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§ 1. The practical importance of having an accurate stand-
ard of inductance has lately been felt in eclectrical measurements
rela,ting' to alternate currents and electric waves, and different
formule have been deduced for cxpressing the inductance coeffi-
cients of solenoids. Among the numerous expressions which have
from time to time been given by different physicists for calculat-
ing the mutual inductance of coaxal circles or coils, we may
mention those bearing the names of Maxiell, Weinstein, Heavi-
‘side, Roiti, Searle and Airey, Himstedt, Joneg, Lorenz, Gray,
Cohen, Russcll, and Rosa. These formule can be conveniently
divided into two classes; the first makes use of Legendre’s tables
of elliptic integrals, while the second utilizes the cxpansion in
series, which takes different forms according to the method of
expansion. They have been examined and eriticised by Rosa™
and Cohen in the DBulletin of the DBuareaun of Standards,
Washington.

A few years ago, I gave a simple series for caleulating the
mutual inductance of two coaxal circles,”” which is remarkable

{1) Rosa, Bull. Bor. Standards, 4, 301,1907 ; Rosa and Cohen, 5, 1, 1908,
(2) M. Nagaoka, Journ. Coll. Sei,, 16, Art. 15, 1003; Phil, Mag., [6] 6, p. 19,1904.
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for its rapid convergencc; the object of the present communiea-
tion is to shew that the same method may be conveniently em-
ployed for expressing the mutual inductance of solenoids of any
length. '

For the self-inductance of solenoids, the formula can be put
in a form convenient for practical caleulation, and by tabulating
a certain factor & as a function of the ratio of diameter to length,
we can dispense with the rather intricate formula, that has
hitherto becn employed for the same purpose.

§ 2. The mutual inductance for two circuits is given by

!
M’____J‘J‘Fcos eds ds n
.

where ¢ is the angle between the elcments ds and ds, and 7 the
distance between the two. In the case of two coaxal solenoids
of the radii @ and A4, length 2, 2/, placed in such a position
that the distance between the centres is d,

Mt=a+ L4 P~2ad cos (¢—¢),
e=¢—¢'; ds=adp, ds=A4dy.

For two circles, whose planes are at the distances z, z° from the
centre of the coil (a)

N Aua cos (p— o) de d¢’
My= e e e e 2
I Jarer et =) @

Consequently the mutnal inductance A7 of two solenoids with the
number of turns per unit length # and #/
M= nn’fﬁnfﬂfkf}, dz de (3)

a=# =1

I. Mutual Inductance of Coaxal Circles.

§ 3. In the paper already cited, I showed that mutual in-
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ductance for two coaxal circles M, at the distance ¢ from each
other can be written from (2) in the form

2,
. —drgd (1
dry/ Ai ¢ (149

where e=3¢*'—4¢°+9¢°—12¢"+...  (4)
and
M, 1
dy/ Aa T oAT—2q.F

ton(2-) (1+80-8g+)-4 |
where &=32¢3—40¢,'+48¢°— ... (&)

In these expressions, ¢ and ¢, are to be calenlated by the well-
known expressions

l l\s Iy
7=g* 2(9’) 1 (2’) + ’
7 (z, 3 -(f_,)ﬂ
gl_' 2 + 2 'ﬁ') + 13 2 + 1
1=k 1—/k
v SRS v ®)
and kzz_ss"'ﬁa 44‘1&- =S'£ﬂ."?' )

ey (dFayF &

jE- 61— Cy __("'i_ﬂg'l'_c‘.
YT e—e, (A4 a4+

=cos"y

When % or £ is very small, we may calculate 7 or /; by the
formule

B 21 317%°

b=-g+35 *51 T Tooa

B 21 31K
st i5 T3 T i00d

doereans (5

l, =
It is to be remarked that for most practical purposes, it is
generally sufficient to put ¢= ; or ¢= —%— For h=sin 45“,5'f =
0.0432139, and (-é-T: 0.00000015, so that the sixth decimal is

not affected by neglecting the second term.
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Looking at the table™ of ¢, we find that ¢ varies from 0 to
0.15 as 7 increascs from 0° to 73°.1; similarly the range of ¢,
is from 0 to 0.0l, as 7 diminishes from 90° to 67°4.

For the calculation of the mutual inductance of coaxal coils,
it is thereforc convenient to use (4) for. values of ¢ from 0 to
0.15, and (4) for ¢, from 0 to 0.01. When ¢, is very small,
we can writc (4') in the form

where
&/ = =8¢ +32 0 —40g +48g + o er « (47)

§ 4. For facilitating the calculation of mutual inductance,
it would be: convenient to construct the tables of the following

quantities.
I. Table of g—-%— from ¢=0.02 to 0.15, und of & and

logy, (1+¢) for the same interval.

II. Tuble of & and —&'=8¢ —¢ for ¢=001 to ¢=0.00,

These tables cover all values of 7 from 10°.2 to 90°, thus
enabling vs to calenlate M for any value of 4, a and e, without
using the tables of clliptic integrals, which by ordinary methods
of calculation must always be resorted to. "The special advantage
of the formule (4), (4') or (4”) lies in their rapid convergence;
we may also dispense with the caleulation of 7, which is a great
disadvantage of the mecthod usually employed.

The following tables have been caleulated by Mr. C. Harada.

