOERTRTR
TICh 0. EREBEREOR SICHEA Y@L/
LEDOXRVOEL M ETERINS. Fig. 11T
RTEDIE, NT FVROHRICNS ik B
TAT, ZOMmEd L5777 FIVEER DN
¥, 2 TORERMEXETAHT EICins.
HREED L1L, HHEBICERE BN
HolE ZILEDE BVOEE TEIIRIE
LA eRTLOTHS. BLUERICHL T,
BEREEPEGL IRV T WL E DI RS DN
FERe TH5H. MRICHEEE B LIL, B



MR % 4B 06 22 75 TG S D SERE

HIBEICHHA H B> 7oL 212, £DCH
WORETWIIMPERT A0 ERTLOTH
%, WHRBEENGS DTV E D D EEN
Ry BNEEI%. MRI Tt [#HBA O |
ERTOIC [T] (FAF) WD B -
TWaH, CNRIELLBEEREEBOC &
TH5HREITITEREL 2.

S TCUEDERY b N, R(DITER
BEOFER, O HITB T A B EE I A
THLTEBRL TS ERGhD. BMEE
DEWITE, ZORBICITEWVEAREL 5 &
WS, AU AOEERL TS, —F, X
Q) IR BEEORHILD 5D 5 SITB W THE
O ThbHI Ehmd. Fig. 31CmntT koI, W
FIZLIF NRE SR EWVDIEAFAEL, H
MTIIHFELEL 27\ 7, BRI NFEA L 72k
MARSTZ Eamrd. RO ITHRBEENEL
T5E, TOBET HEEOBAEEL S

Fig. 3. Magnetic flux vector has no divergence
as it always becomes closed due to the inherent
bipolar property of magnetism
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Fig. 4. Sound noise induced by a z-gradient
coil in an MR scanner. A Lorentz force generat-
ed by the flux density vector of the static mag-
netic field, Bo and the current density vector, J
pulls in and pushes out the gradient coil ele-
ment, making a tapping sound with the coil bob-
bin.
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Basics of Electromagnetics for Evaluating the Safety of Patients with
Implanted Medical Devices in MR Scanners

Kagayaki KURODA

Course of Electric and Electronic Engineering, Graduate School of Engineering, Tokai University
4-1-1 Kita-kaname, Hiratsuka, Kanagawa 259-1292

In order to evaluate the safety of patients with implantable medical devices during MR imaging,
knowledge of electromagnetics is indispensable. Electromagnetics is the theory of analyzing the
spatiotemporal behavior of electromagnetic fields. There are two governing equations, viz. Max-
well’s equations and the equation of Lorentz force law. Temporal changes in electric and magnetic
fields can be used to categorize electromagnetic phenomena.

When none of these fields vary with time, the condition is called electrostatics; under this condi-
tion, an electric field is created by electric charges as known as Gauss’s law, and an electric potential,
whose gradient is the electric field, is defined.

The constant movement of electric charges induces a stationary electric current. The current cre-
ates a static magnetic field similar to that of an MR scanner, as is explained by Ampere’s law. The
gradient of static magnetic field strength applies force on devices composed of paramagnetic or un-
saturated ferromagnetic materials. The magnetic moment of such a device also receives magnetic
torque from the static magnetic field.

When the temporal change in the magnetic field is not negligible, an electric field is created as
known as Faraday’s law of electromagnetic induction. If the temporal change is relatively slow
(roughly under several 10 MHz) , and the secondary magnetic field created by the electric field is
negligible, the resulting condition is called a quasi-static electric current field. This is related to the
gradient magnetic field used in MR. If the change is fast enough, a secondary magnetic field is in-
duced, and then another electric field is created, and so on. Such a sequence of electric and magnetic
field creation forms an electromagnetic wave, which is the nature of radio frequency (RF) fields.
This explains the heat conduction evaluated as specific absorption rate (SAR) . The root mean
square of the RF magnetic field effective for nuclear spin excitation corresponds to B1+Rrums.

The present article explains the framework of electromagnetics and introduces the interactions be-
tween an MR scanner and an implantable device.
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