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MagnetoQuasiStatics

VxH=J

V-B=0 Solve first
Image removed for copyright reasons.

vV-J=0 Please see: Figure 2.9, page 34, from Orlando, T., and
K. Delin. Foundations of Applied Superconductivity.
Reading, MA: Addison-Wesley, 1991. ISBN: 0201183234.

VXxE=— @ Solve for E once B is found

ot
Boundary conditions:
nX(HQ—Hl) =K n-(BQ—Bl):O n-(JQ—Jl):O
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MQS: Magnetic Diffusion Equation

Fora metal B =p,H, D=¢,E and J = g,E, so that

Image removed for copyright reasons.

Please see: Figure 2.9, page 34, from Orlando, T., and
K. Delin. Foundations of Applied Superconductivity.
Reading, MA: Addison-Wesley, 1991. ISBN: 0201183234.

0 2
— —V H=0
Hooq,

Magnetic Diffusion Equation
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Infinite Slab

Let H(r,t) = Re{H(y) e/ }i.

Image removed for copyright reasons.

Please see: Figure 2.24, page 61, from Orlando, T., and Therefore,
K. Delin. Foundations of Applied Superconductivity

Reading, MA: Addison-Wesley, 1991. ISBN: 0201183234. ( . d2 >

and

H(y) = Ccoshky + Dsinhky
Happ = Re {ﬁo ejm} iz so that
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General Solution

k;2 = JWlo, - A M

)

2

WHOo

where the magnetic diffusion lengthis § =

Boundary Conditions demand D=0, so that Z(y) = C cosh ky

Boundary Conditions demand
H.(a) = H,(—a) = Ccoshka = H,

Therefore, H = Re {Ho cosh ky ejwt} i
cosh ka
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Fields and Currents for |y|< a

. coshky . i .
H = Re {Ho—yej“’t} i. J=Re {ﬁokweﬂwt} iz

cosh ka cosh ka
Pogr C_Ondl'!th_)r limit Image removed for copyright reasons.
Thin film limit Please see: Figure 2.14, page 45, from Orlando, T., and

K. Delin. Foundations of Applied Superconductivity.
a kK <= wn 1
< m < Reading, MA: Addison-Wesley, 1991. ISBN: 0201183234.

Perfect conductor limit
Image removed for copyright reasons.

Bulk limit
Please see: Figure 2.15, page 45, from Orlando, T., and
K. Delin. Foundations of Applied Superconductivity.
a0 <= wim > 1 Reading, MA: Addison-Wesley, 1991. ISBN: 0201183234,
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Fields and Currents for |y|< a

. coshky ; . inhky
H:Re{H47“’t}1 _ ol SINEY o)
© cosh ka € z J = Re | Hok cosh ka c e
Poor conductor limit H = Re {FIO ej“’t} i. and J=0

Thin film limit
aKd < wrm<K1

Perfect conductor limit 11— 5 and K = J§ = Re {ﬁo 6jwt} i
Bulk limit

a>0 < wrm > 1
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Sphere in a magnetic field
Poorly conducting regime Perfectly conducting regime
Image removed for copyright reasons. 5 >> R 5 << R

Please see: Figure 2.16, page 47, from Orlando, T., and K. Delin.
Foundations of Applied Superconductivity. Reading, MA: WTm << 1 WTm >> 1

Addison-Wesley, 1991. ISBN: 0201183234.

Image removed for copyright reasons.
Please see: Figure 2.18, page 50, from Orlando, T., and K. Delin.
Foundations of Applied Superconductivity. Reading, MA:
Addison-Wesley, 1991. ISBN: 0201183234.

Image removed for copyright reasons.
Please see: Figure 2.18, page 50, from Orlando, T., and K. Delin.
Foundations of Applied Superconductivity. Reading, MA:
Addison-Wesley, 1991. ISBN: 0201183234.

= ir ojwt] s
Happ = Re {Ho eJ }12 o He > ) = RE{H,,<17<E>3 cosouio s,
Happ = Re {HoeJ“"}iz e

_ Re{n,, (1 ) )Sm(,”,w,,} )
0 2 H=0 25
(/’LUOE -V ) - K(r=R)=0 K(r=R)= _Re{ggﬂsm(_}ﬁjm}io
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Sphere in the perfectly conducting regime

In this bulk approximation, there is no
current density J = 0, only a surface
current K. Therefore, in all space

Image removed for copyright reasons.
Please see: Figure 2.16, page 47, from Orlando, T., and K. Delin.
Foundations of Applied Superconductivity. Reading, MA: v >< I I — O
Addison-Wesley, 1991. ISBN: 0201183234.
V-H=0
Define a magnetic scalar potential

which then satisfies Laplace’s equation
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Solutions to Laplace’s Equation

