
Figure 74.—The Siemens and Halske alternator

with external exciter, as shown in Vienna

Exhibition of 1873. From A. Thomalen,

"Zur Geschichte der Dynamomaschine,"

Beitrdge z.ur Geschichte der Technik und Industrie,

1916, vol. 7, p. 149.

Figure 75.—The Siemens and Halske dynamo

of 1876. Fronn J. Dredge, Electric Illumina-

tion. London, n.d. (about 1882), vol. i, p.

280.

Table 4.

—

Shoolbred's comparison of three models of the Siemens machine and three models of the Gramme

type d'atelier, 1878.

Machine and modei R.p.m. Candles

Hp. to

drive

Candles!

Hp. Weight Cost{£)

Siemens, Model A 850 1200 2 600 250 70

Siemens, Model B 650 6000 4 1500 375 112

Siemens, Model C 360 14000 8 1750 1150 250

Gramme, Model M 1600 2000 1.5 1333 150 70

Gramme, Model A 900 6000 2.5 2400 375 100

Gramme, Model C 700 15000 5 3000 800 300

Table ^.—Evaluation of the Siemens and Gramme dynamos at Chatham, England, in iSyg.

Machine and model R.p.m. Candles

Hp. to

drive CandleslHp.

Cost Efficiency

(£) (%)

Siemens, Model B, two 680 19140 13.4 1430 244 73

Gramme, Model A, two 875 18300 9.6 1920 160 88

Gramme, Model C 1200 19500 9.5 2050 240 85

Gramme, Model D 500 27500 15. 1 1820 360 89

Gramme, Model D 475 22500 12:7 1770 360 88
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Figure 76.—Details of the Siemens and Halske dynamo of 1876. For clarity,

the brushes have been omitted in the drawing. From R. W. H. P. Higgs

and J. R. Brittle, "Some Recent Improvements in Dynamo-Electric

Apparatus," Minutes of the Proceedings oj the Institution of Civil Engineers, 1878,

vol. 52, pp. 36-98, pi. I.

of the Gramme dynamos is quite close to that of the

Siemens dynamo as measured by Hopkinson and

others.

Up to this point, three-quarters of the way through

the 19th century, the electric light was possible,

but it was not very practical commercially. Serrin's

regulator could be used but it was so delicate that

adjustment was difficult, and it was both mechanically

and electrically complicated. Only one arc lamp

could be used as a load in the circuit of the generators

then in use; to place two regulators in the same

circuit would, in effect, prevent either one from

working. Moreover, the arc light was too bright

for any purpose other than illuminating large areas,

some means had to be found of "subdividing" it so

that the brilliancy of a single arc lamp in a single

circuit could be spread over many lamps of weaker

intensity in the same circuit. Practical electrical

generators had been invented, but the initial expense

of plant installation—which was that of a gas or steam

engine plus the electrical generator and the other

electrical equipment that could only be used for a

single light—was prohibitive for ordinary purposes

(figs. 78, 79). Some means had to be found whereby

such a large capital investment could be used for a

number of lights that would be of lesser intensity than
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Figure 77.

—

a. Brushes and commutator; b, armature connections, and c, output regulator

for the Siemens and Halske dynamo of 1876; d, e, views of a Siemens and Halske motor of

the same date with a permanent magnet field and drum armature. From R. W. H. P.

Higgs and J. R. Brittle, "Some Recent Improvements in Dynamo-Electric Apparatus,"

Minutes of the Proceedings oj the Institution of Civil Engineers, 1878, vol. 52, pp. 36-98, pi. i.

the current form of the arc light and that would all be

on the same circuit. This was the problem of the

subdivision of the electric light.

The first significant step towards the solution of

this problem was made by a Russian military

engineer named Paul Jablochkofr.'"^ He had retired

w* "JablochkofT," La Grande Encyclopidie, Paris, n.d., vol. 20,

p. 1152; Electrician, London, 1894, vol. 32, pp. 663-664.

from the army in order to devote himself to the in-

vention of an electrical light and decided to visit the

Philadelphia Centennial Exposition of 1876. How-

ever, he tarried in Paris in order to visit Breguet's

electrical shop, where both Gramme dynamos and

Serrin regulators were constructed; and he was so

fascinated by what he saw that he never finished his

journey. Instead, he found employment at Breguet's
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Figure 78.—Mobile arc-light unit,

using a Gramme generator. From
Chro7}ique de rindustrie, 1879, p. 93.

