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LECTURE NOTES 24

MAXWELL’S EQUATIONS

Thus far, we have the following four Maxwell equations (in differential form):

.
N - '
Divergence and curl V-E(F)= ‘9_op ror (7) (Gauss' Law )
of both E and B S B(#\_ o Jnomagnetic monopoles
VeB(F)=0 Gcch
specified = < no magnetic charges
nature of E and B ﬁxé(f)z_aB(r)

(Faraday's Law )

is fully defined o a
VxB(T) = #tyJrq7 (F)(Ampere's Law )

\

However, there is a problem with this set of equations...
Recall that @-(? (F)xF (F)) =0 always for an arbitrary vector field, F ().

Apply this to Faraday’s Law:

@(%E):v(ﬁ_@]:_ﬁ(ﬁ.é):o OK

Apply this to Ampere’s Law:

6’(6 X é) = 6'(/uojToT ) = Hy (ﬁ.jToT )

For steady total currents: (ﬁojm ) = 0 because @?jl =0

However, for time-varying situations the continuity equation (total charge conservation)
Vel, . = —a’i%;t 0 BIG PROBLEM!!!

To

Let us investigate Ampere’s Law (in integral form) for the case of a parallel-plate capacitor:

Bed /= 1, |

0 " enclosed
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Suppose we have an electric circuit consisting of sine wave function generator that
supplies/generates a time dependent voltage V (t) =V,e'” and a parallel-plate capacitor:

1 _ 1*—1=+1
Complex impedance of a capacitor: |[Z; =—| w=2zf i=+-1 ( e J
i*i=—

Complex form of Ohm’s law: |V (t)=1(t)Z.| n.b. V (t), I(t)and Z. are complex quantities.

)
TH =5

ConTout/
AMPERIMN CURRENT
L60f of @pws,f

SINE-WINWE "
FURCION & phaLsL PUTE CAPACTOR
ENERATO(-
G\\:h\ ,Ib qns i
V)= Ve&e
‘\'\.S* _\_ 5 s
€ et +tSw-UJ’
- i

GRo

For contour loop shown in above figure: Sﬁ Bed V= g1, = 12,1
c

Get: B ( p) = ;LI as usual — so no problem with this...
P
What about the following contour loop:

r:;ci,\

3 f Bed? = g1y g = 011!

e

Cain’t be true!!!

IEIB We’re missing something! Energy flows
across the gap between plates of parallel-plate
capacitor... - virtual photons associated with
electric field of ||-plate capacitor!

2 © Professor Steven Errede, Department of Physics, University of Illinois at Urbana-Champaign, Illinois
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Let’s look again at the continuity equation:

= T o OPror (F,t)
Ved,,, (Ft)= - Lo\l
() ==
But: Pror (To1) = &,V-E(T,t)| (Gauss’ Law)
Opror (T,1) 0 (e =, . OE(T.t)
“a __gOE(V'E(r’t)):_SO Tt
.. . OE(T,t)
Jo (Ft) ==,V
or ToT (I’ ) & ot
. OE(T.Y) L .
= If we combine &, - with J;.; (F,t) this “cures” the problem with Ampere’s Law:

= I E(F,t E(F,t
If |Jor (F,t) =0, then VxB(f,t):gO,uoa é:’ ):%8 ((3:’) “new” Ampere’s Law
Lo oB(T,t)
VxE(F,t)=- - (Faraday’s Law)

= A changing electric field produces a magnetic field!

= A changing magnetic field produces a electric field!

New term is known as Maxwell’s displacement current: |J, (T.,t) =&, -

New Ampere’s Law:

3
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For the ||-plate capacitor, the electric field |E(t) = )

Where: o (t)=Q(t)/A where A= area of one plate

Thus: E(t):?:%

EWM)__1 R (1) where I(t)z%ft)

Thus: =
ot gA ot &

Then: L(?x é)-dé = q-DC Bed/ = ﬂOJ.s jToT-dé+,u0L Jpeda

-da

> A7 enc 8E
Thus: (j)c Bed /= 14,127 +,uogoj‘s -

Prof. Steven Errede

For ||-plate capacitor circuit with contour C taken inside the gap of the ||-plate capacitor:

Tt

R RA

-—
-

wh
- 3 2
'\I&}Vﬁ EO | 2 C T~ AMAPERIAL Loof CoNToRUVE-
@ Tn GaP of W -PLATE
DL CAPACTTOWR, OF RADIUS fa

