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[X-COIL/HAIN COIL] 

A gradient coil for magnetic resonance imaging (MRI) has 
an elliptic cylindrical ?rst coil and a second coil arranged 
coaXially to the ?rst coil. The second coil is located outside 
the ?rst coil in the radial direction thereof. The second coil 
is either elliptic-cylindrical or cylindrical. Winding positions 
of Wires of the second coil are determined so that a magnetic 
?eld created outside the second coil by the ?rst coil is 
cancelled out. Practically, circumferential current densities 
of the ?rst and second coils are expressed by Weighted even 
and odd functions. Ratios betWeen Weights of the second and 
?rst coils are then determined on values derived from the 
number of Waves in the coil axial direction and a ?atness rate 
of the ellipse. The Winding positions of Wires of the second 
coil are determined on the values. 

15mm... . _. - .2 .12 

2 2 

.2. .z-: 
4 i4 

. n .M Li 4 l 

-s o s 10 1s 20 2 
z 

[X-COIL/SHIELD CO! L] 
ASYHMETR I C TYPE 



Patent Application Publication Nov. 21, 2002 Sheet 1 0f 8 US 2002/0171425 A1 

1 

?fil 

1% m- l ‘m Qll 

0PM m P * 

WM 17$ m/ 

FE Win 
MRI 

SYSTEM 

2__ meme 
SYSTEM 



Patent Application Publication Nov. 21, 2002 Sheet 2 0f 8 US 2002/0171425 A1 

SHIELD COIL \‘HREzCZ 

FIG.2 



Patent Application Publication Nov. 21, 2002 Sheet 3 0f 8 US 2002/0171425 A1 

.1 a 12 l .. .. T . Ji 

2 2 2 2 

E. l E. I. 
4 4 4 4 

:0_ {H “mm _o =n_ \\ Ilf .0 

.1 l l -12 
4 4 4 4 

2 —15 ~10 -s o 5 I0 15 2 2 -1s -10 —s o s 10 1s 2 

Z Z 

[Z-C0lL/MAIN COIL] [Z-COlL/SHIELD COIL] 
mm 

FIG. 3A FIG. 3B 

35. Y 1 12 E. 
2 2 2 2 

i 1!. 1i _ 3L 
4 i 4 4 4 

p 0 k k 0 g o _ JV \ I f l] 

.2. l l l 
4 4 4 4 

2 -s o s m 15 Z Z -s o s m 15 2 

Z Z I 

[z-colL/mAm COlL] [Z-COIL/SHIELD con] 
w 

FIG. 4A FIG. 4B 



Patent Application Publication Nov. 21, 2002 Sheet 4 0f 8 US 2002/0171425 A1 

= u u = o J o 

.1 .15. .2 _.1£ 
4 4 4 4 

_'a_....i._l_'=iii,...i_z 
2 -20 ~20 ~10 0 1o 20 3o 2 2 —se -20 ~10 0 1o 20 so 2 

z z 
[X-COIL/UMN COIL] [X-COlL/SHIELD COIL] 

SYMMETRIC TYPE 

15“ .m L L E. 

2 2 

a :2 
4 i 4 

e o- 0 

4r. _1=_ 
4 T 4 

J5 . H . U M. l .21 

Z -s o s w 15 20 2 
z 

LX-COlL/MMN COIL] [X-COlL/SHIELD COIL] 
ASYMMETR I C TYPE 

FIG. 6A FIG. BB 



FIG. 7 
PRIOR ART 



Patent Application Publication Nov. 21, 2002 Sheet 6 0f 8 US 2002/0171425 A1 



Patent Application Publication Nov. 21, 2002 Sheet 7 0f 8 US 2002/0171425 A1 

I START I 

GIVE MAIN COIL CURRENT 
DENSITY FUNCTION [EU_ (3)] 

CALCULATE CURRENT DENSITY 
FUNCTION OF SHIELD CCIL 

[Eu (5)] 

I w 
CALCULATE MAGNETIC 
FIELDS CREATED BY 
mm COIL mo 

smsw can CEQ. m] 

CALCULATE INDUCTANCE ~33I) 
VALUES [EQ (9)] 

I T 

INPUT CALCULATED VALUES 
INTO ESTIMATE FUNCTION 

~34 

CALCULATE ESTIMATE VALUE 

IN ESTIMATE 
VALUE MINIMIZED? 

