
HAROLD E. EDGERTON

PAPERS

MC 25

Series III

[Laboratory Notebooks

Number A7 ]

Dated Jan, 14 9. o Now 17



Massachusetts Institute of Technology

COMPUTATION BOOK

—d
V
 =~

=
Sy!
Ty

Course

ARoAD £, FPGEIR7ON
 HM = 05 NLT. CHUNBRIDGE AZAS S |

OD ITKOBE AADB.

®revn

Number

&lt;7

Used trom. CLAN E1962, to. MovdEi...1063.

K/)-7-60 63

Horr: 100 ITEM. PIE
UM # #340







Notebook # KR /

Filming and Separation Record

unmounted photograph(s)

negative strip(s)

unmounted page(s)
(notes, drawings, letters, etc.)

was/were filmed where originally located between page and
nerAe{ont oot

[tem(s) now housed in accompanying folder.



Trend
Of
Affairs .

Whine
an

How Predictable Is Weather?
IF SMALL perturbations can give rise to cyclones, a me-
teorologist once remarked, one flap of a sea gull’s wings
can alter the sequence of weather events forever. Many
students of the weather do not accept this idea, but
Professor Edward N. Lorenz of M.LT. recently report
2d findings that seem to favor the gull.

Professor Lorenz has been studying the predictability
of hydrodynamic flow, and that of the weather espe
cially. He noted, in an address to the New York Acad
emy of Science in January, the still unsatisfactory re-
sults of efforts to predict it subjectively, dynamically,
and statistically. Without belittling subjective forccast-
ing, he dealt mainly with the two latter methods—and
described studies of them performed by electronic com-
puters.

Since fast computers became available, encourag-
ingly good 24-hour forecasts have been made by solv-
ing dynamic equations that appear to govern the weath-
er’s behavior. Statistical prediction, by formulas derived
from past observations, also has produced some grati-
fying results. Neither method, however, has proven as
satisfactory thus far as was anticipated, and the sub-
jective method is still widely used.

Professor Lorenz’ work has led him to believe that
a dynamical or quasi-dynamical method is likely to be
superior to a statistical method. But this, he warns, is a
preference for theory over observation which is based
on theoretical work.

To evaluate the capability of the statistical method,
a hypothetical atmosphere was sct up a few years age
in a General Precision LPG-30 computer in the M.L.T.
Department of Meteorology. This model was nothing
but numbers. These numbers did not represent measure-
ments of the rcal atmosphere at any time or place. With
them, however, it was possible to compute the state of
an imaginary atmosphere at intervals corresponding to
six hours for a period corresponding to 20 years in the
real world.

The hydrodynamic flow which was thus simulated
numerically was governed wholly by equations that
were similar to, but simpler, than those needed to fore-
cast real weather dynamically. This flow, therefore, was
intrinsically predictable from the equations, and the
experimenters’ objective was to see whether such a flow
also could be predicted by statistical methods. They
found the answer was “yes” at short ranges. but not at
long ranges.
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While doing this work, the meteorologists sometimes
wanted to repcat parts of previous computations. So
ihey took values that the computer had reported and
re-entered them as new initial conditions. Subsequent
events then sometimes turned out to be different than

those which previously had followed such conditions.
This seemed strange, but the explanation was quickly
found: Numbers which contained six significant figures
had been rounded off to three. So the new initial con-
ditions were not quite the same as former ones, and
constituted small disturbances that proceeded to grow

The researchers then let the computer make a number
of pairs of runs from nearly but not quite identical ini-
tial conditions—and in cvery case the pairs of solu-
tions eventually diverged and finally lost all resem-
blance to each other.

There always will be errors and gaps in observations
of the real atmosphere, Professor Lorenz reminded the
New York scientists, and his findings with the model
suggest that the time required for such errors to result
in worthless predictions may be highly variable. If there
are any crrors or gaps in observing the initial state, he
said, neither dynamic nor statistical methods can pre-
dict nonperiodic flow perfectly—even at short range—
and as the range beconies infinite the predictability of
the flow falls to zero.