(1) See Jacobi, Werke, I, pp. 263-368.
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E
I. Table of g—=, & and logy (L+e).
' ' e
LA : | dog, (4 | A
’ Ty e ]
- E i 00091 |
| 0.000 00048 0.000°00021 | ;
0022 | 0.000 00001 1 0 50000070 | 0:000 0030 13
0056 | 000000002 | 1 | 000000009 | 0.000 00043 13
0025 | 000000005 | O | 0.0 00%37 0000 00050 o
e i 008ﬁ3 " Lo 0,000 00184 | 0000 000sg o1
0030 | 00000000 | 2 | 000000245 | 0000 00103 5
0032 | ooooo000s | 3 | 0000 o0a1s | 0:000 00138 4
oo 5:000 00008 | 5 000000400 | 0.000 00174 it
0.05 g'ggg ggglz | 4 | 0.000 00603 g.ggg oy |
0008 0.000 00016 | 000000624 | 0. .
0.038 . | ° g
21 | > 0.000 00766 | 0.000 00332 ng
o 0.000 gggﬁé " S 1 000000931 | 0.000 ggig% I
0oi4 | 00000003 | T | 0000t | 0000 00457 o4
05 0000 00041 | 5 1 000001339 ; 0.000 oosst 109
0018 0000 051 w0 0.000 01588 | 0.000 90 122
Do 1 0000 000es | 12 | po0 01868 | 0.000 00812 122
y ﬂdg g'ggg ggm?ia ‘ }g L 0.000 0218'% ; g.ggg 00950 | % "'é
oo ' : 0.000 02641 . O f
Py i ﬁg% P18 1 000002038 | 0.000 gﬁgg 1
o0e | ©.000 ootst |21 000003380 ¢ 0.000 -
0,058 0.000 0 2 |
2 o0 0sero | 0.000 01681 984
0003 0000 toes | 27 0,000 04410 . 000001015 259
bott | oo 00m1 | 3 D000 ooede - 0.000 02457 2
i iy 33291 40T 6,000 06375 | u.ﬁ% 02760 22
008 0000 00336 | 51 4000 07158 | 0.0 0 03108 289
0072 0000 0387 | °L | ooooosoor | 0.00 03878 401
ot 0:000 0 44 | 3T | 01000 08931 | 0.000 B g
0076 | 000000507 | 8 | 000000043 - 00000431 | g
0ors | oooooostr | T ¢ 0000 Yoas o oowoise
0.078 . R | st
" | 2185 | 0.000 05293 55
Ooes | 000000s i 88 | oocormER DO oo lf 345
0.082 000000741 | gE ot | omole | 3
00s | oooovomdr | 19 0.000 16580 | 000007057 | 03¢
0.086 0.000 UOB{}‘;} 1 ae00 17808 | 00000 é ig:; | 724
0.088 0.000 ”igg? 126+ 5'000 19474 i 0.000 gwg e
0099 oo 01318 137 1 poo021253 | 0.000 9229 | G5
it 0000 068 | 120 0000 23152 - 0.000 10@*-32 378
it 0000 16"0 % op0025174 | 0.000 11:3%9 ok
s | ordo0 olooy ! 7T 0000 zigst oo 1isse | G
i ] . | .
g’.{fﬂg 0.000 02000 | 0.000 206
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I Table of g—-o & and logy (1+9).

!

g 9= a
|
0.100 0.000 02000 | 49
0.101 0.000 02102 | .8
0.102 0.000 02208 | 175
0.103 0.000 02318 | 133
0.104 0.000 02433 l 119
0.105 0.000 02552 | 1om
0.106 0.000 02675 | 15
0.108 0.000 02038 | 7ig
0.109 0.000 03076 |
b 144
0.110 0.000 08220 | 449
0.111 0.000 03369 | 73y
0.112 0.000 03523 | 3¢5
0.113 0.000 03683 | 7g¢
0.114 0.000 03849 | 175
0.115 0.000 04021 |  yag
0.116 0.000 04199 | 744
0.117 0.000 04383 ' 34
0.118 0.000 04574 | g
0.119 0.000 04770
! 204
0.120 0.000 04974 | 50
0.121 0.000 03184 | 5y
0.123 0.000 05628 = 5ag
0.124 0.000 05860 | 590
0.125 0.000 06100 548
0.126 0.000 06348 gl
0.127 0.000 06603 563
0.128 0.000 06868 | 579
0.129 0.000 07140 | <
-1 980
0.130 0.000 07420 | o0,
0.132 0.000 08009 | 5ne
0.133 0.000 08317 | 57
0.134 0.000 08634 | 350
0.135 0.000 08961 L ol
0.136 0.000 09207 | 50
0.137 0.000 00644 |  Gen
0.138 0.000 10001 | ;:‘;ﬁ.
0.139 0.000 10368 |
. . 878
0.140 | 000010746 | goq
0.141 0.000 11185 | g
0.142 000011336 | 417
0.143 0.000 11947 | 1oa
0.144 0.000 12370 732
0.145 0.000 12805 | %42
0.146 0.000 13258 | ig
0.147 0.000 18712 | 2%
0.148 | 0.00014185 | (=
0.14Y 0.000 14670 | 49§
0.150 0.000 15168 |

E

0.000 29609
0.000 30803
0.000 32033
0.000 33209
0.000 34602
0,000 35942
0.000 37321
0.000 38731
0.000 40196

0.000 41604

0.000 43233
0.000 44814
0.000 46438
0.000 48105
0.000 49816
0.000 51572
0.000 5337

0.000 55222
0.000 57117
0.000 35060

0.000 61052
0.009 63003
0.000 65184
0.000 67327
0.000 69522
0.000 71769
0.000 74070
0.000 76425

“0.000 78835

0.000 81301

0.000 83824
(.000 8G400
0.000 89044
0.000 91742
0.000 94501
(.000 97321
0.001 00202
0.001 03147
0.001 06155
0,001 00228

0.001. 12366
0.001 155670
(.001 18842
0.001 22181
0.001 25590
0.001 29069
0.001 32618
0.001 36239
0.001 39933
0.001 43701
0.001 47543

log, o(1+42) _ 4
| -—- .
- 0.000 12857 .
0000 18376 "ég
- 0.000 13009 250
| 0.000 14459 5e8
o 0.000 15025 289
0.000 15607 208
0.000 16205 610
000016821 | g
L 0.00017458 1 oy
' 0.00018104 | ™°
! | 668
000018772 e
0.000 19458 | 52
L0.00020168 74
| 0.000 20887 v
000021629 ¢ 0
0.000 22391 | oo
0000 23174 | o
000023976 1 S
| 000024790 | g%
0.000 25642 | °
| 865
0.000 26507 |
000027302 592
©0.00028300 | Goo
| 0.00029230 | g¥d
. 000030183 0%¢
| 0.000 31158 | Jog
000032156 58
0.000 34224 | =2
0.000 35295 | V!
- 0.000 36389 ;o
| . 363 i i
0000 aTa0n | 11%0
© 000038654 | 7177
. 000039825 | [yoa
| 0.000 41021 1294
| 000042245 | 5
| 000043496 152
000044773 | 15oc
| 000046078 | ;5.3
0000 47411 ]
5 L1362
- 0.00050062 1 ;L’:,D
| 00051382 | T
: 0.000 53080 1479
L 000054509 | 500
0,000 56018 | 13‘;9
0.000 57557 | 357)
0.000 59128 | ja.
0.000 60780 | a0
L 0.000 64080
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II. Table of ¢ and —¢f.

