
- 1 -

Huygens Institute - Royal Netherlands Academy of Arts and Sciences (KNAW)
 
 
 
Citation:
 
Giltay, J.W., The effect of the induction coil in telephonic apparatus. (1st part.), in:
KNAW, Proceedings, 4, 1901-1902, Amsterdam, 1902, pp. 357-370 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This PDF was made on 24 September 2010, from the 'Digital Library' of the Dutch History of Science Web Center (www.dwc.knaw.nl)

> 'Digital Library > Proceedings of the Royal Netherlands Academy of Arts and Sciences (KNAW), http://www.digitallibrary.nl'



- 2 -

KONINKLIJKE ' AKADEMIE VAN WETENSOllAJ.>PEN 
-TE, AMSTERDAM. 

PROOEEDINGS OF THE MEErrING 

of Saturday January 25, 1902. 

-------oo~-------

(Translated from: Verslag van de gewone vergadering der Wis- en Natuurkundige 

Afdeeling van Zaterdag ~5 Januari 1902, Dl. X). 

CONTENTS: "The effect. of the induction coil in telephonic apparatus" (I). By J. W. GILTAY. 
(Communicated by Prof. P. ZEEMAN), p. 357, (with 2 plates). - "Saline solutions 
with two boiling' poiutsand phenomena connected therewith". By Prof. H. W. 
BA,ItHUIS ROOZEBOOM, p. 371., - "The Enantiotropy of Tin" (VII). By Prof. ERNST 
COHEN. CCommuniclited by Prof. H. W. BAKHUIS ROOZEBOOM), p. 377, (with 1 plate).
"The unfavourable condition of which complain the oyster cultivators on the Eastem
,Schelde". By Dr. P. P. C. HOEK. p. 379.- "A new law conceming the relation 
of stimulus and effect" CU). By Prof. J. K. A. WERTHEIM SALOMONSON. (Communi
cated by Prof. C. WlNKLEB). p. 381. - "On the supply of sodium and chloline by 
~he rivers ,to tbe sea". Ey Prof. EuG. DCBOIS. l Communicated by Pl·of. H. W. 

'BAlI.HUIS ROOZEBOOM). p. 388. -, "Tbe effect of the induction coi! in telephonic 
apparatus" (II). Ey J. W. GILTAY. (Communicated by Prof. P. ZEEMAN). p.400. 
(with I, pIate). - "On Pepsin". By PJ"Of. O. A. PEKELHARING. op. 412. - ."Thc 
differential equation of MONGE". By Prof. W. KAPTEYN. p,,423. - "Factorisation of 
large numbers" (H). By F,' J. V AES. l Communicated by Prof. P. H. BOHOUTE). p.425. 

'The following papers were read: 

Physics. --," The effect of the induction coU in telepko'nic appamtus" 
(lst part). By J. W. GILTAY. (Oommunicated by Prof. P. 
ZEEMAN.) 

(Commullicated in the meeting ,of November 30, 1901.)' 

Woen HUGHES some twenty years ago announced his invention of the 
microphone, thiEl. simple apparatus at once drew the genera} attention. 

'Everywhere experiments were made with it: The microphone was 
connected with a couple of Leclanché-ceUs and a telephone, aDd 
the sound of a tlcking wateh, etc. was transferl'ed microphonically 

,to the telephone. 
24 

!'roceedings 'Royal Acad. Amsterdam. Vol. IV. 
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When shortly aftel' attempts we re maae to use the microphone 
in practical telephony, it Wi\S soon made evident that on lineR of 
some resistance the sound emitted was a great deal too faint. The 
s1ight changes of resistance taking pI ace in the microphone were 
of so little importance when compared to the great l'esistance of the 
line, th at only a slight, practically useless variation of the current 
appeared in the line. 

It was then that EDISON, and at about the same time HOORWEG, 
found a simple means to overcome this obstacle: the microphone 
was no longel' placed in the line but, with the battery, in the 
primary circuit of a small induction-coil. The ends of the secondary 
wire of that coil were connected with the two lines or with line 
and earth. By an exact selection of the number of secol1dary turns 
the undulating current of the battery was transformed into an 
alternating current of much higher potential, and telephonic messages 
could be sent over lines of much higher resistance than formerly. 

