[ 1071 ]

XXVI. On the Dynamo-electric Current, and on Certain Means to Improve
ts Steadiness.

By C. Wirriam Stemexs, D.C.L., F.R.S.

Received March 1,—Read March 4, 1880.

[PrAaTEs 40-52.]

Ox the 14th February, 1867, I communicated a short paper to the Royal Society,
describing the accumulative or dynamo-electrical principle of action, the conception of
which T attributed to my brother Dr. WerNER SiemENs. When the paper was read,
another paper followed by Sir CHARLES WHEATSTONE (sent in on the 24th February)
also describing this principle of action, thus showmg that the same line of thought
had occupied that eminent philosopher.

In illustration of my paper I exhibited a machine of my design, embodying the accu-
mulative principle of action, which furnished abundant evidence of the powerful nature
of the current that could be thus produced. It consisted of two horseshoe electro-
magnets, between the poles of which a StEMENS armature could be made to rotate, the
machine being furnished with a handle or pulley for that purpose. A commutator was
provided, by which the alternating currents set up in the rotating coil (after a first
impulse had been given) were directed through the coils of the stationary electro-
magnets in a continuous manner, and proceeded thence outward to ignite a platinum
wire of some 12” in length, or to perform other work. k

This machine, although the first of its kind, has done good service ever since its
construction, having been found very efficacious in exciting powerful permanent
magnets at the telegraph works of S1EMENS Brothers at Woolwich,

Since 1867 the accumulative principle has been employed in the machines of different
makers, and one form of dynamo-electric machine, that of M. GrammE, differs very
materially from the machine above referred to, and has met very deservedly with
extensive recognition. M. GRAMME embodied in his machine the principle of Professor
Pacivortr’'s magnetic ring, which enabled him to produce powerful electric currents
without much of the loss of energy caused in previous machines through the heating
of the rotating armature.

Another modification of the dynamo-electrical machine is one devised by Mr. Von
HEFTNER ALTENECK, an engineer and physicist employed under my brother WERNER
SiemMENS, at Berlin. This machine differs from that first submitted by myself in
several important particulars. Instead of the WERNER SIEMENS armature, Von
HerrNer ALTENECK adopted a rotating coil of iron wire wound with insulated copper
wire in more than one direction, the several coils of wire being connected seriatim
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1072 DR. C. W. SIEMENS ON THE DYNAMO-ELECTRIC CURRENT.

with the commutator, and through it, with the wire surrounding the soft iron bars,
and with the electric lamp or other resistance on the outer circuit.

The advantage claimed for this mode of construction is that all the wire forming
the rotating coil or helix is brought into the magnetic field, excepting only those
portions crossing from side to side of the coil; and in order to reduce this unproductive
resistance to a minimum, the rotating coil or helix has been made comparatively long,
and the number of electro-magnets has been increased generally to six or more.

The principal advantage of the dynamo-electrical machine over all other current
generators consists in its power of* producing currents of great magnitude, and of an
intensity up to 100 volts, with a small primary resistance, and therefore with a com-
paratively small expenditure of mechanical energy. It labours, on the other hand,
under the disadvantage that the power of the current depends, at a given velocity,
upon the magnetic force developed in the electro-magnets. This force depends upon
the amount of current passing through the coils of the magnets, which in its turn is
dependent in an inverse ratio upon the resistance in the outer circuit. If from some
accidental cause the external resistance is increased, the electro-motive force of the
machine, instead of rising to overcome the obstruction, diminishes, and thus aggravates
the resulting disturbance. If, on the other hand, the resistance of the outer circuit
diminishes, as in the case when the carbons of an electric regulator touch one another,
the electro-magnets are immediately excited to a maximum, and the electro-motive
force of the machine is increased. The power absorbed and its equivalent, the heat
generated in the circuit, is equal to the square of the electro-motive force divided by
the resistance ; hence the work demanded from the engine will be greatly increased,
the machine may be dangerously overheated, and powerful sparks may injure the
commutator. It is chiefly owing to this instability of the dynamo-electric current
that its application to electric illumination has been retarded, and that magneto-
electric machines and machines producing alternating currents have been again used,
although they are inferior to the dynamo machine in the current energy produced for
a given expenditure of mechanical energy.

The properties of dynamo-electric machines have been examined by several
observers. Messrs. Houston and TromsoN (Franklin Institute) compared the
efficiency of the GraMME, BrusH, and WaLLACE FARMER machines. Dr. HopkiNsoN
(Institution of Mechanical Engineers, 25th April, 1879) examined a medium-sized
SIEMENS machine, determined its efficiency, and expressed the electro-motive force as
a function of the current. Herrn MavErR and ANErBACH (WIEDEMANN'S ¢ Annalen,
November, 1879) experimented on a GRAMME machine, and obtained a curve very
similar to Diagram I. M. MascarT has experimented on the GRAMME machine, and
Mr. ScHWENDLER on both GRAMME and SieMENS machines.

The radical defect of the dynamo machine of ordinary construction, may be inferred
from the results of these experiments. The remedy has, however, been in our hands
from the time of the first announcement of the principle of these machines before the
Royal Society, when Sir CHARLES WHEATSTONE pointed out that “a very remarkable
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increase of all the effects, accompanied by a diminution in the resistance of the machine,
is observed when a cross wire is placed so as to divert a great portion of the current
from the electro-magnet.”

Some of the constructors of dynamo machines, namely: Mr. LADD in this country,
and Mr. BrRusH in the United States of America, have taken advantage of this sugges-
tion, the latter with the avowed object in view of obviating spontaneous changes of
polarity in effecting electro-precipitation of metals, and without perhaps having realised
all of the advantages of which this mode of action is capable ; others have refrained
from doing so on account of difficulties resulting, as I shall endeavour to show, from
an insufficient examination into some important physical conditions that require
attention in order to realise economical results.

An ordinary medium-sized SIEMENS-ALTENECK dynamo-electrical machine has wound
on its rotating helix insulated copper wire of 2'5 m.m. diameter in 24 sections, repre-
senting a resistance of *4014 S. U.* The four electro-magnet coils connected seriatim
are composed of copper wire of 5'5 m.m. diameter, presenting a total resistance of
0:3065 S. U.

If (as has frequently been done) the wires of this machine were to be connected as
suggested in Sir CHARLES WHEATSTONE'S original paper, thus making the outer
circuit not continuous with but parallel to the coil circuit, and if the outer circuit had
a resistance of one unit, it would follow that the total resistance to the current

set up by the rotation of the armature would be reduced from *44'841'=17 to

3x1 . . . . . .
‘44 1_:_3:0‘61 unit, causing a great increase of current, the major portion (in the

proportion of 10 to 4) would flow through the electro-magnets, thus causing a great
increase of heating effect. The resistance of the field magnet must therefore be greatly
increased, but if it were attempted to increase that resistance simply by reducing the
diameter of the wire, and increasing the number of convolutions until the same thickness
of coil was obtained, the magnetic excitement and with it the electro-motive force of the
current produced at a given velocity of rotation would suffer a material decrease. The
current flowing through the helix coil would moreover have to divide itself, and in
order to reach the same limit in the outer circuit its intensity in the helix coil would
have to be increased, causing it to heat more readily than before. It was necessary,
therefore, to raise the effect of the magnet current to the same level as before with
as small a proportion of the helix current as possible, in order to leave a maximum
proportion of the current for the outer circuit. In order to effect this, the magnet
bars had to be increased in length, and placed further apart so as to provide room for

* The resistance coils used in these experiments were graduated according to the mercury system intro-
duced by Dr. WERNER S1EMENS, and adopted by the Telegraphic Convention at Vienna in 1868. The B. A.
unit was determined in 1874 by KorLrRAUSCH to be 1:0493 S. U, or combined with LorENZ’S value of the
S. U. afterwards adopted, 009797 x 10° C. G. 8. units—as much as 2 per cent. below its ascribed theo-
retical value. Later determinations by H. F. WEBER (Phil. Mag., March, 1878) makes the S. U. to be

equal to 0955 X 10% C. G. 8. units, and thus the ohm to be 02 per cent. higher than its ascribed value; if
this latter value is used, the numerical results must be correspondingly altered.

MDCCCLXXX. 6 Y
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coils of greatly increased weight and dimensions; at the same time the helix wire had
to be increased in diameter to give room for the aggregate current, but in reality I found
it advantageous to increase the diameter of the same in a much greater proportion.

These general conditions having been determined by preliminary experiment, Mr.
LavckEert, electrician engaged at my works, undertook a series of comparative
experiments which are given in the appendix attached to this paper, and the results
are given numerically and exhibited in curves. On examining the curves it will be
remarked : ‘

1. That the electro-motive force instead of diminishing with increased resistance,
increases at first rapidly, then more slowly towards an asymptote.

2. That the current in the outer circuit is actually greater for a unit and a-half
resistance than for one unit.

3. With an external resistance of one unit, which is about equivalent to an electric
arc when 30 or 40 webers are passing through it, 2'44 horse-power is expended, of
which 1-29 horse-power is usefully employed : an efficiency of 53 per cent. as compared
with 45 per cent. in the case of the ordinary dynamo machine.

4. That the maximum energy which can be demanded from the engine is 2'6 horse-
power, so that but a small margin of power is needed to suffice for the greatest possible
requirement.

5. That the maximum energy which can be injuriously transferred into heat in
the machine itself is 1'3 horse-power, so that there is no fear here of destroying the
insulation of the helix by excessive heating.

6. That the maximum current is approximately that which would be habitually used,
and which the commutator and collecting brushes are quite capable of transmitting.

Hence I conclude that the new machine will give a steadier light than the old one,
with greater average economy of power, that it will be less liable to derangement, and
may be driven without variation of speed by a smaller engine; also that the new
machine is free from the objection of having its currents reversed when used for the
purpose of electro deposition.

The same peculiarity also enables me to effect an important simplification of the
regulator to work electric lamps, to dispense with all wheel and clock-work in the
arrangement, as shown in Plate 40. The two carbons, being pushed onward by
gravity or spring power, are checked laterally by a pointed metallic abutment, situated
at such a distance from the arc itself that the heat is only just sufficient to cause the
gradual wasting away of the carbon in contact with atmospheric air. The carbon
holders are connected with the iron core of a solenoid coil, of a resistance equal to
about fifty times that of the arc, the ends of which coil are connected with the two
electrodes respectively. The weight of the core, which has to be maintained in
suspension by the attractive force produced by the current, determines the distance
between the electrodes, and hence the electric resistance of the arc. The result is
that the length of the arc is regulated automatically so as to maintain a uniform
resistance, signifying a uniform development of light.
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APPENDIX.

