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to handle cases, where to go for freight at the docks,
how to thread his way through congested streets,
and how and where to deliver the load, for which
work, moreover, the operator sufficiently skilled to
control the complications of the present automobile
engine is either too expensive or considers himself
superior. A single man could have entire control of
the running of the machine and the handling of the
freight, whereas in ordinary systems a skilled driver
is necessary in addition to the usual freight handlers.
In case of an accident to the machine, word could be
sent to the central station, and a second truck could
be sent out to replace the injured one, while the latter
was being repaired.

Although we have shown this hydraulic drive system
as applied to auto trucks, it will be evident that it is
equally applicable to high-speed automobiles. It is not
necessary for a man to be a machinist in order to run.
an automobile thus equipped, because the usual trou-
ble-making gearing is entirely dispensed with, and
the possibility of a break is extremely remote. Mr.
Manly has suggested that the system could be used
im connection with any power system, in which a
variable speed is desired. On ocean steamers, for ex-
ample, the hydraulic power transmission between the
engines and the propeller would prevent racing of the
propeller when it was lifted out of the water, for the
reason that the ihcompressible oil circulating through
the system determines positively the rate of motion
of the various parts, and absolutely prevents the pis-
tons from moving at a higher speed than is set by the
circulating oil, even when the load is suddenly re-
lieved.
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NEW DISCOVERIES ABOUT LIGHTNING.

BY JAMES COOKE MILLS,

‘While photographs of lightning flashes are not new,
such pictures as recently have been taken under the
auspices of the Smithsonian Institution are attracting
unusual attention in the scientific world. Curiously
enough, the investigations which have been conducted
along this line were brought about almost by chance.
A year or so ago, a letter was received by the secre-
tary of the Smithsonian, inquiring for a publication

of the Imstitution relating to photographic experi-

ments. It was couched in quaint English and written
in a foreign hand, its author being Alex Larsen, who
a short time before had arrived in this country from
Denmark. In his letter Mr. Larsen mentioned inci-
dentally that he had taken some photographic light-
ning by holding a small camera in his hand and re-
volving it from side to side. He inclosed a proof
of one of his pictures, and inquired if it was of any
scientific value.

The idea of taking pictures of lightning with a
moving camera, while not new to the officials of the
Institution, was considered by them well worth ex-
periment. They opened a correspondence with the
young investigator from Denmark, and found that
he was more than ordinarily well versed in science,
having made a study of chemistry, physics, and me-
chanical and electrical engineering in his native land.
His material resources were limited, and thq appar-
atus he used was necessarily crude, he having con-
ducted his studies and expériments at odd moments
from the daily grind of eking out an existence.

The Smithsonian officials deemed young Larsen
worthy of assistance, and they appropriated a grant
from the Hodgkins Fund of the Institution for the
provision of an excellent photographic apparatus, and
a sum of money for the construction of a suitable
moving device to continue his experiments, and also
to pay in part for his support.

The results of this comparatively small outlay have
been notable. The peculiar flickerings of most light-
nisg flashes, which the ancients attributed to some
supernatural origin, have now been analyzed, and sev-
eral successful exposures clearly show that nearly all
flashes are composed of several diccharges following
one another at certain intervals in the path made by
the first discharge. It is definitely determined, there-
fore, that a flash of lightning is not one single vibra-
tion, as generally supposed, but is made up of numer-
ous small flashes or ‘‘rushes.”

How rapidly these rushes must follow each other
may be imagined from the fact that the flash may be
composed of as many as forty rushes, and the duration
of the whole a fraction less than half a second. The
perpendicular flash shows a broad sheet on the nega-
tive, and on the prints from that the distinctive rushes
can be counted. The time of the flash is determinable
from the known width of the sheet on the plate and
the known motion of the table on which the camera
is set.
the rushes vary in duration from three one-hundredths
of a second to two one-thousandths of a second.

The most remarkable result of these experimenta 18
the discovery of a “black rush” in the lightning flash,
that is, a rush not discernible to the eye; and as para-
doxical as it may seem, there is invisible lightning.
To verify and substantiate this, we have only to refer

According to calculations made by Mr. Larsen, ‘
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to Fig. 1, a reproduction of a photograph taken Sep-
tember 1 at 9 P. M. The storm during which this
flash was photographed began about 7 P. M., with
the wind northeast, which is very unusual for Chicago.
The wind gradually changed to north and northwest,
the temperature being about 24 deg. C, and the barom-
eter varied between 29.89 and 29.92. The flash was
obtained when the storm was most severe and while
it was raining very hard.