Except for the use of the telephone at distanc8s of but a few 
hundred metres, not a single telephonic apparatus nowadays is found 
without induction-coil. 

'rhe induction-coils generally used for telephonic purposes, are as 
a rule provideu wich four layers of primary wire, each Iayer con
sisting of about 90 turns; the thickness of the wire generally is 
0.5 mMo 'fhe secondary is usually made of 0.12 mM. thickness and 
consists of about 3000 tUl'ns. In the coil is an iron core. 

Practice has shown that such a coil in most ëases gives the best 
results. 

The litera.ture about the choice of the induction-coil is very scanty, 
very few experiments seem to have been made on this subject. 
In the well-known book of PREECE and STUBBS "a Manual of 
Telephony" is a table which gives the results of some comparative 
experiments made by Mr. ABREZOL for the Swiss Telegraphic
Department. The microphoDfl used by him was that of Blake, 
then in general use; it was cOllnected respectively with Icn different 
induction -coils and then the observed intensity and »clearness" 
was noted down. The word "clearnesR" probably denotes the degree 
of articulation. 

Thc intellsity and "clearness" of one of the coils were both 
lOdicated by 1; for another coil, e. g. 0.3 was found for the intensity 
and 0.9 for the "clearness". 

The sl1Iall amount of what is communicated about these experiments 
in the book of PREECE & STUBH!:! makes me thinlr, tJ,at thC' figures 
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of the above-named tablE' have not thE' slightest value. 1) Estimating 
the relation of the intensities of 2 sounds by hearing is rather 
precarious, but how it is possibie to cxpress the "clearness" in 
figures I cannot understand. 

In the following lines I wish to give a description of the manner 
in which I have endeavoured experimentally to investigate whether 
in reality an increase of the number of primary turns over and 
above the usual number does not strengthen orimprove the telephonic 
sound. And if that does not take plaee, what may be the reason. 

'fo do so I made 10 different induction eoils, described in Table I 
(page 360). The coiIs marked A are provided with an iron core, 
those marked B are not. For the rest, the eoils bearing the same 
number are perfectly alike; so for instanee, the on1y difference between 
GA and 6B is that 6A has an iron eore and 6E has none. When 
In future I speak of 2 eoiIs, Olle of which has more pJ'imary layers 
than the other, I shall eaU the formel' for simplieity's sake the eoil 
of higher order. 

The micl'ophone I used for these experiments was the "Bunnings
Cone", a modification of the Hunnings-microphone. To measure 
the resistance of this microphone, twel ve of them were put in one 
mrcuit and the resistance was determined. Then I tapped on all 
the microphones and the total resistance was again determined and 
this was repeatedly done. The mean of all these measurements, 
divided by 12, amounted to about 31/ 9 Ohm. 

Fl'om thitl microphone the ebonite mouthpiece was screwed off 
alld a resonator, Fas = 682.6 s. v., placed befOle the opening in 
Buch a manner that the narrower opening of the resonator was as 
close as possibie to the vibrating plate of ihe rnicrophone. Before 
the wider opening of the resonator an electro-magnelic tuning-fork 
Fas was plaeed, kept in motion by a small accumulator. Resonator 
and tuning-fork were both made by KOtNIG. WHh my first 
experiments the resonator was fastened in a cork ring, fitting in 
the aperture of the microphone. It was then however evident that 
the micropbone vibrated very irregula.rly, as regards the intensity. 
Thell the eork ring was removed and tbe resonator, clasped in a 
separate stand, was placed hefore the microphone, so that resonator 
and, microphone-box eould not touch eaeh other j I theR found that 

I) l nsked Mr. PREE CE to mform me where the Ollgmnl deslluption of these e>..perl
ments wns 10 be found, wheleupon he dusweleu me th,Lt he was soay to suy he (hd 
not remember whence he had the figllreJ. 