7 st . - . A
| ] !
| |
0.0100 000003160 | oo | 000076380 | .00
oo | somonr | % omem |
- i i | B O ™
r : 8Y j gy P 1471
0.0000 0000097 | 2 Goooroom | 14
0.0093 000002711 | 86 ooooeodsy | 1442
0,004 000002627 | % 1 goooesosl | 1428
0.0003 000002544 | 831 Goooeseds | 1418
0.0092 000002468 ot | oococsaae | 139
0.0091 000002385 | 13 00063863 | 1288
00t 000 02 ooy L 0000068 | 1370
0.0090 e O R
| 5
0.0089 6.000 02231 .o 000061137 1340
e | Er | B Meam |
: Peed-rats ;T ? o 1313
o | fonann | f o powi
0.0084 000001877 | of | 0.000 34571 1o
0.0083 0.000 01810 & . oooossz | 128
0.0082 0.000 01746 & | o000 1o
0.0081 0.000 01684 6% | oooos0sor | 134
0.0080 0.000 01622 - oo0dosrs | 12
60 | 1212
0.0079 0.000 01362 s | oooodsses | o0
o | mEwR | B | bees | W
0.0076 000001302 | of | oocodssie | 7359
0.0075 000001337 | f5 | 000042663 | 1igo
00075 0000013 ¢ 31 O0oo4iseR | L1
0.0072 000001188 | oL 1 ooogdozsy 1109
- |48 g A0z 1 1096
0.0071 0000 01135 | gF 0.000 80193 | 108
0.0070 0.000 01088 | 0.000 38112
a6 1066
0.0069 000001042 | 4 000087046 | o5
e | dmlE o o£ 0 MRER
"N EEEE - BE
0.0064 000000832 | 59 0.000 31936 o
0.0003 0.000 00757 o 000020005 | 068
- : 37 00029995 | a4y
0.0061 0.000 00720 ] 0.000 29043 b
0.0060 0.000 00686 | 0.000 28114
L3t - 018
0.0059 0.000 00652 33 0.000 27196 003
0.0058 0.000 00619 b4 000020203 | 303
0.0057 0.000 00389 30 0000 25403 | 9
T N
0.0054 000000501 | 2T 0000 22827 | 32
0.0053 0000 00478 | 55 0.000 21999 s
0.0052 0.000 00447 | 2o 000021185 . Sig
0.0051 0.000 00421 g 000020387 |
. — i
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II. Table of ¢ and —¢!.

|
71 L A —; I A

|
0.0050 0,000 00397 21 ooooies | Ted
0.0049 0.000 00374 o0 | 00001884
0.0047 0.000 00330 51 | 000017342 gog
0.0048 0.000 00309 15 0.000 16619 | .49
0.0045 0.000 00290 | g 0.000 15910 | gos
0.0044 0.000 00272 | g 0.00015216 gon
0.0048. 0.000 00253 | 7= 0.000 14539 | ggo
0.0042 0.000 00236 . 3 0.000 13876 | aio
0.0041 0.000 00220 | g 000013228 | oo
0.0040 0.000 00204 | s 0.000 12596 | o

i i
0.0039 0.000 00189 14 000011979 | g4
0.0038 0.000 00175 14 0.000 11877 536
0.0037 0.000 00161 13 0.000 10791 571
0.0036 0.000 00148 1o 0.000 10220 356
0.0035 0.000 00136 11| 000000G6E | 5y
0.0034 0.000 00125 11 | Ooooovied 1 g
0.0033 0.000 00114 o, 00000898 |z
0.0032 0.000 00105 0 | 000008087 | 4ou
0.0031 0.000 00095 o | 000007503 -
0.0030 0.000 00086 '8 | 0.000 07114 | st

]
0.0029 0.000 00078 3 0.000 06650 | 440
0.0028 0.000 00070 = | 000006202 1 58
0.0027 0.000 00063 7 | 000005769 1 oYY
0.0026 0.000 00056 6 0.000 05352 | ypa
0.0025 0.000 00050 8 0.000 04950 | g8
0.0024 0.000 00044 5 0.000 04564 | 27
0.0023 0.000 00039 5 0.000 04193 855
0.0022- 0.000°00034 | 1 0.000 03838 240
0.0021 0.000 00030 | 1 0.000 03498 394
0.0020 0.000 00026 | . 0.000 03174 ° s

u
0.0019 0.000 00022 3 0.000 02866 298
0.0018 0.000 00019 5 1 0.0000273 975
0.0017 0.000 00016 S | 0.000 02296 261
0.0016 0.000 00013 5 | 000002035 248
0.0015 0.000 00011 2 0.000 01789 230
0.0014 0.000 00009 2 0.000 01559 | §ia
0,0013 0.000 00007 1 0.000 01845 | Joo
0.0012 0.000 00006 2 0.000 01146 | 755
0.0011 0.000 00004 | 3 0.000 00964 | a7
0.0010 0.000 00003 0.000-00797 151
1

0.0009 0.000 00002 | 0 0.000 00646 | 14
0.0008 0.000 00002 | 1 0.000 00510 | 1g
0.0007 0.000 00001 | o 0.000 00891 | ax
0.0006 0.000 00001 | 1 000000287 | 87
0.0005 0.000 00000 o . 000000200 | 79
0.0004 000000000 | & | 000000128 | 2
0.0003 0.000 00000 ! o | 0.000 00072 | jﬂ
0.0002 0.000 00000 | o | 000000032 24
0.0001 0.000 00000 | - 0.000 00008
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§ 5. The following two examples will serve to illustrate the
present method of calculation.
(1) For ¥'=0.3420201=gin 70°, we find by (5)
g=0.1310618
Table I give.s logy (1 +£)=G.0003753.
Direct caleulation gives logy, 4 = gt =1.7754242

-, » H o
By addition Zog,, ——¢ _ =T.7758000,
y addition logy, oy 7

which coincides with the value found by Maxwell, who calculated
it by using Legendre’s tables,
(2) For k=0.9975641=gin 86°, we find by (5)
g,=0.0003048651,
Or from (5)

K
16 0.000 3041228

ke
33 ={.000 0007399

2167
1024
¢y =0.000 8048651

=0,000 0000024

which is the same as found by (5)
By direct calculation
Ingn (—;‘—)=8.115378

Table 1T gives —¢!, =0.0000007
Consequently 1+48g,+<", =1,0024382
and 1—-2¢,=109993903

By (4) iog—flf‘—'-_- =(,3130007
4V Aw

as given by Maxwell.

