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Letters
While reading Anders Clausager’s
interesting article on the British
Horsepower Tax in AHR 56, the
thought running through my mind
was the extent some small capacity
six-cylinder engine designs were
influenced by this fiscal tax.

This is particularly relevant as
Anders pointed out about narrow
bores limiting the amount of room
for valve sizing and breathing.
Assuming a desire to maintain a
narrow bore with the same engine
capacity between a four- and a six-
cylinder engine, the six only com-
pounds the head congestion. Yet
you had the likes of high output
six-cylinder OHC engines found in
MGs such as the Magnette with
only 1271 cc. The bore remained
narrow at 57 mm with a long
stroke of 83 mm. But at the other
extreme you had the OHC 4 ½-litre
Bentley with a bore and stroke of
99 mm x 140 mm with only four
cylinders.

One can understand that if the
longer-stroke engines were not as
smooth as their short stroke equiv-
alents, the inherent balance of a six

would have encouraged the many
small-capacity sixes found in the
UK. Alternately W. O. Bentley cre-
ated a durable thumper that did not
shake itself to pieces in spite of a
capacity of over a litre per piston.

Either way I would appreciate
hearing from Anders whether the
Horsepower Tax influenced the
number of small capacity six-cylin-
der engines in the UK and if not,
what other factors were in effect.

LOUIs F. FOUrIE

WEsT VAnCOUVEr, BC 
CAnAdA

Anders Clausager responds: It is a
while ago that I wrote this article,
and it was to some extent based on
the argument from my degree dis-
sertation of 1999, but I am delight-
ed to learn that it finally got into
print, and I shall look forward to
receiving a copy of AHr 56. In the
article, I did not go into much
detail about the so-called "pint-
sized" sixes, but I do so in my forth-
coming book on Wolseley, since
the 1930 Wolseley Hornet was a
prominent example.
Small six-cylinder engines of the

1920s and 1930s were mostly a
British phenomenon, but were also
occasionally seen in France
(Mathis, Renault), Germany
(BMW), and Italy (Alfa Romeo,
Fiat). A six cylinder engine will typ-
ically run more smoothly at low
rpm and will have better torque
characteristics than a four (espe-
cially if aided by a long stroke), so
they are more refined and flexible.
You can do more driving in top
gear and do not have to change

gear so often, which I believe was
the main reason why they became
popular, at least in Britain. With
the introduction of flexible engine
mountings in the 1930s, four cylin-
der engine characteristics were
effectively improved, and at the
same time, gear changing was
made easier by synchromesh.
The problem that faced British

designers was how to find the best
compromise between adding two
extra cylinders and the need to
keep the bore small because of the
horsepower tax, since (as I think I
show in the article) for two engines
of the same capacity and the same
bore/stroke ratio, the six-cylinder
will have a higher horsepower rat-
ing under the RAC formula than a
four-cylinder.
Many of the small sixes in

Britain were based on existing
eight hp four-cylinder engines with
a bore of maximum 57mm (nearly
2.25  inches), and with strokes of
between 75mm and 100mm (say 3
to 4 inches), giving capacities of
750cc to 1000cc for the  eight hp
fours, and thus 1125cc to 1500cc
for the corresponding twelve hp
sixes. The bore/stroke ratio was
typically around 1.5. If the engine
was of 57mm by 90mm, capacity
would be 918cc for an eight hp
four (the Morris Eight) and 1378cc
for a twelve hp six (the Morris Ten-
Six, or the later Wolseley Hornet).
By contrast a four-cylinder engine
of 1378cc could be rated at just
ten hp, and so would cost 20 per
cent less to tax, £10 rather than
£12 per year.

continued on page 38
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A
t the end of the 19th century and beginning of the
20th century it was unclear which type of technol-
ogy would prevail as the propulsion system for the

automobile. Vehicles powered by internal combustion
engines competed with vehicles that were steam driven
and electrically driven for the attention of the buyers of
the so-called “horseless-carriage.” 

By midway in the first decade of the 20th century,
though, the relative position of electric vehicles in the
United states automobile industry was becoming clear.
United states Census of Manufacturing data in Table 1
show that in 1904 electric vehicles accounted for only
6.57 percent of automobile production in the country.
By 1914 that figure had dropped to 4.4 percent and by
the end of World War I less than 0.2 percent of the auto-
mobiles produced in the U.s. annually were electrically
powered. However, in spite of their relatively small
share of the automotive market, for about a quarter cen-
tury the electric vehicle manufacturers competed aggres-
sively with each other and with gasoline and steam–
powered vehicles for the attention of consumers.

Among the firms that competed in the electric vehicle
industry in those early years were the Baker Motor
Vehicle Company and the rauch & Lang Carriage

Company, both of Cleveland, Ohio. Baker and rauch &
Lang were only two of the twelve electric vehicle manu-
facturers that existed in Cleveland in the 1898 to 1920
period (Wager, 1975). However, within the local
Cleveland industry and the broader U.s. electric vehicle
industry, which, according to Handy (2006), had an esti-
mated 88 firms prior to 1940, Baker and rauch & Lang
came to occupy significant and at times leading posi-
tions.

The experiences of the Baker and the rauch & Lang
firms and their ultimate merger to form the Baker r & L
Company (occasionally but not correctly referenced as
Baker, rauch & Lang Company) are the topic of the
research presented here. Therefore, the focus of the
research is relatively narrow. While some description
will be given to the specific products of the firms and
how those products evolved through time, the primary
emphasis of the research has been on the structure and
operations of the two companies individually and then
in their merged state. Likewise, existing research on the
full scope of the electric vehicle industry by authors such
as Kirsch (2000), Mom (2004), and schiffer (1994) is
drawn upon to put the position of the Baker and rauch
& Lang firms into perspective. 

The Historic Electric
Vehicle Industry: 

The Case of Baker and Rauch & Lang

By Robert R. Ebert, Ph.D.
Photography and ads from the author’s private collection unless otherwise noted  

Fig. 1: Looking like it was beamed in from a 1950s-era Bonneville Speed Week, the electric-powered Baker Torpedo Kid (#999) lines up
with its contemporaries in 1903. Photo courtesy of the Western Reserve Historical Society. 
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One of the constraints in researching the Baker and
rauch & Lang firms is the lack of substantial primary
source material on the firms other than product litera-
ture. stock in both Baker and rauch & Lang was closely
held. As a result, regular detailed public disclosure of
their finances, including sales and earnings, did not
occur. reported production data, when available, often
are of a general and rounded nature. Here, where a few
primary sources have been uncovered they are utilized.
In the absence of such materials, the technique of getting
as close to the primary sources as possible through
examination of published contemporary news and simi-
lar materials is employed.  

The thesis of the examination of the Baker and rauch
& Lang firms is that the nature of the products made by
those two firms, individually and, later, in their merged
state, was such that long-term survival as automobile
manufacturers in the first quarter of the twentieth centu-
ry was all but precluded. It is argued that the fundamen-
tal economics of the automobile industry, the prefer-
ences exhibited by consumers, and the lack of support-
ive infrastructure for electric vehicles contributed to the
demise of Baker r & L as a viable automobile maker.

Analysis of the Baker r & L firm begins with profiles
of the two firms, Baker and rauch & Lang, individually,
as independent firms prior to their merger. The analysis
will then proceed to discuss the purpose and effects of

the merger, the competitive conditions confronted by the
Baker r & L Company, and its response to the way in
which the automobile industry was evolving by the end
of the second decade of the 20th century. summary time-
line histories of the firms are shown in Tables 2 and 3.

The Baker Motor Vehicle Company
Walter C. Baker was born in 1867 in Hindsdale, new
Hampshire and moved to Cleveland, Ohio with his par-
ents in 1871. His father, George W. Baker, with Thomas
W. White and rollin C. White (the Whites were not
related), developed a sewing machine and organized the
White Manufacturing Company, parent of the White
sewing Machine Company, in Cleveland (sommerlad).
rollin White later developed both steam and gasoline
powered automobiles that led to the creation of the

Table 2: The Baker Motor Vehicle Company–A Profile
1897: Walter Baker built an electric automobile.
1898: Baker Motor Vehicle Company was founded and an electric buggy was launched.
1899: Two-passenger runabout produced. Thomas Edison bought the second one produced.
1900: Baker Motor Vehicle Company moved to a new factory on East 69th street in Cleveland from its original factory on East 65th street.
1902: Walter Baker appeared in fatal speed trials with the aerodynamic electric Torpedo.
1903: Walter Baker crashed the new Torpedo Kid electric racer, ending his racing career.
1905: Baker had sales of 400 cars. 
1906: A new Baker plant on W. 80th street in Cleveland was completed. Production totaled 800 units in 1906 and the firm advertised it
was “the largest electric vehicle maker in the world.”
1907: Baker started a light truck department.
1909: Baker put shaft drive into all of its models.
1910: Baker claimed sales of 1,000 cars. Also, Baker opened a new sales and service branch at E. 71st street and Euclid Avenue in
Cleveland in what was then the most fashionable and exclusive part of Euclid Avenue. 
1912: A Police Patrol Wagon was added to the Baker line.
1913: steering wheels were made optional on Bakers. Tiller steering had been standard.
1915: Baker merged with rauch & Lang Carriage Company to form Baker r & L Co. Also, the r. M. Owen Company of new York, manu-
facturer of the Owen Magnetic automobile, was purchased.
1916: The Baker name was retired for passenger cars.
Sources: Mom, G. (1904). The Electric Vehicle; Baker 1898-1915,  http://earlyelectric.com/carcompanies.html; Wager, r. (1975). Golden
Wheels; Poor’s Manual of Industrials, 1916.



White Motor Company (Wager, pp. 53 and 205).
After graduating from Case school of Applied science

(now Case Institute of Technology of Case Western
reserve University), Walter Baker worked for the White
sewing Machine Company and one of its subsidiaries,
the Cleveland Machine screw Company. While at the
latter firm, Baker became interested in the development
of steel ball bearings, an interest that he maintained
throughout his life. In 1895, Baker formed the American
Ball Bearing Company which, in time, made axles and
other parts for automobile manufacturers such as
Cadillac, Packard, Pierce Arrow, Lozier, Peerless, Ford,
and Mercer (Wager, p. 205). 

In 1897, Walter Baker and Frederick C. dorn, treasur-
er of American Ball Bearing Company, experimented
with the building of an electric automobile. Their suc-
cess led to the organization of the Baker Motor Vehicle
Company in 1898 with dorn as president and Baker as
vice president and mechanical engineer. In time, though,
Baker’s primary interest continued to be in the ball bear-
ing industry and he relinquished his official positions at
the Baker Motor Vehicle Company in 1906, although he
maintained a financial interest in the firm (Wager, pp.
205-206). 

Before leaving active management of the Baker Motor
Vehicle Company, however, Walter Baker made a num-
ber of important contributions to the development of the
company. He oversaw the establishment of the firm’s
first factory on East 65th street in Cleveland, then its
move to a new plant on East 69th street in 1900, and
ultimately to the company’s permanent location in 1906
on West 80th street at Baker Avenue on Cleveland’s

west side (Cleveland Plain Dealer, 1978). 
In its 1908 catalog, Baker boasted that the West 80th

street factory was largest in America devoted to building
electric cars. In 1910 the Baker Motor Vehicle Company
established a luxurious corporate showroom at East 71st
street and Euclid Avenue (O’Malley, B1).

The first Baker automobile was an electric buggy with
a ¾-horsepower motor and batteries with ten cells and
chain drive to the rear axle. Baker claimed a driving
radius of 20 miles for the car on good roads and favor-
able conditions. In the process of developing the electric
car and its reliability, Walter Baker and Thomas Edison
became friends which resulted in Edison becoming
among the first to buy a Baker Electric car (Wager, p.
206).