24* 
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T .A B L E J. 
-I I .... '" ..Cl. Number Numher of Resistance 'l'bickness Number of Length of 0 ~ a 1l 'ë ~ ~ 

Namh Reslstance Thicknes~ cOlI e--g li g .. -;; '" § Leugth Thickness 
of layers of turn" of of of tutns of ~ -;:;..= ~ 15 'ë eg. 

of cOlI of sec. wne. of sec. whe. between. ~ .,.~ '!!. E '" -., ofJrouwlres.oflrouwlres 
. I' . . . I' _"t:S..CI '" =.., ... I I prlm. wue./prlm. wlre. prlm. Wlre prlm wlre. sec. Wlre. fianges. ~ ~ ~ ~ Z ~ g \ 

3 A 3 270 0.8 0 5 m.m. 3050 216 0 12 57 m.m. 10.5 m.m. 75 (lO m.m. 0 (l m.m. 

3 B 3 270 0 • 8 d I/ 214 , " u I) 

6 A 6 540 1.85 , 11 247 , " , 75 " " 

6 B 6 540 1. 9 If If 253 11 " " 0 

\I A 9 810 3 2 If , 316 , , p 75 , , 

9 B 9 810 3.2 " , 295 " 11 , 0 

12 A 12 1080 4.9 " , 353 " , JI 75 11 , 

12 B 12 1080 4. 9 , 11 540 JI u 11 0 

15 A 15 1350 6 5 , 11 363 " p , 75 11 " 

15 B 15 ]350 6.4 • ' 373 , " " 0 
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the irregularity of the motion of tbe microphone had mucb decreased. 
The battery used on the microphone generally consisted of one 

Leclanché-cell. 

My original plan was to compare by hearing the effect of my 
different induction-coils. I therefore placed the vibrating tuning
fork before the microphone and connected by turns one of the two 
coils under comparison with the microphone and the telephone; of 
course in snch a way that the primary wire was connected with 
the microphone and the battery, the secondary with the telephone. 

However, I soon found that nothing was to be expected of such 
an investigation, the comparison by hearing of the intensity of 2 
tones being exceedingly uncel'tain, unless the difference of intellsity 
be very great. This is weIl known from the experiments of 
VOLKMANN and others 1), which proved, that the ear does not hear 
any difference in the intensity of 2 tones, when it is smaller than 
about 30 per cent. 

80 I was obliged to compare the indueed eurrents, given hy the 
different eoils, to each other in another way, and for this purpose 
I made use of BELLATI'S electro-dynamometer 2). It is true, that 
even in this way we callnot yet obtain very accurate figures on 
account of the great irregularity with which sueh a microphone 
and sueh a tuning-fork work; yet in the following pages it will 
be seen, that by combining a sufficient number of readings the 
figures 11na11y speak for themselves. 

'1'he electro-dynamometer was provided with 2400 turos, thickness 
of wir~ 0.1 m.m., resistance 460 Ohm. The damping was brought about 
by means of a smaH circular piece of platinum in concentrated sulphuric 
acid. To determine the eoefficient of damping the instrument was con-

1) WUNDT, PhysiologI5che Psychologie, Brd edition Vol. I p. 864. This is also 
easIly shown w!th a simple apparutus, indicated by HEYMANS, "Zeitschrift fur Psycho
logie und Physiologie der Slllllesorgaue", Vol. XXI, p. 351, sub. 1. 

It hus of ten astonished me thnt the iUllumernble improvemout1! or uther modifi. 
cntious applied to the coustruction of our ma,,"1leto-telephoues l especially in the first 
yenrs after ]~ELL'S invention) have scarcely nny of them found theIr way. Although 
many of them were quite impossible, yet there were a. few modification! from which 
something might have been expected. The oause of this is probably to be found in 
the nbove-mentiolled fact: the reinforcement of the sound of the telephone nrismg 
from those improvements, will have been smaller than that minimum-limit. 