Figure 79.—Arc light on HMS ,.

Thunderer. From La Lumiere elec

trique, October 1882, vol. 7, p. 347
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shop and stayed there for a number of years. After

patenting a novel kind of electromagnet, he turned

to the electrical lamp, and the innovations he in-

troduced gave a tremendous impetus to the com-

mercial application and exploitation of the dynamo.

Jablochkoff found a means of producing a carbon

arc that regulated itself without the use of any

mechanism. 1°^ He based his lamp (called a "candle")

on the circumstances that if two carbons are placed

side by side and parallel to one another, and so close

that an arc could form at the ends, it would continue

to burn until the carbons were entirely consumed.

An insulating material—first kaolin and then a

mixture of barium and calcium sulphates—was used

to separate the two electrodes. The role of the spacer,

called a "colombin," is not clear; apparently it

provided some of the glow, and perhaps it reduced

the voltage necessary to maintain the arc. Direct

current was first tried, but since the positive electrode

in an arc burns twice as fast as the negative, alternatmg

current was used to make both burn at an equal rate.

Each "candle" provided a light equal to that from

200 to 500 standard candles, depending on the

generator and the particular circuit (fig. 80).

With this device, Jablochkoff solved two of the

problems of the subdivision of the electric light

—

that of placing several lights in the same circuit and

that of reducing the intensity of the arc light. Al-

though the "candles" flickered somewhat and only

lasted for one or two hours, the light was whiter and

brighter than that from gas, and it was not as blinding

as that from the ordinary arc light. As used in an

onyx globe (fig. 81), it gave a broad and diffused glow

that seemed to have been occasionally on the pinkish

side. Since there was no mechanism to be con-

stantly fluctuating in the circuit and causing unstable

operation of the other lamps, several "candles" could

be placed in a single circuit. To further increase the

subdivisibility of a circuit of electric "candles,"

Jablochkoff first tried to use condensers and then

'»» French patent 112024 (filed March 23, 1876; additions,

September 16, October 2, October 23, November 21, 1876,

March 31, 1877, March 11, 1879); British patent 3552 (Sep-

tember 11, 1876); L. Denayrouze, "Sur une Nouvelle Lampe
electrique imaginee par M. Jablochkoff," Comptes rendus,

1876, vol. 83, pp. 813-814; Du Moncel, op. cit. (footnote 80),

vol. 5, pp. 472-475, 515-518; Engineering, 1878, vol. 26, pp.

125-127; William E. Langdon, "On a New Form of Electric

Light," Journal of the Society oj Telegraph Engineers, Xfill , vol.

6, pp. 303-319.

T

.^"v*u

Figure 8o.—U.S. Patent Office model of the

Jablochkoff candle. {VSNM 252646, Smith-

sonian photo 8899-^.)

PAPER 30: DEVELOPMENT OF ELECTRICAL TECHNOLOGY IN THE 19TH CENTURY: III 395



Figure 8i.—Drawing of the Jablochkoff candle, candle holder, and onyx

globe. As each candle was consumed, another of the four candles in the

base was manually switched into position. From Review induslrielle, June 5,

1878, p. 223.

^^f.^U \l^

transformers (fig. 82) in the circuit, but he found no

definite advantages."" The primaries of the trans-

formers were strung in series in the circuit of the

generator and the "candles" were similarly placed in

series in the secondaries of the various transformers.

The Jablochkoff "candle" made possible the first

electric illumination on a broad commercial scale.

"" L. Denayrouze and P. Jablochkoff, "Divisibilite de la

lumiere electrique," Comples rendus, 1877, vol. 84, pp. 750-752;

P. Jablochkoff, "Application des bouteilles de Leyde de

grande surface pour distribuer en plusieurs points Teffet du

courant d'une source unique d'electricite avec renforcement

de cet effet," Comptes rendus, 1877, vol. 85, pp. 1098-110;

Bridsh patent 1996 (May 22, 1877); French patent 120684

(October 11, 1877; addidon, October 12, 1878); Engineering,

1881, vol. 32, p. 391.