Among the innovations that Walter Baker introduced
in his early cars was a shaft drive that replaced the chain
drive in transmitting power from the motor to the wheels.
The first rear axle bevel gear was shown by Baker at the
first automobile show in Madison square Garden in new
York City in november 1900 (Wager, p. 206). Baker
advertising in 1911 reported that the company began
putting shaft drive in some of its production cars in 1903
and that by 1909 chain drive had been completely aban-
doned. In 1909, the New York Times reported that near-
ly all gasoline automobile manufacturers had abandoned
chain drives in favor of the bevel shaft drive because of
its simplicity, cleanliness, and absence of lost motion
and gave credit to Baker for having invented the feature
(New York Times, november 28, 1909, p. s4). Baker ads
in the 1911-1912 era frequently had the statement “The
car that brought them all to shaft-drive.”
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Fig. 2: The 1902 Baker Torpedo at speed. Photo courtesy of the Western Reserve Historical Society. 



The Baker shaft drive innovation resulted in both imi-
tation and the accusation of patent infringement by other
automobile manufacturers. Baker General Manager Fred
r. White attributed the development of the shaft drive to
the firm’s chief engineer, Emil Gruenfeldt. In comments
made in 1911 regarding a patent infringement suit that
Baker filed in several United states courts in september
1909 against a number of competitors, White said:
“several of these competitors are now offering shaft-driv-
en constructions which do not closely imitate the epoch
marking work of Gruenfeldt; but others have quite
recently so closely imitated our various models that the
layman can hardly distinguish the pioneer from the
pirate” (The Plain Dealer, september 10, 1911, p. 14).
Among the firms sued was rauch & Lang and specula-
tion exists that the merger of Baker and rauch & Lang in
1915 was, at least in part, to settle the allegations of
patent infringement (see, for example, http://earlyelec-
tric.com/carcompanies.html).

In its early years, as the Baker Motor Vehicle
Company electric automobile business developed,
Walter Baker engaged in activities that were designed to
promote the product. For a short time building electric
racing cars was an important part of that product–promo-

tion activity. In 1902, Baker designed an electric racer
with a twelve horsepower Elwell-Parker Motor that had
an angle iron frame with a light torpedo-shaped super-
structure of wood and canvas. Electricity to power the
racer was furnished by 40 cells of Gould light-weight,
lead-zinc accumulators organized into eight crates in the
3000 pound vehicle named The Torpedo (Fig. 2). At an
Automobile Club of America speed trial on staten Island
on Memorial day, 1902, the racer covered the first six-
tenths of a mile in 36 seconds, but then went out of con-
trol on the uneven roadbed and plunged into the crowd.
Although the two occupants of the racer were unhurt,
unfortunately, two spectators were killed and a half
dozen others seriously injured (Scientific American, June
14, 1902).

In 1903, Walter Baker again attempted to set a speed
record with  The Torpedo Kid (Fig. 1), a single–seat elec-
tric race car powered by a ¾-horsepower electric motor
of the same type used in production Baker electrics of
that time. In september 1903, Baker drove The Torpedo
Kid (with number 999) to record-breaking speeds for two
to ten mile distances at Cleveland’s Glenville Track.
However, in races for electric cars later in the day he
crashed into a Waverly Electric auto. That ended Baker’s
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Table 3: The Rauch & Lang Carriage Company/Baker R. & L.–A Profile
1853: Jacob rauch opened a blacksmith shop on Columbus road in Cleveland. 
1860: Jacob’s son, Charles, opened a second shop on Pearl st. (later named West 25th street) in Cleveland. Carriages and wagons now
were made from the two shops.
1884: Charles E. J. Lang, a local real estate investor, became a partner in what became the rauch & Lang Carriage Company. A four story
factory was leased on Pearl road.
1904: Prototype rauch & Lang electric automobile was built.
1905: First production year for rauch & Lang electric cars with 50 being built.
1908: rauch & Lang built about 800 cars.
1909: rauch & Lang production reached about 1000 electric automobiles. The rauch & Lang factory doubled its capacity. The salesroom
was at 627 superior Avenue in Cleveland.
1912: Production declined to an estimated 600 cars, about half equipped with a new rauch & Lang feature, worm drive.
1914: rauch & Lang introduced bevel gear transmission on some cars in place of worm drive.  Also offered were choices of lever or wheel
steering.
1915: rauch & Lang Carriage Company merged with Baker Motor Vehicle Company to form Baker r & L Company. The company also
built the Owen Magnetic automobile. Company products sometimes are incorrectly referred to as Baker-raulangs, although both Baker
and rauch & Lang cars were being built.
1916: The last year for Baker automobiles.  The rauch & Lang models were continued.
1919: Baker r & L built about 700 cars and was making closed bodies for other automobile manufacturers. The company was reorganized
into two divisions – one making electric industrial trucks and the other making auto bodies.
1920: Baker r & L electric car business sold to the steven-duryea Company of Chicopee Falls, Massachusetts, which continued limited
production of the rauch & Lang automobiles until the late 1920s.

Sources: Mom, G. (1904). The Electric Vehicle; Baker 1898-1915,  http://earlyelectric.com/carcompanies.html; Wager, r. (1975). Golden
Wheels; Poor’s Manual of Industrials, 1916.; Coachbuilt; http://www.coachbuilt.com/bui/b/baker_raulang/baker_raulang.htm
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racing career (Kimes and Clark, p. 97).
One of the ongoing challenges for Baker, and other

electric automobile manufacturers, was to demonstrate
that an adequate number of miles driven could be
obtained from one charge of the batteries. For example,
on May 23, 1907, Emil Gruenfeldt of the Baker
Company, accompanied by a reporter for the Cleveland
Leader newspaper, drove a standard Baker Victoria for 9
hours and 20 minutes over a 101.6 mile system of
Cleveland streets on a single battery charge (Cleveland
Plain Dealer, May 26, 1907, p. 3). Three years later, on
november 9, 1910, Gruenfeldt drove another Baker
Victoria electric to a then world record of 244.5 miles on

a single charge of the batteries. The total running time for
that test was 19 hours and 20 minutes with an average
speed of 12.65 miles per hour on a rainy day (New York
Times, december 11, 1910, p. C8). 

richard Wager notes that, while impressive, these
demonstrations of extended mileage on a charged bat-
tery were significant exaggerations of what the typical
electric car owner could expect. Most electric auto own-
ers were obtaining only a fraction of that kind of mileage
on a battery charge (Wager, p. 212). 

The objective of demonstrating the range of its prod-
ucts was the hope that such demonstrations would help
Baker sell more vehicles. Precise and consistent data on

Prices listed are factory prices. Baker, Rauch & Lang/Baker-Raulang– Although these designations occasionally were used in the trade
press following the merger of Baker and Rauch & Lang companies of Cleveland, Ohio during the summer of 1915, the cars to which they
referred were more properly designated under their individual names as Baker and Rauch & Lang.

Sources: Elec tric  Vehic les. November 1917, pp. 137-139 and Kimes, Beverly Rae and Clark, Henry Austin, Jr., Standard Catalog of
American Cars 1805-1942, Krause Publications, pp. 98-100 and 1264-1267.
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Baker unit sales and production are difficult to obtain for
reasons explained earlier. data that are available indi-
cate that in its early years Baker did succeed in increas-
ing its output at a significant rate. In 1905 Baker claimed
to have produced about 400 automobiles. The following
year, when its new plant on West 80th street in
Cleveland was finished and operating, output was
approximately 800 units (Wager, p. 208). On May 19,
1907, The Cleveland Plain Dealer, in reporting that
Baker had built and shipped a record-breaking 84 of its
electric autos in the month of April, stated: “[that num-
ber of shipments] is certainly phenomenal and places
The Baker Company well up in the ranks of the largest
shippers of automobiles in the country.”

In the company’s later years of auto production the
Moody’s Manual of Railroad and Corporation Securities
for 1914 stated that Baker’s production capacity was six
cars per day and annual production was 1,500 units
(Moody’s Industrials, 1914, p. 103). That estimate was
consistent with Poor’s Manual of Industrials estimate of
Baker’s annual production being in the range of 1,200 to
1,500 units (Poor’s Manual of Industrials,1914, p. 133).
To put these data into perspective, it is important to note
that Baker was one of the major electric vehicle manu-
facturers in the second decade of the twentieth century.
Even if these estimates of its production are accurate,
Baker was a very small firm in the context of the whole
United states auto industry at that time (see Table 1).

Given these production estimates for Baker output,
the occurrence of a rumor in 1912 that the company was
discontinuing the production of pleasure cars became
somewhat disconcerting to the firm. On september 1,
1912, the Cleveland Plain Dealer reported that the
rumor was of unknown origin and had “absolutely no
basis in fact.” Officials of the company called the rumor
false (Cleveland Plain Dealer, september 1, 1912, p.
11A). 

In addition to the automobiles Baker had a line of
commercial electric trucks. It is possible that the Baker
promotion of its commercial vehicles led to the specula-
tion that it was going to abandon the pleasure automo-
bile segment of the electric vehicle industry. The com-
mercial vehicle market appears to have been significant
for Baker. In 1910 Baker exhibited three commercial
vehicles at the Madison square Garden show in new
York. These models consisted of chassis for 1000, 2000,

and 4000 pound wagons. It was claimed that each of the
models had a carrying capacity 25 to 50 percent greater
than the rated capacity (New York Times, January 16,
1910, p. s4). 

In January 1912, Baker was one of seven makers of
commercial electric vehicles to exhibit products at the
Madison square Garden show. In promotional materials
for that event, Baker claimed that its electric trucks were
particularly well suited to, and compared favorably with
horses for, short-haul work in cities having considerable
traffic congestion (The New York Times, January 14,
1912, p. XXI). The Baker trucks were in use by over 200
companies by 1912 (Wager, p. 212).

In 1917, the post-merger Baker r & L firm turned its
Baker truck building attentions to vehicles for the mili-
tary during World War I. Among the products built for
the war effort by Baker were bomb handler industrial
trucks and load-carrying trucks. These were trucks useful

Fig. 3: A print ad for the shaft-driven 1911 Baker Electric. 



on military and industrial sites, but not for major troop or
freight carrying activities. Following the war Baker
industrial truck production was continued and through
the years provided an important market for the firm after
it had ceased building electric automobiles (Wager, p.
217). 

Beyond the direct war effort, the traditional commer-
cial electric truck market was not aided by World War I.
In 1919 electric trucks accounted for less than 1 percent
of the total commercial vehicles produced in the United
states compared to 11 percent in 1909. The decline in
the relative position of electric trucks was attributed to
low gasoline prices in the United states which, particu-
larly during the war, gave an advantage to the gasoline –
powered trucks. The effect was to increase the scale of
production and lower the prices of gasoline trucks in the
U.s. (Kirsch, pp. 164-165). One of the effects of this
development was that, given the type of trucks built by
Baker during the war, the firm became established in and
had a post-war advantage in the more limited niche mar-
ket for electric industrial trucks used at industrial sites

and in factories.
Producing electric vehicles is one challenge but sell-

ing them is another. Later in this article overall competi-
tive issues that confronted the electric vehicle industry
and Baker r & L will be covered in some detail. Here,
though, some generalities that were evident in the adver-
tising for electric autos are discussed in the context of
Baker advertising. 

Kirsch has noted that electric autos often were viewed
as fashionable ladies’ cars that offered social distinction
(Kirsch, p. 101). Figure 3, for example, shows an April
29, 1911 Baker ad from The Literary Digest that pro-
motes the advantages of the firm’s shaft drive. However,
the illustration in the ad is of a Baker electric having both
a passenger and driver that are nicely dressed women.
Figure 4 shows two women elegantly dressed for winter
weather about to enter a Baker Electric during a snow
storm. The text in that ad from the december 23, 1911
issue of The Literary Digest leaves little to the imagina-
tion about the market being cultivated: “Women enjoy
driving an electric as graceful and as easily handled as
the Baker.” Likewise, Figure 5 shows a Baker ad from the
January 1912 issue of Country Life magazine. In the
Figure 5 ad the text states “Its [the Baker’s] social pres-
tige is not confined to the national Capital; it is nation
wide.” From this ad there is little doubt as to the market
Baker was cultivating.