(DBTA l N 

CALCULATE CURRENT ususm 
DISTRIBUTIONS 0F NAIN 
mu SHIELD cons 

POSITIONS ) 
DISCRETE COIL 

PEFFORM WINDING 

END 

FIG.9 



Patent Application Publication Nov. 21, 2002 Sheet 8 0f 8 US 2002/0171425 A1 

SHIELD COILIZZ' 

— 8 MAIN COlLzZI’ 
MAIN COIL L'HREICI 

SHIELD COIL WlREiCZ 

FIG. 10 



US 2002/0171425 A1 

ACTIVE SHIELD TYPE OF ELLIPTIC 
CYLINDER-SHAPED GRADIENT COIL FOR 

MAGNETIC RESONANCE IMAGING 

BACKGROUND OF THE INVENTION 

[0001] 1. (Technical Field) 
[0002] The present invention relates to a gradient coil 
incorporated in a magnetic resonance imaging system in 
order to give magnetic ?eld gradients to an examination 
space formed in a bore of the system, and in particular, to an 
active shield type of elliptic cylindrical gradient coil. 

[0003] 2. (Related Art) 

[0004] A medical MRI system uses a magnetic resonance 
phenomenon of nuclear spins Within an object to acquire 
tomographic images or measure NMR spectrums. 

[0005] The MRI system has a gantry that has an exami 
nation space shaped into for example a substantial cylinder, 
into Which an object to be examined is inserted. The gantry 
has a static magnet, Which forms the examination space, for 
generating a magnetic static ?eld, a gradient coil for gen 
erating magnetic ?eld gradient pulses superposed on the 
static ?eld, and an RF coil for transmitting and receiving RF 
pulse signals (including MR signals) to and from the object. 

[0006] A gradient ampli?er, Which is coupled With the 
gradient coil, is driven in response to instructions given from 
a sequencer to the gradient ampli?er, so that the gradient coil 
creates magnetic ?led gradient pulses. Currently, it is 
required that the magnetic ?eld gradient pulses be sWitched 
at a sWitching time of less than 1 msec. Especially, in the 
case of ultra-fast imaging techniques that have draWn much 
attention, the sWitching time of less than 0.3 msec. is 
required. To realiZe this, it has been desired that a gradient 
coil assembly of higher energy ef?ciency be developed, 
together With a high-poWer gradient ampli?er. 

[0007] Conventionally, for MRI systems of Which mag 
netic static ?eld is directed horiZontally, cylindrical gradient 
coil assemblies have been used. To increase the energy 
ef?ciency of this cylindrical gradient coil assembly, a ?rst 
measure is to reduce the coil radius. This is based on the 
nature that inductance that is a parameter to decide the 
sWitching time of coils is proportional to a coil radius to 5th 
poWer. HoWever, this technique requires that the coil radius 
be loWered With an increase in energy ef?ciency. It Was 
therefore dif?cult to obtain a radius of the examination space 
that permits the Whole-body imaging for adults. 

[0008] One solution to this problem is proposed for 
example by US. Pat. No. 4,820,988. This publication dis 
closes a gradient coil assembly of Which coils are formed 
into an elliptic cylinder in place of a cylinder. The coil radius 
is shortened in the vertical direction (normally, in the Y-axis 
direction) in such a manner that a section perpendicular to 
the axis through the coils is formed into an elliptic shape. 
This makes it possible that a higher rate of energy ef?ciency 
is held and the Whole-body examination for adults is per 
formed. Practically, disclosed coil shapes include a coil 
shape in Which a half cylinder is decentered in the Y-axis 
direction and placed face to lace and a second coil shape in 
Which a cylindrical coil is ?attened in a certain direction to 
the surface so as to form an elliptic cylindrical gradient coil. 
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[0009] An alternative measure is proposed by Japanese 
Patent Laid-open 5-269100, in Which disclosed are an ellip 
tic gradient coil assembly formed into an elliptic cylindrical 
coil and a detailed design method of such coil assembly. 