<+ ARER AT

aedy TH)
=0

S A enctGse: aE =
CﬁCB-dK:yO | psrosed +u080L o -da

B, (p)zﬂ}x[;ﬂl(t)*/(}:ﬂl(t) < Same answer!!!
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Thus the four “new” Maxwell equations are:

VeE(T,t)= i,oToT (F,t)| (Gauss’ Law)
£

0

V-B (F,t) =0| (no magnetic monopoles/magnetic charges)

VxE(F,t)=- (Faraday’s Law)

= (f,t) (Ampere’s new Law)

Where: |J, (F.t)=¢,

Force Law: |Frgr (F.t) = Fe (F.1)+ F, (F.1) = qE(F.t) + v (F.1) x B(F.1)

<= can now be derived from Maxwell’s eqns!!

Continuity equation: |VeJ,o; (T,t)=

(charge conservation)

Note that if magnetic charges g, existed, then Maxwell’s equations would become more
“symmetrical”:

- =, 1 - .
V.E r,t) =—pE. (r,t) (Gauss’ Law for electric charges)

(
VeB(T,t)= sy (T,t)| (Gauss’ Law for magnetic charges)

(Faraday’s Law)

(Ampere’s Law)

i

> V(F,t)xE(F,t)j

Please see/read Phy435 lecture notes #18 for more details about magnetic monopoles....

© Professor Steven Errede, Department of Physics, University of Illinois at Urbana-Champaign, Illinois 5
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Maxwell’s Equations in Matter

In dielectric and magnetic media we have:

Electric polarization P = electric dipole moment per unit volume.
Magnetization M = magnetic dipole moment per unit volume.

For static fields: | fyounq (F)=-V+P(T)
Jooma (F) =V xM(F)

For non-static fields, a change in electric polarization AP has associated with it a flow

(i.e. a current) of bound charge — a bound polarization current density J b (F) which must be

included in the total current, I, .

Consider a tiny chunk/block of polarized dielectric material

...._‘/\
“F‘nz)
é}l}g E{}PS

B

The electric polarization P induces bound surface charge densities

LHS and +O_bound = P'nz
END

“Ohound = P.nl RHS
END

If the electric polarization P increases an infinitesimal amount AP in time At, then the bound
surface charges on each end also increase accordingly, giving a net Polarization bound current:

_ AO-bound AP

Al = dA, = ——.dA
P boung At TOOAt T
80’ oun ai:i Y 7
OR: dl, = #dAl = E-dAL =J, dA
oP(T.,t)

= electric polarization current density (SI units: Amps/m?)

J rt)=J,(r,t)=
Pbound (r’ ) P(r’ ) at

Must not be confused with: J SRAE VxM(T,t) =bound magnetic current density!!!

Because charge is charge is charge, there (of course) exists a continuity equation (expressing
electric charge conservation) for bound electric polarization current density J Py (F,t) :

-~ - 0P 0= = Op = . . . .
Ve, =Ve (V ) = — ZPooung. J, 1s essential to conservation of overall electric charge. ..

6 © Professor Steven Errede, Department of Physics, University of Illinois at Urbana-Champaign, Illinois
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Total electric charge density: | g (To1) = Phee (Tot) + Pioung (Fo1) = Phee (T, 1) = VP (T, 1)

Total electric current density:

L 1 1
V-E(r,t)_é‘_pTot(r’t) g_(pfree(r’t)+pb°und (r’t))
Then Gauss’ Law becomes: 10 ;
—— pE (F.t)——VeP(r.t
& free(r ) & (r’ )
VeD(T,t)=

£,VE(T,1)+ VP (F,t)=V(5,E(,t)+P(T.1))
(F.t F F

Ql
Ul
=

) ,0 free

-D(T,

(New) Ampere’s Law (with Maxwell’s displacement current term)

<\

X E(f,t) = 11y 10r (F,t)+yojD (F,t)

Then: vxﬁ(r,t){iwé(r,t)_ﬁxwr,t) - 135 (1.0 + 20

VxH(T,t) = g, J 5o (To1) + and

OB (Tt —
ﬁ and |VeB (f,t) =0| (no magnetic monopoles)

Faraday’s Law: |V x E (F,t) =—

are unaffected by separation of electric charge and electric current into free and bound parts.