At a minimum, the Baker automobiles, by virtue of
their price (see Table 4) and by the nature of the firm’s
advertising, were aimed at an exclusive market. In par-
ticular, the company appears to have recognized that an
important component of that market was wealthier soci-
etal women as portrayed in the accompanying ads.

The Rauch & Lang Carriage Company
rauch & Lang came to the electric vehicle market some-
what later than did Baker. Whereas Baker was building
and selling electric automobiles by 1899, rauch & Lang
did not enter the electric automobile market until 1905.
The rauch & Lang firm, though, by the time it began
building electric cars, had a half century of experience in
building horse-drawn carriages and wagons. Thus, the
name of the firm was The rauch & Lang Carriage
Company.

In 1853, Jacob rauch, an immigrant from Bavaria,
opened what he called his “Wayside smithy” shop on
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Fig. 4: A print ad for the 1911 Baker Electric touted its ease of
operation in all weather situations. 



Columbus road on Cleveland’s west side. The shop did
the usual blacksmith activities such as shoeing of horses
and repairing wagon wheels and buggies. In time, Jacob
expanded his blacksmithing activities to include the
actual building of wagons. His son, Charles, then just
eight years old, on occasion helped him in the shop
(Love, p. 76). 

By 1860, Charles began to take an active role in the
business which, by then, was building both carriages
and wagons. In 1860 the firm opened a second shop on
Pearl road in Cleveland (later renamed West 25th
street). His father, Jacob, was killed during the Civil War
at the Battle of Gettysburg in 1863 after which Charles
closed the original shop. The firm expanded from wagon
production to the making of complete coaches and car-
riages in the newer factory (Baker, rauch & Lang, Baker-
raulang, www.coachbuilt.com). By the late 1870s the
rauch carriages were dominant in the Ohio and sur-
rounding market. To expand further, Charles E. J. Lang, a
Cleveland real estate businessman, was brought into the
business and by 1884 the firm was incorporated and
called the rauch & Lang Carriage Company (Wager, pp.
213-214).

Very early on, rauch & Lang established a reputation
for making carriages and buggies that were of the high-
est quality. In an era when low-cost buggies could be
bought elsewhere for $50 to $75, rauch & Lang was
able to charge $275 for its buggies. For carriages of a
standard kind that were priced around $1000 in the gen-
eral market, rauch & Lang was able to charge as much
as $1500. The rauch & Lang carriages were known for
their style and superior craftsmanship. Each rauch &
Lang carriage carried a number which indicated the indi-
vidual artisan who worked on it which was an incentive
for that worker to give the carriage a particularly person-
al touch of originality and style (Love, p. 76). 

By the middle of the first decade of the 20th century
rauch & Lang began to realize that there would be a
future in the manufacture of automobiles. After some
experimenting that began in 1903, the firm decided to
build electrics and completed its first car in 1904. Actual
production of electric rauch & Lang automobiles began
in 1905. From the start of its automobile building era
rauch & Lang electrics continued the company’s car-
riage-making tradition by making vehicles that were of
the highest quality and beautiful design (Wager, p. 215).

When rauch & Lang entered the automobile industry
its factory had expanded through its carriage and wagon-
making days and encompassed several buildings at 2180
West 25th street. The firm also had a downtown show-
room on superior Avenue in Cleveland and by 1908 was
able to list sales agencies for its electric cars in twenty
cities throughout the United states. rauch and Lang pro-
duction expanded quickly in its early years in the auto
industry. Output was 50 cars in 1905 and expanded to
about 500 cars in 1908 when the company claimed it
had orders for 300 more. In 1909 the firm increased its
production capability to 1000 units. Although it
increased its production capacity, rauch & Lang was still
a craft and limited production firm. It took pride in the
fact that ninety days were required to finish a rauch &
Lang body. Twenty-four coats of paint and varnish com-
bined with hand rubbing were applied to each car
(Wager, pp. 214-215).

Although detailed financial information on the close-
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Fig. 5: A print ad boasting of the shaft-driven 1912 Baker
Electric’s prestigious position in Washington Society. 
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ly held rauch & Lang company is not available, it is
apparent that it expanded financially as its production
capabilities increased. In 1907, its capital stock was
increased from $75,000 to $250,000 and then to $1 mil-
lion in 1909 (Wager, p. 215). The increase in capitaliza-
tion of rauch & Lang appears to have been a result of
investment by Charles L. K. Wieber, president of the
Lakewood realty Company in suburban Cleveland, a
firm associated with the Charles Lang family (Baker,
rauch & Lang, Baker-raulang, www.coachbuilt.com).

Following the recapitalization of rauch & Lang in
1907 the Hertner Electric Company, which was supply-
ing components to rauch & Lang, became a part of the
firm. John H. Hertner and the Hertner firm’s chief engi-
neer, d. C. Cunningham, were put in charge of the
rauch & Lang electric vehicle division enabling most of
the auto firm’s components to be manufactured in-
house. At the top executive level of rauch & Lang signif-
icant changes occurred in 1912 upon the death of
Charles rauch. Charles Wieber was elected President
and General Manager and Charles Lang was made vice
president and treasurer (Baker, rauch & Lang, Baker-
raulang, www.coachbuilt.com).

Even in its first couple of years of electric auto pro-
duction, rauch & Lang was aware of customer concerns
about the range of electric vehicles. In a January 1906 ad
in Motor magazine it was claimed the rauch & Lang

Electric was a successful “Long
Charge” vehicle capable of making
75 to 85 miles on one charge. In ret-
rospect, one can only comment that
the claim appeared optimistic at best. 

Through the 1911 model year,
according to its advertising, rauch &
Lang offered its customers a choice
between shaft or enclosed chain
drive. (That shaft drive offered by
rauch & Lang may have been the
cause of the lawsuit by Baker dis-
cussed earlier.) In 1912 rauch &
Lang produced about 600 units and
introduced its worm drive. In worm
drive the worm and gear were mount-
ed in a single casing and adjusted to
the axle. A rauch & Lang-Hertner
high-speed motor was used with the
worm drive. rauch & Lang claimed at

the time that its worm drive would improve the efficien-
cy, economy, and long life of electric cars (Electric
Vehicles, July 1913, p. 119). About half of its 1912 pro-
duction was equipped with the worm drive. 

The worm drive was replaced in some of the 1914
rauch & Lang production by a bevel gear transmission.
Also offered in 1914 was a choice of steering arrange-
ments. The driver of a rauch & Lang could choose to
operate the vehicle from the front seat, from the back
seat, from both positions or even by a wheel in the front
seat only. If steering from the back seat was used the
front seat could be turned to face the back of the car. An
interesting part of the rauch & Lang product develop-
ment is that the steering wheel option was discontinued
in 1915 after being offered for only a single year (Wager,
p. 215).

The automotive market at which rauch & Lang elec-
tric automobiles was aimed becomes quite clear from
the pricing of its cars and the advertising of the firm.
Table 4 shows a list of some of the models offered by
rauch & Lang through the years along with their prices.
In an era of Model T level pricing, the rauch & Lang
offerings were quite expensive, even reaching the $4000
level in some years. The company made no apologies for
its pricing. Figure 7 shows the rauch & Lang ad from the
december 1913 issue of Cosmopolitan magazine. The

Fig. 6: A print ad for the 1906 Rauch & Lang Electric. 
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text of the ad contains the following: “The rauch & Lang
is the highest-priced Electric on the market. Its value is
readily apparent to those who seek a car of artistic and
mechanical perfection.” The theme of quality and luxu-
ry is seen throughout rauch & Lang advertising. The ad
entitled “Quality,” shown as Figure 8, from the February
8, 1917 issue of Life magazine, emphasizes the quality
issue and concludes that the rauch & Lang; “…is a lux-
urious treasure–beautiful, simple, desirable, silent and
safe.”

rauch & Lang enjoyed initial success as an electric
automobile manufacturer. By 1910 it was not unusual
for the firm to be producing in the range of 500 to 600
units a year. That was very low production by gasoline
auto manufacturer standards, but caused the company to
claim that it was one of the largest electric vehicle man-
ufacturers in the world, and possibly the largest
(Cleveland Plain Dealer, January 23, 1910, p. 22).
Output was large enough to encourage rauch & Lang to
build onto its factory in Cleveland with a four story addi-
tion of 78,000 square feet in 1913 (“rauch & Lang
Enlarging Factory,” Electric Vehicles, July 1913, p.108).
Electric auto production in the United states was
increasing in that period of rauch & Lang expansion but
was to peak in about 1914 (see Table 1). The owners and
management of rauch & Lang Carriage Company and
the Baker Motor Vehicle Company seemed to sense that
the electric vehicle market was peaking and that future
growth would be difficult. Those concerns brought the
two companies together in 1915.

The Baker R & L Company
“If the interests of the Baker and the rauch & Lang com-
panies were joined…their output would be larger than
that of any other electric auto factory in the world” is the
way the Cleveland Plain Dealer, in a page 1 story on
June 5, 1915, characterized as rumor, plans to merge the
two large Cleveland electric automobile manufacturers.
The article went on to point out that Baker produced
both electric pleasure cars and commercial trucks while
rauch & Lang produced only pleasure cars. 

The next day, June 6, 1915, that same newspaper in a
page Three-B article reported that the merger of Baker
Motor Vehicle Company and the rauch & Lang Carriage
Company, both of Cleveland, was a done deal. The
name of the new electric vehicle manufacturer was The

Baker r&L Co. Officers of the newly created company
were President, Charles L.F. Wieber, previously presi-
dent of the former rauch & Lang Carriage Company;
First Vice President, Fred r. White, previously first vice
president and general manager of Baker; second Vice
President, Charles E. J. Lang, previously vice president
and treasurer of rauch & Lang; Counsel and Attorney,
George H. Kelly, previously secretary of rauch & Lang.

The official announcement of the merger of Baker and
rauch & Lang stated very clearly and directly what the
purpose of the merger was: “The consolidation was
formed primarily to secure the dominating position in
the electric vehicle industry; secondly, to build a dealer’s
organization of exceptional strength; thirdly to eliminate
duplication of models; fourthly to eliminate duplication
of advertising and sales expense” (Electric Vehicles, July
1915, pp. 3-4). The Electric Vehicles magazine article
went on to state that consolidation of the product line
was a primary goal of the merger. 

Although both the Baker and rauch & Lang product
lines were to be continued, the Baker line was to special-

Fig. 7: A 1913 print ad for the Rauch & Lang electric car intro-
duced the new, innovative worm-drive system.  



Page 14Page 14 Automotive History Review #57Automotive History Review #57 Winter 2017Winter 2017 Page 15Page 15

Fig. 8: A rare color print ad for the 1917 Rauch & Lang Electric. 



ize in the promotion of the worm gear coupe which, at
that time, sold for $2475 and was known as the Light
Weight Coupe. It had a wheelbase of 90 inches, worm
gear, was available with a horizontal control lever or
steering wheel (both operated from the left rear seat) and
had a 32-cell battery system. The rauch & Lang models
would continue to provide roomy vehicles catering to
customers desiring a “high-class electric limousine”
(Electric Vehicles, July 1915, pp 3-4).