Figure 82.—Circuit diagram showing how
Jablochkoff used transformers for the sub-

division of his electric lights. From Engi-

neering, October 14, 1881, vol. 32, p. 391.
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Figure 83.—The interior ol the Hippodrome in Paris as lighted by Jablochkoti candles. From

E. Alglave and J. Boulard, The Electric Light, translated by T. Sloane, New York, 1889,

p. 104, fig. 66.

i Figure 84.—Avenue de I'Opera in Paris as illuminated by Jablochkoti' candles in 1878. From I

La Lumiere electrique, 1 881, vol. 4, p. 186.

614S19—62 5
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Figure 85.—The JablochkofiF system of electric ligiiting as applied in London in 1881
.

Auto-

matic switches connected another candle into the circuit when one burned out. From

Engineering, September 23, 1881, vol. 32, pp. 300, 301.
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Fig.2
. Coupe b-ansversale et Pi-ofil.

gramme li cawaats alternntifs noaveoM..

I

^
^

Figure 86.

—

On facing page and above: Gramme's alternator of 1878 for a 4-circuit JablochkoflF

candle system, with four candles per circuit. The current for the rotating field was supplied
by a separate type d'atelier e.xciter. From Revue industrielle, June 5, 1878, pp. 226-227, pl- I2-

Figure 87.—Gramme's self-e.xcited alternator

(1880) for the Jablochkoff candle system.

From Revue industrielle, February 11, 1880,

P- 53-
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Coupe loa^iLudinale

Plan.
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Coupe Iransversale

]3arlabobiae a couraiit coutiiiu .

Coujje UMusversale

parJa bobme a couraat alternaU'f

Vueducole de 1' excUairice .

C-fu _j

jig

Vue (ill cote de la Poulie

Figure 88.

—

On facing page and above: Details of Gramme's self-excited alternator of 1880.

From Revue industrielle, February 1 1, 1880, pp. 56-57, pi. 3.
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Figure 8g.—Siemens' alternator (left), and separate exciter, for use in a Jablochkoff candle

system. From J. Dredge. Electric Illumination, London, n.d. (about 1882), vol. i, figs. 272,

273-

In April 1877, 16 of the "candles" were placed in the

Grands-Magasins du Louvre in Paris. The Parisian

Hippodroine followed a short time later with a system

that included both Serrin regulators and Jablochkoff

"candles"; however, this system was installed by

Hippolyte Fontaine instead of JablochkofF's Societe

Generale d'Electricite (fig. 83). Electric illumina-

tion moved from the laboratory to the stock market

when the A\'enue de FOpera and the Place de FOpera
were lighted by 62 of these new devices in May 1878

for the Paris Universal Exhibition of 1878 (fig. 84).

The grand total of soine 300 "candles" along the

boulevards and in public buildings made apparent

to all the newest of the wonders of electricity; ac-

cordingly, the price of gas stocks dropped 10 percent.

In December 1878 the Municipal Council of Paris

decided to try the "candles" for public illumination,

in competition with gas, for one year.'"

"1 Les Mondes, 1877, vol. 42, pp. 709-710; 1879, vol. 48,

pp. 221-222; Engineering, 1877, vol. 23, pp. 366, 384-385;

1878, vol. 26, pp. 24, 479; 1879, vol. 27, pp. 104-105, 415;

La Lumiere eleclriqne, 1880, vol. 2, pp. 229-230, 301-305; 1881,

vol. 4, pp. 185-188; Revue industrielle, 1877, p. 369; Fontaine,

op. cit. (footnote 19), pp. 215-216; Defrance, op. cit. (footnote

2).

London imitated the example of Paris a short time

later. After trying the Jablochkoff system on an

experimental scale at Billingsgate Market, in Decem-

ber 1878 the municipal government installed 20

"candles" along the Thames Embankment and 16

along the Holborn Viaduct; they were placed about

50 yards apart. The system proved to be so satis-

factory that, in May 1879, 20 more "candles" were

added along the Embankment, and in October of

the same year 10 were placed on Waterloo Bridge.

By 1880 subdi\-ision of the electric light had proceeded

to the point that a single central power station at

Charing Cross fed over 75 "candles" in one system

that extended 1 mile northeast along the Thames

Einbankment to Waterloo Bridge and Holborn

Viaduct and in another that extended 1 mile south-

west to Victoria Station."- The mechanical and

electrical details of the system were further refined

during the following year (fig. 85).