The measurements of the electric currents were made with an electro-dynamometer,
the movable part of which consisted of a single turn of 4 m.m. wire, and the stationary
coil of nine turns of the same.

To be able to reduce the electrical measurements into absolute power developed, it
was in the first place necessary to determine the constant of the instrument in use.

This was done in the following manner : —Five copper plates of about 11”7 X 8” were
connected as shown in the sketch.

These were carefully weighed and immersed in a solution of sulphate of copper.
The machine was previously started, the time of immersion carefully noted, and the
readings of the current taken every half minute. The plates were so arranged that
the current entering at @ and leaving at z deposited the copper on both sides of the
plate at z. After a certain time the plates were taken out, quickly rinsed in water,
and dried in sawdust. The plates were then carefully weighed again and the deposit
calculated per degree reading on the instrument per second of time. Six independent
measurements were taken with currents varying from 20 to 40 webers, and gave a
mean of ‘000779 gramme of copper per second per degree reading. The differences
of these measurements from the mean varied from 0-21 per cent. to 6'6 per cent., the
mean of the differences being 198 per cent.

According to F. KourrauscH (Poca. Ann., Bd. cxlix., 1873) the quantity of silver
deposited by the C. G. S. unit of electricity is 01011363 gramme, and since the
quantities vary as the equivalents of the metals deposited, we have

‘011363 x 63'5
216

One weber being - C. G. S. unit, we have to divide by 10 the quantity of copper
deposited by a current of one weber in one second, that is 000334 gramme, and dividing
000779 by ‘000334 we get 2:23323 webers for a degree reading of our instrument.

To be able to compare the machines having the new winding (z.e., the wire on the
electro-magnets connected parallel with the outer circuit) with the ordinary machines, it
was pecessary to experiment on the relation existing between the power expended and
the current produced with different resistances in circuit and different speeds.

A medium dynamo machine with 24 part commutator was used, the helix being
wound with 336 convolutions of 25 m.m. wire, having a resistance of '4014 S. U.
when measured in the machine. The electro-magnets were wound with four layers of

6 v 2

=0003340 gramme of copper.
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'5'5 m.m. wire, each having 32 convolutions, and therefore the four bobbins a total of
512 convolutions with a resistance of '3065 S. U.

The accompanying Tables Nos. 5, 6, 7, 8, and 9 give the details of the experiments
made, which are shown graphically in the diagrams similarly numbered. The current
in webers was simply calculated by multiplying the square root of the reading on the
electro-dynamometer with the constant of the instrument, i.e., 2:3323.

To be able to calculate the electro-motive force from the current in webers and
resistance in SIEMENS units, it was necessary to convert the S. U. into C. G. S. units
by multiplying the same by -9337 X 10°. (This figure is given by LorENz, Pogc. Ann.,
Bd. cxlix., 1873.) By again multiplying this resistance into the current we get,
according to OHM’s law, the electro-motive force in C. G. S. units, and by dividing by
10® we get the E. M. F. in volts.

I have further calculated the total amount of work developed in the following
manner : —

Work done =ExCX¢, or, which is the same, C*X R X ¢, where E is E. M. F;
C, current ; R, resistance ; ¢, time.

From these calculations ¢ is eliminated as it occurs in all the equations.

1 volt=10% C. G. S. units.
1 weber=+% C. G. S. unit of current.

1 HP=7'46X% 10° C. G. S. units.
Therefore

1 volt x1 weber 108x10!
1HP 7 746x10°7 746
and if we multiply the E. M. F. in volts by the current in webers, and divide by 7486,
we have the actual work developed in horse-power.

To find the actual work done in the outside resistance we use the formula C*x R,
of course having to reduce the resistance R into absolute C. G. 8. units by multiplying
by 9337 X 10°.

The machine with the new winding had a helix with 24 part commutator wound
with 812 convolutions of 2'8 m.m. wire.

The electro-magnets being lengthened by 2" to take bobbins 104", instead of 84" as
on the ordinary machines, I had three sets of bobbins made, and had the same wound
with different sizes of wire, viz. : 2'5 mum., 2'8 m.m., and 3 m.m., having a respective
resistance of 1126, 7'563, and 446 S. U.

The accompanying Tables Nos. 1, 2, 3, and 4 show the experiments made with this
machine with electro-magnets of 11-26 S. U. resistance ; Nos. 10, 11, 12, and 18 with
electre-magnets of 7:563 8. U. ; and Nos. 14 and 15 with electro-magnets of 4'46 S. U.
The helix in all cases having been wound with 2'8 m.m. wire with a resistance of
234 8. U. when measured in the machine.

The Tables marked 5, 6, 7, 8, and 9 refer to the dynamo machine wound in the
ordinary way.
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The Tables marked 16, 17, 18, 19, 20, 21, 22,A and 23 show the results obtained
with a machine having a helix wound with 288 convolutions of 8 m.m. wire and a

resistance of *173 S. units. The electro-magnets, as before, had a resistance of 11'26,
7563, and 446 8. U,

No. 1.
Helix : 24 part commutator, 312 convolutions, 2'8 m.m. wire, 234 S. U. resistance.
Electro-magnets : 8916 convolutions, 25 m.m. wire, 11-26 S. U. resistance (con-
nected parallel to outer circuit).

| °
8 esistanc Readin, s \ s
= Rin Ss, U.e electm?dynfn‘(’,;ete,., Current in webers. g Horse-power. ' b § 2
2 g | 283
g - oL > iy
£ w2 | €58
’g 2 In Tcgtal .. | Electro- | Outer .. | Electro- | Outer i § Ex- Total D.e veloped | g & g
g5 | outer) in | Helix poonet, leircuit Helix. magnet. icireuit A = ended. |developed.| ' 0%ter | & 22
a3 B |cireuit./cireuit. G ' gnet. g P - |eeveloped) oircut,, i & oA
500 00 .. 00 . .. . . . . *205 .. . o
., 01| 25 Bl oo 1es ] L. . 3804 » +000831 . .
» 02 *26 5 . . 1:63 . e 3957 » 000864 . .
. 05| 28 || 10| .. e | 283 .. .- 6091 ” *00190 .. v
2 *10 34 15 . . 2-86 e . 9079 »» *00348 . .o
5 25 48 20 .. . 3:30 . e 1-479 M’ *00654 . .
’ *50 72 || 14-0 1-0 12 8-:80 233 8:08 || 5915 714 10698 0409 573
2 75 ‘94 111300 1'5 115 |1 26°58 2:86 |25°01 || 23°32 1-43 +881 587 41-04
. 10 1'16 || 180°0 20 145 18130 330 |2808 || 3390 1-83 1-422 ‘987 5393
5 125 | 1:36 || 145°0 2:0 125 || 2808 3:30 |26°07 || 3565 » 1-342 1063 5808
9 15 156 || 13570 3+0 115 1| 27-09 4:04 {2501 ||39°46 » 1-433 117 6393
2 175 | 175 |} 132+0 30 102 | 2679 404 12855 || 4377 5 1:592 1-21 66°12
» 20 194 112000 | 35 95 12555 | 4:36 |22'73 ||46°28 178 11585 129 69-94
» © . 50| 40 0 5-21 4:66 .. . 714 . . .

No. 2.

Helix : 24 part commutator, 312 convolutions, 28 m.m. wire, ‘234 8. U. resistance.
Electro-magnets : 3916 convolutions, 2'5 m.m. wire, 11-26 S. U. resistance (con-
nected parallel to outer circuit).

3 Resistance Reading on . i =
2 in§. U. electro~dyna§:nometer. Current in webers. ] Horse-power. o '§ 2
§ a e 3E
E é In | Total Electro- | Outer Electro- | Outer &‘ é Ex Total |Developed § ;%D %
éa e;)rlg:fit. cirlcl:lit‘ Helix. magnet. (circuit. Heliz, magnet. |cirenit. z k! pended. |developed. l(gr(éﬁg:f § %E
600 || 00 24 0 .. . . . .. . 245 . . .

" 25 *48 1 . . 2:33 .. .. 1-044 2 *0032 .. .

» 50 72 5 . ‘e 521 e .. 3:502 2 0244 .e .

5 75 94 || 125 .. 115 | 26°07 .. 25'01 || 22-87 1714 799 587 3424

» 1-0 116 || 215 20 175 || 34:20 83 30°86 || 37-04 245 1-70 116 47-34

. 125 | 136 || 195 25 153 18257 3:69 2884 || 41-35 » 1:805 13 5366

” 150 | 1'56 | 185 35 144 || 3172 4361 | 2799 || 4620 2:33 1-96 1-47 6309

. 175 | 175 || 164 40 125 {1 29-87 466 |2607 | 4880 220 1-95 1:49 6772

2 20 1-94 || 160 4:0 120 12950 466 |25'55 | 5343 » 212 1683 7422

” w [11'50 6 50 0 571 521 . 6566 110 503 .. .
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No. 3.

Helix : 24 part commutator, 312 convolutions, 2'8 m.m. wire, ‘284 S. U. resistance,
Electro-magnets : 3916 convolutions, 2'5 m.m. wire, 11-26 S, U. resistance (con-
nected parallel to outer circuit).

7] Resistance Reading on . A o H
=1 in 8. U. electro-dynamometer. Current in webers. 2 Horse-power. 5 SE
E] & 253
= 5 8 2%
= _g (nHler T(i):;al Helix,| Plectro- | Outer || o .. | Rlectro- | Outer | o g Ix- Total Di(:lvg{lot};?d § ‘:—;D ;
‘% 8 |lsircuit.lcircuit. ‘| magnet. eircuit. ‘| magnet. circuit. Bi,g pended. |developed. cireuit. E g8
i _ S
700 | 00 24 . . . . . . . *29 . . .
2 25 | 48 4 v .. 466 . . 2:078 » 10129 . .
" 5 72 11 .. .. 774 .. . 5203 s 0540 .. ..
” 75 | 94 | 285 5 255 {8987 | 521 8725 || 3456 257 1-82 13 5058
» 10 | 1'18 | 325 6 280 (14905 | 571 13903 | 4633 347 2:61 19 5475
» 125 | 1:36 | 300 6 250 || 4040 571 8688 || 518 ,, 277 2:13 6137
» 1’5 | 156 | 276 6 2056 118875 | 571 |83839 | 5581 » 2:90 209 || 6023
» 175 | 175 | 230 6 170 | 8537 571 18041 || 5779 » 274 2:08 5850
2 20 | 194 | 215 7 158 | 342 617 2981 | 6195 328 284 215 65°54
5 w 1150 | 11 10 0 T4 78T | - 8311 1-29 *862 . .
No. 4.