The products of the merged firm are sometimes
referred to as Baker-raulang electrics. The Baker-
raulang designation is misleading and not consistent
with the products of the firm which always were separate
and bore their individual nameplates Baker or rauch &
Lang. There never was a vehicle produced with a Baker-
raulang nameplate (Wager, pp. 217). Legally, the way
the firm is referenced in advertisements and financial
documents is Baker r & L Company. 

At the time of the merger in 1915, The Baker Motor
Vehicle Company was capitalized at $1,250,000 and
claimed a daily production capacity of six cars and
annual production capacity of 1,500 vehicles (Moody’s,
1914, p. 103). rauch & Lang Carriage Company went
into the merger capitalized at $1,000,000 (Wager, pp.
217). After the merger the Baker r & L capitalization was
$5,000,000 in common stock and $750,000 cumulative
preferred stock. Actual outstanding was $2,499,700 in
common and $493,700 in preferred stock. The com-
bined production capacity of Baker r & L was stated in
the financial press as 15 cars per day and an annual pro-
duction capacity of 3,000 units (Moody’s 1916, pp.
2364). Those data suggest that the pre-merger capacity
of rauch & Lang had been nine units per day.

Post-merger Baker r & L continued to be closely held
which meant that detailed financial information, includ-
ing profit and loss statements, was not published or
made generally available. However, in the fall of 1915
the General Electric Company became attracted to and
invested in and acquired three seats on the board of
directors of Baker r & L. The involvement of General
Electric was associated with Baker r & L undertaking the
manufacture of the Owen Magnetic car, a topic dis-
cussed in the next section of this article (Electric
Vehicles, February 1916, pp. 60).

Following the merger Baker r & L continued making
the individual Baker and rauch & Lang cars. The 1916

Baker coupe with a 90-inch wheelbase was the same in
appearance as the 1915 model but had an increase in
length from 120 to 126 inches. The rauch & Lang Model
J6 had its wheelbase decreased from 102 inches to 100
inches and claimed a top speed of 26 miles per hour
(Wager, pp. 217). The strategy of separating the Baker
and rauch & Lang lines of electric cars was carried over
into some of the advertising of Baker r & L. Figure 9 is
an advertisement in the July 1915 issue of Electric
Vehicles magazine for rauch & Lang Electrics and Baker
Electrics, listed as two separate makes, by a Chicago
dealer shortly after the merger of the two firms.

during 1917, Baker r & L focused on production for
the World War I effort as discussed earlier. That wartime
effort included making shells and bomb handlers as well
as some load-carrying trucks for the U.s. military
(Wager, 217). some production of rauch & Lang electric
coaches was possible during the war. For 1918 the com-
pany catalog, entitled “The Logical Car of Today With a
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Fig. 9: A print ad from The McDuffee Automobile Company, a
Chicago-area dealer of the era, showcasing both Baker and Rauch
& Lang Electric cars.
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History of the War 1914-1918,” promoted the cars as a
logical choice for the postwar period when a car essen-
tial for city and suburban use would be needed. The cat-
alog featured two rauch & Lang models, the Brougham
Model B-26 with a 92-inch wheelbase and a Coach
Model C-35 with a 102-inch wheelbase. The data in
Table 4 indicate that the rauch & Lang Brougham price
actually decreased from 1916 to 1918 while the prices of
other models remained constant. Prices did rise substan-
tially in the postwar market in 1919 and 1920.

The 1916 model year was the last year for the Baker
Electric Automobile. While the Baker name was attached
to numerous industrial vehicles for several more
decades, no longer was there a Baker electric car. The
dropping of the Baker line reflected changes that were
going on in the automobile industry in general and in the
electric vehicle industry in particular.

data in Table 1 show that a major contraction
occurred in the electric automobile market between
1914 and 1919 in a period when the overall automobile
market was having substantial growth. The electric vehi-
cle market had not been a major factor in the auto indus-

try for a decade by the end of World War I. In 1919 the
total number of electric automobiles produced was
equal to what Baker r & L alone could have built. data
that are available suggest that in 1919 Baker r & L pro-
duced about 700 units which was less than a quarter of
its estimated capacity of 3,000 units (Wager pp. 217).
That amount of production gave Baker r & L a significant
23 percent of the market (using Table 1 data for total
electric auto industry production). Although significant,
it was a large share of a declining market. 

In spite of the optimism displayed in the process of
Baker and rauch & Lang merging in 1915, it is evident
that the merger involved a strategy for survival for the
company. In the end, there was not enough room for
both the Baker product line and the rauch & Lang prod-
uct line to survive in the evolving electric automobile
market. Although the rauch & Lang models were viewed
as somewhat upscale from the Baker line, an analysis of
the price data in Table 4 suggests that the two makes
were participating in the upper end of the automobile
market in general. Product placement with relatively
high prices and a contracting electric automobile market
combined to make it an understandable strategy to drop
the Baker line. 

Figure 10, an advertisement in the February 22, 1919
issue of Literary Digest, shows how the efforts of the
company now were focused on the rauch & Lang name,
even though “Baker” continued as part of the corporate
logo. note that the 1919 ad continued the marketing
strategy of emphasizing the appeal of electric cars to
women.

The year 1915 was important for Baker and rauch &
Lang with its merger to form the Baker r & L Company.
However, the firm became engaged in another interest-
ing and challenging enterprise during that year. In 1915
the production of the Owen Magnetic automobile
became part of the operations of Baker r & L. 

The Owen Magnetic Experience
The February 1916 issue of Electric Vehicles magazine
carried the announcement that a consolidation of the
Owen Magnetic Company of new York City and the
Baker r & L Company of Cleveland had been complet-
ed. Production of the Owen Magnetic automobile was
moved from new York to the Baker factory in Cleveland
in december 1915. The rauch & Lang factory in

Fig. 10: A print ad for the 1919 Rauch & Lang Electric entitled
“An Inevitable Decision,” which appeared in the February 22,
1919 issue of The Literary D igest. 
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Cleveland was then used for the building of bodies for
the Owen Magnetic in addition to the manufacture of
Baker r & L electric cars (Electric Vehicles, February
1916, 60).

Justin B. Entz, an electrical engineer, had patented a
design in the 1890s for a power plant in which a gaso-
line engine drove a generator which provided electricity
transmitted over an air gap to an electric motor which
provided power to wheels. In 1898 and 1899 some
Columbia automobiles built by the Pope Manufacturing
Company of Hartford, Connecticut, had electric trans-
missions designed by Entz. Use of the Entz patents was
obtained by raymond M. Owen and ultimately incorpo-
rated in the Owen Magnetic automobile (Wager, 143). In
1912, after making refinements to the Entz principles,
Walter C. Baker built some experimental models of a
gasoline-electric car and bought the Entz patents
(Electric Vehicles, February 1916, 60).

At the January 1915 new York Automobile show the
r. M. Owen Company of new York displayed the new
Owen Magnetic touring car. The Owen Magnetic fea-
tured rakish sloping lines and a six-cylinder gasoline

engine which turned a generator which in turn powered
an electric motor. Advertised as the “Car of a Thousand
speeds,” any number of speeds could be obtained
through a control lever on the steering wheel. There
were no gears to shift with those functions and those of
the nonexistent clutch, flywheel, magneto, and starter
motor performed by parts in the transmission. The output
of Owen Magnetic automobiles in 1915 was about 250
units with that production being under license from
Baker which held the patents (Wager, 143).

The merger that created the Baker r & L Company
also included the r. M. Owen Company. raymond
Owen then became a vice-president of the Baker r & L
firm. With that consolidation came the involvement of
the General Electric Company which had acquired an
interest in Owen Magnetic and Entz patents. With the
Owen Magnetic now part of Baker r & L, General
Electric took an investment position in Baker r & L and
named three members to the Baker r & L Board of
directors. Those directors representing the General
Electric interests were Anson W. Burchard, Vice
President of General Electric and d. C. durland and

Fig. 11: 1916 Owen Magnetic Touring Car.
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richard W. swartout (Electric Vehicles, February 1916,
60).

General Electric had a specific interest in hoping that
the Owen Magnetic automobile would be a commercial
success. The GE factory in Fort Wayne, Indiana, had
been tooled to manufacture the electric units for Owen
Magnetic cars as well as similar units for other firms that
might have been licensed under the Entz patents (Electric
Vehicles, February 1916, 60).

The Owen Magnetic automobiles were designed and
priced in the luxury class. The first model shown at the
1915 new York Auto show was a five-passenger touring
car with a 126 inch wheelbase and a price of $3,300. A
1916 four-passenger sport touring Owen Magnetic with
a Holbrook body was priced at $6,000. Later models
such as those for 1918 had wheelbases from 128 inches
to 142 inches and were priced from $5,475 to $6,500
(Wager, 143 – 145). In 1919, the future of the Owen
Magnetic became part of major changes at the Baker r
& L Company.

Baker R & L Departure from Automotive Production
The data in Table 1 show the decline in the demand for
electric automobiles in the United states as the second
decade of the 20th century was coming to an end. As the
electric vehicle industry contracted the production levels
and fortunes of the Baker r & L Company, with annual
output of an estimated 700 units, were not evolving as
had been hoped at the time of the consolidation in 1915.
As a result, the firm undertook another major reorganiza-
tion which led to its departure from the production of
automobiles.

In 1919, Baker r & L was reorganized into two divi-
sions. One division was for the manufacture of industri-
al trucks and the other was for the building of automo-
bile bodies (Wager, 217). At the executive level, in
January 1919, Charles C. F. Wieber became chairman of
the board and Frederick r. White became president.
named a vice-president and general manager was E. J.
Bartlett. no longer part of the management and board
were two vice-presidents, raymond M. Owen and
Charles E. J. Lang (Coachbuilt).

As part of the reorganization, raymond Owen was
given the right to build the Owen Magnetic car on his
own. Manufacture under Owen was relocated to Wilkes-
Barre, Pennsylvania. Approximately 200 Owen

Magnetic cars were built in Wilkes-Barre before the firm
went bankrupt in 1921 (Coachbuilt). Total production of
Owen Magnetics at the Cleveland plant is estimated to
have been about 700 cars (Wager, 145).

The passenger automobile manufacturing activities of
Baker r & L underwent a major change of ownership
and location in January 1920. The manufacture of rauch
& Lang Electrics was absorbed into the stevens-duryea
Company of Chicopee Falls, Massachusetts. The
stevens-duryea subsidiary was named rauch & Lang,
Inc. A new factory was erected adjacent to the stevens-
duryea plant to build the electric cars, which no longer
were made in Cleveland. While primarily a stevens-
duryea operation, Baker r & L maintained some interest
in the new rauch & Lang, Inc. with E. J. Bartlett, the
Baker r & L general manager, on the board of the new
firm. The Baker r & L factory on West 80th street in
Cleveland, which had been making the electric cars, was
converted to the building of bodies for cars and the mak-
ing of industrial trucks and tractors designed for use in
industrial plants. (Cleveland Plain Dealer, January 18,
1920, 105). Output of rauch & Lang automobiles in
Massachusetts, including a small number of electric taxi
cabs, was very limited and ended by the late 1920s
(Coachbuilt; and Wager, 217).

In Cleveland, the former Baker r & L Company under-
went a name change to the Baker-raulang Company.
For a number of years it continued building automobile
bodies for Packard, Franklin, Hupmobile, reo, Chandler,
Peerless, and duesenberg as well as some bus bodies for
White, reo, and General Motors. Conversion of the auto
body division to the building of commercial and utility
vehicle bodies occurred in 1935 and continued until
1948 (Wager, 217-218).

As a builder of industrial trucks, the Baker-raulang
Company continued until 1954 when it became a sub-
sidiary of the Otis Elevator Company called Baker
Industrial Trucks. Later it became known as the Material
Handling division of Otis making such items as industri-
al fork-lifts (Wager, 218). In 1977 Otis sold Baker-
raulang to Linde AG, a major producer of material han-
dling equipment. In 1999 Linde changed the name of its
Baker Material Handling Corporation to Linde Lift Truck
Corporation (Kion). Linde no longer makes products in
the former Baker factory in Cleveland. Linde Material
Handling north America is located in summerville,
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south Carolina, and is part of the Kion Group north
America which manufactures a broad line of material
handling equipment and pays tribute to its Baker history
on its web site (Kion).