[0010] One signi?cant management item for the gradient 
coil assembly is to suppress eddy current that occurs in 
pulsating the assembly to a loWer value of current. The eddy 
current occurs in transition manners When a time-dependent 
magnetic ?eld penetrates a thermal shielding plate of the 
static magnet, thereby a magnetic eddy ?eld being caused in 
a region necessary for imaging. This causes irregularities in 
intensity of an MR image, deeply deteriorating image qual 
ity. To prevent this problem, an active (self-) shielded type 
of gradient coil assembly (ASGC: Actively Shielded Gra 
dient Coil) is used, as shoWn in for example US. Pat. No. 
4,733, 189 and No. 4,737,716). In such coils, a shield coil is 
placed outside the gradient coil assembly to suppress or 
shield a magnetic ?eld leaking out of the gradient coil 
serving as a main coil. The ASGC has coil assemblies in 
charge of generating magnetic ?elds in the individual X-, Y 
and Z-channels of an MRI system, and each coil assembly 
is equipped With a main coil and a shield coil. This shield 
structure almost prevents, channel by channel, magnetic 
?eld gradients from leaking out 

[0011] Practical design techniques for an ASGC of Which 
coils are formed into a cylindrical shape are proposed by 
Mans?eld et al., “J. Phys. E. Sci. Inst. 19, 540-545 (1986),” 
Turner et al., “J. Phys. D: Appl. Phys. V0.19, L147-L151,” 
and others. 

[0012] Thus, an elliptic cylindrical gradient coil should be 
an actively shielded type of coil. To meet this demand 
requires a design technique that permits magnetic ?eld 
gradients to be generated at a higher accuracy. HoWever, 
such a practical Way of designing for the elliptic cylindrical 
gradient coil has yet to be proposed. There are therefore 
dif?culties in designing an active shield type of elliptic 
cylindrical gradient coil in terms of such Work as compu 
tation of a current distribution of shield coils and computa 
tion of a desired magnetic performance (such as a maximum 
gradient strength and linearity in the magnetic ?eld). The 
active shield type of elliptic cylindrical gradient coil has not 
been put into practical uses. 

SUMMARY OF THE INVENTION 

[0013] The present invention, Which has been made With 
consideration of the above problem that the conventional 
techniques face, is directed to an object of proposing in 
detail hoW to design an active shield type of elliptic cylin 
drical gradient coil, thereby such coil being able to be put 
into practical uses. 

[0014] To realiZe this object, a gradient coil for magnetic 
resonance imaging (MRI) according to the present invention 
comprises a ?rst coil forming an elliptic cylinder; and a 
second coil disposed coaxially to the ?rst coil, Wherein a coil 
Wire of the second coil is positioned in Winding so that a 
magnetic ?eld created by the ?rst coil outside the second coil 
is cancelled. 

[0015] Preferably, current density in a circumferential 
direction of each of the ?rst and second coils is expressed by 
Weighted even functions and Weighted odd functions, ratios 
betWeen Weights for the second coil and Weights for the ?rst 
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coil are determined by values based on the number of Waves 
in a coil-axis direction and a ?atness rate of an ellipse, and 
Wound positions of the coil Wire of the second coil are 
determined based on the values. 

[0016] More preferably, the second coil is located outside 
the ?rst coil in a radial direction of the ?rst coil. In this 
structure, the second coil is formed into an elliptic cylinder 
and an elliptic cylindrical plane formed by the second coil 
and an elliptic cylindrical plane formed by the ?rst coil 
possess in common a focus located at almost the same 
position. By Way of example, the second coil is formed into 
a cylinder. 

[0017] According to these structures, there can be pro 
vided hoW to design Winding positions of an MRI gradient 
coil in Which the elliptic-cylindrical or cylindrical second 
coil (shield coil) is disposed outside the elliptic cylindrical 
?rst coil (main coil) With the same center axis given. Thus, 
an active shield type of elliptic cylindrical gradient coil can 
be provided and put into a practical use, in Which a higher 
rate of energy ef?ciency is kept, While still enabling the 
Whole-body of an object to be imaged and eddy current to 
surely be suppressed to reduce artifacts. 

