APPENDIX TO CHAPTER 13
Solution of the problem 13.32

Initial data [:=60 d:=07 xp = —0.1 xg = 0.15
yA =015 yg =02
a2 3.d-
iy = | — Y, By

2T @+07 4yt @-07+y (Fd-y) i

I 2-(d +x) d-—x X
Hy(x,y) == —- + -

2T @+0° 4y @-07+y (Fdry) i

Hp = 1x(sava) = By (xa3a)” g = i) = By (x5 95

HX(XA,yA)
Hy (xa.yA) ~1.644
Hy 42.328
Answer for H, Afn H,:= 42.36
tix(xp.v8) 121 5663
Hy(xg.vB) 35915
Hp 36.945
*B YB ialalluialalala (N OfYRN
Um :—J HX(X,yA) dX+J Hy(XB,y) dy Uy = 12.117

XA YA

Solution of the problem 13.33

nitial data 11 =0004 59002 d1:=05 d2:=02
h1:=02 h2:=03 po:=4r-10" '

Distances M2 = hl 112 = h2? + d2% — (h2 — h1)2
oo 2 2 2
2 =yhI"+dl M2 = /h22 Lot - a2? - 2 - ny?)

no 3 (12"l
—10”In| ———= -
2o r12-rl2 ) M =7.109 x 10

M utual inductance, H/km M =

5



Solution of the problem 13.34

Initial data h:=0.15 1:=3600 1:=0.5 ORIGIN =1
WO = 47107 W =150 a:=0.004 b:=0.01 ¢,:=0.005
—I 6
Curren density in the bus-bar, Néév\:: — 0 =-3x10
Amm”™2 2a-h
Poison's equation in Cartezian d_zA = |_u0s if0<v<a
coordinate system d 2 K =Y=
Y 0 otherwise
Solution of Poison's equation Al(y) = -0.5 ~u0-8-y2 +Cl-y+C2
Vector magnetic potential A2(y) = C3-y+C4
M agnetic field intensity Hl =§.v_ 2 H2 - —C3
(y)= oy 0 (¥) 0
. |
Equation system Al(a) = A2(a) Hl(a) = H2(a) H2(a) = o C2=0
Values for the first Cl=0 C2:=0C3:=0 C4:=0
approximation
Given -~ =
2 Cl 3 .
~0.5-10-8-a+Cl-a—C3-a—C4=0 §a——+-—=0 o oh
no - uo H
G= Find(C1,C2,C3,C4) cT—(0 0 0015 -3.016x10°5)

Answers for the vector magnetic potential, Wb /n
Al(y) := —0.5-u0-6-y2 +C1y+Cy A2(y) =C3-y+Cy

simplify
— .1508e-1 -y — .3016e4

simplify >
— 1.885-y A2(y)

Al
) float ,4 float ,4

Aly) = Al(y)(D(y) - D(y - a)) + A2(y)- D (y - a)



2,510 Magnetic flux through
5107 . the frame, Wb
1510 " F:=1-(A(b+c¢) — A(b))
20 1o
—_— » _
i, / F=377x10"
5-10 /
0
0 0.004 0.008 0.012 0.016
y \\
. M:=F— -6
M utual inductance of the bus-bar and frame, H = mw I M =1.571 x 10
Solution of the problem 13.35
Initial data hi=02  [:=600 »~=1  ORIGIN :=0

M0 = 4-75-10_7 pl =800 p2:=400 a,:=0.004

1
B us-bar current density, Amm’™2 ,§M:= _h 0=75x 105
a-
. \ .. ) 2
Poison's equation in Cartezian d A= 10 if x<-2a
coordinate system dX2 -

po-ul-d if 2a<x<-a

0 if -a<x<a
Solution of Poison's equation

—pn0-p2-86 if a<x<?2a

Vector magnetic potential

0 otherwise

AO(x) = COx +Cl  A2(x) = C4-x + C5 Ad(x) = C8-x + C9

AL(X) = 0.5-p0-ul-8x° + C2x + C3  A3(x) = —0.5-p0-12-8 x> + C6-x + C7

HO(x) = 2 Hyx)=
X) = — - X) = —
Magnetic field n0 HI(x) = -6-x - E no
intensity
Cé6 —C8
H3(x)=6x——  H4(x) = —
no no

E quation system for
integration constants

AO(=2a) = Al(~2a) HO(-2a) = HI(-2a) CO=0
Al(—a) = A2(-a) Hl(—a) = H2(-a) C5=0
A2(a) = A3(a)  A3(2a)= A4(2a) H2(a) = H3(a) H3(2a) = H4(2a)



Values for the first

approximation CoO=0 Cl=0 C2:=0C3:=0 C4:=0
C5=0 C6=0C7:=0 C8:= C9 =
Given
Co0=0 CO0(-2a)+Cl= |:0.5-u0-],t1-8-(—2a)2 + C2-(—2a):| +C3
-C0 _ C2 5
o —0-(-2a) - opl 05:u0-ul8:(-a)° - C2:a+ C3 = C4-a+ CS
2 —C4 C2
—0.5-u0-p2-6-a” + C6-a+ C7= C4-a+ C5 — = -0(-a) - —
po po-pl
—-0.5 -uO-u2-8-(2a)2 +C6-2-a+ C7=C8-2-a+C9 —C4 Cé6
C5=0 —C8 5. C6 no Ho-u2
R . a —_
po po-p2
C := Find(C0,C1,C2,C3,C4,C5,C6,C7,C8,C9) 0 - 0
1 -6.04710 3
2 6.032
3 0.018
Answers for the vector magnetic potential, Wb /n C=r, 37730 3
5 0
6 3.016
A0(x) := Cp-x+Cy AL(X) = 0.5~MO'M1'8'X2 L Cyx+Cy ; -9.03310 fz
9 3.0310 3