The noted changes in the activities of the former Baker
r & L Company were associated with its departure from
the production of electric automobiles by 1920. That
raises the question of what competitive and market con-
ditions were in the electric vehicle industry in the post
World War I period that led to the changes at Baker r &
L. While not the primary focus of this paper, a survey
level discussion is now undertaken of the electric vehi-
cle infrastructure and competitive challenges that con-
fronted Baker r & L in its last years as an electric auto-
mobile producer.

The Electric Vehicle Infrastructure Challenge
The perennial challenge faced by all electric vehicle
manufacturers in the early 20th century was the need to
assure owners of electric cars that adequate resources
were available for charging the batteries of their cars.
david Kirsch, in The Electric Vehicle and the Burden of
History, Michael schiffer in The Electric Automobile in
America, Taking Charge, and Gijs Mom in The Electric
Vehicle, Technology and Expectations in the Automobile
Age have included comprehensive discussions on the
charging of electric vehicles and the availability of
charging resources. Here only a brief survey of that issue
is undertaken.

The challenge of having adequate charging facilities
for the electric vehicles was a result of a very basic engi-
neering reality at the time. The electric car was a direct
current machine, but alternating current had become the
standard electrical supply. Therefore, a charging station
equipped with some type of rectifier was needed to
charge an electric vehicle (Electric Vehicles, March
1917, 93-94).

Home charging systems for electric cars were avail-
able in a number of different configurations. schiffer has
pointed out, however, that using these systems tended to
be somewhat complex and difficult. Because of those
challenges, many electric car owners preferred to leave
the charging of the batteries of their cars to professionals
(schiffer, 63-64). It was these circumstances that led
some electric utility companies to offer electric car bat-
tery charging services from their central station charging

facilities. not all electric companies, however, were
convinced that providing the charging service to electric
car owners on a convenient basis would result in prof-
itable operations, even though the charging usually
could be done at night which made use of off-peak
capacity for electric companies (Electric Vehicles, March
1917, 93-94).

The matter was presented quite succinctly by dr. C.
P. steinmetz of General Electric before a convention of
the national Electric Light Association in 1914 where he
concluded that: “the most feasible way for charging elec-
tric vehicles is a central station where the auto owner
runs his car into the garage of the central station in the
evening and overnight the charge is made or complet-
ed…and the next morning the machine goes out freshly
charged” (Electric Vehicles, July 1914, 10). As late as
March 1917, Electric Vehicles magazine observed that
without central stations providing these services, the
electric car was helpless. The result was that electric car
manufacturers were confronted with the dual challenge
of convincing the public to buy electric cars and con-
vincing the central stations to take care of the public
when electric cars were purchased (Electric Vehicles,
March 1917, 93-94).

Compounding the problem of charging electric cars
was an initial lack of standardization of the charging
infrastructure of the vehicles among the various manu-
facturers. In 1910, for example, at least eight different
types of charging plugs were in general use because the
electric vehicle manufacturers were installing plugs of
their own design. In 1912, at the third convention of the
Electric Vehicle Association of America, two standard
designs for charging plugs were adopted by the indus-
try–one for passenger vehicles and one for commercial
vehicles (Kirsch, 105).

Although a complete discussion of the role of the
Electric Vehicle Association of America (EVAA) would
take us beyond the scope of this article, some mention of
its functions within the electric vehicle industry is in
order. The EVAA was founded in september 1910. It was
the conception of Arthur Williams, a central station man-
ager for the new York Edison Company. Initially, the
EVAA had 29 members but by 1913 could claim mem-
bership of 380 manufacturers of electric vehicles, storage
batteries, and accessories as well as managers and own-
ers of central stations (Electric Vehicles, May 1913, 1-3).
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Over the years, among the objectives of the EVAA was
closer cooperation between central stations and other
phases of the electric vehicle industry. One of its specif-
ic recommendations was that every central station
should have an electric vehicles department and estab-
lish better charging facilities (Electric Vehicles,
november 1915, 161).

A change occurred in the functioning of the EVAA in
1916 when it became part of the national Electric Light
Association (nELA). Electric Vehicles magazine
observed that the EVAA had been preponderantly an
organization of central stations which provided 58 per-
cent of its funding (Electric Vehicles, March 1916, 91). In
reflecting on the absorption of EVAA into nELA, Electric
Vehicles magazine stated the following: 

The conventions of the nELA are attended by
thousands of central station representatives….a
great many of these men, as well as the compa-
nies they represent, are not at all interested in the
electric vehicle; and some of them are positively
prejudiced against it…The electric vehicle
organization, now affiliated with their society,
will meet them and exert its direct influence
upon them for the first time in the history of the
industry. The central station is one of the funda-
mentals of the electric vehicle business. The lat-
ter, indeed, cannot achieve success without the
support of the former. It is to the central station’s
financial advantage to encourage the use of
electrics; and the only reason for such indiffer-
ence as it has manifested is its multiplicity of
other interests (Electric Vehicles, April-May
1916, 135).

In assessing the impact and influence of the EVAA on the
electric vehicle industry, Kirsch notes that in the first half
of the second decade of the 20th century the electric
vehicle industry did, in fact, enjoy substantial growth
(see Table 1, for example). Only in comparison to the
spectacular growth of the internal combustion powered
automobile does the experience of the electric vehicle
industry in those years look anemic. Kirsch goes on to
argue that it took the central stations a very long time to
awaken to the potential of the electric vehicle to their
businesses. The central stations folks had organized the

Electric Vehicle and Central station Association of
America (EVCsA) in 1909 which then evolved into the
EVAA in 1910. Had the central stations people begun
cooperation with the electric vehicle industry a decade
earlier, Kirsch suggests that a more robust sphere for the
electric vehicle might have been established in the auto-
motive industry (Kirsch, 94-95, 126–128).

The charging facilities issue was of concern to the
electric vehicle makers including Baker and rauch &
Lang. In a February 1916 article in Electric Vehicles
magazine, George H. Kelley, secretary of Baker r & L,
was very clear about the problem of battery service and
other service facilities available to electric car owners.
He stated:  “We must admit to ourselves that an electric
car is not able to get the care…that a gas car can secure
today…battery care and battery service has been the
great big problem in electric vehicles.” In that article
Kelley expressed appreciation to the new York Edison
Company for its establishment of a big garage in new
York City which was giving service to electric car own-
ers and relieved the electric car manufacturers of some
of the responsibility for routine service.  Kelley observed
that as a result of the establishment of the Edison
Company garage “our salesmen have been able to go out
and attempt to sell a car, and spend all of the time sell-
ing cars instead of stand idly by attempting to make
excuses to customers” (Electric Vehicles, February 1916,
57-58).

Thus, one of the key elements in attracting customers
to their product for electric vehicle manufacturers,
including Baker r & L, was the availability of service,
particularly charging facilities. The challenge of ade-
quate charging and service facilities never completely
was resolved and must be concluded to have been one
of the factors that caused the ultimate decline in the elec-
tric vehicle industry.

The Challenge of Competitors of Baker R & L
The issue of adequate charging facilities was one of the
factors creating a struggle for Baker r & L through the
years, both as separate companies (Baker Electric and
rauch & Lang) and then later in their merged state. A
second challenge came from the competitors of Baker r
& L in the electric vehicle industry. While estimates (and
definitions of successful entry) may differ among sources,
a credible estimate was one by G. Handy that 88 firms
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had attempted entry into the manufacture of electric
vehicles. (Wager lists a dozen made in the Baker home-
town of Cleveland alone.) discussion of that many firms
would be beyond the scope of the research presented
here. However, a brief discussion of two key competitors
of Baker r & L will be helpful in assessing the position of
that firm in the industry. Those two competitors were
detroit Electrics and Milburn Electrics.

Detroit Electrics
“The detroit Electric” was the brand name given to auto-
mobiles and trucks built by the Anderson Electric Car
Company of detroit, Michigan. William Anderson head-
ed the Anderson Carriage Company which had been
building horse-drawn carriages since 1884. In 1907,
Anderson, working with George M. Bacon, an electrical
engineer, introduced an electric carriage to the market
(schiffer, 116). 

With the maturing of the electric vehicle industry in
the 1915–1916 era, Anderson purchased some of its
competitors. The Chicago Electric Motor Car Company,
which entered the electric pleasure car market in 1912,
was purchased by the Walker Vehicle Company in
1915. Walker, a subsidiary of the Commonwealth Edison
Company of Chicago, had been involved in the manu-
facture of electric commercial vehicles. Acquisition of
the Chicago line expanded the firm into the pleasure car
business (Electric Vehicles, January 1915, 11). The
Walker involvement with pleasure vehicles ended in late
1916 when it decided to once again concentrate only on
commercial vehicles and sold the Chicago Electric car
business to the Anderson Electric Car Company.
Anderson sold the inventory of Chicago Electrics that it
inherited and discontinued the line. The purchase of
Chicago Electric was engineered by d. E. Whipple,
Central district Manager for the detroit Electric vehicle.
The motivation for the purchase of Chicago Electric was
clear with Whipple’s statement that elimination of the
Chicago Electric from the marketplace would lead to
increased success for detroit Electric (Electric Vehicles,
november 1916, 153).

In contrast to Baker and rauch & Lang which seldom
advertised prices of their cars, detroit Electric was
aggressive in portraying its products as relative bargains
for electric car purchasers. Figure 12 has an example of
advertising for the 1914 line of detroit Electrics from the

Literary Digest. Over the years, detroit Electric became
even more aggressive in its pricing when it announced
that the 1917 detroit Electric three-passenger Cabriolet
would have a price reduction of $500 from $2,275 in
1916 to $1,775 in 1917. The company attributed the
lowering of prices to its expanding volume of production
and, thereby, its ability to purchase large amounts of
materials at quantity discounts (Electric Vehicles,
september 1916, 77-78). 

Its strategy of pricing detroit Electrics very competi-
tively and planning for expanded production proved suc-
cessful for Anderson, at least in terms relative to the elec-
tric vehicle market. Estimates of detroit Electric produc-
tion are that in 1907, Anderson built 125 detroit
Electrics, in 1908 output increased to about 400 units, in
1909 to 650, and to 1600 by 1910 (Mom, 118). data in
the Automotive News 100 Year Almanac, published in
1996, estimated sales of detroit Electrics were as high as
1,848 units in 1916, but declined thereafter to 537 in
1920 and 136 in 1925. Production of detroit Electrics
continued on a very limited basis after the mid-1920s. In
1930 output of detroit Electrics became reduced to indi-

Fig. 12: A 1914 Detroit Electric ad from the September 27, 1913
issue of The Literary D igest. 
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vidual orders with its bodies being obtained from the
Willys-Overland Company of Toledo, Ohio. Output on
that individual basis continued into 1938 (Wakefield,
228). One estimate for detroit Electric output was that a
total of 13,862 units were produced during the history of
the firm (sinsabaugh, 156). The name of the firm making
the detroit Electric was the Anderson Carriage Company
from 1907 through 1910. In 1911 the name of the firm
was changed to the Anderson Electric Car Company and
then changed again in 1918 to the detroit Electric Car
Company (Wakefield, 229). 

Milburn Electrics
A late entrant into the electric vehicle industry was the
Milburn Wagon Company of Toledo, Ohio, which had
been a coach building firm founded in 1848 by George
Milburn, who had emigrated from England to Canada
and then to the United states. Originally located in
Mishawaka, Indiana, the Milburn firm moved to Toledo,
Ohio in 1873 (Milburn Light Electrics, 2008). In

september 1914 the company began building a light
electric automobile for the 1915 model year that was a
quick success in the market with an estimated 2,500
units sold in the first two years (Mom, 257–258). 