[0018] In addition, the present invention provides a mag 
netic resonance imaging system in Which the above gradient 
coil is incorporated, a design technique for the gradient coil, 
and a computer-readable program preferable to the design. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 
[0020] FIG. 1 is an outlined schematic vieW of a gantry of 
an MRI system according to embodiments of the present 
invention; 
[0021] FIG. 2 is a conceptual vieW illustrating Wire 
arrangement of a Z-coil included in an elliptic cylindrical 
ASGC according to a ?rst embodiment; 

[0022] FIGS. 3A and 3B shoW unrolled vieWs of Winding 
patterns of a symmetric type of Z-coil; 

[0023] FIGS. 4A and 4B stoW unrolled vieWs of Winding 
patterns of an asymmetric type of Z-coil; 

[0024] FIGS. 5A and 5B shoW unrolled vieWs of Winding 
patterns of a symmetric type of X-coil; 

[0025] FIGS. 6A and 6B shoW unrolled vieWs of Winding 
patterns of an asymmetric type of X-coil; 

[0026] FIG. 7 is a vieW illustrating Winding patterns of a 
Y-coil of an elliptic cylindrical gradient coil (non-shielded 
type) Which is shoWn as a prior technique; 

[0027] FIG. 8 illustrates an elliptic coordinate; 

[0028] FIG. 9 is an outlined ?oWchart shoWing processing 
necessary for determining Winding positions of the coils of 
the elliptic cylindrical ASGC; and 

[0029] FIG. 10 is a conceptual vieW illustrating Wire 
arrangement of a Z-coil included in an elliptic cylindrical 
ASGC according to a second embodiment. 

In the accompanying draWings: 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0030] Referring to the accompanying draWings, preferred 
embodiments of the present invention Will noW be 
described. 
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[0031] (First Embodiment) 
[0032] Referring to FIGS. 1 to 9, an MRI (magnetic 
resonance imaging) system according to a ?rst embodiment 
Will noW be described. 

[0033] The MRI system has a gantry 1 and an imaging 
system 2. The gantry 1 is equipped With a gradient coil, 
Which is made up of an active (self-) shield type of gradient 
coil (ASGC: Actively Shielded Gradient Coil) of Which 
section perpendicular to its axial direction is formed into an 
approximately ellipse. Hereafter, this gradient coil is 
referred to as an “elliptic cylindrical ASGC,” in Which the 
term “cylinder” is used as a holloW type of cylinder. The 
imaging system 2 has functions of applying an imaging 
pulse sequence, acquiring an MR signal, reconstructing an 
MR image, memoriZing MR data, and conducting an inter 
face to/from a user. 

[0034] FIG. 1 outlines a section along the axial direction 
of the gantry 1 of the MRI system. The Whole gantry 1 is 
shaped into a cylinder of Which inner bore serves as an 
examination space OP, in Which an object to be examined P 
is placed during an examination. An orthogonal XYZ coor 
dinate system is de?ned on condition that the axial direction 
of the gantry 1 is set to the Z-axis. 

[0035] The gantry 1 is provided With a static magnet 11 
shaped into an approximately cylinder actually providing the 
bore, an elliptic cylindrical ASGC (substantially cylindrical 
gradient coil) disposed Within the bore of the magnet 11, a 
shim coil 13 attached for example on the outer surface of the 
elliptic cylindrical ASGC 12, and an RF coil 14 disposed 
Within the bore of the elliptic cylindrical ASGC 12. With the 
RF coil 14 placed around the object, the object is laid on a 
not-shoWn tabletop and placed in the bore (examination 
space). 

[0036] The static magnet 11 is formed by a superconduct 
ing magnet that has an outer vacuum container in Which a 
plurality of thermal-radiation shielded containers and a 
single liquid helium container are contained. Superconduc 
ing coils are Wound and disposed Within the liquid helium 
container. The outer vacuum container is covered on the 
outer surface by a metal casing 11A. 

[0037] The elliptic cylindrical ASGC 12 has a coil assem 
bly for each of the X-, Y-, and Z-channels and each coil 
assembly is made into a shield structure that resists the 
leakage of a magnetic ?eld created by itself into an outer 
space thereof. With such shielded states for all the channels, 
pulsed magnetic gradients are generated in each of the X-, 
Y- and Z-axis directions. 

