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Mutual Inductance between the Semicircular Bus and

the Straight Bus ()

Yukio KoIDE,* Masashi KoTaN1* and Nobuo TAKEHIRA*

Abstract
The authors calculate mutual inductance between the semicircular busses and the straight busses
in more general cases.
1. Introduction

In this reporr, the straight bus and the semicircular bus lie in the two separate planes. Two
planes are parallel each other. Straight bus and a diameter of semicircular bus lie in the same

plane which is perpendicular to above planes.

~— y r— rcosg

Fig. ! Arrangement of the conductors

2. Calculation of mutual inductance
In Fig.1

2=(—=h+r—rcos0)2+r2sin2 6 +m2

theretore

R=V(I—l1+r~rcos 6)2+ r2sin® 0 +m= (1)

and moreover scalar product dly » d/s is

dh = dle=dh d/z cos (T—0 ) =rsin 0do diy @
By Neumann’s formula, mutual inductance M between the semicircular bus and the straight bus
in Fig.1 is
_#of( {dh . dls
M="4z i | R
_ /o 3 ”3 b=t rsinododh
T 4z 0-0 9 ty=0~ (/=11 -+ r—rcos 0)2-+rssin 0 +m?2 ®)
We substitute
I r—reos
o I=hdr—reoso=x " _dh=dx (1)
| LAy — reos

And first integrating with /;
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[ dh
S 0/ (I—L+r—rcos 0)24r2sin20 +m?

s 7= 7C0L0 —dx
T Yitr-rcoson/x2+r2sin2 0 +m2

=log.{l+r—rcos 0 -+a/(I+r—rcos 6)2+r?sin? 0 +m2}

—log.{r—rcos 0 ++/272(1—cos 0) +m?}
Using Eq.(5), Eq.(3) becomes

M= /j{_or K sin 0 log. {{+r—rcos 0 +A/({+r—rcos 0)2+r2 sin20 +m2}do

[:;’7_5 sin g log: {r—rcos0+x/2r2(1—cos ) +m?2}do

=M1—M-

where we put the first and second term of Eq.(6) into M1, A2 respectively.

We calculate. 41.
Substituting 1—cos 0 for ¢ and integrating with ¢

Lot [ 1—-cosa I
Ml:]?& log. {I+rt+a/2r(r+1)t+m2+12}dt

1—cosa
/T—[tlog {l+rt+~/2r(r+1)t+m2+12}] )

rrt r(r+Dt
sor ‘ 1—cosg N/Zr(r+l)t+m2+l"’dt
T 4z 1o [+rt+a2r(r+ Dt +m2 +12
:Ia—lh

where we put the first and second term of Eq.(7) into 1., I, respectively.

I, is followed

o= /207':(] o3 a) log:{{+r—rcosa+a/ 2r(r¥1) (1—cos a) +m2+12}
We calculate I, by changing of variable

1-cosa N2r(r+1)(1—-cos a)+mz+i2
}| V2Ir(r+Dt+m2+12=T

Vmey (2
r(r+1Ddt=TdT
1o
I 4n(r+1)§ {T—(r+D}T
Hor S 71 dT
27 ) 24 2(r+DT+2rl+12—m?
to(rl— m2)8 dT
2 72 T‘-’+2(r+1)T+2rl+1‘~’—m2

—__Ho L2 2+ m2
(G - DTS 22 m?)

+1 2+ m2
% loge{T2+2(r+1)T+2rl+12—m2} _._(ITZW +m?

T+ r+l—~/i-§Ia5Jm
T4+ r+l+8r2+m2/ 7

7= 2r(r+1) (1 —cos a) +m2+[2
7o =~ m2+12
Consequently 4 is followed

Ml—uor{(l cos a)log. (I-+r—rcos a+7,)—(1— cosa)+—r;7/2—
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r(1—cos a)+l+771+@10 £l+77,—773_ﬁ1 r+l+9,—7, }
[+7, r OB Ty OB Iy, s

—log.

where

3=~/ r2+ m2

Next we calculate A2, Substituting similarly in the case ;.

f 1—cosa —
S loge(rt+4/2r2 t+m2 )ds

1—-cosa

=22 tlog(rt+ /2% 1 mi) |,
I il B

—por (1ol N artidm?
47 Jo rt—i—\/jr:’,_,_mz

=i (1=cos a)log.{r— r cos at /2rE(T=cos @)+ m2} I,

where 1. is the second term of Eq.(12.