It may be remarked that a slight disadvantage of the pre-
sent method lies in the fact that ¢, must always be calculated
with great accuracy, however small it may be.
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§ 6. When two circles arc near cach other and of nearly
equal radii, so that 2 and % in

A=a+z c=¥y rP="+9°

arc small, the mutual inductance ean be expressed in a series

My=4mna log

8u 1 o, +3y° a+3z }
{1+_2_ o T it 32a°

.?1

+4r;r_1.{-—-2—-1- gy

z | 3at—y w3~6my2+.._}._.
2w

16>~ 484° (6)
as shown by Maxwell.
We can easily show that (4") can be so transformed that it

coincides with Maxwell’s expression. Evidently

_-k!‘.? : kﬂ L m!_}_y&
B W3
t a
Consequently

1 S8a x 24yt (
— z i —_— K —
log - 2 log - +log (1+ += 2) logl 1+

k"
7)
> i z 1 o 3 a
VA = a(ltmg Tkl o)
To first approximation

M, = 4f.—1/;1?;{_21uzog%. (1+12g,)—‘3(1+4q,)} ,
i}

and by expansion

o Sa 3a z | o433y 4+ 3wy’
/2 (14 12g,) Tog 5% ._alog—?_--(1+2u+ b A

T (120 g (14 4 7 Yoo 4 EE ol 3)
v/ 4a 2 log 1+E+‘4E§ =\t 8 TG

s (L +12¢) .7.7.“)__ (m“+;a;2 _ﬂw(w“+y*))
v/ 4a 2 309'(14—-? = TN\ 16 32

—/da = —of2+ B2y 2@y
Vda . 2(1+4q,) = “(2"'};‘ P 16a® )
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Adding these four expressions, we obtain the formula (6) as given
by Maxwell. Procecding to the second approximation

M, = dra 1og3“{1+2 FEASP_ &S o4 A3y 1oy

16a* 324° 10244
o 3’:: Sa*—y* _a'—6ay® _192%+ 5342%°— 03, :f‘} "
+4rrcr,{ 2 -% “16a? 4847 T 6144qf (6)

This extension of Maxwell’s formula was first given by Rosa
and Cohen."

II. Mutual Inductance of Coaxal Solenoids,

§ 7. Returning to formula (3) for the mutual inductance of
two coaxal solenoids with the number of turns per unit length

n and »', we have
A+l Pt . ‘
M= f f M, de did. 3)
d= -

Substituting for 1/, from (2), the integral can be easily
transformed into

M = .;j.mﬂ:f"'“’f“f Aa cos ¢ dz 7 d
o =it - '/A‘,"i' ﬂr +(2‘. 2’}’-}-2!{“ Gﬂﬁ s.f‘,

= 4 nn f e f * Aa® sin’ ¢ dadddd )
(z.[“—!— '+ (r-—a’)z- 2 Aw cos y)&

=it

Integrating with respect to z and 2/,

M = dan da (L—L—1+ 1) (7)
_ sin’p o/ A+ @'+ ¢ —ZAa. cosd .
'l‘fhere I _ Aa’f (_A2+l'fr' 211& GOS (:J) dfr’] (8)
and I=1  for e=d+i+l

=1 .,  c=d+l-l ()
., e=d—Il+l
= Ii . c=c§-—-3—-3’

(1) Rosa and Cohen, Bulletin Bur. Standards, 2, p. 866, 1000,
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I can be written

= f T stn’d d
J A+ aP+ =2 Au cos'

+ ot f " Singﬁ’ d‘r’ (8”)
(A + a2 —2.4a cos §) / A2+ a4 —2.da cos §

Putting cosp=as+f

2 )& _ o S .|
MED
Aa T 6da
€= ‘%“ y = l-a_ﬁ ) 8= — ]‘:ﬁ ,
2
so that e+ eyt e, =0 and =2, )
4 (L+33
9: = 2 (e + e +e) =4 .:: ) ’
gs=4de e e “;5,4_9“(:92 n

we have

sin ¢/ AF A+ =2 da cos ¢ = /A(s—&,) (5—¢.) (8—¢€5)
=1/ 45— g8~ =8

® ds
Let U= f 1/- S: so that §=pu ,
, _A+a*—240 3 2(:1“-;—&*) et

and let pov= VT e =
then

, ¢t ¢* )

P‘D—61=—- 4 Aa (32_‘93) = - "m 3

’ _ (A—a) (A—c&)

w=a= "7 (eg— Qdaa ’

(A+a (A+a

P”‘f’a-*—-l‘( eg—e;) = ‘Qﬁﬁl )

whence e—e;= (f‘t ';?;4'  (es—ey) o (10)
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Po =/ 4pv—e)(pr—e;) (pv—es) »

P (A2 —a?)
24a '

By simple substitution

I . 1 —fF—2uBpu—p'n

Toa = (1 2uﬁp¢&— @*p*u) du—(pv—e,) f Do—pu du
iy

Sinee pgﬂ=-§p”u+——-— g» and pw,=o, pu,=o,

I by w3
0o {1 Br— =t —a (pr—e,) (epv 4 23)} f duy —a’pv | pudu

W 2
{‘w e) (1-F—2appv— a"‘[*u)f P 'fz&

Again

1—f— fli'é"- —u(pv—e) (zpr+23) = & (-{.‘— - v)

1-53=2e3 pv—apv = —* (pv—~¢;) (pr—ey) .
Thus by integration

}
= _,{(—g—‘ - z.») w, + p.7y; + }2 ( - wl% (v)} (11)

This expression for [ is to be substituted for 1, L, I, and
Iy in (7), for evaluating the mutual inductance M of coaxal
solenoids.

§ 8. Evidently the first two terms of [/

and poy,
are easily expressed by means of complete elliptic integrals of
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the first and sceond kinds, while the third term corresponds to
to an integral of the third kind and forms the chief difficulty
in the numerical calculation.

In the refined experiments of the present day, a formula
which admits of exact calenlation is found cssential. The usual
formula for M expressed in terms of elliptic integrals of three
different kinds is not easy to evaluate. .The caleulation of the
integral of the third kind, which is usually expressed by in-
complete integrals of the first and second kinds requires a good
deal of labour, even when Legendre’s table is accessible, as it
is of double entry. When the integral is expanded in powers of
k, as in Russell’s formula, the convergence is rather slow and
the caleulation of successive coefficients by the formula of recur-
sion is not easy, In place of the usuul method of reduction, the
evaluation by means of the g-series, which is rapidly convergent,
may be used with great advantage.

§ 9. The expression for 7 in the above form (11) leads to
cumbrously large values of ¢: and p*v, so that for exact calenlation,
it is convenient to reduce the above to a simpler form. It can
be thrown into various forms suitable for numerical calculation.