“In the real atmosphere,” Professor Lorenz said,
“average initial errors can increase by a factor of five
before a forecast becomes generally poor. Over regions
like the United States and Europe, where observations
are plentiful, the tolerable amplification is considerably
larger; over the oceans it is presumably smaller.

“If the results of recent numerical studies are at all
applicable to the atmosphere, they suggest [that] . . .
good forecasts several days in advance do not seem to
be prevented simply by current errors in measurement,
If, however, we arc genuinely interested in forecasting
a few weeks in advance, we should give serious consid:
eration to enlarging our network of observing stations.
particularly over the oceans.” But possibly, he added,
significant events occur much swifter in the real atmos-
phere than those represented in the numerical model,
and the maximum range at which present errors in
measurement allow good predictions may already have
been reached.

The work thus reviewed was sponsored by the Geo-
physics Research Directorate of the Air Force Cam-
bridee Research Laboratories.
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How the Pole Is Bent

MULTIPLE FLASH photographs usually are made in a
darkened place so that the shutter can be open for a
sequence of flashes. There was so much light in the
Boston Garden during the Knights of Columbus meet
this winter, that. this was not practical. But Professor
Harold E. Edgerton, "27, wanted to show the bend in
the pole as a vaulter goes up. So he used a fast-recycling
shutter that could be opened by hand, for 1/200th of a

second about three times a second, and fast-charging
strobes that flashed whenever the shutter was fully
open. His film was Panatomic X, and he lighted the
subject from two sides with G.E. FT-24 (same as FT-
503) flash lamps and 30-degree, 10-inch reflectors.
The vaulter, Henry Wadsworth, was using one of the
1ew fiberglas poles. There were no MLLT. entries be-
cause of the dispute between the Amateur Athletic
Union and the National Collegiate Athletic Association
which had not then been settled.
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How the Pole Is Bent

MULTIPLE FLASH photographs usually are made in a
darkened place so that the shutter can be open for a
sequence of flashes. There was so much light in the
Boston Garden during the Knights of Columbus mcet
this winter that this was not practical. But Professor
Harold E. Edgerton, "27, wanted to show the bend in
the pole as a vaulter goes up. So he used a fast-recycling
shutter that could be opened by hand, for 1/200th of a

second about three times a second, and fast-charging
strobes that flashed whenever the shutter was fully
spen. His film was Panatomic X, and he lighted the
subject from two sides with G.E. FT-24 (samc as FT-
503) flash lamps and 30-degree, 10-inch reflectors.
The vaulter, Henry Wadsworth, was using one of the
new fiberglas poles. There were no M.LT. entries be-
cause of the dispute between the Amateur Athletic
Union and the National Collegiate Athletic Association
which had not then been settled.
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY
COMPUTATION BOOK
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GENERAL INSTRUCTIONS

In all work in which accuracy and ease of referesce are important, much depends upon carrying out the computation

in a systematic manner. The following instructions, taken from the Engineering Department Figuring Book of the
Allis-Chalmers Co., serve as a guide in this mailer.

“All computations, of whatever kind, are to be made in these books, except in cases

where special blanks may be provided for specific kinds of computation. Computations may
be made in ink or pencil, whichever may be more convenient. Pencil figuring should be
done with a soft pencil. All the work of computation should be done in these books,
including all detail figuring.”

“Each subject should begin on a new page, no matter how much space may be left on

the previous page, The subject, with the date of beginning it, should be plainly written at
the top of the first page of the subject.”

“Work should be done systematically, and as neatly as consistent with rapidity, The
books are, however, intended for convenience, and no unnecessary work should be done for

sake of appearance only. Errors should be crossed off instead of erased, except where the
latter will facilitate the work. Work should not be crowded, Paper costs less than the time

which would be expended in attempting to economize space in making erasures.”
“Where curves drawn on section paper (or sketches) are necessary parts of a computa-

tion, they should be pasted in the book, except where specifically otherwise provided for.”
“Computations should be indexed, in the back of the book, by the person using the book,”
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