] 2o S\/Eﬂ(l——cos'a)#mé U+ rU2—m2U~rm2

“ _45 m U2+2rU~m'2 dU
_ lor N Ta—m r(i—cosa)+7,
4ﬂ{(1—cos a)————+log. s
gy T T W=7 7y ,,,’i_'ﬁria,}
, log. r+774+7/3+ » log. rimt,

where

7.=+/2r2(1—cos a) + m2
Consequently Mz is followed

/‘/]2:%{ (L—cos a) log.(r—rcos a+5,) — (1—cos a) + //‘%m

r(l—cosa)+y, 7,

—log m rl

r+y,—7n, —ﬁlo. r+m~7/3}
: “rtmatu, 1 OB rimty,

Finaly inserting Eq.(i1) and Eq.(9 into Eq.(6)
_ tor [+r(1=cosa)+9, , » —ny—7.+m
M=%z [(l—cos a)log: r(l—cos ) +7, r
m{r(1—cos a) +1+7,} _ 13y (rl47,—75) (r+m-+7y,)
() {r(1—cos ) +1.} ~ r 8 (r 157, +75) (rtm—7,)

—log.

_'_ﬁ]o 7({:"1+771*773)(r+774+773)_]
roS (el ) (r -, — 1)

Using Eq.(14 we show A7 for following various cases.
2.1 a=x (See Fig.2)

{14

1= B+ B m?
ho= \//?m?'

£

e e oy Y

Fig.2 Arrangement of the conductors (au=r)
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Wazv"m
74=~/4r2 +m2

U+9)U+2r+7,)
m(2r+1,)

73 (rtl+7y+75) (rm=—73) (r+1+7,=93) (r+ 74+ 73)

Zlo ALK A S AL LN 8 S L S LS. S
r

HoF
M= qy[log

Tl F g, —7s) (rEmA ) (rH 7,4+ 73) (r+ 17— 73)

+

Ltla:ﬁﬂ;’”,]

+ r

2.2 a:,,’,z{ (See Fig. 3)
1= 2r(r 1) 12+ m?
7o =A/12+m?2

T3=~"r2+m?

7.=~4r2+m2
_ for A+,
M= 47T[lo —
Mog (rl+ gt ) (rtm =) (Pt I 9, = 73) (r £ 9 +73) vl—ﬂg;viﬂzj
r 08 (rt ity — ) (rm+ ) (Pl +93) (rF 05— 73) r

Fig.3 Arrangement of the conductors (a=n/2)

2.3 m=0 (See Fig. 4)
711=2/2r(r+1) (1 —cos a) +12

772:]
N3=r
75=rv2(1—cos a)

I+r(1—cos ) +7, | 7, —1—7.
r(1—cos a) +7, r

I {r(1—cos @) +1+7,}r 1 (1+m)(2r+_77i)7]
—loge i Tcos @) £ (r+ 1) T8 i+ ),

M= %%{(1 —cos a)log:

o /5.7‘

Fig.4 Arrangement of the conductors (m=0)

24 m=0,a=mn (See Fig. 5)
7, =1+2r
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=1
N3=¥F
N4=2r
tor, . ril
M= 27 log. r

which agrees with the formula given by authors.D

— = = = = - —_—

Fig.5 Arrangement of the conductors (m =0, a=nr)

2.5 m=0, a=n/2 (See Fig. 6)
NI FD T
=1
N3=r
771:'\/5"

M= f@i[lo (1+¢?)(’+1){/+V27ﬂ7) +12}]
S AN T e (e D £ 15

n !fi:(fil%@rl;%@]

Fig.6 Arrangement of the conductors (m=0, a=n/2)

Reference

{19

1) Y. Koide, M. Kotani and N. Takehira : Mc¢moirs of the Faculty of Engineering Yamaguchi University

20, No. 2,1 (1969)

(K{FI444E 8 ) 114112 1)

WIS 2 4%