= Vi Spherical Cylindrical
P oxrCcosld =z
Uniform field P x rcostd =z
P x z
. 1
Monopole field P ox = Yo Inr
T
Dipole field o oc 2220 W oc 2250
T2 T
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Sphere 1n a magnetic field

Potential for the uniform field:
o = Re {—Hor cos Gej”t} =Re {Jzoej‘”t}

Please see: Figure 2.16, page 47, from Orlando, T., and K. Delin.
Foundations of Applied Superconductivity. Reading, MA:

Addison-Wesley, 1991. ISBN: 0201183234. TO have H = 0 fOI’ r < R, the Surface Current
K must produce a potential such that

din(r <R) = do(r <R) + ¥(r <R)

= —Hyrcosf + Cyrcosé

Image removed for copyright reasons.

Happ = Re {Ho e} i, To match the boundary conditions for all
= -V angles, a dipole field is needed on the outside
5 Yout(r > R) = to(r > R) + ¢x(r> R)
VY =0 = —Hyrcosb + Cy(cosb/r?)
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Inside the Sphere

Image removed for copyright reasons.

Please see: Figure 2.18, page 50, from Orlando, T., and K Delin.
Foundations of Applied Superconductivity. Reading, MA:
Addison-Wesley, 1991. ISBN: 0201183234.

Pin(r <R) = 1ho(r < R) + ¢x(r < R)
—Hyrcos® + Cqircosé

Therefore, Cl = H,
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Outside the Sphere

Image removed for copyright reasons.
Please see: Figure 2.18, page 50, from Orlando, T., and K. Delin. Foundations of Applied
Superconductivity. Reading, MA: Addison-Wesley, 1991. ISBN: 0201183234.

Yout(r > R) = to(r > R) + ¢x(r> R)
= —Hyrcosf + Co(cos/r?)
Use the boundary condition

Iy - (—Movaout + /NJm)L:R =0

Therefore, Cpr = —% R3HA,
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Outside the Sphere

Image removed for copyright reasons.

Please see: Figure 2.18, page 50, from Orlando, T., and K. Delin. Foundations of Applied
Superconductivity. Reading, MA: Addison-Wesley, 1991. ISBN: 0201183234.

Yout(r > R) = vo(r > R) + ¥x(r > R)
—H,rcosf — éR3 H,(cos 0/r2)

H(r > R) = Re {ﬁo (1 - <§>3> coseej‘“t} i

r
_ 1 /R\3 ,
— _ i Jwt | ¢
Re{HO<1+2<r) >S|n66 }194

K(T’ = R) = —Re{gﬁosineej“’t}iqb
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Current along a cylinder

Poorly conducting regime Perfectly conducting regime

Image removed for copyright reasons. @Tm << 1 ’ZJ Tm >> ].
Please see: Figure 2.19, page 52, from Orlando, T., and o 1 1
K. Delin. Foundations of Applied Superconductivity. i/‘-\“\ /'\
Reading, MA: Addison-Wesley, 1991. ISBN: 0201183234. L K_./
I = Re {fo ejwt} iz UL _/
I Jr<R)=0

g K(r = R)
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Current along a cylinder: poor conductor

The fields from Ampere’s law

fH-dl:/J-ds
C S

Image removed for copyright reasons.
Please see: Figure 2.19, page 52, from Orlando, T., and

K. Delin. Foundations of Applied Superconductivity. - . _ I 2
Reading, MA: Addison-Wesley, 1001, 1s8N: 0201183234, INSIde:  H 27r = TR2 wr
fo Tojwt s
H(r <R) =Re{_— —&“" i,
2rR R

. _ 1 2
Outside: H2nr = ey TR
wr

H(r > R) = Re {;—Oeﬂ'wt} i

Jr<R)= —=
mh? Therefore, K(r=R)=0
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Current along a cylinder: perfect conductor

The fields from Ampere’s law

Image removed for copyright reasons.
Please see: Figure 2.19, page 52, from Orlando, T., and H.dl = J-ds
K. Delin. Foundations of Applied Superconductivity. C S
Reading, MA: Addison-Wesley, 1991. ISBN: 0201183234.

Inside: H2xr=20
H(r<R)=0
Outside: H2mr =1

{ } H(r > R) = Re{—oeﬂwt}i¢
27r
= Therefore, Xo=R)=_—

Massachusetts Institute of Technology-
6.763 2005 Lecture 3