One of the market challenges that electric auto mak-
ers faced was to improve the pleasure of owning an elec-
tric car by making the process of charging the batteries
more convenient. Milburn was one of the electric car
manufacturers that installed a battery swap procedure for
its cars in which the discharged set of batteries could be
removed and a charged set swapped or installed quick-
ly. Milburn claimed that for its cars a battery swap could
be accomplished in two and a half minutes (schiffer,
162). The Milburn used by the secret service under
President Woodrow Wilson was designed with that type
of a charging system. The battery set was placed on
rollers so that the discharged batteries could be rolled
out and the freshly charged batteries rolled into the car
(Mom, 257–258).

In its advertising, Milburn made the claim that the
lightness of the car enabled it to travel faster and obtain
more miles per charge than other electric cars. The firm
also claimed that in spite of the lightness of the Milburn
causing a general lightening of electric cars by competi-
tors, the Milburn was “still by far the lightest” (see Figure
13). 

One of the factors leading to the rapid success of the
Milburn Electrics was the aggressive pricing that the firm
used. Figure 13 shows an ad from the February 26, 1916
issue of The Literary Digest for the Milburn Light Electric
light electric coupe priced at $1485. Milburn also had a
roadster priced as low as $1285 in 1916 (schiffer, 158).
The aggressive pricing made Milburn a worthy competi-
tor for both the detroit Electric and Baker r & L. One
estimate is that about 4,000 Milburns were built during
the 1914 to 1923 period (Milburn Light Electrics, 2008). 

In 1919, the Milburn plant was destroyed by fire.
Production was continued in a building at the University
of Toledo. By 1920, the principal business for Milburn
was building automobile bodies, largely for Oldsmobile.
Only about a fourth of its 800-person work force was
engaged in electric car production. In early 1923
General Motors purchased the Milburn plant, but then
found it was not needed and sold it later in the year.
Milburn’s remaining operations, primarily building elec-
tric trucks on demand, were moved to a smaller location

Fig. 13: A print ad for the 1916 Milburn Light Electric touted the
marque’s low price, something that was not typical of electric
vehicle manufacturers. Most were targeted to upscale buyers.  
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but operations ceased in 1924. A firm known as dura,
which may originally have been a Milburn subsidiary,
was organized in about 1913 and built a variety of
mechanical and electrical parts for automobiles into the
21st century although the Toledo factory was closed in
1980 (Milburn Light Electrics, 2008).

Conclusion
The thesis of the examination of the Baker and rauch &
Lang firms has been that the nature of the products made
by those two firms, individually and, later, in their
merged state, was such that long-term survival as auto-
mobile manufacturers in the first quarter of the twentieth
century was all but precluded. It is argued that the fun-
damental economics of the automobile industry, the
preferences exhibited by consumers, and the lack of sup-
portive infrastructure for electric vehicles contributed to
the demise of Baker r & L as a viable automobile maker.

The discussion presented here of the experience of the
Baker and rauch & Lang firms as independent electric
automobile manufacturers and then as a merged Baker r
& L Company leads to an acceptance and confirmation
of the thesis. during their time in the electric automobile
and commercial vehicle industry, the Baker and rauch
& Lang products were respected and well-built and reli-
able. However, there were internal factors within the
electric vehicle industry, societal trends, technical
issues, and pricing issues that combined to make it virtu-
ally impossible for Baker r & L to survive as a viable
automobile manufacturer.

Throughout the history of the firm, before and after the
merger, the Baker r & L passenger cars were built using
methods that were closely related to the building of
horse-drawn carriages. Baker r & L and its competitors
built vehicles of outstanding quality, but not on a true
production line or mass-production basis. It was an era
when the assembly line methods of production were
quickly being adopted by the makers of gasoline–pow-
ered cars. Those mass-production techniques brought
the price of gasoline–powered automobiles down to a
level that made owning a car possible for millions of
middle-class American consumers. The failure of Baker
r & L and its electric vehicle competitors to adopt those
mass production principles put the firm at a distinct pric-
ing disadvantage. In general, the Baker r & L products
were priced at levels consistent with upper-medium

priced and luxury cars of the pre- and immediate post-
World War I era.

Baker r & L and its competitors were faced with an
interesting marketing dilemma. To survive in the auto-
mobile industry as it was structured in the early 20th
century, the electric automobile producers would have
had to design and build vehicles that would have
appealed to male consumers. The gasoline vehicle
industry had pre-empted that market with cars that were
powerful as well as attractive and appealed to the male
mind-set. Baker r & L, in its product design and in its
advertising, consistently appealed to female consumers.
Initially, that appeal was based on the electric car being
easy to start (no hand-cranking) and clean to operate. As
the gasoline–powered automobile became more reliable
and had electric starters and became easier to handle,
some of the appeal of the electric car began to fade for
women. Furthermore, by the nature of the design of the
electric cars and the wardrobes portrayed by the women
riding and driving the Baker r & L products it was clear
the electric car was for the upper-class woman. 

The advertising appeal to women by Baker r & L put
the firm in what could be considered a marketing trap. It
was recognized that women were an important compo-
nent of the customer base for the electric car. Trying to
expand that customer base by a broader appeal to the
male consumer risked losing the female customer base
that existed. Yet failure to design products and use mar-
keting techniques that would appeal to men meant that
opportunities for growth in the market were limited.

The nature of the electric vehicle itself presented some
challenges for Baker r & L and other electric auto man-
ufacturers. The cars were relatively slow with 25 miles
per hour being a fairly good speed for the electrics.
However, gasoline powered cars were being built at very
low prices that were easily capable of speeds double to
triple that of the electrics. 

In addition to the issue of speed, there was the prob-
lem of range for the electric vehicles. A range of only 25
to 30 miles before needing the batteries recharged limit-
ed the potential mobility of the driver of an electric.
Baker r & L was in the forefront of firms seeking
improved infrastructure and charging facilities for elec-
tric cars. Unfortunately for Baker r & L, that movement
never really matured into a nationwide network of
charging stations that would have been convenient for
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the average motorist. The Electric
Vehicle Association of America and
its successor entity, as part of nELA,
made attempts to broaden the
appeal of the electric car. At best,
those attempts were insufficient and
probably too late in implementation
to overcome the technical and other
marketing challenges faced by Baker
r & L. 

Thus, a number of factors com-
bined to make it difficult for electric
vehicle manufacturers to survive in
the business environment of the first
quarter of the 20th century. From all
indications, the Baker and rauch &
Lang companies and the combined
Baker r & L firm basically were well
managed. Their products were
excellent. However, a combination
of technological issues and an
inability, or perhaps even failure, to
design and price vehicles that would
appeal to a broad segment of the
automotive market meant that the
exit of Baker r & L from the passen-
ger car industry was not a surprise.
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Fig. 1: William Mann’s vehicle, circa 1822. Source: www.gracesguide.co.uk
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d
uring the early years of the
20th century, there were
attempts in Portugal to pro-

duce prototype motor vehicles of dif-
ferent types and layouts. However,
at the end of 1910, Alberto Antunes
proposed not merely a new proto-
type but an innovative solution that
he claimed to be cheaper and to give
cleaner mobility. Antunes, former
chauffeur of the Portuguese royal
Family, presented an ingenious
design based on the use of com-
pressed air as its “primary fuel.”  The
key to the design was the adaption of
two pressurized shell containers on a
common chassis, both charged with
compressed air. The released air was
intended to drive a crankshaft linked
to the rear axle, as in a steam engine,
generating movement of the car.  

Although an interesting idea it
presented huge practical problems,
principally the amount of com-
pressed air necessary for dependable
regular movement. Two comple-
mentary solutions were proposed for
compressed air storage: on one
hand, a small, three-horsepower
petrol engine continuously supply-
ing compressed air to the shell con-
tainers; on the other hand, the iner-
tial movements of the car, such as
suspension rebounds, were to be
used to compress more air. 

despite the technical solutions
introduced, the first road test showed
a significant lack of range and the
project was abandoned. The failure
of the test concealed the innovative
potential of the idea, since this car
would have been a true hybrid vehi-
cle. Lack of time and lack of money
in an adverse political context–the
republican revolution erupted a cou-
ple of weeks later–forced Antunes to

give up his project. nevertheless he
was able to pursue the idea of devel-
oping an original project for a com-
pressed air powered braking system
which was adopted with consider-
able success to some existing vehi-
cles in Lisbon.

A Short History of Compressed Air
The use of compressed air as motive
power for vehicles was one of many
ideas that came into the minds of
inventors during the 19th century.
Fools or visionaries, scientists or cre-
ative apprentices, many invested

their time and money in the design
of vehicles running through com-
pressed air devices.  One of the most
devoted to the cause was the
Frenchman M. Andraud. His belief
in this system of motive power was
not only technical but philosophical
(2) and he once described it as “the
undeniable future universal motion.”
(3)  He produced a body of theoreti-
cal work and in 1839 published a
book summarizing his ideas and the
potential applications for com-
pressed air.(4) 

nevertheless, despite the interest-

Fig. 2: Wright’s car, circa 1830. Source: Le Chauffeur (Paris), October 25, 1897, 371.

Fig. 3: Scheme of Andraud and Tessié du Motay car, used on a practical test- July, 1840.
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ing advances and practical results
obtained by Andraud and his friend
Tessié du Motay, the history of air
elasticity adapted to vehicular
motion originated earlier with denis
Papin in 1687 (5) with his presenta-
tion of a paper to the royal society
“Machine propre à transporter au
loin la force des rivières. (6) But it
would be 120 years before the first
thoughts on the issue became a real-
ity.  In the beginning of the 19th cen-
tury, several proposals considering
the elasticity of air as motive power
came to public attention. The first to
publish conceptual ideas was the
British mechanic, George Medhurst.
(7) despite the lack of real data and
operational figures resulting from tri-
als, (8) some took Medhurst serious-
ly and developed his ideas in a more
practical context. (9)

Fig. 4: Layout of Mekarski tramcar in the French city of Nantes. Source: The Engineer (London), March 4, 1881, 155.

Fig. 5: The Mekarski tramway car in its two-floor version. Source: Ilustrac ión artística
(Barcelona), June 6, 1903, pp. 14.
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Medhurst never tested the effi-
ciency of his pneumatic dispatch,
but a few years before his death,
another English engineer made a
trial of a system based on the same
principle.  It was in 1824 when John
Vallance demonstrated a model in
Brighton. He was running a small
passenger carriage inside a wooden
tube. He was the first patentee of an
air propelled transportation system
and even obtained a grant to use it
on a proposed link between his town
and London.

Later, William Mann of Brixton
studied the application of com-
pressed air to road vehicles. He
patented his device and in 1822
published a long report revealing
details of the vehicle including
descriptions and several drawings.
The compressed air tanks, 15 in
total, were placed below the frame
and had a total capacity of 2.5 cubic
meters. despite the lack of relevant
information–namely a correlation
between the tank pressure and the
final range–there is no evidences of
any road test of Mann’s vehicle. (10)

In 1830, Wright presented
advanced research with more accu-
rate studies.  He was one of the first
to propose the heating of the air
before its admission to the cylinder
as a way to improve efficiency.
Fordham in 1832 and rathes
(Putney) in 1848 also announced
their contributions to the method but
without evidence of significant and
public road tests. (11)

According to a French journal, the
first vehicle with this particular
engine, running on a railway, was
the prototype built according to gen-
eral design of Andraud and Tessié du
Motay in Chaillot on July 19, 1840.