: o —. L ()

Since 7= —Cy, dw, “0)
— - __1 394”{"-’)

= — Cyw, Yar _“—_-6*,,(0) ,

we remark that the first two terms in £ involve us the coefficient
Uf aly either
Jé"‘i-— prr—epv
or

% — P — e
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But —5-*— g: X %ﬁzt ), whence
oo S
G P e =_cf4igra”f ) B +‘3ai"

Remembering that
¢
Pr—ey=— m(‘?ﬁ*ﬂs} =TI,

pr—e= A=W e =P,

2
pPr—=e,= (Aéji:) {32_'33) *Pss

we easily find that
2(4‘13'*"’-"52) (P’U"" e){(pr—ey) +(pv—e)) —_— PP+ 1)

4 A a°u” 2 2 ’

w2 {(pr—e)+2pr—e)ie—e) __(D+2B)e—e)
-+ 3.3 g e e == 6 ’

L P _fp'v + 2 _ {(pv—e)+2(pv—e)}(ea—e) . (Pt 2P)(es—e)
3t b 6 ’
Consequently the first two terms of I in the parenthesis are

(-sepsrone(Gro-sam)o 2 410

— (P +P) (P} +2Pg) (62— fﬂ) - }]1‘.‘ - ‘_'(S‘ﬂﬂ(o)
= { 5 C } G #0) (12)

Iz 2y b 192_(_0}
or (—6—' P o ng??) oy — 4{”1 D(OJ

__§PEB+D) _ (A+2F) (es—e) pr_ 4/(0)
- {_‘ 2 6 2 L}wl 4w, I, 0) (12)

The quantitics within the parenthesis in (12) and (12") are
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easily caleulated from the known dimensions and position of the
coils, and

27y/q o
=-——VY1 (] ... ,
@, yeg-e,( +9+¢ g )
= (14+2¢9+2¢*+2¢"+ ...}
or 21/?’_63( 29+ 2¢°+ 29"+ ...)
i
. = (1=204+2¢"—20"+ ...
ot 21/5““,-.?9( g+2¢'—2q ¥
and
B"o) _ _ 87(q+4g'+99")
t4(0) 14 2¢+2¢°+2¢" °
1?0"[’0) Sa¥(g—4g*+ 99°+ ...)
“B4(0) T 1—2¢+2¢"=2¢"+ ...

For long coils, direct calculation of #: involves ¢!, which is
inconveniently large; but in the above form, there only remains
A or e, and the expression becomes free of.one source of error.

Another advantage of the above transformation is that we can
check the result of calculation for the terms( o b) wy+ pr.y,
by taking either form requires little labour as soon as pv—e,
pv—e, pv—e, are once calculated. By summing these Quantities
and noticing that e, +e¢,+e,=0, we find pv; mutnal subtraction
oives e,—e;, e;—e;, e.—e,; this again leads to the evaluation of ¢
which is generally very small. These being known, @, and con-
sequently 7 is calculated by means of the formule already given.

Tt is also worthy of remark that

_Qéz_ _Pg U=—epv ,
o Dpep

can be expressed in terms of e-functions by utilizing the formula
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L here 1=1,2,3
pr—-a=-—x() , where 2=1,2,3.

F
§ 10. The numerical evaluation of the term p’v(:p,v~ cu,-‘;—(v})
requires little explanation. By mecans of the formula

pv=—/4(pr—e) (pr—es) (pv—e,) ,

Pv can be caleulated from the values of the three quantities
under the radical; but it is more accurate to calculate it by
the relation (10)

(A= a”)
! = =1
PU==""3%da

' . %+ % ' Qg% 2q%° }
Since ——('b) U= @—4{—;— TR 1 S L Tege

n
Ty .
where g Tt

it is necessary to calculate z from the known values of pv. Practi-
cally the quantity within the parenthesis is nearly equal to 1, so
that only for very accurate determinations is it necessary to take
the first term of =’s into account.

In the present case e,<<pv<e,; then

L 'i”b’l —e5 V) PU=—ey— */rz;— € 1 v’ j_?ir_— é; gcosﬂrrw — g cosbimw _

2 */ei— es V po— e+ Vq—e,z Vpr—e 14 2g'cosdrw + ...

With great approximation

&
cos2miw = —71-- ,

since ¢ is generally small; sometimes g¢'cosdmw may enter as a
small correction. Knowing s, we can accurately find cos2rw= -5,
Thus dprti=—20 ,

whence z +2=1/20-1) ,
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% -—-3’1=‘51X QEE-I-].) ,

and
a' a Jb—1 —

wy—(v) - ‘?1-‘”=’*‘=TZ[ -;;T-l"iff/f"”—l{l—?g(??’—l))] (13)
in which the term involving ¢* is generally negligibly small, and
the whole expression is nearly equal to 1:_’25 in most practical cases.

Although the expressions (12) and (13) appear somecwhat
abstruse for numerical calculation, the caleulation is not so labori-
ous as in dealing with a formula involving. incomplete elliptic
integrals, even when Legendre’s table iz accessible. Taking the
case d=o, 20=200, 2/ =20, 4=15, a=10, I found M=4mnn’ x 6213.51,
which coincides with the value deduced from Roiti’s formula.

It is evident without proof that the formula given by Viriamu
Jones for & helix and a circle, and the formula arrived at by
Russell for the mutual inductance of a cylindrical current sheect
and a coaxal helix can be deduced in a similar manner, and
expressecd in terms of p-functions.

ITI. Self-inductance -of Solenoids.

§ 11. For the self-inductance of solenoids, scveral formule
have been deduced by different physicists. They generally assume
different forms according as the solenoid is short or long. Most
of them are, however, complicated and not suitable for the use of
experimental physicists and engineers. In the following I propose
to show that the self-inductance of a solenoid can be easily cal-
culated by tabulating a certain coefficient 8. Evidently the self-
inductance of a very long solenoid is given by

(1} For numerical ealenlution, see Proc. Tokyo Math. Phys. Soc., 4, 284, 1908,
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L =4mn* x Area of Cross Section x Length

where » is the number of turns per unit length; for solenoids
of any length, it will be shown that

L=4mx Area of Cross Section x Length x Q.

where £ can be tabulated once for all as a function of angular
aperture or of the ratio of diameter to length of the solenoid.
When once the values of @ are known, the calculation is greatly
facilitated, as the rest of the operation is a simple multiplication.

§ 12, It has already been shown in §7. that the mutual
inductance of coaxal solenoids

M=tz do [1,—T,—I,+ L] (7)
! .
(ro-aZw)]

The case which deserves special attention is when the radii and
the lengths of the solenoids coincide; i.e., when d=o, d=q, =/,

where [ ;-2[(—%‘— - jﬁ-v)wl +pr+ L

n=n'. In this speciul case, 37 is transformed into L

For e=2, pv=e; , OF v=w, and pv=o.
ZB a".‘__z:!
'Bl_ {.‘-_;'*-'? —_— (EE_EHJ 3 Hl_ {3:}=_§_" . {82"'_ 'ﬂ;i)
(t; o
: =3 e e Es) 5 v e, — €, aig it
For c=0, pr=e;=¢,, OF u=w,=w, and pv=o.