2) Wied. Ann. Neue FoJge Vol. XXV, 1885, p. 325. As the instrument nowadays 
dffiets in shape so widely from the sketoh, givell with the above mentioned des9rip
tion, I hereby give the drnwing of the apparatu8 as it is made a.t present. The iron 
protecting.ring was not used by me. 
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nected with the secondary wire of an induction-coil, the primary whe of 
which being connected with a Leclanché·cell and with that microphone 
whose tuning-fork had been made to vibrate. As soon as the Deedle of the 
e1ectro-dynamometer had undergone a deviation and was nearly in rest 
in that position, the connection WJth tbe secondary wire was broken; 
the needie oscillated around its original zeropoint and by reading 
tbe turning-points tbe coeffirient of dam ping was determined in the 
usual mannel'. It WR& not possible to determine this coefficient whilst 
the alternating CUl'rents were passing through the instrument on 
account of the irregular varia ti ons in the intensity of these currentf:l. 
The reader can convince himself of this by calculating K in one of 
tbe following tables from PI and P2 or from P2 and Ps. 

The electro-dynamometer was provided with a concave mirror of 
50 cm. focal dJstance. The lamp·stand and scale differed somewhat 
from that generally used, as is shown in fig. 1. At c an electric 
lamp was placed m the focus of a convex lens, on which a blackened 
vertical dJameter had been drawn. The light of the smaH lamp was 
cast upon the concave mirror a of tbe electro-dynamometer and 
thence refiected to d. On the seale cd was in the middle the figure 
0; the part of the scale on tbe rigbt hand of 0 I called +, the 
other -. ab is a normal to tbe scale passing through the centre 
of the mirror. The scale was not divided into mmo but into smaller 
parts, (a very inconvenient thing in reading) and in such a way 
that 1.59 diviswns of the scale were equal to 1 m.m. 1). 

During' these investigatJOns tbe electro-dynamometer was 3 times 
removed f!'Om its place and every time wben again placed provided 
with fresh sulpburic acid. The coefficient of dam ping, the figure 
where ab cuts the scale and tbe lellgtb of ab (fig. 1) are therefore 
ddferent for the different measurements. They wero: 

for tbe 1 st tJme K = 3.3 ab = 1830 b:=-:: - 220 

" " " K = 4.5 ab = 1700 b = - 260 

K = 5.3 ab = 1750 b = - 202 " 

The first thing I had to do was to investigate wbetber I might 
take for granted that with alternate currents of that intensity as 

1) 'llns Jemltlknblt> lnmp.stond was ronde by Messrs. NALDDIt BRO~ &; Co. London. 
I/lheuer und schlecht'\, to use the wellknown verdICt of Prof REULEAVÀ, wlth n shght. 
moddicnhon 
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they were uaed hy me, the deviations of the electra-dynamometer 
were proportional to the square ot the mean intensity ofthe current. 
I set ta work as indicated in fig. 2. 

The microphone was connected with an accumulator and the 
primary wire of coil 3 A. As is the case wlth all the experiments 
described in this paper, the resonator Fa 3 and the tuning-fork Fa 3 
were placed before the rnicrophone. One of the ends of the secon
dary wire of 3 A was connected with the electra-dynamometer and 
moreover with the pivot of a Morse-key; the other end of the 
secondary- wire with the pIvot of a 2nd Morse-key. The contacts 
of rest of the leeys were connected with each other; the working 
contacts likewise, but with that wire were connected: 1°. a coH of 
wire, a, in which a bun/Ue of ironwires was placed under an angle 
of 45 degrees to the plane of willding, quite simiJar to tbe coil 
and the bundie of ironwires of the electro-dynamometer; 2°. the 
secondary wire, b, of cOl1 3 B, into which howevel' for this experiment 
an iron core had been put. 

H the Morse-keys were not pressed down, the current inducE'd in 
3 A passed to tbe electro-dynamometE'r and thence alon~ 9, 5, 6, 10 
back to the secondary wire. If however both keys were pressed 
down, the current had to pass along 9, 1, a, h, 2, 10 and so passed 
through a 2nd Bellati-coil and a 2nd secondary wire. In that case the 
resistance as weU as the sE'lf-induction of the secondary circuit was 
doubled and consequentl)' the strength of the current reduced to half 
its former intensity. 

The relation between current-strength and deviation I have deter
mined for three different currents. In the first case the deviations 
with the currents i and 2 i were respectively 118'.9 and 481'.7; 
in the second case those deviations were 93'.1 and 350'.4 and iu 
ihe .tbird case 21'.9 and 85'.1. 