7
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The four Maxwell’s Equations for free charges and free currents only:

VeD(T,t) = pree (T,1) (Gauss' Law)
VeB(F,t)=0 (no magnetic charges)
free charges & currents only U xE (F,t) __ 5§(f,t) (Faraday's Law)
ot
L - D(F
V><H(F,t):JfEree(F,t)Jra (7.9 (Ampere's Law)

Gauss’ Law: |[V-E (F,t) = p&, (Ft) = pE, (F.t)+ pEug (Fu1)] [ 05 (Fu1) = VP (Pt
80 gO
Auxilliary Relation: f)(f,t) =¢,E (F.1) +13(F,t)
VeD(T,t)=&,V-E(F,t)+ VP (T,t)= pf.. (T.1)
No magnetic monopoles: [V+B(F,t)=0
.o OB (Tt
Faraday’s Law: [VxE(F,t)=- g:’)
Ampere’s Law: [V x I§(F,t)=y0<jT0T(F,t)+jD(F,t))
=ty (I e (T + g (F) + T, (1) + T5 (F,1))
= . 0P(Ft JE(F,t
:yO(JfEree(r,t)+VxM(r,t)+ fﬁt )+50 ét )]

- E(F,t = - - P (Tt
With JD(f,t)zgoa étr’) and |Jp0,.q (F,1)=VxM(F,t)| and |J, (F.t)= (a:’)
Auxilliary Relation: |H (F,t)= L B(F,t)-M(F,t)

Hy
vxﬁ(r,t)_ﬂo(jﬂee(r,maD(”)
ot
For linear dielectric and/or magnetic media:
P(F,t)=£,2E(F.1) M(F,t) = z,H (T.1)
e=¢,(1+1,)| |K.=¢/e,=(1+1.) =1+ 20) Ky =p/p, =1+ 1)
D(F,t)=¢E(T.t) H (F,t)=B(r.t)/u

8 © Professor Steven Errede, Department of Physics, University of Illinois at Urbana-Champaign, Illinois
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Maxwell’s Equations and Boundary Conditions
at Interfaces in Matter

As we have seen previously, in order to obtain relations between normal (i.e. perpendicular)
and tangential (i.e. parallel) components of {E, [3,}3} and/or {é, H ,1\7[} at an interface/boundary

between dielectric and/or magnetic media, we must use the integral form(s) of Maxwell’s

equations, because spatial derivatives of {E, 5,13} and/or {I§, H ,1\71} are not defined at an

interface/boundary, for Maxwell’s equations in differential form:

jvﬁ.E(r,t)df :ijvpfm (F.t)de’ :gijv(pgee (F,0)+ Pl (F.1)) 07
0

I e 1 /e )
=, E (T t)da=— Q™ (1) =—(Qui™ (1) + QI (1))
0

O

§,5(r0da=0p= (] [§,P(r.tpda=—Qu (1)

Gauss’ Law:

Auxiliary Relation:
D(r,t)=¢,E(F,t)+P(F.t) Poouna (Fs1)==VeP (1) | |Ogoung (F,1) =P (T, 1)1,

No Magnetic Monopoles: J‘vﬁ-é (r,t)dz = c]SS B(F,t)-da=0

Faraday’s Law: I

S

emf g(t)= cjic E(F,t)-d/= —EUS Q(F,t)-da} - __dq)e“;'mw (t)

dt

Ampere’s Law:
[[VxB(F.t)da=¢ B(F.t)d?= s, [ (I (F,1)+T5 (F,t))-dd

encl
=, B(r.t)}dl =4, Iﬁsi'(t)ﬂs”“(t))w[I??:;(t)+Ib”;und(t)ﬂe“z (t>+ls”°'(t)j

Auxiliary Relation:
j“;un r,t)=VxM(F,t ~ =
iy nrg T s (9P
f R (7.1) =M (7 1), o
(

priound( ’t)E—ﬁ’M F,t) O-BOund (F’t)EM(r,t)Oﬁ

v (7 5 _ (v 7 enclosed alj(rﬂt) 3 enclosed d
[V H (F.t)eda=_H (F.apd T = 1520 (1) [ == eda = 172 (t)+aUS

free

© Professor Steven Errede, Department of Physics, University of Illinois at Urbana-Champaign, Illinois
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1) Apply the integral form of Gauss’ Law at a dielectric interface/boundary using infinitesimally
thin Gaussian pillbox extending slightly into dielectric material on either side of interface:

DIECTRIL
MEDIY ™

= A= 1 enclosed 1 enclosed 1 enclosed 1 1
Cﬁ E'da: ToT = eree + Qbound = ¢ Gfreeda+ qs Gboundda
5 & & &, *% &, v%
0 0 0 0

&y
. 1 1 .
Gives: E, «d-E «d=—0 ., a+—0,,,42=—0,;a (atinterface)
above below &) 0 &
. 1 I 1 _ 1 .
or: E2 - El =~ Otr = _(Ufree * Ohound ) (—731: mterface)
above below &, 0

Here, the positive direction is from medium 2 (below) to medium 1 (above)

Cf)s D.da = Qémlosed — Sﬁs c..da = |D; -Dj =0y, (atinterface)

free
above below

Likewise:
qss P.da = QSQS:]%SM = _¢S O_boundda = PZJ- - PIL = Opoung | (at.interface interface)
above below
Since: E=-VV
avzabove avlbelow 1 1 .
[ on - on =7 Otwr = __(Gfree + Ohound ) (at interface)
interface 0 0

10  © Professor Steven Errede, Department of Physics, University of Illinois at Urbana-Champaign, Illinois
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Since: D =¢E =—-&VV

; avzabove , avlbelow
2 1
on on

=—04.| (atinterface)

interface

2) Similarly, for J VeBdr' = qss B+da = 0 (no magnetic monopoles), then at an interface:

BX.g—B®™".d=0 = |B; -B =0|or: [By =B | (atinterface)

above below above below

Since: I:|=(le§—l\7l Then: B:,uo(l:l+l\7[)
¢,Beda=p,f (H+Mpda=0  or ¢ Hedd=—¢ M-da

Then: H¥™“@ed—H™"ed=— (Mgb"ve a- M?e"’woé) (at interface)

above below above below

Or: [Hj —-H/ j = —(Mj -M; J = —Opoeneic| (at interface)
¢

“— Effective bound magnetic charge at interface

3) For Faraday’s Law: EMF, ¢ = (JSC Eed/ = —%(4)8 B-dé) =— djzm at an interface / boundary

between two different media, taking a closed contour C of width | extending slightly
(i.e. infinitesimally) into the material on either side of interface, as shown below:

F=(EDorB] on {B.HorM)|

Side View: ~2)
- n (=2 Y
MED UM
G\\muté) - F?_
‘Qf(é\fp ABovE
METUW A PLANE oF /
(Aswe) ¢ 2 TNTER FACE N
.5 P ‘é,*
yneonm(d)
EDM A (BELow)
{ gaLew)

Gl)}ll¢

\i( —
Al
% Wem

Zabove T Shelow 7 d ¢ 5 & e .
EXe) —E™"ef =——@ Bedd =0 (in limit area of contour loop — 0, magnetic flux enclosed — 0)
2 1 dt S

Thus: |[E! —E! =0| (atinterface) or: |E! =E! | (atinterface)

above below above below

© Professor Steven Errede, Department of Physics, University of Illinois at Urbana-Champaign, Illinois 11
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Since: D=g,E+P And: ¢E=D-P

Thus (B B ) = B — Bon7) - (o B

In limit area of contour loop — 0 magnetic flux enclosed — 0 M

:(52 -D) j:[Pz ~P, j(atinterface)

above below above below

4) Finally, for Ampere’s Law: (JSC Bed 7 = 4, ( [ B ) 1o = L Jpedd=g, L gf.dé
B BT = g g1 =, 1
e Where I;g; = TOTAL current (free + bound + polarization) 15 = .[ S J h, vdd= L %I:-dﬁ
passing through enclosing Amperian loop contour C Ierel = _[ S Jhowd g = I S V xM-da
e No volume current density J.o;,J.,, I, 4 Or Jp contributes to 155 in the limit area of

7 m _ w A .
tree> Kooung = M X 1 can contribute!

contour loop — 0, however a surface current K;;,K

e In the limit that the enclosing Amperian loop contour C shrinks to zero height above/below
interface, the enclosed area of loop contour — 0, and

E - drp= 7 dO
P -dazgoa“SE-da}:g th —0

(®, =| E.da =enclosed flux of electric field lines)
E— s

. encl __
Then: " = goL

—0

Similarly: 1 = L ?;;’ .da = %[ Lf),da} _ d;Izp

(D, = L P-dd = enclosed flux of electric polarization field lines)

e If A is unit normal/perpendicular to interface (pointing from medium 1 (below) into medium

2 (above), note that (ﬁ X Z) is normal/perpendicular to plane of the Amperian loop contour.