Helix : 24 part commutator, 312 convolutions, 2°8 m.m. wire, ‘234 S. U. resistance.
Electro-magnets : 8916 convolutions, 2'5 m.m. wire, 11'26 S, U. resistance (con-
nected parallel to outer circuit).

5 Resistance Reading on i =
& in 8. U. electto~dyna§nometer, Current in webers. 2 Horge-power. =3 E
g - = 283
2 w2 5.3
5% In | Total Bl 13 Developed| & & =
= 2 : . ectro- | Outer . | Electro- | Outer || 3 & Ex- Total |~ g8
E ‘g c?rlzt:irb cirlei:’ b Helix, magnet. circuit. Helix. maguet. icircuit. ; = pended. |developed. l;r%?;? E S8
758 1112:30 | 6°11 38 90 9 14-38 699 699 82:03 2:78 158 752 2726
756 890 | 521 49 85 14 | 1632 677 8:88 || 7938 293 174 878 29°96
784 600 | 415 69 90 28 19-37 699 1234 || 7505 30 1-95 114 3800
758 || 600 | 4°15 72 90 28 | 1979 699 |12:34 || 7667 309 2:03 114 86°89
750 450 | 3+43 85 9:0 34 | 2150 699 (1361 68-85 321 198 104 32:40
756 || 860 | 291 || 150 70 87 | 2856 6-17 2175 || 7759 3-86 2:97 217 5207
760 || 300 | 261 | 185 60 107 |1 3172 571 |24'12 || 77-80 388 329 2:18 56:18
758 2:50 | 228 || 204 50 130 | 33-81 521 |26°58 7091 3:87 317 221 57'11
750 225 | 212 || 230 . 150 | 8537 . 28:56 70-01 3:83 332 230 6001
760 200 | 1-94 || 226 . 157 35°06 .. 29-27 6351 3:88 299 214 55'15
755 175 | 175 || 252 . 180 | 87-03 e 31:30 || 60°50 385 800 214 5558
754 || 150 | 1-56 || 255 . 185 || 3725 . 3172 5426 385 271 1-89 4910
760 185 | 1:44 || 305 . 240 | 4073 v 3614 54-71 372 299 221 5941
756 1-25 | 1-36 || 310 . 245 | 41-06 . 3650 5214 370 2:89 208 5648
764 || 1°10 | 1-24 || 815 . 260 | 41-20 .. 3761 || 4770 374 263 194 5187
766 1-00 | 116 | 315 . 264 4120 .. 3789 || 44-62 359 246 1-80 50°01
750 90 | 1-07 || 285 e 238 39-37 . 3598 3933 306 2:07 146 4771
765 80 99 || 235 . 205 8575 o 3339 3304 2:50 1-58 112 44-80
760 75 ‘94 || 208 e 185 3364 . 31-30 29:52 2+48 1-33 ‘92 3709
755 65 ‘85 98 o 87 2809 . 2175 18:32 108 567 *385 3564
760 60 81 50 . 45 16°49 ‘e 1564 12:47 108 275 *184 17-03
700 55 76 30 . 25 1277 . 1168 9-07 ‘43 ‘155 1094 21-86
752 50 72 12 .. 10 807 . 737 636 46 ‘069 034 7:39
. 40 | 65 5 . 4 521 .. 4:66 816 ve 0221 ‘0109 2:87
. © 1150 12 12:0 . 807 807 . 8664 . 987 . .
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No, 5.

Helix : 24 part commutator, 336 convolutions, 2'5 m.m. wire, ‘4014 8. U. resistance.
Electro-magnets : 512 convolutions, 5'5 m.m. wire, ‘3065 S. U. resistance.

1079

Resistance in 8. U. Horse-power. Percentage

s Reading on || Current || E. M. F. of energy
R:: ;];ilflllftr;s In Total electro- in in Developed | . turned

P | onter in dynamometer. | webers. || volts. || p oo a0q Total in out into useful
PO s : pended. | qeveloped. | % 0T work,

circuit. | circuit. : circuit.
750 o . . .. . 306 e .. ..
5 89 961 1 2-33 2090 " 10653 <0605 19°77
s 60 671 1 s 1459 5 ‘0455 0408 1833
5 45 521 1 " 11-33 s (0353 +0306 1000
745 35 421 7 617 2425 304 205 ‘167 54:93
760 325 3:96 16 932 3446 620 430 353 5690
758 30 371 26 11-89 4118 773 656 531 6870
750 275 346 40 1475 4765 1-224 *942 749 6119
740 25 320 66 1895 5662 1660 144 1112 67-67
756 2:25 296 85 2150 5942 216 171 130 6018
774 2°0 271 120 2555 6465 269 221 1:63 6059
768 175 2:46 165 29-96 68-81 345 276 1-97 5710
736 15 2:21 215 84:20 7057 390 323 2:20 5641
710 1-25 1-96 260 87:61 68-80 4-35 347 2-21 5080
724 10 171 330 4237 6765 502 384 225 4482
736 9 1-61 520 5317 7992 616 569 316 5129
. ‘8 1:51 570 5567 7849 691 586 310 44°87
» 75 1-46 625 58-31 7948 6-91 621 819 46°16
No. 6.

Helix : 24 part commutator, 836 convolutions, 2'5 m.m. wire, 4014 S. U. resistance.
Electro-magnets : 512 convolutions, 5'5 m.m. wire, 3065 S. U. resistance.

Resistance in 8. U.

Horse-power.

B F Percentage
. Reading on Current || E. M. F. of energy
Il?ee: gllllilgftx:%s In Total electro- in n Developed || burned
outer | in dynamometer. || webers. || volts. Expended. 4 Toltal 1| 'in outer into uieful
circuit. | circuit. eveloped. | circuit. work.
500 35 .o o . e 257 . . .
496 30 371 15 . 2:86 9:90 405 0379 03807 758
505 25 321 2 329 9-86 515 1434 *0338 6563
516 20 271 9 699 17:68 579 ‘165 *122 21:07
520 1-75 246 42 1511 3470 796 702 *500 62-81
490 5 221 60 18:06 3726 1-20 902 ‘612 5100
496 1-25 1-96 120 2555 4675 1-82 161 102 56°04
490 1-0 171 180 31:30 49°97 230 209 1-23 5347
490 -85 1+56 245 3650 5316 2:80 260 142 5071
504 75 146 280 39:03 5320 308 278 1443 4642
502 65 1:36 320 4172 5297 308 296 1+41 4579
' 60 1+31 340 4301 5260 358 3:03 1-39 38:83
. 55 1-26 355 43'94 51'68 358 304 1-33 3715
488 50 1-21 385 4576 5170 358 317 125 3492
' 45 116 420 47-80 5177 378 332 129 3413
» 40 111 491 5163 5349 3:98 370 1-33 3842
' 35 1:06 510 5266 5210 408 368 1-21 2965
’ *30 101 600 5712 5389 4:28 412 1-22 2851
” 25 *96 630 58:54 5246 4'58 411 1-07 2336
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DR. C. W. SIEMENS ON THE DYNAMO-ELECTRIC-CURRENT.

No. 7.

Helix : 24 part commutator, 336 convolutions, 2'5 m.m. wire, ‘4014 S. U. resistance.
Electro-magnets : 512 convolutions, 5'5 m.m. wire, ‘3065 S. U. resistance.

Resistance in 8. U. ! | Horse-power. Percentage
Revolutions Reading on Current | E, M. F. of energy
- minut I Total electro- in in Developed turned
per minute. n ota dynamometer. || webers. | volts. | d Total SVe0PEE || into useful
outer i xpended. | goyeloped, | 1 outer work.,
circuit. | ecircuit. circuit.
602 45 521 .. . *246 . . .
5 35 421 .e .. o *491 .. .. .
590 3:0 371 1 2:83 807 *602 0252 ‘0203 3372
602 25 321 16 9:32 27°98 676 349 2725 4031
606 2:0 271 60 18:06 4569 1113 1106 -816 7831
602 175 2:46 105 2390 5489 172 1760 1-25 72:67
600 15 2:21 140 2759 5693 2:20 2110 1429 64-95
590 125 1-96 170 30°41 5565 2:53 2:27 145 57-31
600 10 1-71 270 3832 6118 343 314 1-84 5364
620 -85 1:56 878 4534 66:04 443 401 2'18 49:21
» 75 146 400 4664 6357 468 397 2:05 4380
s 60 1-31 505 5241 64:11 506 450 2:06 4071
] i
No. 8.

Helix: 24 part commutator, 336 convolutions, 2'5 m.m. wire, *4014 S. U. resistance.
Electro-magnets : 512 convolutions, 5'5 m.m. wire, ‘3065 S. U. resistance.

Resistance in 8. U. | Horse-power. Percentage
. . p o
Revolutions RZ?S;&%.OB Cm{,ﬁem B li\ﬁ' . ottgileergy
inute, In Total Developed || &
per minu ¢ dynamometer. || webers. || volts. || p o Total o otey || into useful
gutqr Jin xpende developed. in outer work.
circuit. | circuit. circuit.
715 45 521 e . .. *865 . . .
698 85 421 4 466 18:32 427 ‘114 ‘095 22:25
700 30 871 21 1069 8703 143 530 429 3000
710 25 321 50 16°49 4942 159 1-09 ‘682 42-89
680 20 271 105 2391 60°50 264 1-94 143 54'16
690 175 246 165 29-96 6311 394 276 198 5025
708 15 221 210 33-80 6975 390 316 2:14 5487
685 1°25 196 270 3832 70°18 447 360 2:30 51'45
686 1-0 1-71 380 4546 7258 504 442 259 5129
720 85 1-56 550 5469 7966 646 514 318 4922
" 75 146 620 5807 7916 676 616 3'16 4674
» 60 181 680 60°83 7441 705 607 278 3943
5 50 121 900 6997 79°05 772 742 306 39°63




DR. C. W, SIEMENS ON THE DYNAMO-ELECTRIC CURRENT,

No.