’1111115 Il:L =2{_€1(£2"‘ ﬁ;i}":; es(cl — {‘:2) w,+ eﬁ'l}

L=1=5%. (14)

Utilizing the relation

K —_—
W =— =, n=v' e —ell-—2_ - K

Ve —eg 1/ é—¢éy
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where X and Z are complete elliptic integrals of the first and
second kinds resp., we find that

I...--‘i-‘- ’/“a‘”g K+ (@—I1E)

I —IL,=- --——{m (é“ff+(a - ) - a} .
Consequently

L =4m2-g-{1/_a2+ T (PR + (02— B)E)~ c.-.*} ) (15)

which is identical with the formula obtained by Lorenz® and
Cohen,®

‘ . o’ &
Remembering that F=-—;7%, =5, we find
4 n
L~IL=7g f,kg-{k’*(K—E)+LJ{—fa} .
The self inductance of the solenoid is thus
| N R 4 1’2 ,
L=Anié. nal. zfm_- i { i (K—E)+ B~ F.,} (16)
Putting € =& & (11—17)4‘3'— (17)
5 v z k&
we get L=4an*x Area of Cross SectiouxLength’xB
AN Area of Cross Section Q (18)

Length
where N is the total number of windings.

Putting k=sina, iga:-%:f,—, we sce that « is equivalent
to a semiangular aperture of the solenoid at the centre. Thus
8 can be generally expressed as a function of angular aperture.
In practice, it will be convenient to tabulate £ as a function

o —

1 Lorenz, Wied. Ann,, 7, p. 170. 1870 ; Ocunvres, 2, p. 196,
2 L. Cohen, Bull, Bur. Stand., 3, p. 303, 190.
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of ﬂga:'[}ﬂﬂ—;—tf’-. These tables are given at the end of the

paper.
§ 18. The cocllicient & can be expressed in various ways.

v 0L
ol i aE—K—-E '

Since —k =g o=
and | '?,'_; (K—-L’}-}-E_—]E—: iif'i'E
= jf +B= ‘}(gffﬂ
Q= ;}, (— - S+ B-E) (19)
+ (d;”;ff—-a) : (19)

The expression (19) can be conveniently used when the length
is very large as compared with the diameter of the solenoid,
while the second expression (19°) will be found useful when the

said ratio is very small.
By differentiating the power series in %* for F

p=51-(3) T-(31) T-(z28) 5 -1 -
we find by (19)

gu Loty (LY3.F_(13y5 B _(185Y7 K
ey Bz T\2/)2'1 T\24/)3 3\ 245/4 5

(1-3-5-7)2 9 ¥ (_1.3-5.7-9_)22 I } 20
“\2468 ) 3 T \3L6S10) 6 9 T (20)

For convenience in calculating the coefficients, the following table
is added

4 4
57=0. 4.4441318 logig-=1.62778887.

4
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logy[ %¥]=.15740313, log, [ 74]=2.8927890,
logy[ %] =%2.5337681, logy[ %] =2.2838906,
Log,[ 1] =2.0912009, logo[k*™]=3.9280777.

The above series is only slowly convergent when the angular
aperture is large, so that its application is limited to small values
of «

The second operation (19°) above indicated can be applied
to the expression for £ under the form given by Schlomileh.

s (1. 3[1V,, (13 4
E=1+ (7L 4 4(2) it ( H) O, }@F

a5 1423 1:3\'5
.——2— ?ﬂf""-' (—2—) -I (32“" 1‘.':'4) Fﬂ“‘—- (_ﬂ) —'67(34 + 8.5) kﬂ.‘._ tresas

1 1 1 1 1
“There dy = -j,_— "‘2—' + '“3— —"'—4— + ------ '—"2]3—
Thus
43, (1VT,n (1.5 ‘11, ) 4 1=k
1( 1\ 3
-—-g1+332)k’—(~9—).-‘-1-(1,+5(82+84))?c’3— ...... } @0 .

This formula corresponds to that usually given for short solenoids.
The above expression can only be used for values of « close to
90°.

§ 20. On account of the simplicity of calculation in series
proceeding according to powers of £ or %', the two scries (20)
and (20’) above given will find special favour among practical
scientific men, but the limits within which the serics may be
safely applied is so narrow that it is necessary to deduce other
series which can be easily used within a wide range in the value
of «, For thig purpose, expansions in g-series are specially to

be recommended.
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Starting from the well-known expressions®

K(R—E)=22"(14+2q+49°+4¢°+ 6¢* + 8¢+ +++-++)

2
KB = Z {1480 (1 g*+4g'— 5g+ w-+++)}

K= vfzr—(;l--49'-}-4?2-{-42’1_895.{.493_......)}

E Ri= 4a¥q+4¢*+ 67 +8q 4 «oenes )
we easily find by (I)
4

8 = 1— o +20-+120°+ 440"+ 116"+ 2604+ 56"+ -oev (21)

The limits of a, within which the above series can be convenient-
ly used are wider than the cxpansions already given; for «=45°
576¢° = 0.00000375, so that the values of € are right to six
decimal places for the above argument. By the way, it may be
noted that for the same value of 2, the term affected with z* in
(20)=0.0001324, and the convergency of (20) is slower than that
of (21).

§ 21. In order to arrive at expressions, which would give
more exact values of &, it is necessary to transform formula (17)
into J-functions,

: _ 1 80) 1 #(0)
Simce  po=—eoi—ip o) ST T 46 a0
E = (?t'*‘ 31"-’1}
1~ U5
Ke B=— (p4cw) and W=%XaT%
Ve—e Ve, —eé;

co find B 1 B _ _ 1 "0
w 4w,/ 61-'8.; d5(0) 2‘-1'5‘02(0) (o)

——— — — ——

(1) Jacobi, Fundamenta Nova, 105; Werke. 1, p. 10L
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E-E_ 1 9/ 1 90
k 4&]1“/81— es T&QQ@) 27:&3(0) ' ﬁg(O)

whence
1 % L (8M0) B 8,(0)
?{(K_mk_f+g}_"ﬁ?ﬁ?( S0y T T80 )
Expressing this in terms of ¢s, we find for @

Q- 2 R 8(g"+3¢"+6¢"+ )
3(1—-‘2g+2g“—2q")*{ 1+ + ¢ +q%

R e S Y
The above expression is applicable within wide limits of ¢ and
is rapidly convergent ; although ¢' is retained, it is generally suffi-
cient for practical calculation from «=0 to «=45° to suppress terms
beyond ¢°. For «=45° ¢*'=0.00000349 and ¢°=0.0000000065, so
that between the said limits

8(g—4g) Ky 4 &

o1
i—27+24" f.cj‘ 3w @)

L= 1+ 8(g* = g%+ =

3(1- 2<.?+2 ‘)”{

will give values accurate to six decimal places, which is super-
fluous in practice. Since IT" ~ cotga enters into the caleulation
before finding ¢, it would be more convenient to retain it in this
form than to chan«e it into a ¢-series.