(12). The vehicle had only three
wheels but could carry eight people.
It was described in extensive detail
in a book written by the designers
gathering relevant data from the
Chaillot test. An illustration of the
car used on the railroad was pub-
lished in that work. (13)

samuel Clegg and Jacob samuda,
working from the patent of Henry
Pinkus–an American inventor living
in United Kingdom–designed and
eventually successfully operated an
atmospheric railway using vacuum
instead of overpressure several years
after Andraud and du Motay’s public
trial. 

Air powered lines began operat-
ing in number of cities and were test-
ed in many others. In practice, they
were cleaner than steam power but
more expensive and not as conven-
ient in operation as electric power.
In 1844, a line was opened in
Ireland between Kingstown and
dalkey.  Two additional English
lines were operated each for one
year and finally in 1846 France also

saw its atmospheric railway running
for fourteen years until 1860. (14)  

On the roster of names of those
who pioneered compressed air
engines one should also include
William Buckle reynolds, who in
1844 submitted a method “to power
locomotives with compressed air
obtained from a device in which
atmospheric air was pressurized by
internal combustion.” (15)

Another Englishman, robert
roger, also developed his own
method for a patent application in
the United Kingdom:

“I first cause the force pro-
duced by the explosion of
any gas, gases or body to act
against a piston or pistons,
which are forced out against
and compress atmospheric
air into a suitable receiver,
from whence it is used in
lieu of steam to act against a
piston, and thereby commu-
nicate motion to machin-
ery.” (16) 

Fig. 6: The Hartley tricycle. Source: Le Chauffeur (Paris), October 25, 1897, 374.
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Horst Hardenberg has done exten-
sive historic research on pneumatic
locomotion presenting examples of
several devices designed during the
19th century, some with an undeni-
able lack of common sense but oth-
ers gathering interesting ideas suit-
able for further development:

Considering the many differ-
ent machine tools powered
by compressed air that came
into use many decades later,
reynolds’s proposal (…) was
not at all unrealistic. The
same applies to a similar
idea [of] robert roger. (17)

We have demonstrated in outline
that practical experience using com-
pressed air as motive power was
studied and tested in Europe and in
the United states during the first half
of the 19th century. However, it was
not until the 1870s that the commer-
cial exploitation of compressed air
systems for machinery and vehicles
began. At the time compressed air

was always stressed as steam’s com-
petitor, mainly for extreme service
conditions as well as in locations
with severe constraints, such as min-
ing or subways, as was noted by
Lotysz:

Although the idea of pneu-
matic railway is as old as the
steam locomotion, it was
mainly contemplated where
steam traction could not be
adopted. In 1840s the
atmospheric railroads were
suggested mainly on hilly
sections, too sharp for con-
temporary locomotives.
Later, in 1860s, it was pro-
posed for underground city
railway systems as it posed
less ventilation problems
than steam operated trains.
In 1880s air powered
tramways were operated in
number of cities and tested
in many others. They were
cleaner than steam ones but
not so convenient in opera-
tion as electric ones. (18)

But the idea of using compressed air
engines for regular business, espe-
cially in public transport, was always
in the minds of businessmen, entre-
preneurs, engineers and other enthu-
siasts. The most interesting examples
come from Europe and particularly
from France, where an engineer took
the technology as far as it was con-
ceivable with the materials and con-
struction methods available at the
time.

The Commercial Experiences
Louis Mekarski was perhaps the
most famous name associated with
compressed air engines for transport
of passengers and goods during the
last quarter of the 19th century. For
several years tramways developed
by Mekarski using compressed air as
a power source were running from
the French city of nantes to doulon,
a run of 2.8 miles distance. 

Born in Clermont-Ferrand, of
Polish origin, Mekarski tested his
device in Paris in 1876 and then
went to nantes, three years later,
where his trams acquired popularity,
growing to a fleet of 94 cars by
1900.  The Mekarski tramcars con-
tinued in use there until 1917, when
they were replaced by electric trams.
(19)

Mekarski system tram networks
were also built in other towns in
France: Vichy (1895), Aix-les-Bains
(1896), La rochelle (1899), and
saint-Quentin (1901). (20)

The system was also used in
England on the Wantage tramway,
but investors shut down the line
when they discovered that the com-
pressor plant used more than four
times as much coal as a steam loco-
motive. Between 1881 and 1883 an

Fig. 7: List of “Compressed Air” automobile makers. Source: Annuaire Général de
L’Automobile (Paris: F. Thévin & Ch. Houry, 1901), 116.
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improved air car was used on the
Caledonian road tramway of the
London street Tramway Company.
(21) The magazine, The Engineer,
made some regular visits to the
nantes-doulon line and gave inter-
esting conclusions regarding the fea-
sibility and regular scheduling of
lines:

As the summary of the fore-
going, I beg leave to say that
the Mekarski compressed air
system is one that is thor-
oughly manageable, and in
every way trustworthy to do
tramway work from day to
day under any or all of the
conditions imposed by
tramway work in large and
crowded towns–nantes has
a population closely
approaching 120,000–and I
say this, speaking of it as it
now exists at nantes, but
that improvements can and
will be made I feel perfectly
certain, improvements not in
the system but in the details
of its working. (22)

For some lines, Mekarski developed
two-story cars to transport more pas-
sengers and increase financial return
to the companies.

In the United states, there are also
records of the adoption of this spe-
cial motive power, particularly in
coal mines where compressed air
was necessary to avoid sparks,
flames, high temperatures or steam
leaks released by other types of
engines. 

The Mekarski compressed air
engine was a one-stage device with
an air heating system able to saturate

the air with steam to raise output
power. Further evolutions were
focused on an increase in engine
efficiency.  robert Hardie (1892)
retained the main concept of the
Mekarski engine (work produced
with the expansion of the piston) but
improved the reheating process. The
Hoadley-Knight system (1896) was
the first air powered transit locomo-

tive to use a two-stage engine. And
Charles Hodges brought a new stan-
dard of efficiency in comparison
with previous generations of “air
engines” through the use of a two-
stage cycle associated with an inter-
heater between the two piston stages
to warm the partially expanded com-
pressed air with the surrounding
atmosphere. (23)

Fig. 8: Molas, Lamielle & Tessier Company advertisement. Source: Annuaire Général de
L’Automobile (Paris: F. Thévin & Ch. Houry, 1901), 117.
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The First Automobiles
In 1894, the newspaper Petit Journal,
under the direction of Pierre Giffard,
announced the organization of an
exclusive race for automobiles
between Paris and rouen. The
enthusiastic reception of this initia-
tive can be appreciated through the
list of entries received from 102 ded-

icated drivers. The types of cars and
particularly their engines were also
interesting topics reflecting the posi-
tive atmosphere of the event. 

In addition to “conventional” pro-
posals (petrol, steam, and electricity)
there were also strange motive pow-
ers for some of the other participants,
among them: hydraulic engines,
compressed water engines, automat-

ic engines, rockers engine, com-
bined liquid engines, combined
steam engines, electro-pneumatic
engines, and so on. (24) For the
record, four of the entries were pow-
ered by compressed air.  

In order to ensure a real event
with feasible cars and to exclude
charlatans, the regulators required
an early trial race of 50 km with a
maximum duration of three hours to
eliminate the so-called “baroque
engines” as well as the trick propos-
als.  Eventually only 21 automobiles
were accepted to enter the race: 14
with petrol engines and 7 powered
by steam. In the end, beside the pre-
posterous engine using “compressed
water” or similar, the failure of com-
pressed air engines, together with
the electrics, in the event was far
from unexpected. 

The story confirms the ultimate
problem related to this type of
engine, that is, its range.
nevertheless, engineers and other
“mechanical sorcerers” insisted on
the advantages the compressed air
system, its clean and smooth deliv-
ery of power–while others pursued
their experiences with electric
motive power.  

Probably the first vehicle built for
road use was the small tricycle
designed and built by Hartley Power
supply Company of Chicago. (25)
This tricycle was intended for postal
service and apparently was used on
postal fleets in Chicago and
Washington. But at the end of the
19th century, there was no regular
production of compressed air
engines for cars, either in the United
states or in Europe.

The tramway cars on lines of short
length were the only vehicles operat-

Fig. 9: Layout of the vehicle presented by Liquid Air Power & Automobile at the
Agricultural Hall in London. Source: La Energía eléc trica (Madrid), July 10, 1902, 24.

Fig. 10: Layout of the vehicle according to patent specifications. Source: Portuguese
Patent Nº 7047, November 24, 1909.
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ing with this power system while
steam and electricity were leading
the way with better arguments relat-
ing to the cost of operation. By the
beginning of the 20th century, the
production of compressed air auto-
mobiles was unusual and its volume
residual.  In 1901, a French publica-
tion dedicated to the automobile
gave a brief summary of the com-
pressed air automotive industry
around the world, publishing a short
list of the known producers. (26) The
list includes only one manufacturer
in France, another one in Belgium
and eight names in the United states. 

The French builder Molas,
Lamielle & Tessiers, with its premis-
es in Paris, was an assembler rather
than a producer whose core business
was to “adapt any kind of engine to
the compressed air system especially
for heavy duty vehicles.” 

The same magazine carries an
advertisement for the company but
figures and details of production are
not revealed. Molas, Lamielle &
Tessier had previously patented a
compressed air engine with the fol-
lowing general description:

The engine is designed for
working motor cars, and has
four single-acting cylinders
in pairs. The cranks of one
pair are at 180 (degrees) to
each other and at 90
(degrees) to those of the
other pair. (27)

They also presented a power driven
vehicle patent (28) which stresses
that their knowledge of the automo-
tive industry was relevant, although
their production probably was not as
regular as expected due to a lack of

demand. Their presence at motor
shows and exhibitions may have
been a stimulus to attract additional
production orders. In fact, their work
drew the attention of American auto-
motive press:

The delivery-wagon repre-
sented herewith, constructed
by Messrs. Molas, Lamielle
and Tessier, was exhibited at
the second Exposition des
Tuilleries, where it attracted
considerable attention by
reason of the relative sim-
plicity of arrangement of its
maneuvering devices and
the limited amount of space
occupied by the motive
apparatus. In this vehicle,
the air-storage reservoirs
employed consist of ham-
mered steel tubes of 8-inch
external diameter. The heat-
ing is done directly by gaso-

line, instead of by steam
from a boiler, as in the
Mekarski system; the manu-
facturers being of the opin-
ion that, since a direct heat-
ing of the air permits it to be
raised to a temperature
much higher than that which
could be obtained by means
of heating by steam, they
obtain also a greater
increase of volume and,
consequently, of work that
compensates for the heating
during expansion obtained
with the above-named sys-
tem. (29)

Unfortunately, there are no figures
about their production and sales vol-
ume regarding compressed air
engines for vehicles.

The Belgian concern is also little
known.  Belgica was a small produc-
er whose first car was an electric.

Fig. 11: The prototype during its official presentation. Source: Sports Ilustrados (Lisbon),

September 24, 1910, 6.
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There are no production records of
any kind calling for a compressed air
engine. The reference in the list may
be an advertising claim rather than
an industrial commitment. (30)  

On the other hand, in the United
states, the list of vehicle builders is
vast: Buckley, Buffalo–rochester
Electric Power & Automobile Co.,
Continental Compressed Air Power,
International Air Power, Liquid Air
Power & Automobile, new York
Auto Truck, north American Air
Motor and rochester Electric Motor. 

