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Chapter 2

Difference and Analytical Engines

Introduction

he development of a successful computing machine requires the

provision of mechanism for at least two basic functions—the
storage and arithmetic manipulation of numbers, and some control
mechanism whereby a series of arithmetic operations may be
combined to produce the result of a desired calculation. The
previous chapter described the development of such mechanisms—
the commercially successful machines of Thomas de Colmar in the
1820s being the first to combine a practical design with an effective
method of manufacture. In these machies the control function was
provided by the human operator.

Developments were slow, however, and it was not until the 1880s
and 1890s that "scientific" machines (capable of multiplication and
division) following the designs of de Colmar or Odhner and
"commercial" machines (capable of addition, or addition and
subtraction only) by Felt and Tarrant, Burroughs, and others began
to appear in quantity. The need for these was spurred by the demands
of the larger businesses bred by the Industrial Revolution. In turn the
Industrial Revolution made possible the economic mass production
of the calculators themselves.

Devices for the automatic control of mechanisms have a much
longer history, leading back to the ancient Greek civilizations.
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Figure 2.3. Elevation and plan drawings of Babbage’s Difference
Engine as planned about 1830. The calculating mechanism is on
the left; the axes of figure wheels for the tabular value (far right)
and six differences are clearly visible. The printing mechanism is
on the right, and the moving table carrying the stereotype printing
plate and the sector carrying the digit-type punches are visible in
the center of both drawings.

The Design of the Difference Engine

he Difference Engine consisted of two major parts—the

calculating mechanism and the printing and control mechanism.
These are clearly seen in Figure 2.3, which shows the general
arrangement of the Difference Engine as planned about 1830. A
portion of the calculating mechanism was assembled in 1832 to
demonstrate to a committee of the Royal Society that the project was
proceeding satisfactorily. That portion, shown in Figure 2.4, is about
one-third of the height and one-half of the width, or about
one-seventh of the entire calculating mechanism. Almost all of the
parts of the entire calculating mechanism had been made, but not
assembled, when work on the project stopped early in 1833.
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Figure 24. The portion of the calculating mechanism of the
Babbage’s Difference Engine assembled in 1832. Records of

nearly a hundred functions tabulated by Babbage with this
portion have survived.






















































Figure 2.12. A Jacquard pattern-weaving loom controlled by
punched cards. Babbage adopted and generalized this mechanism
for the user-level specification of calculations for the Analytical
Engine. Courtesy Science Museum, London.

a barrel with an indefinitely large number of verticals. The adoption
of the cards represents less a conceptual breakthrough than a
pragmatic improvement on the earlier use of a super barrel to specify
the steps of a calculation. Babbage made little of this development
and its importance has been considerably over-romanticized by the
analogy with modern uses of punched cards.

Programming the Analytical Engine

Ithough Babbage’s mechanical technology is vastly different
from modern electronics, it is relatively easy to find analogies
that make his organization of the calculating units and storage and
their control by the barrels and Jacquard cards familiar to modern
computer users. It is only when we come to examine the facilities
available for programming the Analytical Engine that Babbage’s
designs begin to look strange to modern eyes.
Two strings of Jacquard cards were needed to specify a
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Figure 2.13. A model of the mill of the Analytical Engine that was
under construction at the time of Babbage’s death. The horizontal
racks communicate numbers between the two number axes in the
center and to the printing mechanism at the right. An anticipating
carriage mechanism is located between the number axes. The
calculating mechanism employs pressure die-cast metal
components. Courtesy Science Museum, London.

experimental models still show much evidence of an ingenious and
enquiring mind. In fairness, we must note that most of this later work
was carried on when Babbage was between seventy and eighty years
old.

Babbage’s calculating machines and related materials were
inherited by his youngest son, Major-General Henry P. Babbage, who
had shown a strong interest in his father’s work. Henry Babbage
decided not to continue with the design of an Analytic Engine but
instead to develop a manually operated machine for addition,
subtraction, multiplication, and division (a four-function calculator),
incorporating the mechanisms planned for the mill of the Analytical
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Engine. Although eventually completed, when Henry was himself an
old man, this machine appears never to have worked reliably. In any
case, by the start of the twentieth century it had been rendered archaic
by other developments of mechanical calculating machines, so that
now it stands only as a scientific curio.

The Scheutz Difference Engine

he first successful automatic calculating machine was developed

in Sweden in the 1840s by Georg Scheutz and his son Edvard.
Their machine was a Difference Engine based directly on Babbage’s
design, which they learned about when George Scheutz translated
Lardner’s article into Swedish. In that Lardner’s article contains only
the most general descriptions of the mechanism of the Difference
Engine (without drawings of the mechanisms) it is a small surprise
that the Scheutz machine (Figure 2.14) looks very different from
Babbage’s (Figure 2.4).

Figure 2.14. The copy of the Scheutz Difference Engine built for the
General Register Office, London. The pillar at the right moves
across the front of the figure wheels to effect the carriage
propagation. The printing mechanism is behind the calculating
wheels at the left. Courtesy Science Museum, London.





