To find an expression of & in terms of ¢, by which the
calculation of self-inductance for values of « from 45° to 90° may
be easily effected, we have to express Z& and K—F by means of

w; and ﬁ(ﬂﬁl) ’s,

Since

1 - ( . wy (o)) )
= i — 3
Rwyg/ e, — e, 20y Uy(0,m)

K—-E'—" — 1 (ﬂ."l:—- @, ﬁzﬂ(osrl)

2wy e —ey 205 P07y




COEFFICIENTS OF SOLENOIDS. 25

o1, (1)
N _ J'."Z: q 9, ]

we find by (17)

4 8,0,z ) 80, ) It )
! = an i I I Nt A —'-"rr-
= o {( Hom) B T Hiom) )2y, ot (l
_ 4k
B E

Expressing the d-functions by means of ¢,-series, we find

LQ=- — e [{(1.+ S(llg+3915+6‘311'+*—)) F”
37/ g1+ g2+ g+ g4 - ¥ Lhgltatta® /W
Q(q1—4g{’+9q1 L) Y1, 1 L KP4k

120+ 24— ‘3‘9“‘+ }Elag'tﬂ']_l _?] W

For practical calenlation, it is superfluous to retain terms beyond
¢,*; whence the simplified expression for &£ becomes

1 [{( o Jar? 8( 4(}'14) } 1
= — 1+ 8(q,"— 49 log - -
3 3?.'1/"1'1 (1 +q.°) 5l 7 )) i + 1- 29'1 +2¢,* %9 7

k"“j 4 &

LA PR '
+1 E = T (22")

It is needless to remark that the convergence is extremely rapid.
The slight inconvenience which is felt in the cmluation of the

Eog —-
1/5'1 O

Even for small values of g, it must be accurately known ; in fact,

above expression is duc to the presence of the term

we shall have to push the calculations for ¢; to several decimal
places, which is quite unnecessary for finding the values of ¢'s,
for the simple reason that the expression contains terms multiplied

by

Zogi-. It is convenient to calculate ¢, from I, where

‘I/Ql 7

_1-yk k'
14+/F = (/% F(L4E)
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The two expressions (21) and (22) for € in terms of ¢ and ¢
resp. will enable us to calculate the gelf-inductance Z by the
formula (18) with any desirable accuracy, while for practical
purposes, the simpler expressions (21') and (22') will generally
suffice.

§ 22. The application of quadrie transformation to the
elliptic integrals which enter into £ will lead to an expression,
which is expedient for the evaluation of the coefficient, but for
the use of physicists and engincers, those already given would be
efficient for numerical caleulation. It would however not be out
of place to notice the different gates, which are open for expres-
sing & in a convenient manner. |

§ 23. The following numerical examples are given for the
sake of comparison of formule (20) and (21)

For «=45°, formula (20) gives

1 = 100000
~[ 1k = =018750
~[ ]k = —001953
—[ Jk = -000427
- [ Tk = =—000120
— [ k0 = ~0.00039

- [ Jk?* = —0.00013

1021302 = (.78698

0.78698 _

% %_ = 0.4244

L =0.6885

The fourth figure is slightly in error as formula (21) will
show.
For a = 45°, g =0.04321392; by formula (21)
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1 = 1.0000000
299 = 0.0864278
129* = 00224093
ddgd = 00035500
116¢* = 00001045

2600 = 0.0000302
576¢% = 0.0000038
3-7:_‘:‘?’9? = 0.0000004

1.1128259

b = 04200182

2 [

2 = (0.6884227

This coincides with the values found from (22) or from (17)
by using Legendre’s tables of elliptic integrals.

§ 24. Most of the formule above deduced admit of casy
calculation, but when the values of & for different «’s are once
tabulated, they will have only a theoretical interest. In the
eyes of practical men, the result of the various caleulations above
given for finding & will be of little value, when the table is
construeted. |

The following tables of log, & and & as functions of ¢ were
calculated by Mr. G. Sugimoto from formula (17), by making
use of Legendre’s tables of elliptic integrals given in * Exercises’
vol. 3. It is given for every degree of «, but in practice it will

be more convenient to tabulate & as a function of
Diameter Z2a

4= Tength o
The last table gives & with fg « as argument. It was obtained
from the foregoing table by interpolation.
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0°579 492 |
0+570 037 |

0560 382

—007 128
i —-007 189

| —007 256
| —-007 327
—-007 402
| =007 483
| =007 367

=007 659
—007 754
—-007 856
—"007 964

—+(08 079

- —+008 199
—008 327
| —008 463

| 1008 605

—+008 917 |

—008 757 |

| =000 061
—-000 067

| =000 075

=000 095
—"000 102
—-000 108
—-000 115

—000 046 |
.65 |
=000 050 ,
| —*000 054
- =000 057 .

L =000 071

000 120 :
80

60°
61

63 |
64

66
67
68
69

70
71

T2

| =000 081 |
—+000 084 |
~+000 092 |

| —-000 128

=000 136
L =000 142
—000 152
—+000 160

73 |
74

i
76
7T
-3
7o

S1 |

82

83
84

85

—000 169 -

I =000 455

o e, o1
t—+000 190
F ~000 200 -

—*(09 {iuu: —000 214 |

86
87 |
CER
S9 .

|
ﬂ i dl Jl
0560 382 000 214
_ =000 869 " 000 %
0 E:g —01005 T
0530 084 | 10 %%, _ 00 255
: o0 500f T
0°519 494 | _ 10 apo| —7000 -2-;3
- | =000
0°508 634 | |
011 148 .
e
0-a14 206 T oo asy
0482 11 021551 _o0p 37
—-mzau] DO
. | ~000 403
0449 600 _. ...
0436 685 01> o0 | =000 435
g_’ig gg: 013 816 :,ﬁg ":g:j
0395199~ M2 g0 549
— O 8T1: 0 <om
o3 i |~ Q00 297
D'Bﬂi ggg . —-013 4684 —-000 853
0:348 739~ VX6 21T g0 717
033 901 010 % 000 791
0314 212 17 5| 000 881
g_g?g ;gf;' L =019 ri‘.]éi _
0255 656 020 611 T
o233 770~ SSe
0400 .05 10! —"001 758
0185 272 |
0°158 000 :gﬁ gg? —-002 725
g{t}g?g ggg [__*, 33704 1 003 707