There are references in the
European press, especially in techni-
cal magazines, to the proposal of
Liquid Air Power & Automobile  fol-
lowing the display of a prototype in
1902 at the Agricultural Hall in
London. An article was published in
Madrid in a specialized magazine,
La Energia Electrica, with technical
information concerning consump-
tion, working pressures and average

range. (31)

The Portuguese Experience
In september 1910, the Portuguese
press was surprised by a novelty: a
former chauffeur, Alberto Antunes,
announced a vehicle prototype
“fueled” by compressed air. We do
not know what kind of spark trig-
gered Antunes’s imagination to
design such a car but we know, for
sure, that some months before he
had begun the study of compressed
air devices adapted to power braking
systems. Why? In 1909, he had suf-
fered a leg injury which meant losing
enough strength to use it for the
operation of mechanical cable
brakes. In response, he conceived
the idea of using compressed air to
power the braking system of his own
car. (32) 

The novelty of the system was the
fact that air was compressed through
the use of special pumps fitted on

both axles of the car. The pumps
were powered through the suspen-
sion’s rebounds and, according to
Antunes, it was sufficient to ensure
working pressure for these primitive
servo brakes. 

Without any technical training,
Antunes assumed that it was possible
to extrapolate the same principle to
move a car. He claimed a patent for
his device on the 24th of november,
1909, a few months after his power
brake patent. This new patent was
granted on the 8th of March, 1910,
and it is reasonable to assume that
Antunes was able to test his proto-
type before that date, measuring
range, consumption and overall effi-
ciency of the system. 

The text of the patent was vague.
Antunes presented the general prin-
ciple but did not provide technical
or numerical information. Further,
there are no feasible explanations
about one of the crucial components
of the car, its engine. In addition,
nothing is revealed about the pump’s
efficiency, a fundamental criterion
since the success of the system was
based on the ability to store a quan-
tity of compressed air sufficient to
propel the vehicle. The text of the
patent also does not give the work-
ing pressure of the container. 

The drawings in the patent file
show a typical automobile chassis
with two huge containers, longitudi-
nally disposed, to store compressed
air. On the rear axle beside the dif-
ferential one can see both pumps
that feed the containers. road tests
performed before the settlement for
the patent confirmed that the system
had limited range. Therefore, for the
patent file, a small internal combus-
tion engine, with a total power of

Fig. 12: Rear view of vehicle’s layout. Source: Sports Ilustrados (Lisbon), September 24,
1910, 6.
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three horsepower, is mentioned to
pump additional air to the contain-
ers. Unfortunately, information
about this small petrol engine is also
missing.

At the presentation to the press,
Antunes emphasized the use of the
internal combustion engine as a cru-
cial improvement to his special vehi-
cle. But no road tests were per-
formed before journalists and no
technical information was revealed,
which is quite astonishing. A
demonstration was scheduled later
but on the 5th of October, Portugal
was submerged in a political revolu-
tion that changed the country. There
was no room for inventions.

Conclusions
In the end, there would be no record
of public trial and no determination
of the vehicle’s potential. The con-
tainers with an estimated volume of
300 dm3 at an estimated pressure of
30 atm were not adequate to give a
reasonable range to the car. In fact,
the critical issue lies, still today, on

the low energy potential of a com-
pressed air container in comparison
to an electric battery. 

This question was specifically
raised by a French magazine,
already in the 19th century: 

The use of compressed air,
however, does not seem to
us advisable even after the
description of this device,
given to us in some detail
just to arrive at this conclu-
sion: that if one is willing to
accept this disadvantage of a
vehicle needing at regular
intervals to come back to the
station to refuel, the electric
battery is preferable to  the
compressed air accumula-
tor, despite the successful
experiences of Mr. Hartley’s
device, praised by American
newspapers and Autocar
magazine, from whom we
borrowed this description.
(33)

A recent experience with this con-
cept, conducted by PsA Group in
France, gives more details to under-
standing the fundamental technical
difficulties of the Portuguese experi-
ment (34). The Peugeot vehicle, with
a 250 atm pressurized container
could not reach more than 150 kJ,
i.e., 20 times less than a Prius bat-
tery. (35)  With a small container of
around 20 liters, the compressed air
mode runs for only 10 seconds.
However, PsA claimed that its
device was feasible through the
adoption of a hydraulic engine
working in both senses–pumping air
for containers when the petrol
engine is working or delivering
power to the front wheels when the
petrol engine is shut down–and a
complex electronic management
system.  nevertheless, despite his
apparent failure, Alberto Antunes
gave the public some interesting
ideas:

1) The use of suspension rebound
movement to fill containers with

Fig. 13: Plan view of Antunes’s vehicle layout showing the air containers. Source: Sports Ilustrados (Lisbon), September 24, 1910, 6.
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compressed air through the action of
pumps. The stored compressed air
was then recycled to power both
braking and clutch operations.

2) If a hybrid vehicle is a vehicle that
uses two or more distinct sources of
motive power, we must agree that
Antunes’ car meets the definition
since it employs a compressed air
engine together with a petrol engine,
the second exclusively as a range
extender, which was also a novelty
in 1910. 
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Louis is absolutely right in high-
lighting the inadequacies of a
small-bore engine as regards valve
size and therefore breathing and
ultimately efficiency, but in the
1930s, these matters were not terri-
bly important to the average
motorist (at least not in Britain).
The outstanding example of a
small-bore, long-stroke, high-effi-
ciency British engine of this period
is the six-cylinder OHV pushrod
Talbot engine designed by Georges
Roesch. 

***

Arthur Jones and Peter Englehard
queried in the Letters section of
AHR #56 why GM failed to offer
competition to the Volkswagen in
the post-WWII years until 1962.
The following points cumulatively
rather than individually influenced
GM thinking at the time.

Because GM had received a
considerable tax write-off regard-
ing its Opel investment in
Germany during the WWII years,
GM was most hesitant to take back
control of Opel. As it was GM
delayed this decision until late
1948 and even then there were
many contingencies and condi-
tions. History showed a devastated
economy in Germany just after
WWI, so optimism was in short
supply three decades later. Yes, the
German and Japanese economies
showed remarkable growth after
WWII but it took a while before
this success became evident.
Furthermore GM’s Alfred sloan

had precious little respect for gov-
ernment economic initiatives of
any form, of which the Marshall
Plan was one. In sloan’s eyes, gov-
ernments were clueless when it
came to making appropriate deci-
sions regarding the business world.

raw materials in post WWII
Europe were in short supply.
Therefore why build lower margin
small cars when their raw material
requirements were little different
from the medium sized cars? While
the russians hijacked the prewar
Kadett’s manufacturing facilities it
should also be noted that the small-
est Vauxhall 10 ended production
in september 1947 once the fiscal
taxes were relaxed in the UK.
Additionally, raw material alloca-
tions in the UK were based on
exports sales and the overseas sell-
ers’ market created a demand best
supplied by higher margin larger
vehicles. As for Opel, the lack of
material likely explained why it
took until 1950 before export mar-
kets such as south Africa started
receiving Opels again.

Mercedes-Benz showed a simi-
lar outlook to GM’s. Their first
post-war new design was the high
margin 1951 300 series built in
short supply because of its high
price but also limited raw material
availability. The redesign that
replaced their ancient bread and
butter cars had to wait until the
arrival of the 1953 Ponton models.

In a similar vein you need to
realize that smaller cars are not
necessarily cheaper to build. The
labour cost to assemble an engine,
transmission or body hardly varies

and can be higher in a small car if
cramped quarters restrict working
room. The same can be true in the
use of specific raw materials.  I
have seen where a larger capacity
engine is cheaper to build than the
smaller version because the larger
pistons were used in greater vol-
ume and as such bought at a
cheaper price than those fitted to
the smaller engine. Yet marketing
considerations dictate that the
smaller car or engine be sold at a
significantly cheaper price.

When GM purchased Opel in
1929, the various layers of person-
nel and expertise in the company
were familiar with building small
cars profitably. By late 1948 the
depth of German management was
much less influential. GM wielded
far more influence and Americans
simply did not have an apprecia-
tion or affinity for small cars. It
should be remembered that the
American occupying forces actual-
ly restricted some senior German
Opel executives from returning to
their roles at Opel.

One such casualty was Heinz
nordhoff who had headed the all-
important Opel Brandenburg truck
plant during WWII. Those Opel
trucks were so formidable that the
German military even instructed
Mercedes-Benz to build the Opel
trucks instead of their own models.
nordhoff was a rising star who
spent pre-war time in America
being groomed for a bright future at
Opel. But the American forces
refused his return to Opel in any
capacity other than as a labourer.
Major Ivan Hirst of the British

continued from inside front cover
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forces surrounding Wolfsburg hap-
pily welcomed nordhoff to head
Volkswagen. It is highly likely that
GM fully understood the capabili-
ties of their former Opel golden
boy and recognized what a formi-
dable competitor he would repre-
sent at VW. It is interesting to spec-
ulate how VW would have fared if
nordhoff had been allowed to
return to Opel.

The small car market in post
WWII Germany was very difficult
to gauge or evaluate based on the
type of cars being bought. The
microcar offerings included the
BMW Isetta, Goggomobil, Heinkel,
Messerschmitt and somehow, peo-
ple bought them. Other makes in
the small car sector were dKW,
Goliath, Lloyd and even the Ford
Eifel and later Taunus 12M. But
few of these cars made a dent in
VW’s armor. This motley crew
defied any rational analysis by a
GM product planner as to what
Germans wanted in a small car. 

The above factors indicate why
GM did not oppose the market
occupied by the Volkswagen until
1962. But what prompted GM to
change its mind?

The entry of the Corvair indicat-
ed that GM began to realize that
there might be a benefit in selling
small cars if only to entice young
buyers who would graduate in
future years to the regular more
profitable portfolio of GM cars.
This thinking migrated across the
pond to Europe. However, GM
Overseas Operations (GMOO) had
a strategy that would be repeated
several times in foreign plants.

While the Corvair was a complicat-
ed and expensive car to build, the
Kadett was simple to build even
though it had some innovative fea-
tures. 

The next part of the GMOO
strategy was to identify a region of
good labour with high unemploy-
ment. The chosen area of Bochum
had been a coal mining economy
that had fallen on hard times.
Likewise Ellesmere Port, where the
small Vauxhall Viva was built, had
the same cheap labour pool. This
same strategy has guided GMOO
expansion in selection of plants in
spain when they entered the mini
car category with the Corsa, but
also to Eastern Europe after the fall
of the Berlin Wall and other
regions such as Brazil, south Korea
and China. Only India has defied
this winning formula for GM’s
global expansion.

LOUIs F. FOUrIE

WEsT VAnCOUVEr, BC 
CAnAdA

Editor’s Note
This issue marks my first as editor
of Automotive History Review and
I am truly honored to take over the
reins from someone as accom-
plished and respected as Kit Foster.
I have referred to him as the “Yoda
of Automotive History,” because
there is hardly a topic that he not
familiar with. The society of
Automotive Historians would not
be what it is today, and might not
still be around, without the tireless
work that Kit has invested in the
organization. I would also like to

thank the Publications Committee,
as well as the sAH Board of
directors for entrusting me with the
editorship of this esteemed publi-
cation. 

You may have noticed that the
look of the magazine has been
updated a bit. This was largely due
to a new page template needing to
be developed, as my system was
incompatible with Kit’s. This
afforded us the opportunity to bring
in more graphic elements to illus-
trate the editorial content. 

To that end, we have taken a few
liberties and traded the thicker
cover for color interior pages and
come in at roughly the same cost. 

Wherever possible, I would like
to incorporate recent photos to
illustrate the articles. To my mind,
the grainy, faded black and white
photos tend to put too much dis-
tance between the reader and the
subject. By providing modern color
photography, we can take away
some of the abstract qualities of the
topics and bring into focus that
these were real cars, real compa-
nies and real people who brought
these stories to life.

I encourage writers and histori-
ans from both the academic and
commercial journalism worlds to
contribute to the Automotive
History Review. Well-researched,
interesting and relevant material
can come from both sides of the
aisle and we hope to increase both
the diversity of topics and of con-
tributors. Feel free to e-mail me at
the address listed on the masthead.

-dOn KEEFE
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