Three successive turning-points were always observed; the posi
tion of rest was calculated according to the weIl kllown formula 

Po = P2 + p~ ~ ~2, from Pl and :P2 as weU as from P2 and ps. A 

further description is superfluous on account of Table II (p. 364), 
giving the entire measurement of the 2nd of the above-mentioned 
cases. 

In this way I found in the three different measurements the 
Dumbers 4.05, 3.76 and 3.89 for the relation between tbe deviations 
brought about by the currents 2 i and i. The mean of these 
three values is 3.9. Sa fol' our further measurements we can assume 
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TAB L E TI. 

Zeropoint hefore tbe experiment + 311 t 
u aftE'r, , + 312 

mean + 312 

Strengtb - Î ,- calc~at:~-~--:--= -:- -~-=~ ---- e - f - f -- fI ! k i - k I1 

ositioll of . . mean . . . . i 
of PI po Pa P'l b IU ld. from +b deVIatIon for deVJatlOn for mean ) JIlean fI III n In -

~ equi I r m a__ of 2 I k 

cnrrent. PI Z:dP2' 2 andpa' 2 2i (from C)./ successive d. i (from c). lef minutes .. minutes·l ---
2i -1371- 17"':" 561 - 45 - 471- 46 358 I I 
i + 256\+ 184 + 211 + 201 + 205 + 203 (386 109 

2 i - 21!3 - 75 - 100 - 109 - 940 - 102 414 \ 

, + 252+ ]81+ 218 + 198 + 209 + 203 (415 109 

2i - 181- 76- 121 - 100 - lU - 105 417 1 1 
I 

I + 286+ 186+ 199 "+ 209 + 196 + 202 ! 404 UO 387 106 350'.4 "93'.1 3.76 

2 t - 130 - 63 - - 79 - - 79 391 I 
i + 268+ 185+ 201 + 204 + 197 + 200 ~ 386 112 I -

2 t - 99 - 43 - 94 - 56 - 82 - 69 381 I 

, 1+ 224 + 215 + 226 + 217 + 223 + 220 (346 92 I I j 

12 i 1- 93 + 28 - 5 0 + 3 + 1 311 I 1 I I 
Damping = 3 3, ab (fig. 1) = 1830, Point of intersection IJ (6g. 1) = - 220. 
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with su:Îficient accuracy that the deviatiolls of the e]ectro~dynamometet 
are proportional to the square of the mean current . 

• 
To investigate whi('h of the induction·coils named in Table I, 

connected in the usua] way to a telepQonic apparatus, would give the 
strongest induction-current I set to work in the following way: 

In the first place only coils with iron were compal'ed with one 
anotber. In fig. 3, K and K Jare tbe coils to be compared. I, II, III 
and IV are Morse-keys which by means of a simple arrangement 
can be all pressed down at ihe same time. In the position of rest the 
keys themselves are conneoted with the upper contacts ; cc is a double 
switch by which the curreat fiowing to the electra-dynamometer 
can be opened or shut. R is a rheostat, shunted to the coil 
of the electra-dynamometer to reduce tbe deviations to a suitable 
size. As is easily seen from tbe ngure, coil Klis connected with 
the electro-dynamometer anel with the microphone, as long as the 
keys are not pressed down; when tbe keys are pressed down, coil K is 
connected with the electra-dynamometer and with the microphone. 
All contacts not being broken or made hy the four keys exactly 
at the same time when the coils were interchanged, care was taken 
that tbe commutator cc was al ways opened a Httle time before the 
keys were pressed down and befare they were reJinquished again, 
as otherwise strong induction-currents might find tbeir way to the 
electro-dynamometer, which would give rise to remanent magnetism 
in the Lundle of iron wires and ti. great modificatian of the zero
point. 

In tbe first place I have compared coil 3 A with 6 A., 9 A, 12 A 
and 15.A. and after tLat again 6.A. with 9 A, 9 A with 12 A and 
12 Á with 15 A. 

Table III (p. 366) shows how tbe experiment ta comparc 3 A 
with 6 A was made; in quite the same way the six ather measu
rements were made. From tbe first four mEasurements I got for 
the ploportion of the intensity of the induced cnrrents giveu by OUl' 

five coils : 

Coi!: 

lntensity of the 

induced current: 

3A. 