COEFFICIENTS OF SOLENOIDS. 31

TABLE OF € AS FUNCTION OF D_L% .
i ! il I
Diameter ! . Diameter 5
ength | 9 | 4 Tegh L | 4,
0°00 | 1°000000 | _ 4004 281 |' 0°30 0883 803 ' _pgog 498
0o'o1 | 0995769 | _onge0 | 0°81 0880305 | _ o003 476
0'02 ﬂ'ggl 562 — 0004 181 I 0°32 B'BIE 32'9 —0°008 452
0°083 0°987 381 —o00d 157 || 038 0:873 377 | _o-003 420
0'04 0+983 224 0°'34 0+869 948 |
—0004 132 r L0008 406
005 09719092 | _gopg 107 | 0735 0'866 542 | _p003 384
0°'06 0974 985 — 0004 082 | 0°'36 0°863 138 =005 359
0°07 0970 903 | _goot 056 | ©°37 0:859 799 | _p003 338
0'08 0-9€6 847 —0004 032 | ©0°38 0-856 461 | _o-003 315
0°'09 0°962 815 i 0'39 0+853 146
~0r004 008 | ~ 0003 293
0°10 0958807 | _poozgs2 | ©O°40 0°843 853 | _g-003 270
0°'12 0-950 868 | _ogong33 | 042 0°843 335 | _oon 925
O°'1% | 0°946935 | _ggp390 | 048 0840110 1 o403 a0
0'11 0°943 025 . 044 0-836 906
| —0003 884 | | —0003 183
0°16 | 0935284 | 3301 046 - 080563 | _o0e e
018 0+927 639 —0r003 785 ! 048 0-824 307 —0-003 096
0°19 | 0923 854 | 0.49 | 0821 211
0003 761 | ~0-008 073
0°'20 0:020 093 | _,003 73 0°'50 0818136 | _ 0003 03
0°21 | 0916356 | _oomrs | 051 | OB5082 | oo oo
0'22 0-912 643 —(r003 689 0°'52 0-812 049 —0°008 012
0°24 0905 290 ' 0°'54 0°806 045
—0003 641 | —0:002 971
o'25 | 0901649 | _, I 0'55 0803075 | _gogo 05
0as | e | -vowes | 088 | SRR | oo s
0°28 | 08087 | _qoozsag | ©58 079285 | oo g0
0°'29 0°887 325 1 0'59 0°791 395
—0:003 522 | —0-002 870
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Diameter |' Diameter I
Length g ‘ 4, || Length | L ! 4,
| | ! ;
060 g:;g 225 - —0002 850 ‘ 0°'95 ggg?, 333 —~0002 247
o6z | omeH O | o7 | 065000 T oo
0'63 0780032 | _pop279e 098 0692 813 | _ 5000 202
0°G4 0777 240 . 099 0+690 611
| =000z 778 — 0002 188
063 0774 467 | _ggop 754 ¢ 1700 0°688 423 | _ 4010 720
066 0711 113 L —0002 785 | 1’03 0*677 697 — 0010 282
067 0:768 978 g0z 716 | 1'10 067315 1 _ o410 gse
0°G8 | 0766262 | _ggop 697 ; LTS | 0657263 | 009 7o
0'69 | 0763565 | . 1°20 0647527
L —0002 679 l | —0:000 492
0:70 0-760 886 i — 0002 861 I 1 :25 : 0638 095 —0:000 143
0°'71 0:T5B 225 | — 0002 643 130 : 0+628 950 . — 0008 Si4
072 0°755 582 | —0°002 624 1 :35 | D:520 086 : —(r008 599
073 07752958 | _gooz gor | 1740 | 0611487 08 04
074 0-750 351 . 145 ¢ 0603 144
—0002 589 | -: L —0:008 099
0'75 | 0747762 | _goozs71 0 1°80 | 0595045 ' _(o07 ses
0°7%7 | 0742837  _gpe2ayr | 160 0519543 07 g0
0'78 | 0740100 | _goozsg | 1765 0121191 o7 91
0'79 | 07737 581 | 1'moe | 0°564903 |
—0002 502 | l [ —0007 018
0°'8S0 0:735 079 ' _o002 436 1°75 | 0°557 885 | —0:006 828
Vi omim w1 SHE | e
0°'S2 ) | —0002 451 . 17 0% - =006 468
0°'8S3 | 0727615 | _ppo24ass | 1790 | 0337945 | o006 908
0'84 | 072520 | 1°95 | 0531 647 ‘
| —0002 419 | | | —0:006 137
0'85 0722821 | —0-002 402 I 2:00 @ 07525510  _po11 809
0°'SG 0°720 419 —o002 386 | 210 . 0513701 —0011 229
0°87 | 07718083 | _og2zr0 | 220 | 05024712 4410 690
088 | 0715 663 ~0o0z 355 [ 2730 1 0M91 782 4010 191
0°'so . 0°713 308 240 | 041591 n
~0:002 539 | ; - —0009 726
0°90 | 0710969 | _goozgee 250 | 0471865 | _qgoo 202
0°91 0+708 647 —~0002 308 © 2°60 . 0462573 | _go08 s87
092 | 0706339 | _goo2002 | 2770 | 043686 | _on0s 500
0:.93 | 0704047 | _goo2 277 | 2°8S0 | 045177 | _ (008154
0°94 0+701 770 | 2°90 o 07437 023

— 0002 261 |

—0007 824



COEFFICIENTS OF SOLENOIDS.

- |
Diameter ' i Diameter | |
Length I R
T " T '
300 | 04219 | _ ... | 4'50 0340808  _ .
3°10 | 0421687 | _3.33"'., ;i; }g 4-60 | 0336431 ! _gﬁ ;g;
3°20 0414 468 l 0006 944 | ®TTO | 0733208 o0 o0
. . i ' . P . f
3°30 0°407 524 ' o006 634 | 480 | 0732780 | _ 0 000
3°'40 0+400 840 | . 490 0323 800 a[
!' —0006 439 | ! | —0003 975
3°50 0-394 401 500 i 300 0-319825 | _ 053
3:60 | 0°388192 | _3,335 igi | 5°50 ! 0301 502 | _ o6 ﬂﬁﬁ
3°70 0°382203 | _pqo37ee | 6700 | 07285406 | _ 004 060
3°S0O 0°376-421 : —0:005 587 G630 | 0271 144 : —0012 797
3°'90 | 03708% \ 7'00 | 0258407 |
| 0005 401 | | | —0011 425
4°:00 | 0365438 | _gge300r | 7750 | 025982 | oo 0
4°'10 0+360 206 * _po005 0350 | SO0 0°236 581 | — 0009 434
4°20 | 0°3%5.147 | _pppug03 | S50 | 02T 4T | _gpp419
4°30 0°350 249 | =004 T48 'l 9°00 0°218 528 : —0007 911
4°40 07345 503 | T 9°50 0-210 617 !
|- 0004 605 | | —0007 302
| 10700 0-203 315

§ 25. The formule above deduced do not apply to solenoids
wound with wires or strips, inasmuch as the calculation is based
on the_supposition that the solenoid forms a eylindrical current
sheet. In the practical problem, we have to take into account
the thickness of the wire and of the insulation, for which it will
be necessary to add small corrections to the numbers which are
obtained from the tables already given. Important formule as
well as tables to meet such practical problems have been caleulated

by Rosa® and Cohen®,

(1) Rosa, Bull. Bur. 8tandards, 2, 161, 1906 4, 369, 190S.
(2) Cohen, Dull. Bur. Standards, 4, 183, 1908,



