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the excessive thinness of the strips that they take up 
and part with the heat almost instantly. 

The sensitiveness of the instrument depends natur­
ally upon the amount of current used. With the cur­
rent which experience recommended as leaving a very 
steady galvanometer needle, it was found that the 
bolometer showed a sensitiveness of from ten to thirty. 
t,imes that of the most delicate thermopile, area for 
area. 

At first, when the instrument was used, two observ­
ers were required, one of whom was occupied in record­
ing the reading of the circle which fixed the place of 
the bolometer in the spectrum, while the other sat at 
the galvanometer and noted through how many divi­
sions of the scale the needle swung, owing to the elec­
tric disturbances. This process was exceedingly tedi­
ous, and involved going over the work again and again 
with all1lDst interminable repetition; indeed, the gal­
vanometer had to be read over a thousand times to ob­
tain with sufficient accuracy the position and amount 
of a deflection of the energy curve in any single part of 
the invisible region. 

As an illustration of the slowness of the process, Dr. 
Langley said that .. it took nearly two years to fix the 
position of twenty lines" in t.he spectrum. 

Some years afterward Dr. Langley was called to the 
Smithsonian Institution, and there organized (,he As­
trophysical Observatory, in which the work of examin­
ing the infra-red portion of the spectrum by means of 
the bolometer was continued. He then introduced a 
method by means of which the work could be carried 
on not only with far greater rapidity, but with greater 
certainty, and by an automatic process. Briefly, it 
was as follows: 

Orhdnally, as has been said, the deflection of a spot 
of light upou a scale was read by one observer, while 
'l.tlother simultaneously read the position in the spec­
HUIU of the line that caused the thermo electric dis­
turbance. In the automatic form a photographically 
sensitive plate was suhstituted for the scale on which 
the light was deflected, and both observers were dis­
pensed with. As the needle swung to the right or left, 
the spot of light would trace upon the plate a black 
horizontal line, whose length would show how far the 
needle moved and how great the heat was which 
originated the impulse. If no other conditions inter­
vened, an impulse originated by the movement of the 
spectrum over the bolometer thread when the needle 
swings a second time, it will go over the same place; 
but if the plate be provided with cluck work so as to 
produce a uniform vertical movement of the spectrum, 
the combination of the two motions of ttlfl needle and 
the plate will trace upon the latter a sinuous curve 
which will be, in theory at least, the same as the 
curve formerly deduced from thousands of galvano­
meter readings. 

If we assume that the movements of the invisible 
spectrum as well as of the plate are controlled by the 
same clockwork, so that the spectrum is caused to 
move uniformly over the bolometer thread, and that 
these movements are by accurate mechanism rendered 
absolutely synchronous with those of the moviug 
plate, it is evident that not only the amount of heat, 
but also each particular position in the spectrum of 
the thread of the bolometer which can alone corres­
pond with any given inflection of the curve, can be 
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deduced from the photographic curve traced on the 
moving plate. 

To this automatic form of bolometer the name of 
" s pectro-bolometer" has been gi ven, and as the prin­
ciple on which the apparatus was constructed may not 
clearly indicate its method of manipulation, the follow­
iug description, taken from Dr. Langley's own account, 
is added. It may be said that the installation has re­
ference to the Smithsonian Astrophysical Observatory, 
where for some years it has been in active use. 

He says: .. A beam from the mirror of the siderostat 
is conveyed through the slit of a telescope haviug a 
rock salt objective of about ten meters focal length to 
the priSIll, wllich is mounted on the ma8sive spE'ctro­
bolometer, the novel feature lying in the mechanical 
connection of the large circle carrying tile prism with 
a distant photographic plate susceptible of vertical 
motion and taking the place of the scale formerly in 
front of the remote galvanometer, both circle and plate 
being now moved by the same clockwork through a 
continuous train of shafting, which works with such 
steadiness and precision as to make the two move­
ments entirE'ly synchronous." 