[0038] Practically, the elliptic cylindrical ASGC 12 is 
produced into a structure in Which an X-coil 12X, Y-coil 12Y 
and Z-coil 12Z of the X-, Y- and Z-channels are layered coil 
by coil With insulating members therebetWeen, thus a cyl 
inder being provided of Which section is generally a sub 
stantial ellipse. Each of the X-coil 12X, Y-coil 12Y and 
Z-coil 12Z includes a main coil (corresponding to the ?rst 
coil of the present invention) that has a plurality of Winding 
parts creating a magnetic gradient in each of the X-, Y- and 
Z-axis directions and a shield coil (corresponding to the 
second coil of the present invention) that has a plurality of 
shielding Winding parts to reduce or suppress the magnetic 
gradient (pulsed) created by the Winding parts of the main 
coil from leaking out. Each of the coils 12X, 12Y and 12Z 
is connected to an individual gradient poWer supply channel 
by channel. 
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[0039] FIG. 2 outlines a pictorial con?guration of the 
Z-coil 12Z, Which is a representative of the X-coil, Y-coil 
and Z-coil. A coordinate system is de?ned in the con?gu 
ration such that the Z-axis is a center axis itself of the Z-coil 
12Z and the X- and Y-axes are set as mutually-perpendicular 
tWo axes perpendicular to the Z-axis. 

[0040] The Z-coil 12Z, as illustrated in FIG. 2, includes a 
main coil 21 serving as the ?rst coil and a shield coil 22 
serving as the second coil, both of Which are formed in a 
coaxial elliptic cylinder of double-layered coils. Winding a 
coil Wire C1 around bobbin B1 (the ?rst bobbin) of Which 
section to the axial (Z-axis) direction is an ellipse forms the 
main coil 21. The coil Wire C1 is for example a ?at 
conductor. On the other hand, Winding a coil Wire C2 around 
a bobbin B2 (the second bobbin) larger in diameter than the 
bobbin B1 and of Which section to the axial direction is an 
ellipse. Current is supplied to both the main coil and the 
shield coil so that currents passing through the coil Wires C1 
and C2 are opposite to each other. 

[0041] Wigs. 3A and 3A and FIGS. 4A and 4B exemplify 
Winding patterns of the Z-coil (coil Winding parts). Of these, 
FIGS. 3A and 3B shoW Winding patterns (l/z-unrolled vieW) 
of the Z-coil of a symmetric type of elliptic cylindrical 
ASGC of Which Windings are symmetric With regard to the 
Z-axis direction. By contrast, FIGS. 4A and 4B shoW 
Winding patterns (l/z-unrolled vieW) of the Z-coil of an 
asymmetric type of elliptic cylindrical ASGC of Which 
Windings are asymmetric With regard to the Z-axis direction. 
FIGS. 3A and 4A shoW the Winding patterns of the main 
coils, While FIGS. 3B and 4B shoW the Winding patterns of 
the shield coils. 

[0042] The X-coil 12X includes, although not shoWn, a 
main coil and a shield coil each of Which consists of for 
example a ?at conductor and each coil has four saddle-type 
of Winding patterns (Winding parts) Wound around a bobbin. 
In other Words, in each of the main coil and the shield coil, 
tWo saddle-type of Winding patterns arranged in the Z-axis 
direction and electrically connected in series are arranged 
face to face in the X-axis direction so as to form tWo sets of 
Winding patterns. A total of eight Winding parts in both the 
main coil and the shield coil are electrically connected in 
series and connected to, for example, a common gradient 
poWer supply. This connection is made to establish a current 
path that alloWs current to How through the main and shield 
coils in the mutually opposite Ways These current ?oWs 
make it possible that magnetic ?eld gradients are created 
linearly in the X-axis direction With the shield function 
maintained. 

[0043] FIGS. 5A and 5B and FIGS. 6A and 6B shoW 
examples of the Winding patterns of the X-coil. Of these 
examples, FIGS. 5A and 5B illustrate Winding patterns of 
the X-coil of a symmetric type of elliptic cylindrical ASGC 
(l/z-unrolled vieW), Whilst FIGS. 6A and 6B do those of an 
asymmetric type of elliptic cylindrical ASGC (l/z-unrolled 
vieW). In addition, FIGS. 5A and 6A shoW the Winding 
patterns of the main coil, While FIGS. 5B and 6B do those 
of the shield coil. The Winding positions of the Wires are 
analytically obtained on a desired distribution of magnetic 
?ux. 