A2(x) =Cyx+C
> A3(x) = —0.5-u0-u2-8-x2 + Cgx + C7

A4(x) := Cg-x+ Co

simplify simplify
A0 (x) — —.6047e2 A2(x) — 3770e-2 -x
float ,4 float ,4
simplify 2
Al (x) — 377.0-x" + 6.032-x + .1808e-1
float ,4
simplify 2
A3 (x) — (—188.5)-x" +3.016-x — .9033e-2
float ,4
simplify
A4 (x) float 4 — .3031e-2
oat ,

Answers for the magnetic intensity, 4A/m

—Co -G —Cy
HO(x) = —O Hl(x) =-0-x+
p

po-pul  wvdnd



—Cg _Cq

H4(x) = —

H3(x) =0-x+
Ho-p2 1o

simplify
-0
float ,4

simplify
— —3000. H4(x)
float ,4

simplify
HO (x) Aoat 4—)0 H2 (x)
oat ,

simplify simpli
_ X — plify
float .4 > (77°0066)x = 6000. 3 toag 4 > 150066 x — 6000.

H1 (x)

A(X) = AO(x)-(1 — D (x +2a)) + AL (x)-(D(x +2-2) - D(x +2)) ..
+A2(x)-(D(x + a) - D(x — a)) + A3(x)(D(x — a) — D(x — 22)) ..
+ Ad(x)- O (x — 2a)

H(x) := HO(x)-(1 — ®(x + 2a)) + HI (x)(D(x + 2-a) - D(x + a)) ..
+H2(x)-(D(x + a) - D(x — a)) + H3(x)(D(x — a) — D(x — 22)) ..
+ H4(x) - ®(x — 2a)

Graphs H(x) and A(x)

2000

1000 4

H(x)

— 51000
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M agnetic flux through the left x

bus_bar, Wb Fi= A(-a) - A(-2a) F=6.032x10 "

Magnetic flux through the right ,_ _ _ -3
bus_bar, Wb FF := A(2a) — A(a) FF =3.016 x 10
Innerinductance, H L= F+FF L = 1508 x 10—5
L I .
Solution of the problem 13.36
Initial data Kl =10 I:=1000 ORIGIN =0

. -7
M= 4710 =01 1©2:=015 13:=02

N



Current density in pipe, A/mm”2 51 = I
(22 -n?) +150(32 - n?

Poison's equation in the l d_ I iA = |0 if r<rl
cylindrical coordinate r|dr dr N
system —pn0-ul-81 if r1 <x <12

—n0-82 if 2<x<13

Solution of Poison's equation

0 otherwise
Vector magnetic potential

AO(x) = CO-In(r) + C1 Al (x) = =0.25-u0-ul-81-1 + C2-In(r) + C3

A2(x) = —O.25-p0-82-r2 + C4:In(r) + C5 A3(x) = C6:In(r) + C7
M agnetic intensity HO(x) =0
H1(x) = 0.581 H2(x) = 0.582 4 —C6
X) = 0. T — X) = 0. T —— -
MOMII‘ MOI' H3 (X) = MOI’
Equation system A0(0) = 0 CO=0 AO(rl) = Al(r])
forintegration
constants Al(12) = A2(12) HO(r1) = H1(r1)
A2(13) = A3(1r3) HI(12) = H2(12) H2(13) = H3(13)
Values for the first CO0=0 Cl=0 C2:=0C3=0 C4:=0
approximation M W M MR mw
650 £6:=067:=0
Given
CO=0 Cl=0  —025-u0-ul-51-r1% + C2-In(rl) + C3 = CI

—025-10-u1-51-12% + C2-In(12) + C3 = —0.25-10-62-2% + C4-In(12) + C5

—0.25-].10-82-1‘32 + C4-In(13) + C5 = C6:In(13) + C7
C2 C2 C4
0=05-0l1l —— 05:01'2 - ——=0.5-8212 -
pno-pl-rl po-pl-r2 p0-r2
—C6 C4
=0.5-0213 -
n0-r3 no-r3




C := Find(C0,C1,C2,C3,C4,C5,C6,C7)

Answers for the vector magnetic potential, Wb

AQ(r) == CpIn(r) + C;

AL =

A2 =

AO(r)

Al (r)

A2(r)

A3(r)

~025-10-p1-81-1° + Co-In(r) + Cs

025-10-82-1° + Cq-In(r) + Cs
A3(r) = CgIn(r) + C
simplify
%
float ,4

simplify )
— (=.2581e-1)-r" + .5161e-3 :In(r) + .1446¢-2

float ,4

simplify 2
— (=3871e2)-r" +.1097¢-3 -In(r) + .1819¢-3

float ,4

simplify
— (—.2000e-3)-In(r) — .4714e-3

float ,4

0
0

5161 x 104

1446 x 1072

1.097 x 10~ %

1819 x 104

%10t

4714 % 102

A(D) = AV(D) (D (1) — D (r—11)) + Al (1) (D (r = 11) - D(r—12)) ...

A1)

+A2(r)-(CD(r -12) - O(r - r3)) + A3(r)- D (r —13)
Graph A(7)

110

.10 4

\

AN

AN

0.1

0.2 0.3