9.

1081

Helix : 24 part commutator, 836 convolutions, 2°5 m.m. wire, *4014 S. U. resistance.
Electro-magnets : 512 convolutions, 5°6 m.m. wire, ‘3065 S. U. resistance.

Resistance in 8. U. quse-puwer. Percentage
Revolutions Realding on Oufrent B. M F. oi ener:ciry
s electro- n n arne
per minute. oi’lo::er T?Itlal dynamometer. || webers. volts. I ded Total Developed i into useful
U o xpended. | geyeloped, | 11 outer work.
circuit. | circuit. cireait
450 1 171 100 23-33 8724 156 116 681 4365
500 9 ” 145 28:08 44°84 2:14 169 987 46°12
550 ” . 190 392:14 51-32 92:69 2:21 1-29 47°95
600 ” ,, 235 35775 5708 343 273 160 | 4665
650 » w 290 2979 6342 424 8:37 197 4646
700 » 1 360 44-25 7065 500 418 2:45 4900
750 ” ” | 420 47-80 7632 581 4-89 286 4922
800 2 5 ! 490 5163 82+44 686 570 384 4869
No. 10.

Helix: 24 part commutator, 312 convolutions, 2'8 m.m. wire, ‘234 S. U. resistance.
Electro-magnets : 3200 convolutions, 2°8 m.m. wire, 7°563 8. U. resistance.

| Resi ; o] #
5 esistance Reading on A s = 3
=% l in S. U. electro-dynamometer. Current in webers. 3 Horse-power. o QB
2 i =l v 5F
S .| Ml LRSI
Z *03 \ In | Total i 1 ﬁ;% Developed | E g%
- \ " > M o b
g2 | outer| in | Helix. Elﬁectrot- (_)'utefz Helix. El‘e(,trot- Q"L% = Eg\ a la T?ta‘l 1| in outer 22 §
2 El ’Icircuih. cireuit. magnet. icncm . magnet. circuit.| .5 pended. \developed. "o 5" || (8 5.8
| i T
502 © 78 13 13 .. 841 841 . 61:25 1-33 69 . e
513 || 120 | 4'87 30 12 5 111277 808 521 || 5807 1-47 994 409 27-82
517 || 100 | 4'54 35 12 7 111880 8:08 6:17 || 5850 1-58 1-082 476 3012
520 90 | 434 42 12 9 |15°11 8:08 70 6128 1:59 1-251 -552 3472
498 75 | 899 40 10 10 || 1475 737 787 || 5495 1-42 1:086 510 35790
501 60 | 351 42 8 15 15611 660 903 5036 158 1020 612 4000
500 45 | 305 50 7 22 16°49 617 10794 46-96 153 1-038 674 44-05
510 35 | 262 75 7 35 || 2020 6:17 138 4941 177 1-338 834 4712
502 30 | 2°38 82 6 42 || 21412 571 1511 || 4698 174 1:829 857 49°25
507 275 | 211 90 6 50 22:12 571 |16°49 4358 1:86 1-292 851 4575
502 20 | 181 120 6 85 2555 571|215 4318 195 1479 111 56°92
495 175 1-65 || 140 6 95 || 2759 571 2273 || 425 1-92 1°572 1-18 5885
492 15 | 148 160 5 110 29°50 521 |2446 40°77 201 1612 112 55°72
504 1-25| 1-30 190 4 140 32:14 4:66 |27°59 3901 2:16 1681 119 55°09
506 11 | 1119 205 4 157 8339 4°66 |29'21 8712 2:27 1661 116 51°10
512 10 | 111 200 4 155 32:98 466 129038 3418 209 1°511 105 50°23
505 ‘85| -998 | 225 4 180 3498 466 |31-30 3260 196 1-528 104 5306
510 76| 917 || 220 4 183 3460 466 |31'55 2963 187 1-374 934 49°95
507 -6 790 || 160 3 120 29:50 404 | 2555 2177 1-45 861 490 3379
|
MDCCCLXXX. 6 z




1082 DR. C. W. SIEMENS ON THE DYNAMO-BELECTRIC CURRENT.

No. 11,

Helix: 24 part commutator, 312 convolutions, 2'8 mi.m. wire, ‘234 8. U. resistance.
Electro-magnets: 8200 convolutions, 2°8 m.m. wire, 7°563 8. U. resistance.

. . M A
& Resistance Reading on . = ) R
=2 in 8, U electro-dynamometer: Current in webers: = Horge-power. “dE
£ (= ‘ e
£4 : i | g Developed|| £ 52
22 In Total Eiectro- | Outer .. | Blectro- i Outer‘lz o2 Ex- Total [Daveloped)| g ;;K' )
.2 |l outer | in || Helix. vnet, lsireuit Helix. b loireuit) ™ o ded. doveloped.| Inouter || £ &=
2 B |lcircuit. cireuit: magnet. circuit.! magnet. circui 1 oA pended. J eveloped. "5 ouie, || & 8.8
598 3 h2 3 1 3 4°04 233 404 5 1962 24 ‘0106 ‘00613 2554
596 4 651 4 1 3 466 2°33 4:04 | 2655 24 ‘0166 *00817 3:404
612 5 70 30 1 26 1277 2°33 |11-89 834 375 ‘143 *0884 2337

' 6 79 1] 180 2 .. 31°30 330 .. 1 2308 87 068 .- ..
620 6 79 215 2 180 34-20 3:30 [81°30 | 2523 177 1:16 736 41°58
615 7 87 || 280 3 240 39:03 404 13614 | 3i71 2:26 166 114 5044
5 75 917 || 800 4 250 4540 466 | 36'88 | 34'59 2:51 1-87 1:28 51°50
600 ‘85 ‘998 || 290 4 245 39'72 466 | 36'50 || 3702 2571 1°97 142 5525
612 10 111 305 6 235 40°73 571 13575 I} 4221 287 230 160 5574
5 125 | 130 || 290 7 210 3972 617 [ 3380 /| 4822 2:86 256 1:80 6293
598 15 1-48 || 230 8 160 3537 6°50 12950 | 4888 281 2'32 163 58:00
615 || 20 1-81 195 10 120 3257 734 | 2535 || 5505 289 240 163 5640
620 30 2:38 || 130 12 65 2658 8:08 11880 | 5907 266 2:10 1-33 50°00
625 || 45 | 305 85 14 32 | 21°50 8:88 11319 | 61-23 230 176 ‘98 4261
" 60 359 70 15 22 1951 903 11094 | 6540 216 171 ‘898 41°57
620 | 75 3:99 55 - 16 16 1 17-29 938 933 | 6442 1-89 1:49 ‘817 4222

| .
No. 12.

Helix: 24 part commutator, 812 convolutions, 2'8 m.m. wire, ‘234 8. U. resistance.
Electro-magnets : 83200 convolutions, 2'8 m.m. wire, 7°563 8. U. resistance.

5 Resistance Reading on . é e~} 'MS
=9 in S, U, electro-dynamometer. Current in webers. g Horse-power. w2 E
©» Pt
g . HEE
220 m | mowm ok Developed | & 52
=g o ota .. | Electro- | Outer ... | Electro- | Onter ; 2 Ex- Total evelope S E o
2.2 || outer | in | Helix.  lotrouit, | elix. v loironit = ded. |developed,| D outer || & &=
2 8 |leircuit. circuit. magnet. lcircuit. magnet. jcircuit. . ) pended. \developed. "5 05 || 8 8.8
|
700 | 75 401 80 18 18 |20'36 9:39 9:89 7810 257 218 ‘018 3572
’ 60 359 80 17 25 20°86 962 | 1168 69-92 257 195 102 3969
707 45 3406 95 16 85 22478 933 |13'80 6194 288 197 1-07 87-15
710 30 2:39 || 165 14 90 2996 8:88 2212 6685 319 268 184 5787
704 25 2412 | 195 12 115 3257 808 | 2501 64:47 359 2:81 196 5459
716 29 1:82 | 235 9 150 3575 70 2856 60°75 394 2:91 2:04 51°77
723 15 1-49 | 315 7 220 4140 617 | 34:60 5760 428 320 225 5257
715 125 | 131 || 350 6 260 | 4364 571 | 8761 53'38 423 312 2:21 5225
722 10 1412 || 385 5 300 4576 521 | 4040 47'85 4-27 293 2:04 4777
705 75 92 || 870 5 305 | 4486 521 |40°73 || 38853 845 231 156 4521
703 60 *80 || 300 5 270 40°40 521 | 3832 30'18 2:29 1-63 110 48:03
716 50 71 || 150 4 100 2856 466 | 2332 18:94 292 725 *34 1164
710 | 40 62 7 1 7 617 233 617 35671 290 *295 019 6552




DR. C. W. SIEMENS ON THE DYNAMO-ELECTRIC CURRENT.

No. 13.

Helix : 24 part commutator, 312 convolutions, 2'8 m.m. wire, 234 S. U. resistance.
Electro-magnets : 3200 convolutions, 28 m.m. wire, 7°568 S. U. resistance.