This flash is composed of forty separate discharges,
made up of one band, which in all probability is com-
posed of a number of separate rushes or oscillations
very close together, and one black discharge. It is this
black discharge which makes this flash the more in-
teresting, and the photograph shows it running paral-
lel and on both sides of the first bright rush, the
boundary line on the inner side being more plainly
marked. From this black discharge issue several side
branches on both sides, a large one spreading out
over the other rushes quite prominently. These side
branches all pointing downward indicate that the black
rush was a downward stroke, and they also tend to
prove that it must have had a good deal of resistance
to overcome. It must have cleared the way for the
first bright discharge, which in all probability pro-
ceeded from the ground upward. The difference in
width of the bright discharge, measured at its lower
and upper parts, would confirm this opinion of the
experimenter, being nearly twice as wide at the lower
part as at the upper part.

An interesting question here presents itself. Have
we here two separate discharges with different rates
of oscillation traveling the same path? Can such a
condition be. possible? To the experimenter’s mind
the most plausible explanation would be that the two
discharges occupied two separate paths, one inside
the other, one discharge forming, so to speak, a tube
through which the other passed. It may also be
claimed that the bright discharge is probably part
of the dark discharge for some reason rendered more
luminous. This explanation may be the true one, al-
though it appears as if the bright flash is entirely
separate. The measurements of the width of the lower
and upper parts of both discharges confirm this opin-
ion.

Authorities differ in their opinions as to the prob-
able cause of these dark rushes. It has been sug-
gested by some that there really are no black dis-
charges, but what appear as such are excessively
bright rushes causing a reversal of the image on the
plate. This explanation may be the true one if we
understand the word “brightness” to mean increased
actinic power of light. In the black discharge repre-
sented this chemical effect must have been extremely
high, owing to the fact that the smallest hair-like
extremities of the side branches are well reproduced
on the picture as black, in comparison with the
broader and to all appearance more powerful dis-

"charges following after.

It was at first thought likely that we had to deal
with an interference phenomenon, but the idea was
discarded. Then it was suggested that the black dis-
charge was probably due to slow oscillations (the
width of it would tend to confirm this), and what
appeared as black on the plate would be in reality a
dark red discharge on a partially illuminated back-
ground. The red, of course, would take black in the
photograph. This opinion had also to be discarded
for the reason that, if such be the case, the side
branches of thq dark discharge would have been ob-
literated by the other rushes following. The effect of
halation and solarization was also considered, but
rejected.

There was thus but one way to account for the
prenomenon, namely, that the flash must have given
out light of a wave length much shorter than the
wave lengths of 'visible light, and with a power suffi-
cient to render the portion of the plate struck by it
non-sensitive to ordinary light. Such a flash would
appear black on a partially illuminated background,
or be invisible.

Park flashes have been observed by the experi-
menter - on several ocasions, and only when raining
very hard. They appear to the eye the same as the
accidental image produced after looking at a bright
flash. Such an image may be retained in the eye for
quite a while, but cannot easily be confounded with a
real flash.

Fig. 2 -was obtained on October 1. We have here a

" flash composed, first, of two bright discharges close

together, then there appears to be an interval of
about a fourth of a second, which in all probability was
filled in with a number of fainter oscillations (the
lines running across seem to indicate that), and at
the conclusion of the flash are four bright rushes.
During the summer a new departure was under-
taken by Mr. Larsen, the object being to obtain spec-
trum ‘photographs of lightning. Spectroscopic exami-
nations of lightning have been made by many, but
most of these observations have been visual, which
at their bhest can only be rough approximations of the
number of lines and their relative positions. An ap-
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paratus was constructed, consisting of a camera with
a prism fitted in front of the lens, no slot being used,
ag a lightning flash is a relatively narrow streak of
light yielding a practicalty parallel beam. By means
of this arrangement a few photographs have been ob-
tained, one of which is reproduced in Fig. 3, while a
spectrum photograph of a spark from a static machine,
for comparison, is shown in Fig. 4. The first shows
the spectrum of one of those horizontal meandering
flashes often seen at the conclusion of a storm of long
duration. It differs considerably from the other, sev-
eral lines being absent. No deflnite opinion has as
yet been offered by Mr. Larsen as to the meaning of
the changes of these lines in the spectra of different
flashes, because more material must be obtained before
a positive statement can be made.