[0044] The Y-coil 12Y employs Winding patterns similar 
to those of the X-coil 12X, in Which the Winding patterns are 
arranged as if those for the X-coils 12X are rotated about the 
Z-axis. 

[0045] Though the foregoing Z-coil, X-coil and Y-coil 
have the Winding patterns similar to those of the conven 
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tional cylindrical ASGC, spacings betWeen Winding posi 
tions of the Wires are designed differently from the conven 
tional in that, as Will be described later, the Wires are 
arranged around an elliptic cylindrical surface so as to obtain 
a magnetic ?eld performance required for magnetic reso 
nance imaging. 

[0046] As shoWn in FIG. 7, in the case of a conventionally 
knoWn elliptic cylindrical gradient coil (non-shield type) 
disclosed by Japanese Patent Laid-open No. 5-269100, its 
one coil loop alWays includes an oppositely-Wound loop. 
Similarly to FIG. 7 shoWing the Y-coil, each of the X-coil 
and the Z-coil includes such oppositely-Wound loop. In 
contrast, for each coil of the elliptic cylindrical ASGC 
according to the present invention, such oppositely-Wound 
loop is not necessarily required, With the result that the 
Winding patterns according to the present invention also 
differs from those of the conventional. 

[0047] HoW to design the foregoing elliptic cylindrical 
ASGC Will noW be described in a quantitative manner. In 
other Words, a technique for locating Windings of coil Wires 
of the elliptic cylindrical ASGC Will noW be detailed. The 
locations of the Windings may be determined through pro 
cessing executed by a host computer in the imaging system 
2 or by a not-shoWn universal type of computer. 

[0048] An elliptic cylindrical surface around Which coil 
Wires of the main coil are Wound is generally expressed by 
the folloWing equations (1) that use the elliptic coordinate 
system (refer to FIG. 8). 

x=c cos h EC cos 7], y=c sin h EC sin 7] (1), 

[0049] Where (:c, 0) shoWs the coordinates of focuses of 
the ellipses. Further, an elliptic cylindrical surface around 
Which the coil Wires of the shield coil are Wound can be 
expressed by the folloWing equations (2) in the similar 
manner to the above. 

x=c cos h EC cos’r], y=c sin h EC sin 7] (2) 

[0050] Incidentally, the main coil has the same focuses as 
those for the shield coil. 

[0051] Then, described Will be hoW to determine Winding 
positions of coil Wires of the shield coil under the condition 
that the Winding positions of Wires of the main coils are 
given. 

[0052] A n-directional current density function jn (11, Z) 
indicative of the Wires of the main coil can be expressed by 
the folloWing equation 

- 1 0o iks 

1110], Z) = 5!“) dke 

[0053] In cases a n-directional current density function for 
the shield coil is Written by 

2 WWW”) + Z jgruosem 
n:0 ":1 
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[0054] the relationships of 

¢;(/<p a, a.) (5) 
J77 (k) = —WJU (k) 

_ ?ll/‘P 5% 5") J17 (k) — —W]” (k) 

[0055] is accomplished, because the gradient coil is 
formed into the ASGC. Hence the current density function 
for the shield coil can be calculated. Calculating equations 
(3) and (5) enables current density in the circumferential 
direction of each of the main coil and the shield coil to be 
expressed by Weighted even functions and Weighted odd 
functions. And ratios betWeen Weights for the shield coil and 
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Weights for the main coil are determined With the number of 
Waves in the coil aXial direction and a ?atness rate of the 

ellipse. 

[0056] After calculating the current density function, a 
stream function is calculated on the current density function 
by a knoWn technique, as Will be described later. Based on 
the stream function, discrete Winding positions of Wires of 
the shield coil are determined. These relationships can be 
applied to all the X-, Y- and Z-coils as Well. 

[0057] All the terms in the relationships shoWn by the 
equations (5) can be Written as folloWs, using Mathieu 
functions. 
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-continued 

[0058] Z-cornponents of a magnetic ?eld created by each 
of the main and shield coils Within its inner space are given 
by the following equation (10). 