1083

|

o Resistance Reading on X i : - "g
a in 8. U. electro-dynamometer. Current in webers. 2 Horse-power, o B
& E 523
:‘E ';‘5’ In | Total ‘ Blect Out El " Outer ’b% B Total Developed g Eﬁ%
©.8 |l outer | in | Helix. ;c 1:;— cir‘:: 9:1; Helix. n:cnr(:- cirl:: Cllt = - g 4l (i & g inouter || £ = 42
& B |ldreuit. eireuit. magnet. ut. magnet. W g eR pended. (developed. oireuit, || & © A
450 1-0 1-12 || 140 . 105 27:50 .. 28:91 28:85 1-47 1:02 715 4863
500 55 9 185 .. 150 31-72 .e 28°56 33:16 1:94 141 1:02 5257
550 2 2 250 .. 195 3688 .. 3257 3856 247 1:91 1:33 5385
600 " 5 825 . 260 42:05 .e 37-61 4397 806 2:48 177 5784
650 ||, . 400 . 305 | 4664 | .. |4073 || 4877 371 3-05 2:08 5606
700 5 » 470 .e 350 5056 .. 43:64 52:87 443 358 2:38 5372
750 2 . 530 .e 395 5369 .. 4635 5614 520 3:91 269 5173
800 . ’ 640 .. 460 || 5898 . 5003 || 61:69 5:88 486 318 5323
&50 9 5 700 . 510 6169 . 5266 6451 642 533 347 54:05
900 2 s 785 .. 570 6533 . 5567 68-31 698 598 388 5559
850 » 5 700 .. 505 6169 . 5241 6451 642 538 344 5358
800 ||, |l 600 . 440 || 5712 | .. |4892 || 5973 571 457 2:99 52:36
750 »» ” 510 .. 372 5266 . 44-98 5507 4:90 3:89 2:53 5163
700 » 5 440 .. 330 4892 os . 42-37 51°15 414 335 2:25 5435
650 5 ' 350 .. 270 43:64 ve 3832 4563 345 2:67 1-84 5333
600 5 3 285 . 220 || 39:47 e 34:60 || 41-27 2:82 218 15 5319
550 » ' 240 . 180 || 36:14 . 3130 || 8779 224 1-83 1:28 5491
500 || » | 180 . 185 ||81°80 | .. |27:09 || 3278 173 1-37 918 | 5306
450 2 2 135 . 100 27:09 ’e 2332 28:33 1:28 108 681 5320
No. 14.

Helix : 24 part commutator, 312 convolutions, 2'8 m.m. wire, 234 S. U. resistance.
Electro-magnets : 2240 convolutions, 3 m.m. wire, 4'46 S. U. resistance.

5 Resistance ‘ Reading on . A - '?;;
2, ing. U. electro-dynamometer. Current in webers. 2 Horse-power, s SE
g A 352
2| m | mowm = Developed| & 5 2
:‘:’:E ou?er (i)ria Helix Electro- Outer Helix Electro- Qutgr = 2 Ex- Total iivgxftgi g E S
Fg 8 lir cuit, lcirenit, : magnet. |circuit. magaet. [eircuit, Fﬂ.,g pended. |developed, circuit. | e 3.5

505 [ 470 23 23 . 11'19 | 1119 . 49:01 1:34 *736 .. ..
510 | 7°0 2:96 55 . 9 17-29 . 699 4779 1077 111 428 2418
502 | 60 28 60 . 12 18-06 .. 8-08 4721 174 114 490 28-16
502 | 50 2:6 65 18 14 18-80 9-89 8-88 4564 174 115 493 2833
492 | 45 2:48 65 16 16 1880 933 932 43563 171 110 489 2860
2 30 2:03 || 120 15 40 2555 9:08 | 1475 4843 171 1:66 817 4778
515 | 25 184 || 125 14 58 26:07 8:88 1698 4479 1-99 157 £902 4532
494 | 2:0 162 || 145 13 7 2808 840 |19'51 42:47 191 1:60 *953 49-39
. 15 1-36 (| 180 10 100 31:30 737 12332 3975 2:01 1:67 1-02 5074
508 | 1:256 | 1-22 || 210 .. 130 3380 .. 26:58 3850 218 1:74 110 5046
512 | 10 1-06 || 260 9 70 3761 6:90 (3041 8278 2:40 1:65 116 4833
515 | 10 1:06 || 280 o 180 3903 . 3130 38:65 2:41 2:02 1:23 51:03
506 9 99 || 295 . 205 4006 . 33:39 36193 2:37 1'98 1-25 5274
515 -8 92 || 220 7 220 3460 617 | 34:60 2972 2:52 1:88 120 47461
s 7 ‘84 || 295 . 222 40°06 . 3475 31-42 252 1-69 1-05 41-67
498 3 52 95 2 75 22473 3:29 12020 1104 071 *386 *153 21-55
510 6 <17 || 280 5 200 {8903 521 [32:08 || 2806 2-18 1-47 817 3748
s ‘5 69 || 276 . 210 3868 | - .. 3380 2492 242 1:29 715 2954

|
6 z 2
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DR. C. W. SIEMENS ON THE DYNAMO-ELECTRIC CURRENT.

No. 15.

Helix : 24 part commutator, 312 convolutions, 2'8 m.m. wire, ‘234 S. U. resistance.
Electro-magnets : 2240 convolutions, 3 m.m. wire, 4'46 S. U. resistance.

= Resistance Reading on A ‘ =
2 inS. U. electro-dynﬁnometer. Carrent in webers. & | Horge-power. s § £
E RN 2 5E
(=) . i &0 DB
=L BE Developed|| 3 %52
=5 n T(?tal . | Electro- | Outer | ... | Blectro- | Outer i 2 Ex- Total .cvelope g 25
g |outer | in [Helix. oot sircuit) HeH% magnet. circuit = ! ended. |developed.| M1 °uter || & & 2
~ 8 leircuil.circuit. guet. e magnet. o P ’ PO cireuit, || & ©F
700 24 .. .. R . . ve 28 ‘e .

Sl 1| e e .. C| s | L . 1044 | 28 0046 .

' ‘2 43 3 .o .. 4:03 v .. 1617 | 28 0087 .. .
712 3 52 14 . 10 l 888 ae 787 4-311 20 0513 10204 71034
698 4 61 15 .. 12 | 903 ve 807 5143 28 10622 -0326 1164
712 5 69 || 870 4 305 | 44'86 466 | 4073 2889 2:61 174 1:04 3981
715 6 77 1 510 6 370 | 52'66 571 |44:86 3786 | 350 2:67 151 4314

5 75 88 || 570 .. 360 5567 e 4425 || 4574 || 408 341 1-83 4485
720 | 1-0 1:06 || 630 15 335 | 5369 903 | 4269 5314 4:10 382 2:28 5561
714 | 125 | 1-22 || 440 18 260 | 4893 989 | 8761 5573 408 366 221 5416
708 | 15 1'36 || 410 21 215 47-283 | 1069 |384:20 59-97 405 380 220 5432
700 | 20 162 || 325 25 150 4205 | 1168 |28'56 6360 4-00 358 2:04 51°00
712 | 30 203 || 230 32 80 8537 | 1819 |%0-86 6704 348 318 163 4683

3 o 47 .. 50 . . 1665 . . 247 . . ..

No. 16,

Helix : 24 part commutator, 288 convolutions,

Electro-magnets : 3916 convolutions, 25 m.m.

3 m.m. wire, ‘173 S. U. resistance.
wire, 11°26 S. U. resistance.

eai ing ! . M 4
8 Rieslsst'ag(':e electxl'z?g;i;:;;n g?ngtar‘ ! Curreunt in webers. E Horse-power. « r§ s
& a o 23
L3 , , o 3 203
ER= In | Total . S Developed|| & %02
3 = I . | Blectro- | Outer .| Electro- | Outer | < & Fx- Total . $%2
é g c;);::?ilt. Cil‘l(:lit. Helix, magnet. |circuit. Helix. magnet. [circuit, : A pended. developed.l| l(ir‘z:ltlir g g8
612 || 00 . . . A e . . 25 o o .o
640 25 4181 .. o . Lo . . . ‘25 N o .
625 °5 652 4 . . 4:66 e ‘e 2:84 25 ‘018 .o ..
620 | 75 876 97 Ve 90°0 | 2297 Ve 2212 188 76 579 46 606
630 10 109 || 220 2:0 1900 | 346 33 3214 || 8521 244 163 1:29 5286
630 125 | 129 || 225 30 190°0 ' 34-98 4:04 8214 || 41°13 257 193 161 62:64
635 | 1'5 15 205 35 170°0 | 8339 4:36  |30°41 || 4676 269 2:09 173 6679
636 175 | 169 || 185 35 145°0 | 8172 436 2808 || 5005 2-46 213 173 7032
638 | 20 1-87 165 40 1200 | 29°96 466 | 2555 523 247 210 163 65°99
628 45 338 68 6°0 320 {1923 571 11819 6069 2:05 1-56 98 4786
624 | 65 429 42 70 15:0 | 1511 616 903 || 60'52 191 122 66 34'55
635 | 90 | 517 32 75 85 111319 639 68 6367 1-81 113 521 2878
610 |11-0 573 25 70 7°0 | 11°68 616 616 || 6249 162 ‘98 522 3222
614 w1143 8 80 e 66 66 . 7043 1°25 623 . .




DR. C. W. SIEMENS ON THE DYNAMO-ELECTRIC CURRENT.

No. 17.

1085

Helix : 24 part commutator, 288 convolutions, 3 m.m. wire, ‘173 S. U. resistance.
Electro-magnets : 3916 convolutions, 2'5 m.m. wire, 11'26 S. U. resistance.

Resistance Readi . M +
5 iesls n electroiaily:;%l glrlneter. Current in wehers. 3 Horse-power. 5 E é
g ) =R g’oﬁE
20 m | mowm e Developed|| & 5 &
2% n ota ; T \ evelope 5
S o : : .1 Electro- | Outer Electro- | Outer Bx- Total . S Ho
22 | outer| in || Helix.| '~ S | Helix.) sl = : in outer || £ ¥ <
2 B lloirouit.leircuit. magnet. circuit, magnet, |circuit. pe pended. [developed. circait. || & o.E‘
665 25 42 3 ve 3 404 ‘e 4:04 1-58 271 *0085 0051 1-82
670 ‘5 ‘652 30 .e 28 1277 .. 1234 774 547 '132 ‘095 17:37
665 75 ‘875 || 245 2:0 225 36°50 33 3498 2985 201 1-45 114 55:88
660 -85 9638 || 255 25 235 3725 369 |3575 33'49 2:29 167 136 5938
640 10 109 290 3:0 260 3972 404 |3761 4042 2:61 215 177 6781
645 11 117 272 30 230 3847 404 | 3537 4202 2:63 2:17 172 6540
650 125 | 1'29 250 35 2056 3688 436 |33'39 4442 265 2°2 174 6566
645 14 1-42 235 40 185 3575 466 | 3172 4739 263 227 176 66°92
650 15 15 228 40 ' | 180 3522 466 |31'3 49-33 2:52 2:33 1:84 7301
660 175 | 169 200 45 153 3298 4-94 2884 52:04 2:56 2:3 1-82 71:09
660 2:0 1-87 180 50 145 313 521 2808 5165 242 2:29 197 81°40

No. 18.