1 

GA 

1.507 

9A. 12 A. 15 A. 

1.429 1 114 0.818 
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=,- ---
Coil. 1'1 

SA. + 44-

6A. - 259 

8 + 67 

GA - 300 

3A + 36 

6A - 256 

3A + 43 

6A. - 244 

3A. + 42 

BA - 255 

SA. + 35 

, , 

2'2 21. 

+ 107 + 92 

- 115 -158 

+ 181 + 118 

- 127 - 187 

+ 138 +113 

- 95 - 139 

+ 144 +115 

- 86 -140 

+ 137 + 112 

- 99 -145 

+ 139 + 113 

T .A. B L E UI. 

Zeropoint berore tbe experiment + 325 ( 

11 after' 11 + 330 
mean + 328. 

a ti à f 
, 

!l n I k calculated c e , 
position of id. from Ileviatlon for mean of deviation for mean mean !l in n in V~ eqUilibrium a+b 2 succes-

minutes.\ 
i 

from 
1'2 andp •• 

-2-
3 A (from c). 6 A. (from c). e f minutes. 

Pi and 2'2' sive d. 

+ 92 +% + 9!1. 2lH \ ! 
- 148 -148 -148 I 223 476 I ~ 
+ 116 + 117 + 116 212 1 

- 167 - 173 - 170 1 211 498 
\ 

+114 + 119 + 117 211 I 
- 133 -129 - 131 I 209 459 212 470 ' 188' 427' 1.507 

~ + 120 + 122 + 121 207 I 
-123 - 127 - 125 I 209 453 

\ 
+ 115 + 118 +117 211 I 
-136 - 134 - 135 I 210 463 

\ 
+ 115 + 119 + 117 211 I I -

Dllmpmg = 3,3, ab (fig 1) = 1830, point of intersection b (fig. 1) = - 220. 
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From this we find: 

9A 
-=0.95 
6A 

( 367 ) 

12 A = 0.78 
9A 

15 A 
-=0.74. 
12 A 

And from the 3 last measurements t got: 

9A 
- = 0.782 
6A 

12A 
- = 0.76l 
gA 

15 A = 0.775. 
12 A 

9A 
For the value of 6 A the two results do not agree vel'y nicely; 

I2A I5.! . 
as for -- and --, the correspondence IS very good. 

9A 12A 
80 now we know, that by increasing the number of primary 

turns of the induction-coil we soon reach a maximum for the inten
Bity of the induced current and that by continuing to increase the 
number of turns we arrive at a deCl'ease in the strength of the 
induced curl'ent. 

ft was obvious to think, while searching for an explanation of 
this phenomenon, of tbe possibility that the iron in the coils of 
higher order would be much nearer to its magnetic saturation point 
than in the coils of lower order. In that case the undulations of 
thc microphone-current would bring about, in coil 15.A. for instance, 
smaller variations in the magnetism of tbe iron than would be the 
case in coil 0.A.. 

This current of thoughts led me to cornpare the eoils with iron 
with those without iron as regards the intensity of the induced cur
rents furnished by thern. The method I folIo wed for this was just 
the same as the one I had followed for getting Table lIl. 

The result of this investigation is found below. If we call .A. the 
current induced by a coil with iron and B the ~urrent induced by 
a coil of the same order but without iron, we then find: 

For coil: 3 I 6 9 
1

12 
1

15 

'lhe value for !: 5.56 I 3.95 2.59 
J 

1.95 I 1.48 

or for the efficienoy of the iron, if we 
0.71 I I 1 0.47 0.35 0.27 

take that for eoit a A to be eg ual to 1: I I 

.... 
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We see from these numbers that the influence of the iron on tbe 
intensity of the induced current is much less in the coils of 
higher order than in those of lowel' order. And comparing these 
numbers with those we gave on page 11 for the value of A. we 
see that the decrease of the effect of the iron bet ween 3 A and 6 A is 
still compensated by the increase of the number of primary turns, 
but that higher than 6 A the decrease of the effect of the iron 
predominates and that the increase of the number of turns is then 
na longer sufficien t to make good that decrease. 

