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17
A Classic of Science’ —

The Difference

Engine

CHARLES BABBAGE, the famous British Mathema-

tician, tells how, when only about 20 years old, he planned
the most complicated calculating machine ever designed:

17

NE evening I was sitting in the rooms of the Analytical Society, at
Cambridge, my head leaning forward on the table in a kind of
dreamy mood, with a table of logarithms lying open before me. An-
other member, coming into the room, and seeing me half asleep, called
out, ‘Well, Babbage, what are you dreaming about?” to which I re-
plied, ‘I am thinking that all these tables (pointing to the logarithms)

might be calculated by machinery’.”

The first machine which Babbage in-
vented computed tables of related figures
by adding or substracting the differences
between the numbers, and was hence
called the Difference Engine. An even
more complex machine, the Analytical
Engine, was projected. It was to solve
algebraic problems by amechanism op-
erated by perforated cards, like a
jacquard loom or a modern self-playing
piano. After spending his life and for-
tune on the plans and models of his ma-
chines, Babbage suffered the usual heart-
break of the inventor who is ahead of
his times.

The Classic here reprinted gives Bab-
bage’s idea of what should be expected
of a calculating machine.

THE EXPOSITION OF 1851; or,
Views of the Industry, the Science, and
the Government, of England. By
Charles Babbage, Esq., London.

I HAVE met in the coutse of my in-
quiries with four cases of obstacles
presenting the appearance of impossibil-
ities. As these form a very interesting
chapter in the history of the human
mind, and are on the one hand con-
nected with some of the simplest ele-
ments of mechanism, and on the o:het
with some of the highest principles of
philosophy, I shall endeavour to explain
them in a short, and, I hope, somewhat
popular manner, to those who have a
very moderate share of mathematical
knowledge. Those of my readers to
whom they may not be sufficiently in-
teresting, will, I hope, excuse the inter-

ruption, and pass on to the succeeding
chapters.

The first difficulty arose at an early
stage of the Analytical Engine. The
mechanism necessary to add one num-
ber to another, if the carriage of the
tens be neglected, is very simple.
Various modes had been devised and
drawings of about a dozen contriv-
ances for carrying the tens had been
made. The same general principle pet-
vaded all of them. Each figure wheel
when receiving addition, in the act of
passing from nine to ten caused a lever
to be pur aside. An axis with arms ar-
ranged spirally upon it then revolved,
and commencing with the lowest figure
replaced successively those levers which
might have been put aside during the
addition. This replacing action upon
the levers caused unity to be added to
the figure wheel next above. The nu-
merical example below will illustrate
the process.

;gz:gg? Numbers to be added
798,990 Sum without any carriage.
1 Puts aside lever acting on tens.
798,900  First spiral arms adds tens and
1 puts aside the next lever.
798,000 Second spiral arm adds hun-
1 dreds, and puts aside the
next lever.
799,000 Third spiral arm adds thou-
sands.

Now thete is in this mechanism a
certain analogy with the act of memory.
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The lever thrust aside by the passage of
the tens, is the equivalent of the note
of an event made in the memory, whilst
the spiral arm, acting at an after tme
upon the lever put aside, in some
measure resembles the endeavours
made to recollect a fact.

It will be observed that in these
modes of carrying, the action must be
successive. Supposing a number to con-
sist of thirty places of figures, each of
which is a nine, then if any other num-
ber of thirty figures be added to it, since
the addition of cach figure to the cor-
responding one takes place at the same
time, the whole addition will only oc-
cupy nine units of time. But since the
number added may be unity, the cat-
riages may possibly amount to twenty-
nine. Consequently the time of making
the carriages may be more than three
times as long as that required for ad-
dition.

The time thus occupicd was, it is
true, very considerably shortened in the
Difference Engine: but when the Ana-
lytical Engine was to be contrived, it
became essentially necessary to dimin-
ish it still further. After much time
fruitlessly expended in many contriv-
ances and drawings, a very different
principle, which seemed indeed at first
to be impossible, suggested itself.

Carrying Tens

It is evident that whenever a car-
riage is conveyed to the figure above, if
that figure happen to be a nine, a new
carriage must then take place, and so
on as far as the nines extend. Now the
principle sought to be expressed in
mechanism amounted to this.