Helix : 24 part commutator, 288 convolutions, 3 m.m. wire, *173 S. U. resistance.
Electro-magnets : 3916 convolutions, 25 m.m. wire, 1126 S. U. resistance.

£ Resistance Reading on N . i fal . #
g in 8. UL electro-dynamometer. | Current in webers. E Horse-power. “ E S
g ! = 22%
S . B 23
5 ‘QS) In | Total ; B % Developed § & Qrzé
'S5 | outer| in | Helix. E]ectr(t)— (')ute‘l‘;; Helix. mEleCtle(f)_ cO;tel;l = : Eg-d d g‘cit"l 4| in outer s “2%
& g lleireuit leircuit. magnet. circuit.! agnet. circuit, T 2 pended. \developed.| " iy || 8 8.2
817 | 11 | 1117 | 435 .. 360 || 4865 . 44251 5315 467 347 2:69 576
812 10 109 | 465 ‘e 385 5029 o 45°76 | 5111 4-81 3'44 261 5425
815 125 | 129 405 50 385 4694 521 4269 56'53 482 356 285 5912
820 15 |15 370 55 290 || 4486 547 | 3972 62-83 485 378 2:96 61-03
814 1775 | 169 330 e 250 4237 .o 36'88|| 6685 482 38 298 61-82
812 20 1-87 || 300 . 220 4040 ‘e 346 7054 464 3:82 300 6165
824 9 1-01 450 . 385 4947 ‘e 4576 |1 4665 471 3:09 2736 5010
820 8 92 450 . 390 4947 . 4606 || 4256 435 2:82 212 4873
808 75 | 876 430 . 390 || 4836 . 4606 | 3955 412 2:56 1-99 48-30
840 ‘6 7431 220 .e 215 34'60 342 2400 24 111 878 8658
830 5 ‘652 . . 100 e .o 2332 . 2:37 ! .o 34 1434
820 5 632 5 . 70 20°20 e 1951 1230 234 i ‘333 238 10°16
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DR. C. W. SIEMENS ON THE DYNAMO-ELECTRIC CURRENT.

No.

19,

Helix : 24 part commutator, 288 convolutions, 3 m.m. wire, 178 8. U. resistance.
Electro-magnets : 8916 convolutions, 25 m.m. wire, 11-26 S. U. resistance.

w -
5] Resistance Reading on e i ) v o 5
2 ins U. electro-dynamometer. Current in webers. = Horse-power. . g E
§ $ . g . ::;,3%
8 | el Bom
55 m (S . ]
K] ~§ oi?er l;ﬁal Helixl Electro- | Outer Helix, Flectro- | Outer |l o g Ex- Total Dif:?)}lorgid g §3
. o . ° el : _ t =
~ circuit, circuit, magnet. |cireuit, magnet. |circuit. o k=] pended. [developed, circuit. || & &8
480 10 | 1091| 98 . 85 || 2309 . 215 2353 1:37 728 578 4219
530 2 ” 135 - 123 || 27-09 o 25°86 || 2760 173 1:00 -837 4338
602 » 2 223 . 195 3483 . 8257 || 3549 233 1-66 133 57-08
670 5 » 200 .. 250 3072 . 36:88 || 4047 314 215 1r 54-14
744 ”» » 390 . 320 4606 . 4172 46:93 395 2:89 218 §5'19
800 2 9 455 . 380 || 4975 . 4546 || 5070 473 338 2:59 5476
864 M 5 515 . 430 52:92 . 4836 5392 5:64 382 293 5195
911 3} » %5 o 490 56°42 . 5163 || 5749 632 435 3:34 5285
No. 20.

Helix : 24 part commutator, 288 convolutions, 3 m.m. wire, ‘173 S. U. resistance.
Electro-magnets : 3200 convolutions, 2'8 m.m. wire, 7'563 S. U. resistance.

i .
31 Resistance l Reading on I . A - . 5
=3 in 8. U, electro»dynnrﬁometer. % Current in webers. 2 Horse-power. ks § £
2 | =l e 55
2 g i | i 203
+ = 02
£% || Outer | Total . | Electro- | Outer | .| Blectro- | Outer || o £ Bx- Total |Developed) g 22
5% lleirout,| , 10, | Helix. magnet. [circuit. Helix. maguet, eircuit.| .= ended. |developed.| ‘B outer || £ 2 =
= 8 "|cireuis. gneb. ' SEEh T o | Pe ' PE Gireuit. || @ S8
716 0 774 26 260 .. 1189 | 11°89 .. 8593 2:04 1-37 .. o
710 2:0 | 175 800 150 195 40°4 903 | 82567 66°01 362 357 2:66 7348
706 175 {159 820 135 220 4172 857 1846 6193 374 846 2:62 70405
718 1'5 142 360 12°0 255 44-25 8§08 8725 5866 396 348 2'61 6591
710 1°25 | 1:25 395 90 290 4635 6:99 18972 5410 4:06 336 247 6084
708 10 |1'06 445 70 340 49°21 6°16 | 43'01 4870 4-04 321 231 57°18
714 95 1102 460 6:0 360 5003 571 | 4425 4765 379 32 2:33 61-47
706 9 ‘977 || 460 . 370 5003 .. 4486 4564 875 319 227 60'53
710 8 ‘896 || 460 50 380 5023 521 4546 41:85 362 2:81 207 5718
714 7 ‘814 || 445 40 376 49-20 466 |45°'16 3740 3:35 2:47 178 53'13
715 ‘6 729 || 390 .e 340 46°06 . 4301 31:35 277 1'94 139 50°18
715 5 642 .. e 230 .. . 3537 .. .. . ‘875 ..
710 b 642 || 205 .e 195 33:39 oo 8257 20°02 13 846 663 5115




DR. C. W. SIEMENS ON THE DYNAMO-ELECTRIC CURRENT.

No. 21.

1087

Helix : 24 part commutator, 288 convolutions, 3 m.m. wire, ‘173 8. U. resistance.
Electro-magnets : 3200 convolutions, 2'8 m.m. wire, 7°563 S. U. resistance.

& Resistance Reading on R A ) . =
2 in 8. U. eléctro-dynamometer. Current in webers. = Horse-power. wEE
%) g
= =
%’ 2 | Outer T;)rtlal Helix | Electro- | Outer Helix. Electro- | Outer 5 2 BEx- Total Dierfe(}::f::l § :’~f I
2= |l voqit * mas ircui s i 2
kR cireuit oo magaet. |circuit. magnet. [circuit. Fﬂ"E pended: |developed. circuits || & g8
468 10 106 || 170 . 130 |} 3041 . 2658 || 30°10 1-34 1-23 884 6597
532 . s 235 . 185 3575 o 3172 || 3538 1-96 169 126 6421
610 2 . 310 . 240 |141-06 . 36'14 4064 261 224 1:64 62-83
678 2 o 365 .. 290 || 44°56 . 3972 || 4410 3'32 2°63 198 5964
716 9 . 430 . 835 4836 . 42:68 47-86 379 310 2:28 6016
788 5 5 510 .. 385 5266 e 4576 || 5212 4:35 367 263 60°46
860 » 4 620 e 430 || 57°14 . 48°36 || 5655 508 433 293 5768
No. 22.

Helix : 24 part commutator, 288 convolutions, 8 m.m. wire, 173 S. U. resistance.
Electro-magnets : 2556 convolutions, 3 m.m. wire, 4'46 S. U. resistance.

- Resistance Reading on . I e . &
a in 8: U: electro-dynaﬁmmeter; Current in webers: ] Horse-power. - E £
g [ o 53
2 s ! I go'- D
E % In | Total loctt = E 1 i Developed!| & B3
2.2 | outer| in | Helix. E}:c.trot- Qute.lb Helix: I‘I]‘};g:'ot- cglétﬁf = : ]b(’;' 4 la thal} 1| in outer S 28
o= 8 |cireuit.cireuit. gnet. eircuib. gnet. ) . pended: (developed.| oiionir, || & 8.8
690 o |4°63 46 46 .. 1582 | 1582 . 68°4 267 1-45 .. ..
702 | 20 |155 | 800 | 24 155 ||40°4 | 11°43 |2903 | 5847 401 316 211 || 5262
694 I} 175 |1°48 300 22 170 || 404 1094 | 3041 | 53-94 397 2:92 203 51'18
698 || 1*5. | 129 335 20 205 || 4269 | 10°43 |[333Y 5142 39Y 2:94 2:09 52:38
696 || 1'26 |1°15 390 18 245 || 46°06 99 8650 4946 4-12 3:06 2:08 5048
696 || 1:0 ‘99 395 14 265 || 46'35 888 | 3797 4285 $°98 267 1-8 45°22
690 || -9 ‘92 890 9 290 || 46°06 699 |[3972 8956 352 2:44 178 50°57
649 | 8 85 || 885 8 290 || 4575 66 8972 3632 8:39 2:22 1'58 46°61
706 | 7 | 78 || 360 7 270 | 4425 | 616 [3832 | 3214 302 19 129 || 4271
684 | ‘6 702 | 290 .. 245 || 8972 .o 3650 26:02 2:65 1-38 10 8773
684 | 5 | 623 | .. . 160 | .. .. |29-50 .. 1-26 . 544 || 4318
684 | 5 | 623 | 140 . .. | 2759 .. 16:05 125 594 .. .
1
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DR. C. W. SIEMENS ON THE DYNAMO-ELECTRIC CURRENT,

No. 23.

Helix : 24 part commutator, 288 convolutions, 3 m.m. wire, "173 8. U. resistance.
Electro-magnets, 2556 convolutions, 3 m.m. wire, 4'46 8. U. resistance.