Thus: 129 = Koo -(ﬁ x?) = ( Kior X ﬁ)-z Using: A-( B x C) = I§-(C X A)
| ol =szree-<ﬁxz)=(lzfreexn)-z zéo(,&x I§)
12 = Koy o 1% 7) = (R x 0 )o0 {=(AxB).C}
ITOT =1 free + Ibound IZTOT = IZfree + IZbound

12  © Professor Steven Errede, Department of Physics, University of Illinois at Urbana-Champaign, Illinois
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In the limit that the enclosing Amperian loop contour C (of width ) shrinks to zero height
above/below interface, causing area of enclosed loop contour — 0, then:

=0
f_/%

~above ;)  phelow 5 encl _ encl

B, el =Bl = sy lror + pstn = tolror

(Kror <)
= |B! -8B :,uOKTOTxﬁ:,uO(K +K! )xﬁ

free bound (Mﬂ)
above below

1

(B BT = (g ) (5 50 T) = [ (R ) (R

Koound X ﬁ)}

(at interface)

We also see that: H! —H! =K, xf| (atinterface)
above below

and: Ml —M! =KD . x| (at interface)
above below

|| - components of B are discontinuous at interface by K., xN

n
|| - components of H are discontinuous at interface by K, x1i
|| - components of M are discontinuous at interface by K[ . x1i

If B=VxA where Ais the magnetic vector potential, then:

1 - R ) . .
[ j{Bz -B| } = K,or xA| (atinterface) is equivalent to:
Hy above below

L aA;bove ~ aAlbelow
H, on on

= _KTOT (at interface)

interface

. . N = = 15
For linear magnetic media: B=yH or: H=—B
y7,

Then: ||H! —H! |=K,,x0| (atinterface) is equivalent to:

above below |

1 6A;bove 1 aAlbelow R
—_— - — =—-K .| (atinterface)
#2 a n interface /«l] 8n interface
above below

© Professor Steven Errede, Department of Physics, University of Illinois at Urbana-Champaign, Illinois 13
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Summary of Maxwell’s Equations In Differential and Integral Forms

(Suppress Explicit (F,t) Dependence)

— - 1 1 ——
7(}31155’ Law: VeE = g_pTOT = g_(pfree + pbound ) pbound =-Ve.P
Use of the auxiliary relation: |D = &, E+P
Yields:|VeD = &, VeE+V.P= Piree
No magnetic monopoles: V-B=0
Faraday’s Law: VxE = _%B
ot
Ampere’s Law: VxB= Hy (jTOT + ‘TD) jTOT = ‘Tfree + jt;gund + jpbmmd
. I I s oE
Use of auxiliary relation: |H =—B-M| with|J, = ¢, Y
Ho
= 5 = D
Yields:|\VxH = 1, J .. +8_
ot
.E = A= 1 encl 1 encl enc .
Gauss’ Law: .[ V.E d7’ =(j> Eedd=—Q" = —[eree' +Qi } =@, | (Electric Flux)
Vv S o go
Use of the auxiliary relation: |D =& E + P
Yields: vV-Ddr' = CJ.)S Deda=Q% =d,| (Electric Displacement Flux)
v§-Pd T'= 4)8 P.dd =-Q™, =®,| (Electric Polarization Flux)
No magnetic monopoles: J‘vﬁgd = 4)8 Bedd=0
- . . d L dq)encl
Faraday’s Law: EMF €=J. VxEe«dd = E-dﬁz——J. Bedd =——T"
s c dt s dt
VeBeda = Bed? =, | (Jror +Jp )oda
Ampere’s Law: J-S ( ) | CJ?C | '[S ( TTT i |) |
:/uo(ITOT + ID ):luo(lfree + Ibound + IPbound + ID )
1 - - - —
Use of auxiliary relation(s): |[H=—B-M| and| D=¢,E+P
Hy
— o d R
1 N «dJa = . = encl _ «da
Yields: [[(VxH)-da=¢ Hed7 |f,ee+dtUSD da}