"'Engineering, 1878, vol. 26, pp. 494; 1880, vol. 29, p. 268;

Revue industrielle, 1880, vol. 9, p. 148; Berly, "Notes on the

Jablochkoff System of Electric Lighting," Journal oj the Society

of Telegraph Engineers, 1880, vol. 9, pp. 135-161.
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Figure 90.—Two views of Siemens' self-excited

alternator of 1882. From J. Dredge, Electric

illumination, London, n.d. (about 1882), vol.

I, figs. 274, 275.

At first the Alliance machine was used to supply the

power, and this allowed the now rather moribund

Societe I'Alliance to continue its existence. However,

it was soon found that the Gramme generators were

more efficient."' In addition, with his usual in-

genuity, in 1878 Gramme devised alternating current

generators for 4, 16, and later 32 "candles" (fig. 86).""'

One type d'atelier dynamo was used to provide the

current for the electromagnet field coils of one or

more alternators. These last had a rotating field,

with 8 radial poles, and a stationary armature.

The coils were grouped on the stator so that a number
of circuits (normally with four "candles" per circuit)

could be taken off a single alternator. Each "candle"

provided about 100 Carcel units, and, as the following

tabulation shows, each consumed about 1 hp.:

Cost

Candles

Length/width/

height {cm.)

Weight
(kg.) R.p.m. Hp. (£) (francs)

16 89 X 86 X 78 650 600 16 400 10. 000

6 70 X 40 X 52 280 700 6 200 5,000

4 55 X 40 X 48 190 800 4 100 2,500

i« Les Mondes, 1877, vol. 42, pp. 346-347; vol. 43, p. 779.

11* French patent 120649 (October 23, 1877; additions,

December 3, 1877, and September 1, 1879); British patent

953 (March 9, 1878); Revue industrielle, 1878, vol. 7, pp. 222-

224; Engineering, 1878, vol. 26, pp. 63-66; 1881, vol. 32, pp.

251-253, 275-277, 299-302, 326-329, 353-355; Fontaine,

op. cit. (footnote 19), pp. 161-166.

Two years later, in 1880, Gramme devised his

machine auto-excitatrice, which combined both the

alternator of 1878 and a 4-pole dynamo within a

single frame (figs. 87, 88)."-' Two sizes were manu-

factured—a small model weighing 280 kg. and re-

quiring 4 hp. to supply 12 "candles," and a large

one weighing 470 kg. and requiring 8 hp. to supply

24 "candles." The light from each "candle" was

from 20 to 30 Carcel units. Apparently this machine

auto-excitatrice was not patented.

The Siemens dynamos also were used in the Jabloch-

koff system to e.xcite the Gramme alternator. How-

ever, it was not long before the Siemens firm had

designed its own alternator (fig. 89) and had a Paris

agent who supplied it in quantity. The construction

of the Siemens alternator was essentially that of the

VVoolrich machine, with electromagnets substituted

for the permanent magnets and with a disk armature

rotating between two stationary rings of electromag-

nets."" Depending on the size of the machine, there

^^' Revue industrielle, 1880, vol. 9, pp. 53, 56-57: La Lumtere

Uectrique, 1880, vol. 2, pp. 88-89; Engineering, 1880, vol. 29,

p. 136.

"6 German patents 2245 (March 9, 1878) and 3383 (April 3,

1878); French patents 123307 (March 20, 1878) and 12479

(May 27, 1878); British patent 3134 (August 8, 1878); La

Lumihre electriquc, 1879, vol. 1, pp. 25-26; Engineering, 1879,

vol. 27, pp. 181-182.
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Figure 91.—Central station of Ja-

blochkofF electric light system ( 1 880)

for illuminating an exposition of

paintings in Paris. From La Lu-

miere electrique, June 15, 1880, vol.

2, p. 228.

were 8 or 1 6 electromagnets in each of the stationary

rings and in the disk armature. The alternator was

constructed in three sizes—4-, 8-, and 16-light

machines that, with their exciters, required, respec-

tively, 4, 7, and 13 hp. The smallest machine was

cited as providing a light of 300 candles from each

of the four "candles." The Siemens firm also manu-
factured a self-excited alternator (fig. 90).

For a while it seemed as if the JablochkofT system

might be the solution to the problem of the electric

light. During the next few years its application

expanded quite rapidly; in addition to its use in

cities (figs. 91, 92) it was utilized to light the cabins

of ships. But the sudden rise of this new device came
to an almost equally as sudden halt as more economic

means of subdividing the electric light were developed.
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