A4
= Resistance Readi s & 5
3 in]S. U. electro- d‘yxlllz:ix g?net.er. Current in webers. 2 Horse-power. “« "aé g
7] =
.g ] | S % gﬂi%
=8 = S
25 In | Total . ) . 13 \ Developed|| g %7
2.5 | outer| in Helix. :Ell:c_ggb cg}:};ii Helix. x}ilaisrtxl;}(l Pg’:;‘iir = : eﬁlgé d de\r;[eolga]e q in outer § E’%
& & | circuit.circuit. gnet. ’ B ‘ ga |P : HOPeC givenit, || & © R
492 1 99 240 70 160 || 36°1¢ 616 295 3341 211 162 1-09 5166
528 || » 252 90 | 185 || 39-17| 699 | 8172 | 3621 248 19 126 || 5081
602 ’ » 345 12°0 235 || 4331 8:08 3575 4004 3407 232 16 5212
634 ” i 410 14-0 280 || 47-28 8-88 39:03 4366 361 2:76 19 5263
YECH | . ,, 450 | 160 | 800 || 49-47| 933 | 404 || 4573 4927 308 2:04 4778
790 ' 9 540 185 335 || 54:20| 1003 | 4269 | 5010 50 364 228 4560
856 » » 610 21-0 370 || 5760 10°69 4486 53-24 576 411 252 4374
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Siemens. Phil. Trans. 1880 Plate 41.
N¢ 1. Ne 2.
- w§ 24 part Commutator. 3 *§ 24 port Commutotor
é g Helix { 312 convolutions 2, 8 “hw wire 502 Helix {3812 convolutions. 2, 8 "hn wire
B LS
k) N ; 234 S.U. resistance. ég‘: s 234 S.U. resistance.
. 3
33 16 i ; i3 s : ;
‘§ 3 ; 3 % Electr@Ma,gn{ag corwoWns 2,5 W wire 3 38 08 % Electro-Magnet 3916 convolutions. 2, 5 " wire.
f R ; 11-26 S.U. resistance. 883 2 : 11-26. S.U. resistance.
§ R 5 :
3 . -
‘14: S e § g 500 revolutions per minute. % e E ; 600 revolutions per minute.
£ J 2 H
o = o] oo 3] SEME in volts.
“"; v [ [e] %‘ - I ! l 8_,,,%‘[ - p AR — -
T H /
B i ! JEMF.in volts ! { J
: 4 ; | /
] i : S | I { /
"'{';f St ya - St //
| J ! { /
% H
[ P |
| / | | |
! o ; |
"’] ﬁT’ & g; Crorvert—ind helioe.
|
i Current in | helix l Current i outer circwit
] Gurrent in| outer circuit | HP absorbed
o o Total HE Reveloped.
AEE rsa S
H ' “NHE absorbed . L
) I ' ATotod FP. developed: : H. R developed. in outer circuit.
o H.P. develofied, in outer circuit |
t ! |
l =
P !
! I —+Current in. Electromagnet : Y, Currens in) Electromagnet.
I e
| =7
C‘L’ L S.U. Reststance | El 3 S.U. Resistance in
in outer circuit. ° outer circuit.
INEE
g
§ 3
~
8
2
5% 3 4
2F8 R 8
§ 2 AEMEF in volts
l§ s % I:: ;/4’ 24 port Commutator
1 / -
2 § = / ' Helix {312 convolutions 2, 8w wire
s s ] / R
2 K J | 234. S.U. resistance
“ =S ] | .
i H Y ,r, El%ch‘o-l/ﬁa,gn v | 3916 convolutrions,R,5 " wire
i o / 1126 S.U. resistance
/;' A\‘ 7100 y;wbmlons per minute.
N |
il ‘\\' ,‘
P, >~ Gurrent e helioe
I e HP absovbed.
S ' R Correnit Ty outer circuit:
Il e NTotal IR (developed
P |
J o st TP developed. tn outer circait
o [ [T
S -
L s mmmaemms Crrent in Electromagnet
! [
; E 27 - 3 S.U. resistance in owter ciravt

West, Newman & (9" se. et imp.



“Siemens .

N© 4.

Phil. Trans. 1880. Plate 42 .

2 |
g r§ | b E

TIEE | |

P - S o ‘

5 D 24 part commptator |

3 = Y . ) .

“,;': g ; y Helix 31% convolutions; %2, 8"”% wWire

ﬂ’_:. s 3 i / | <234, S.U. redistonce

\ TN FLa S R R S SR S R S

¢ /
/ . .
/ 3916 conwolutions, 2, 5 %W wire
] o Eléctro-Magnet : |
I / g 1126 S.U. rebistance.
i P
| al- - U <Ill R ——— —— _— T B S 1 R
|
|

i

bl

«
i
| /
i outer circ
NCuarvent in F lectrom Lgnet
: resijtonce in ofgter cireuit.
! e s ) 1 2 S.U.

Neb5.

Helix

Electro %Mag net {

&R
SR
2 a8
3 PO
<ok N;; ;
N .
R Y N
FE¥R S O3
< S
5 5 S
b RS
RN
qa *3 &
2 B
.- 507
¥ G Ry
o e B8y - i -
; ; |
! : |
i |
; 1
i
[ |
=3
Wi L ol-gl
P
|
|
|
i
i
@ g5t
L
|
|
ol o
&g
t
|
|
1
1
ol ol
]
< -G-8
| . |
IF developed. im outer cireuits |
i |
i i ~ |
. ; | H developed.
N 0 1 2 & 4 S

24 port Commmutotor
336 comvolutions; 2, 5 "l wire
<4014 S.U. resistosce.

512 convolutions, 5, § " wire
- 3065 S.U. resistonce.

750 revolutions per minute.

6 S.U. resistance in outer circuit.

West Nevwmon & C2 se. et i,



Siemens. Phil. Trans. 1880 Plate 4 3.

(R
EE 3
3 § 84
| 3 § &
§ A 2 24 port commutator
S = g Fr-o Helix 336 convolutions; 2, 5 ™ wire.
é I i 4014 S.U. resistance

- —& T Garrent 1 outen civediz Electro-Maqnet 512 convolutions; 5, 5w wire .

: ’ -3055 S.U. resistance.
20— 85
500 revolutions per minaite.

- % .

8-—8

S

& ECMF i vlts.
I, wbsorbed.
© g N t S.U. resistance in ou,tér cirewit .
Ne 7.
it
SN 4
sds =%
§ 2 3 R4 part commutator
Q‘" s s R Helix 336 comvolutions; 2, 5 " wire.,
§ o § = -4014 S.U. resistonce.
q 0 9 H
I 88 Fleotro Madnet, 512 convolutions; 5, 5" wire.
g <3065 S.U. resistance.
]

600 revolutions per minute.

of o
15—
'
H
oo
&
|
i
i
| oo
t G
H
H

bsorbed.

R S

. S.U. resistance tn outer clrcuit.

West, Nawmar: 8 C? se. &2 ima.



Siemens. Phil. Trans. 1880 Plate 4:4:.
N©¢ 8.

'g ?&3 24 part commutotor
§§ : o Helix 336 conwvolutions, 2, 5 ", wire
% 3 <4014, S.U. resistomce
R S
LRI 4
5 : ' : 5 fons 5, 5 ;
% .. 2 1 Electro—Magnet 12 COVLVOLMZLOVI:S o wirve
& 3. -3065 S.U. resistance.
3 2
£ 58 @
T S R
© S g e e ;
| 700 revolutions _ per minute.
i : i
|
|
|
g8 -
| |
l |
|
|
|
Q)
o« (‘)[
! j
|
|
o}t -»_rg-—v-g}-f e S e R
{ *EMF in volts !
| |
| i
1
1 H
B 34 developed..|. . J
1 {
: : i outer clrewit i
! : _+ TP absorbed E
| B e - Y
' - % 3 » 5 & SU. resistance in outer cirenit.
24- part commuutator
§ A Helix 336 comvolutions; 2. 5 "hu wire ° g
2 § -4014 5. U. vesistonce o
NG
N 9
S . ” .
%g\% § ) Electro-Magnet 512 corwolubions, 5, 5w wire
3 33 3 ! -3065. S.U. resistance.
§§§ ’S; 8 J/=EME in volts.
S > X i e Iy
3., R 1 Siemens unit in_owder cireuit. | y !
[ = % l’# | / |
2 5o yan
g0 9w an
o ® P ”“,/1 “““““ BB absorbed.
' ! /
H | 7 | 3
‘ [ a /1
‘ yARYa
1 /’ i
Y, /
:’ y /T Total P, developed.
: / o/
. Carrent iw outer clreuit.
o e Bl - .
|
o
Sl g
; §-— 8
!
i /, FP, developed in outer cireuit.
REIN |
T & @
)
CO\! g - -
D J - G -
i i
eSS e T T T0 T 800 tevolutions per minute.

West, Newman & 07 sc. et imp.



Stemens. N° 10 Phal. Trans. 1880 Plate 45.

L. 24 port  commutator
Ei § Helix {336 cowolutions ; 2, 5" wire
38 4014 S.U. resistance
Iy
o 3 : ions; 2, 8" i
338 3 & Electro—Magnet 3200 cowvolutions; 2, Y viire
R §‘ 3 S 7563 S8.U. resistance .
% <L S § ,,,,, pomm T T
N %\ 2y . M.F in volts.
e -
e L
= (=] PR _ S _ S
A | M
! ! g .
1 | T
i 1 L+ 500 repolutions per| minute.
@ F—3 L S B - i . e e e - S —
i P
i /*’“75-
38— |
1
|
oo
=
/o e b R
N e \ B < I _— —
ya et Garrent in Electromagnet B Heveloped, is| outer cirenit T R ——
C 477 o S.U.vesistonce _in outer circmit
2 3¢ 4 5 6 7 8 10 1 12

Ne 11.

24 port commutotor
Helix <236 cowolutions; 2, 5w wire
+4014 S.U. resistance

in outer circuit

exbended.

5200 conolutions; 2, 8 v wire

1 - net
Electro-Mag {7-5@3 8.U. vesistance.

"

Horse Power totals developed

”
80 Crrent in Webers.
80 E.M.F. in volts

s 2 N *E.MIE in wlits.
e = -
1 600 revolutions per minute.
.
-
o %| 2 , ‘. - 4
/
/
/
& 8
g4
- sovbed.
ent in helice
(=} (=}
82 S
! P developed, in outer circuit.
ol L. e R :54 e T e ST A - & S.U. vesistance in o

cirenit .

West, Newman &C? sc. et imp.