M8 M 
S L 

[0059] in Which 

[0060] 
the main coil, shield coil and ASGC are given by the 

folloWing equations (12), respectively. 

In addition, inductance values Lc, Ls and L ASGC of 

[0061] 
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(9) 

27%8 m ‘X’ (12) Lc= ,2 f dk tcemeaFekmecxMgrzix 

00 

[sinhzgclvfnlz + coshzgcwfnlz + MP1}, 
in which 

00 

12 

M2 
1 S u 

LASGC = LC — L; 

In the above Eq. (12), there are provided 

[0062] FIG. 9 shoWs a How of coil-position deterrnination 
processing and Winding operations for manufacturing the 
elliptic cylindrical ASGC according to the present invention 
on the basis of the foregoing qualitative analysis. Practically, 
?rst, a current density function is given to the main coil, as 
shoWn in equation (3) (step S1), then a current density 
function of the shield coil that corresponds to that of the 
main coil is calculated based on equation (5) (step S2). Then, 
rnagnetic ?elds created by the main and shield coils are 
calculated on equation (7) and inductance values Lc, Ls and 
L ASGC of the main and shield coils are calculated on equa 

tions (7) and (9) (steps 53a and 53b). 
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[0063] These calculated results (the values of the magnetic 
?elds and inductance) are inputted into a speci?ed estimate 
function (step S4), then an estimate value of the estimate 
function is calculated (step S5). It is then determined 
Whether or not the estimate value is minimized (step S6). If 
the determination is NO, the processing is returned to step 
S1 to alter the current density function. The altered current 
density function is again subject to processing at steps S2 to 
S6. In cases Where it has been determined at step S6 that the 
estimate value reaches its minimum (YES), the current 
density distributions of both the main and shield coils are 
calculated, and then subjected to processing for obtaining 
discrete coils’ Winding positions (step S7). The thus-ob 
tained Winding positions are used to Wind coil Wires around 
each bobbin (step S9). 

[0064] In the present embodiment, the processing from 
steps S1 silk to S7 is partly or entirely provided as an 
application program for designing the elliptic cylindrical 
ASGC. The program is given With a not-shoWn recording 
medium or transmission recording medium. 

[0065] As stated above, to practically design the elliptic 
cylindrical ASGC, it is preferable that magnetic gradients be 
set to their desired intensities, the linearity in the magnetic 
?eld Which is able to cover an imaging region be secured, 
and the inductance values be as small as possible. The 
Winding positions of the coil Wires are determined on the 
above qualitative analysis, so that the elliptic cylindrical 
ASGC can be designed for actual applications. Therefore, 
characteristics inherently given to the elliptic cylindrical 
ASGC, that is, higher energy ef?ciency and the Whole-body 
examination for adults can be attained. 

[0066] (Second Embodiment) 
[0067] Referring to FIG. 10, a second embodiment of the 
present invention Will noW be described. 

[0068] FIG. 10 shoWs a Z-coil 12Z‘ of an elliptic cylin 
drical ASGC according to the second embodiment, and 
corresponds to the coil structure shoWn in FIG. 2. The Z-coil 
12Z‘ has a main coil 21‘ Whose section perpendicular to its 
axial direction is almost elliptic and a shield coil 22‘ 
arranged outside the main coil and Whose section perpen 
dicular to its axial direction is approximately circular. 
Namely, While the main coil 21‘ is still kept in shape to an 
elliptic cylinder, the shield coil 22‘ is shaped into a cylinder. 
This is able to reduce the number of Windings to the same 
magnetic gradient intensities and linearity in the magnetic 
?eld as those in the ASGC according to the ?rst embodi 
ment, thereby the inductance values being loWered 

[0069] In the second embodiment, the ASGC coil is 
designed such that a current density function is given to the 
main coil, and a current density function of the shield coil 
corresponding to, that of the main coil is calculated based on 
knoWn techniques such as a ?nite element method. The 
obtained current density function of the shield coil is then 
expressed by superposition of analytic formulas. Weight 
coef?cients of those analytic formulas are speci?ed as values 
dependent on the major axis, minor axis, and axis length, 
and a coil radius of the shield coil. The Weight coefficients 
are given as knoWn values, then inductance values and a 
magnetic ?eld to the ASGC are calculated using equations 
that express inductance values and a magnetic ?eld to a 
cylindrical coil. This provides an elliptic cylindrical ASGC 
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of Which main coil is shaped into an elliptic cylinder alone, 
With the ASGC having desired magnetic gradient intensities 
and a desired linearity in the magnetic ?eld. 