14  © Professor Steven Errede, Department of Physics, University of Illinois at Urbana-Champaign, Illinois
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Summary of General Boundary Conditions Obtained from
Integral Form(s) of Maxwell’s Equations

Suppressing explicit (F,t) dependence and defining i (unit normal) pointing from medium 1

(below) into medium 2 (above) as shown in the figure below:

Side View:

Then at the i

Gauss’ Law:

. 1 1 € € 1 1 bound
No Magnetic Monopoles: |B, —-B, =0/= (H2 -H, ] = —(Mz -M, j =~ pagnetic
above below above below

Faraday’s Law: El -g' =0=|D! -D! |=P] -P|
above below above below above below
Ampere’s Law: Bl —B =K xfi=g, ( K oo + KD )x Al [B=VxA
above below
1 aA;bove aAlbelow _
= || - == KTOT
,UO an an interface
HQ _HIH = K>free><ﬁ Mg _Mll‘ = lZtT)und xN
above below above below
1 )6A, 1 )oA _
= A labove 7| T | A |below T _Kfree
My on interface M, on interface

A
& )
YACDUAT e
(A[‘NNE) F— F 3
;. 1 PLANE oF
&y 3 P E" TNWTERTACE
L R s s i """'"'"_—’4 o i SR S
MEDIAW L .
LBELDN)Q AE' L FE{E,D orP}
F. 2 or
e 1 1 S (= = -
}/ui FE{B,H,orM
nterface:
B _E =2 _d D=¢E+P
| =" Otor = _(O-free + Obound ) =&E+
above below &, &,
DZL - Dll = O free Pé_ - Pf_ = ~Olound
above below above below
( avzabove avlbelow } 1 . (O- o )
- =7 Otor =7 \9x bound
an an interface 0 o " "
( . avzabove . avlbelow } .
2 1 ree
6” 6” interface

above below

ﬁz[LJé_M
Hy

© Professor Steven Errede, Department of Physics, University of Illinois at Urbana-Champaign, Illinois
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BC'’s Specific to Linear Homogeneous Isotropic Dielectric and/or Magnetic Media:

P=¢y,E M=y H D=¢E=gE+P
e=¢,(1+2.) w= 1+ 2,) B=puH|or A-l8
U
K, =< =1+y, K, =2 =(1+ z,) H=L8_Mm
80 /LIO /LIO

The boundary conditions at the interface between linear dielectric or magnetic media become:

1 1
s . L _E4L - -
Gauss’ Law: Ez El =" Oror = (O-free + Obound )
above below &, &,
8V above 8V below 1
2 1
= - =~ 01 = __(o-free + Ohound )
on on )| &, &,
interface
1 1 N 1 1 o
D2 - Dl J =0fe| = || &2 E2 —& El j = O free
above below above below
1 1 _ 1 1 N
PZ _Pl j = ~Ohound | =|%0 (Zez E2 — X, El j = ~Olound
above below above below
YA oV,
Ey—— —& — =—0
2 above 1 belo free
a n inte‘r/face a n inter\gwe
. 1 1 1 1 1 L bound
No magnetic monogoles:(B2 - B, j:O = (Hz -H, j:—(Mz -M; j:— megnetic
above below above below above below
= H H" =0 = ! B, ! B"
=| M 2 TH 1|z = » T |
above below H, M
above below
Faraday’s Law: El -E =0 = D! -D =(P! -P
above below above below above below
_ 1 DH _ 1 DH =0| = ¢ EH —c EH =—c EII_ EII
= 2 = 2 2 & 1| T 6| ey, Bo— X B
82 ‘91 above below above below
above below
Ampere’s Law:
| a'—A\— above —below
Il Il _ v A v 7 m A 2 1 _ Vi
Bz _Bl _:uoKTOTXn_/uo(Kfree—l—Kbound)xn =\ — - __KTOT
above below He on on
interface
=\u, Hl-p H using [B=VxA
above below
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above

1

H,

above

H

below

3

above
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I I _KMm A
= A M2 _Ml _KboundxrI
=K free X N above below
— I _ I
1 [ and - l m, H 2 Z m, H 1
B1 above  above below  below
M, below
b
elow Am, Xm,
_ above Il _ below Il
- E32 E%
My above L4 below
above below
1) A, 1) oA e -
above | below —  [Nfree| USING —
H, ON |interface M, ON | interface
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