1st. That a lever should be put aside,
as before, on the passage of a figure-
wheel from ninc to ten.

2d. That the engine should then as-
certain the position of all those nines
which by carriage would ultimately be-
come zero, and give notice of new car-
riages; that, foreseeing those events, it
should anticipate the result by making
all the carriages simultancously.

This was ultimately accomplished,
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and many different mechanical contriv-
ances fulfilling these conditions were
drawn. The former part of this mechan-
ism bears an analogy to memory, the
latter to foresight. The apparatus re-
members as it were one set of events,
the transits from nine to ten: examines
what nines are found in certain critical
places: then, in consequence of the con-
currence of these events, acts at once sO
as to anticipate other actions that would
have happened at a more distant dperiod,
had less artificial means been used.

The second apparent impossibility
seemed to present far greater difficulty.
Fortunately it was not one of immedi-
ate practical importance, although as a
question of philosophical inquiry it
possessed the highest interest. I had
frequently discussed with Mrs. Somer-
ville and my highly gifted friend the
late Professor M’'Cullagh, of Dublin,
the question whether it was possible
that we should be able to treat algebraic
formule by means of machinery. The
result of many inquiries led to the con-
clusion, that if not really impossible, it
was almost hopeless. . . .

This is not a fit place to enter into the
detail of the means employed, further
than to observe, that it was found pos-
sible to evade the difficulty, by connect-
ing indefinite number with the infinite
in time instead of with the infinite in
Space.

The solution of this difficulty being
found, and the discovery of another
princigle having been made, namely—
that the nature of a function might be
indicated by its position—algebra, in
all its most abstract forms, was placed
completely within the reach of mech-
anism.

Uses Logarithms

The third difficulty that presented it-
self was one which I had long before
anticipated. It was proposed to me
nearly at the same time by three of the
most eminent cultivators of analysis
then existing, M. Jacobi, M. Bessel, and
Professor M’'Cullagh, who were exam-
ining the drawings of the Analytical
Engine. The question they proposed
was this:—How would the Analytical
Engine be able to treat calculations in
which the use of tables of logarithms,
sines, &c. or any other tabular num-
bers would be required?

My reply was, that as at the time log-
arithms were invented, it became
necessary to remodel the whole of the
formule of Trigonometry, in order to
adapt it to the new instrument of cal-
culation: so when the Analytical En-
gine is made, it will be desirable to

transform all formule containing tabu-
lar numbers into others better adapted
to the use of such a machine. This, I
replied, is the answer I give to you as
mathematicians; but I added, that for
others less skilled in our science, I had
another answer: namely—

Asks for What It Wants

That the engine might be so arranged
that wherever tabular numbers of any
kind, occurred in a formula given it to
compute, it would on arriving at any
required tabular number, as for instance,
if it required the logarithm of 1207
stop itself, and ring a bell to call the
attendant, who would find written at a
certain part of the machine, “"Wanted
log. of 1207.” The attendant would
then fetch from tables previously com-
puted by the engine, the logarithm it
required, and placing it in the proper
place, would lift a detent, permitting
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It is in the South Kensington Museum, London
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the engine to continue its work.

The next step of the machine, on re-
ceiving the tabular number (in this case
the logarithm of 1207) would be to
verify the fact of its being really that
logarithm. In case no mistake had
been made by the attendant, the engine
would use the given tabular number,
and go on with its work until some
other tabular number were required,
when the same process would be re-
peated. If, however, any mistake had
been made by the attendant, and a
wrong logarithm had been accidentally
given to the engine, it would have dis-
covered the mistake, and have rung a
louder bell to call the attention of its
guide, who on looking at the proper
place, would see a plate above the
logarithm he had just put in with the
word “wrong”’ engtaveg upon it.

By such means it would be perfectly
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possible to make all calculations requir-
ing tabular numbers, without the chance
of error.