[0070] The present invention is not necessarily limited to 
the con?gurations described in the above embodiments, but 
the ASGC according to the present invention is able to 
employ other various con?gurations Within the scopes 
derived from the descriptions in the appended claims. 

What is claimed is: 
1. A gradient coil for MRI comprising: 

a ?rst coil forming an elliptic cylinder; and 

a second coil disposed coaxially to the ?rst coil, Wherein 
a coil Wire of the second coil is positioned in Winding 
so that a magnetic ?eld created by the ?rst coil outside 
the second coil is cancelled. 

2. The gradient coil for MRI according to claim 1, 
Wherein current density in a circumferential direction of 
each of the ?rst and second coils is expressed by Weighted 
even functions and Weighted odd functions, ratios betWeen 
Weights for the second coil and Weights for the ?rst coil are 
determined by values based on the number of Waves in a 
coil-axis direction and a ?atness rate of an ellipse, and 
Wound positions of the coil Wire of the second coil are 
determined based on the values. 

3. The gradient coil for MRI according to claim 2, 
Wherein the second coil is located outside the ?rst coil in a 
radial direction of the ?rst coil. 

4. The gradient coil for MRI according to claim 2, 
Wherein the second coil is formed into an elliptic cylinder 
and an elliptic cylindrical plane formed by the second coil 
and an elliptic cylindrical plane formed by the ?rst coil 
possess in common a focus located at almost the same 
position. 

5. The gradient coil for MRI according to claim 2, 
Wherein the second coil is formed into a cylinder. 

6. A magnetic resonance imaging (MRI) system compris 
ing a gradient coil for applying pulsed magnetic gradients to 
an object placed in a static magnetic ?eld in order to perform 
magnetic resonance imaging of the object, the gradient coil 
comprising: 

a ?rst coil forming an elliptic cylinder; and 

a second coil disposed coaxially to the ?rst coil, Wherein 
a coil Wire of the second coil is positioned in Winding 
so that a magnetic ?eld created outside the second coil 
by the ?rst coil is cancelled. 

7. Amethod of designing a gradient coil used for magnetic 
resonance imaging (MRI) and provided With both of a ?rst 
coil shaped into an elliptic cylinder and a second coil 
arranged coaxially to the ?rst coil, comprising the steps of: 

expressing current density in a circumferential direction 
of each of the ?rst and second coils by using Weighted 
even functions and Weighted odd functions, 

?rst determining ratios betWeen Weights for the second 
coil and Weights for the ?rst coil by using values based 
on the number of Waves in a coil-axis direction and a 
?atness rate of an ellipse; and 

second determining Wound positions of the coil Wire of 
the second coil based on the values, 
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thereby a magnetic ?eld created outside the second coil by 
the ?rst coil being cancelled. 

8. The method of designing the gradient coil according to 
claim 7, Wherein the second coil uses an elliptic cylindrical 
coil and an elliptic cylindrical plane formed by the second 
coil and an elliptic cylindrical plane formed by the ?rst coil 
possess in common a focus located at almost the same 
position. 

9. The method of designing the gradient coil according to 
claim 7, Wherein the second coil uses a cylindrical coil. 

10. A cornputer-readable program for obtaining the steps 
of: 

eXpressing current density in a circumferential direction 
of each of ?rst and second coils by using Weighted even 
functions and Weighted odd functions, the ?rst coil 
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shaped into an elliptic cylinder and a second coil 
arranged coaXially to the ?rst coil, the ?rst and second 
coils being included into a gradient coil used for 
magnetic resonance imaging; 

?rst deterrnining ratios betWeen Weights for the second 
coil and Weights for the ?rst coil by using values based 
on the number of Waves in a coil-axis direction and a 
?atness rate of an ellipse; and 

second deterrnining Wound positions of the coil Wire of 
the second coil based on the values, 

thereby a magnetic ?eld created outside the second coil by 
the ?rst coil being cancelled. 

* * * * * 