The moving camera apparatus for making lightning
flashes is a simple enough device, and has proved sat-
isfactory at all times. A spring motor movement (of
the kind used to operate revolving stands for ex-
hibiting goods in show windows) was procured and
mounted inside a table specially constructed for the
purpose, and a stand for supporting the cameras was
fitted to the central shaft.

As the speed of the motor was too slow, the fly-vane
shaft was removed and the vane moved to the next
shaft, which was lengthened so as to extend under
the table. Thus arranged the fly-vane could be made
to revolve in a liquid placed in a vessel under the
table, thereby preventing much of the vibration and
getting a more uniform speed. Fig. 6 shows the ar-
rangement of the apparatus, with the table top re-
moved. to show how the motor movement is placed;
the fly-vane revolving in the water box beneath. The
stand is usually revolved at a speed of one turn in
ten seconds, which was found to be the most suitable
for ordinary purposes. The reason for employing a
motor movement with a uniform speed to move the
cameras is to ascertain the exact duration of a flash
or the intervals between the rushes.

The amateur photographer who would take pictures
of lightning flashes with a moving camera need have
no such device to revolve the camera, as it may be
moved by hand, being swung from right to left and
back again, each swing lasting about a second and
covering an angle of 60 degrees, which is also the
angle of the lens. An ordinary magazine camera for
all ordinary purposes is the most convenient, on ac-
count of the rapidity with which the plates can be
changed, this being of great importance, because as a
rule the time most favorable for obtaining good pic-
tures is very short, seldom lasting longer than from
ten to fifteen minutes.

The best way to hold the camera is to place it close
to the body, tilting it somewhat upward so as to get
as much of the sky in the picture as possible, and
swinging the body from side to side. The time and
angle of the swing can be regulated with a little
practice so as to be fairly accurate. With the utmost
care, however, the element of luck enters into the
work to a considerable degree, and the game is one of
patience and perseverance.
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Official Meteorological Summary, New York, N. Y,
November, 1908.

Atmospheric pressure: Highest, 30.45; lowest, 29.49;
mean, 30.04. Temperature: Highest, 62; date, 26th;
lowest, 27; date, 5th; mean of warmest day, 57; date.
26th; coolest day, 32; date, 15th; mean of maximum
for the month, 50.8; mean of minimum, 38.6; absolute
mean, 44.7; normal, 43.8; excess compared with mean
of 38 years, +0.9. Warmest mean temperature of
November, 50, in 1902. Coldest mean, 37, in 1873. Ab-
solute maximum and minimum for this month for 38
years, 74 and 7. Average daily excess since January,
1, +1.6. Precipitation: 0.75; greatest in 24 hours,
0.66; date, 14th and 15th; average of this month for
38 years, 3.43. Deficiency, —2.68. Accumulated defi-
ciency since January 1, —2.39. Greatest precipitation
in November, 9.82, in 1889; least, 0.75, in 1908. Wind:
Prevailing direction, west; total movement, 9,364
miles; average hourly velocity, 13.0 miles; maximum
velocity, 46 miles per hour. Weather: Clear days, 13;
partly cloudy, 6; cloudy, 11; on which 0.01 inch or
more of precipitation. occurred, 3. Frost: Light, 2;
killing, 5th. Snow: 0.6. Fog (dense), -10th, 224, 23d,
24th, 25th.
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A $500 Prize for a Simple Explanation of the Fourth
Dimension,

A friend of the ScIENTIFIC AMERICAN, who desires to
remain unknown, has paid into the hands of the pub-
lishers the sum of $500, which is to be awarded as a
prize for the best popular explanation of the Fourth
Dimension, the object being to set forth in an essay
the meaning of the term so that the ordinary lay reader
can understand it.

Competitors for the prize must comply with the
conditions set forth in the SCIENTIFIC AMERICAN Of
Novembor 21, 1908,
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