To investigate whether in reality an approach to saturation of 
the iron may be regarded as the cause of this phE'nOmellOn, the 
magnetism of the iron care of coil15 A was investigated as follows for 
different currents: In fig. 4, M is a bell-magnet hanging on a fibre 
in a copper damper. In thc line ab perpendicular to the magnetic 
axis the coils 15 A and 15 B were placed. First the iron core was 
taken out of coil 15 A, then the two coils, 15 A (without iron) and 
15 B, we re placed at such distances from the magnet, that a current 
of 1 Ampère, traversing bath in opposite directions, did not give a 
deviation to the magnet. N ow the iron core was again put into 
coi1 15 A and the latter laid in exactly the same place as befare. 
The distance from tbe centre of the bell-magnet to the müldle of 
the iron care was 307 mmo 

Now the Morse-key was pressed down; as soon as the index 
attached to the magnet stopped, the position was read, ~nd at tbe 
same time the Ampère-meter was read by a second observer. This 
was u- necessary precaution, because, at least when using strong' 
currents, the index of the magnet as we]] as th at of the Ampere
meter slowly went back to zero in consequence of the illcrease of 
l'esistance of the coils caused by the heating of the wires. Ta be 
quite sure that the coils bad not been damaged by the strong 
currents, tho iron was removed out of 15 A aftel' the measurements 
were made and a current of 1.5 Ampère led through the two coils 
in opposite direction : the magnet remained in its position of equi
librium just as at the beginning of the experiment before the iron 
was put into 15 A. 

Fig. 5 represents the l'esults of these measurements in the form 
of a curve; the ordinates are proportional to the magnetic intensity, 
the abscissae to the strength of the current. The figure shows, by 
the smaH circles, that I have taken fifteen readings with a strength 
of current, increasing from 0.11 to 1.53 Ampère. ce is the angle 
betw8en the magnetio axis of the magnet and the magnetic meridian. 

Now the current in the primary wire of 15 A, conneoted with 
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the microphone (in rest) and a Leclanché-cell amounts to about 0.08 
.Ampère. The curve of fig. 5 shows clearly that th ere is not the 
slightest question about the iron being saturated when the current 
bas tbis intensity. 

I then considered whether the iron might not become slower in 
cbanging its magnetic condition if tbe magnetism reached a higher 
degree, even though there were no question about an approaching satur
ation. That in otber words a pieee of iron would need more time to 
change its magnetism from 20 to 18 or 22 than from 6 to 8 or 4. 

To investigate this tbe experiment shown in fig. 6 was made. 
T is a translator without iron core, consisting of 2 X 1500 

turns; thickness of wire 0.4 mM.; resistance of each of the two 
series of turns about 21.5 Ohm. The battery consists of a 
number of secondary cells, of which I used respectively 1,4,8 and 
11 eells in the four different sets of experiments I made with this 
apparatus. For the rest the hketch speaks for itself. If the Morse
key was not pressed down, a telephonic alternating current passed 
through the primary wire of 15 A; if on the contrary the key was 
pressed down, a const,mt current also passed through it. 

For tbe propOJtion between the strength of the current, induced 
in the secondary wire, if only an alternate current passed through 
the primary wire, to that of the "indueed current when also a 
constant current passed through the primary wire, 1 found: 

for the eurrents: 0.08 0.35 0.66 0.88 Ampère, 

the proportion : 0.997 0.981 1.01 1.149. 

The number of readings and the ealculation of the mean value were 
for these measurements quite similar to those given in Tables II 
and UI. 

From the above it is evident that the constant CUl'rents 0.08, 
0.35 and 0.66 Ampère have no perceptible influellce on the 
intensity of the induced eurrent. Not until the strength of the 
current was 0.88, did this influence beeome perceptible: th ere the 
induced current becomes distinctly feebIer when the constant current 
flows through the coil. But with that strellgth of eurrent the magn
etism is no more proportional to the illtensity of the cUlTcnt, as 
the cmve of fig. 5 shows. rrhe slowness of the iron cannot now 
be regarded as the cause of the induced current becoming feebleI', 
but, wlth such a curl'ent, this can be eXplained from the saturation 

5:örnm ffiiiiiE-
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