Stenens. N 12 Phal. Trans. 188 0. Plate 46 .

i3
3 88
§ § § g . AEMF in volts.
38888
f¥x =TT 24 port commutator.
§ B § o K Helix {336 donwlutions; 2, 5" wire
477 3 R i -4014| S.U. resistance.
8 g b=} ) i
[ ! 3200 comvolutions, 2 8”’% wire
i S K Electro-M et s
& -G BN V7568 S.U. resistance.
700: revoludions| per minute.
BB ! St
A G i+ e (e
i
BB e
I —
----- Fo—eme—e L FP gbsorbed.
o T P developed.
[ o —
Current in helix
_\\%nt in outer circuit
g g I H— e
I, — A e T Elestro ot N2 dieveloped. in outer circuit .
]j,’ [ S - 9
3 i ¥ 3 S Ul resistance in outer circuit.

Ne 13.

R4 parts commuitator
Helix {336 conwolutions, 2, 5% wire
+4014- S.U. resistonce

in outer circuit

3
S
'§ .
iy
:% S § 3 Flectro ~Magnet 3200 convolutions, 2, 8”% wire
33 R R P absorbed 7-563 S.U. vesistance.
E .. " //",{_E._M.Eiw volts.
ﬂE § ; /" Current in helioc.
7
é N é & //',/ s : 1 Siewmens unit in outer circuit.
& , —* L S Total, EP. developed,
i 7 \
L "_ACwrrent in outer circuit.
s /
A /
BB A . //
. /
S // /, / S
///'/’ / J//
A y /
H (o] Q 7 . s B
T IR developed. in outer circnit
dilg g
& S--gl-
|
|
|
SR = Cwrrent in Electromagnet
R 0 a0 w0 0 50 700 750 8o sso  egp Tevolutlons per minute.

West, Newnzan & C? sc. ot imip.



Phil. Trans. 1880. Plate 47

Stemens.
N 14..
24 part commutator.
3 § Helix (386 convolutions; 2,5 M wire
§ § -4014 S.U. resistance.
Q
% o7 '
'§:§ § g Electto—Magnet 2240 conwolutions, 3o wire..
§ 2° 8 £ 446 S.U. resistance.
¥z 8 4
5 § N
N § F 500 revolutions per mirate.
9 H
[ I
i S oA
o — - S . S
i o J\; ___________ L= F.. ML F'. in volts.
i [ S
& °
F R
Q) Q)
) <,
|
af—t Q-8 i helios
e
IR labsorbed..
Total IP. developed..
g9
e Gurrent in outer ciratit.
i | IP. developed, in outer circuit.
i |
ol L1 | é.‘i U. resistamce in outer
cireuit.
NolGs.
3 o %: 24 part commutator
%—3 § ® Helix {336 convolutions; 2, 5 ”‘%w wire.
f Sy
3 § s 03 +4014- S. U. resistance.
e, 2
i 3 K 2240 lations; 3 fom Wi
N . . wire.
2 SR Electro -Magnet comvottions;
S o= § " 446 S.U. resistonce.
Y 5K o
@ » H -~
o £ .
£ .. 85 4 P
5 3 g
© S 700 revolutions per minute.
- R
sboosl g o el
i
i
i . > absorbedl
’ " Total IB developed.
A
ol of N Garrent b ouder  Circids.
8 !
S HY developed: i outer circuit.
Garvent inv Blectromagnet.
b g =
i
o= 3 4 M ¢ S.U. vesistance in onter circuit.
PR o

West, Neveman 2 C? sc. et imp



Stiemens. N°16E Phil. Trans. 188 0. Plate 4 8.

R4 part commutotor
Helix {288 cowolutions, 3 M"/yw wire.
27173 S.U. vesistance.

; o .
Flectro —Magnet 3916 conwvolutions, 2.5 /m/ wire
11-26. S.U. resistonce..

e outer CIreudt

ent in Webers

80 E.M. F. in volts.

Horse Power total developed
: expended

' i .
RN e
/”
e e
//
4
7
//
/
/
I
¥ - o
l’
/
/
o \
O I 4 A IR N
I R/ Y B
¥ N S | S R .S N S ==t bt
Y 2]
og- o i
Clrront in outer
IR e Srent in Electro Lot R T ——y ey
- Cu?w oy ; v i ? ’
. | i | Resistance in LJwtp/r ciretrit in SU.
3 3 5 § 8 5 T il

No1v. .

24 part commrtator.
.§' § Helix {288 convolutions, 3 Mo Wire
§ % <173 S.U. resistance.
2
N .
3 K 3916 convolutions; 2, & wire.
S %% S 8 Flectro-Magnet i "o wire
B § S 1126 S.U. resistance.
553 "
5
: i 660 revolustio :
& 3 g K 7revo ns_ per vuniite..
2 NN § & « Electromaotive. Force..
o . a
i g
oy BB
¥ GG |
Current in helix
I i < , o

!:," < Current i outer cireuits

[ S

’4;" / NP expendeds

[ ! if f./;""——"'m/ Totad FP. developed.

ol _o s
A ST I/ R i outer clraut
Currentr in Blectro magnet

ol -4 Resistance n outer circuit e S.U.

Wast Newmoar & C? se. et Gup.



Siemens. N°18 Phil. Trans. 1880. Plate 4 9.

'§ *,% 24 pourt conumutator
§‘ % Helix (288 cowolutions, 3 %v wire
,§§ 7 Flectromotive Force . 173 S.U. resistance.
, /
§ R 4 3916 convolutions, 2, 5 y wire
3 3° 3 7 Electro-Magnet P } o e
] §§ §> % A‘/ . . 1126 S.U. resistance.
8 /
5 I /
5 4o / . .
- g | I 820 revolutions per minute.
N 3 /
£ . é = i
a5 S
BB
P expended
o Sh-gh N Crrent in helix.
Total H developed..
Current in outer circuit
L P in outer circuit .
&
i
i
VoS
© L T , Resistance. i S.U. in outer circuit.
N°1G.
24 part commutator.
Helix {288 comvolutions, 3 W/,W wire
3 ) § 1173 S.U. vesistance-
3 . .
5.3 3916 lutions, 2, 5
§ 8 é ; EleCtro-MaLgnet convo or'ms 5 ’W%w wire
3 F§ 5 . 11-26 S.U. resistance.
33 ‘§ ] .§ :
N
3 §S g N I eoc]oandcd/; 1 8. U. resistance. in, outer clrcwit.
kS
9 . RS
2
R /'{ A Electromotive Torce.
b Pt v Al Curvent ine helia.
é : a § M /,/:‘"
T © *,5’/-/ Carrent iw outer circuit
o S = . o -7
H o
| | -
i |
| L Totol IR developed.
! ¥, b
y*" S
/}P developeds in ouker circuit.
) 8
| Y
‘ 2 |
o o |
] o o H
H i
|
] |
U o
;//‘ e
“ |
T 500 ) 800 a00 Frevolutions .

Wost, Newsmoin & C¢ ol fmp.



Sientens. Ne 20 Phil. Trans. 18 80. Plate 50,

"§; *§ 24 part commautotor.
§ 3B Helix {288 conyolutions, 8™ wire,
3 N 173 S.U. resistance.
3 33 % § E]ectro-Magnet 38200 Corxwol.uaotjus, 2,8 % wire.
~§ e 8 3 ya 7-563 S.U. resistorce.
=SS ~ Electromaotive Force.,
€ 2 s 3 710 revolutions per minute.
5 M
9 [N
.. 5 %
i S oH
v B
« gt s Cuprrent in helioe
R excpended
Total EP. developed
Current in outer circuit
a4
IR developed. in outer circuit
&K
1
i
1
= -+ Carrent in, Electromagnet
i
o S Resistance v S.U. in outer circuit.
Ne 21.
R4 part commutator
P§ ‘§ Helix (288 convolutions, 3 W‘fwv wire
§ X 173 S.U. resistance.
.9
I . . .
3200 conwvolutions, 3
%é % p FElectro-Magnet rotions %Wwe
S5 & 7-563 S.U. resistance..
i 8
< S5 RS 1 8. 1. resistance in outer civcuit.
3 8 R I
g 2. R
4 8K . Carpit in helice
b £ S: _ 7 Blectromotive Force
5 == 3 2 P2l
I o d ’ P JFP. ehpended
“ . /’; - L Curdent in outer circuit.
% 7
5 /,7
//';/ / P Total I developed..
3 Gl - /// 7 . - .
/ ) / g
P4 . 7/
yd a4
S8 4 “ o o Rn outer circnit.
/ S
L /," //,x
A - L
. / L
/& Py pras
i // 7
! A
ey a
7
) ’/
!
!
! .
e 400 500 600 700 800 500 [revoluttions .

West. Nevimar & (¢ sc. ot imp.



Siemens. Ne 29 Phil. Trans. 1880. Plate 51.

24 part commutator

'§ g Helix (288 covolutions, 3 " wire
o 3 ‘173 S.U. reststance.
9
2556 Lutio 3 L
g § § Electro-Magnet conotutions % e
g ,.S § 4-46 S.U. resistasce.
Ig: £ 4 '
§ kS 2 - 690 revolutions per minute.
== I Electromotive Force.
9 1 ye
sl < 3} Vi

-FP. eacpendeds

Totad H> developed.
Carrent ins owter civeuit

~+ FP. in outer circuit.

20

Currents in Electromagnet.

10

8. U. Resistance in outer circunit.

R4 part commntotor
Helix {288 conwlutions 3 ""%W wire
778 S.U. #esistonce.

‘ 556 fons, 3 ;
Electro-Magnet © Comomﬁls' e wire
446 S.U. resistance.

n outer Circuit

1 5.U. resistarnce in owter circuit.

P Current in Heliz.

/" * Electromotive Force,

5 Horse Power totald developed..
expendeds

0 Qurrent in Webers.
50 g M. F in volts

L Cunrtent iw outer clrewit
* gl-gl— _ Totdl 2. developed..
‘ ///
(=] Q.
BB
L . iin outer clrcuit
N T (R R R W « Curdent i Electromagnet
e el
© 400 500 500 a0 s ST Revolutions

Wast, Newnman & G2 sc. ¢t imp.



LIST OF ILLUSTRATIONS.

Plates 84 to 38.—Professor OWEN on some Remains of the Gigantic Land-Lizard from
Australia.

Plate 39.—Professor OWEN on the Ova of the Echidna Hystrix.

Plates 40 to 51.—Dr. C. W. SteMENs on the Dynamo-electric Current, and on Certain
Means to Improve its Steadiness.

Erratom.

Page 1071, for Plates 40-52, read Plates 40-51.
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