Although such a plan does not seem
absolutely impossible, it has always ex-
cited, in those informed of it for the
first time, the greatest surprise. How,
it has been often asked, does it happen
if the engine knows when the wrong
logarithm is offered to it, that it does
not also know the right one; and if so,
what is the necessity of having recourse
to the attendant to supply it? The
solution of this difficulty is accomplished
by the very simplest means.
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THE CONQUEST OF LIFE

By Theodore Koppanyi. An entertaining
review of biology which sets before the
general reader the groundwork of the
science. The author is an eminent bi-
ologist whose researches in Vienna, New
York and Chicago have aroused wide

Merest  Jllustrated, $2.00

THE GREEN LEAF
By D. T. MacDougal, Desert and Coastal
Laboratories, Carnegie Institute, Washing-
ton. An absorbing study of plant life,
which describes the structure and functions
of leaves as found in various climates, and
discusses the part played by leaf-bearing
plants in sustaining life and civiliza-

tion. Hlustrated, $2.00

Recently Published
ANTARCTIC ADVENTURE AND RE-
SEARCH—By Griffith Taylor. The cli-
mate, geography, resources and explora-
tion of the South Polar region.

Hlustrated, $2.00
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By Paul R. Heyl. The revolutionary ad-
vances in physics di d by an h
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Cosmic Rays Excel Barometer

As Indicator of Overhead Air

Dr. Millikan Made a Thorough Check of New Findings

Before Presenting Them to National Academy of Sciences

PRACTICAL use for the cosmic

rays that bombard the earth from
outer space with amazing penetration
and shortness of wave length has been
discovered by Dr. Robert A. Millikan,
Nobel prize physicist and president of
the California Institute of Technology
and who, only a few years ago, began
to study these rays intensively.

He has discovered within the last
few weeks that the instrument used for
measuting the cosmic radiation, called
an _electroscope, as perfected for his
present researches, will measure the
depth of air overhead at any part of the
earth with an accuracy far surpassing
that given by the familiar meteorological
instrument known as the barometer.

Uses Cosmic Ray Electroscope

The cosmic ray electroscope he has
reported to the National Academy of
Sciences, ‘“‘can furnish us with new data
about what is happening in the upper
air and must assist in the important
problem of predicting, if not control-
ing, meteorological and geophysical
events.

Dr. Millikan made his discovery of
cveryday utilization of this hitherto re-
search instrument during the course of
an expedition to within seven hundred
miles of the North Pole and two hun-
dred miles of the north magetic pole.

Carrying five hundred pounds of
scientific instruments and slabs of lead
with which to shield them from earthly
radiations, Dr. Millikan traveled over
the new train-a-week railroad to Fort
Churchill in Canada on the west side
of Hudson Bay. There he set up his
clectroscope and made observations
night and day for a week. He returned
from this trip two weeks ago.

He desired observations close to the
magnetic pole in order to test the
theories of physicists, with whom he
disagreed, who held that the cosmic rays
were not waves in the ether like light,
heat and X-rays, but high-speed elec-
trons. Professor P. S. Epstein, one of
Dr. Millikan’s colleagues, explained
that mathematical theory shows that if
the penetrating cosmic radiations were

high-speed electrons they should be de-
flected in the magnetic field of the earth
and therefore be much more plentiful
near the magnetic poles.

The observations show that the cos-
mic radiation is an ether wave radiation
that comes to the earth with constant
and uniform intensity at all latitudes.
Observed variations in it are due to
changes in the thickness of the shield-
ing air through which they must pass
to reach the surface. This fact allows
Dr. Millikan to propose that the elec-
trometer be used as an instrumental
mate to the barometer in every weather
bureau station.

Dr. Millikan reaffirmed his belief that
cosmic rays are signals from the depths
of space of the continuous formation
there of the common abundant elen.ents
helium, oxygen, silicon and iron out
of hydrogen.

This is hopeful reassurance to those
who have felt that the whole antverse
is like a great watch running down.
There is evidence in the stars and
nebula that matter is being changed into
light and therefore dissipated to the
ends of the universe. Dr. Millikan’s
view indicates that somewhere there
may be a rebuilding of matter in
progress.
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Z00LOGY
Borneo Monkeys Imitate Men
With Both Nose and Voice

NE of Nature’s most striking liv-
ing caricatures is the proboscis
monkey which lives in the deep forests
of Borneo. A group of these creatures
shown as they appear in their home
among the branches of a pongyet tree is
on exhibition in Carl E. Akeley Memot-
ial Hall at Field Museum of Natural
History.

The proboscis monkey gets its name
from its very prominent and peculiarly
shaped long nose, which gives its face
almost the exact appearance of certain
types of low comedians who appear on
the stage with false noses. Its other