To understand this better, let us suppose that the 
very slowly moving circle carrying the prism llIOVE'S the 
spectrum through one minute of arc in one minute of 
time, across the vertical bolometer thread. To the ob­
server watching the spectrum the motion is as slow as 
that of the hour hand on the dial, but it is continuous 
and uniform, and the same mechanism which causes, 
this motion of the spectrum of one minute of arc in 
one minute of time caUSE'S the photographic plate to 
move vertically before the galvanometer mirror at any 
given rate; for instance, at the rate of one centimeter 
of space in one minute of time. It follows that during 
every second of this minute a portion of the spectrum 
represented by one second of arc will have glided be­
fore the bolometer thread, and that during this same 
second the photographic plate will have been lifted 
autoillatically through one-sixtieth of a centimeter in 
space; the essential thing being that the plate shall 
show, on simple inspection, not only the inflection of 
the energy curve there written down, but the exact 
relative position in the distant spectrum which the 
bolometer thread occupied at the moment it caused the 
disturbance. By suitably changing the wheels on the 
clock work we may cause the spectrum to move fast or 
slow, in the former case giving only its principal in­
flections, in thE' latter case giving a great deal more of 
detail. but with liabilitIes to error. 

It is with this instrument that for nearly ten years 
persistent work in the examination of the infra-red 
solar spectrum has been carried on. This extended re­
search is now fast drawing to a close, and in the last 
annual report sublllitted by Mr. Ab bot, who, under 
Dr. Langley, has charge of this work, may be found 
the following summary of the results obtained. He 
says: .• While our knowledge of the infra-red still re­
mains less completA than that of the visible spectrum, 
both in the number of absorption lines mapped and in 
the accuracy of determination of their wave lE'ngths, 
yet the difference in the methods of observation must 
be recalled. On the one hand are the most powerful 
gratings with all the advantages of direct photography, 
while on the other is only a simple prism, in whose 
dark spectrum we grope for cold lines and measure 
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cheir wave lengths indirectly. The results of the latter 
process are 750 lines determined in wave lengths to an 
accuracy of three parts in ten thousand, and besides­
what photography does not give-an exact knowledge 
of the distribution of the sun's energy." 

At the recent eclipse of the sun the bolometel' 
was used in connection with the observations made, 
and the heat of the corona was, for the first time, suc­
cessfully observed. The apparatus used by Mr. Abbot 
was so sensitive that tbe observer's hand, at d istance 
of five feet, gave a deflection of the galvanometer of 
sixty scale divisions. 

In conclusion, I am very glad of this opportunity 
to express my appreciation of Secretary Langley's 
courtesy in allowing me to use the prints from which 
the illustrations that accompany this article were 
made. . ' ... 

The Current Supplement. 

In the current issue of the SCIENTIFIC AMERICAN 
SUPPLEMENT will be found, among other article,. a 
well illustrated description of sOUle Roman atuplii­
theaters and an account of trade ill ancient Assyria, 
both of which should prove of interest to those of Ollr 
readers who have an arclireological bent. "The Aqua­
rium at the Paris Exposition" is the title of an article 
which describes the remarkable work of MM. Albert 
and Hem'i Guillaume. 'J.'be well-known chelllist Bprthe­
lot tells of the experiments which he has conducte,j 
for the purpose of determining when and why potas­
sium clilorate explodE'S. In an illustrated arl icle on 
the "Metallurgical Uses of Aiuminiulll," the Gold­
schmidt process of industrially utilizing the chemical 
reaction of aluminium on metallic oxides is described 
at length. The process has attracted no little atten­
tion both b ere as well as abroad. The ThOlll8on­
Houston underground trolley, recently opened for ser­
vice between PlacE' Pf'reire and .Montmartre, in Paris, 
is illustrated and described. " Clock work at the Ex­
position of 19UO " is the title of an illustrated account 
of some horological curiosities. The address deli vered 
by MI'. H. W. Jane on tile •• Present Condition of the 
Coal-Tar Industry," bef,)re the Philadelphia SE'ctioll of 
the American Chemical Society, is published in full. 
MI'. H. C. Weeks exhaustively discusses the .. Exter­
mination of Malaria-Breeding Mosquitoes by Petrol­
eum and Drainage." The new rattler for testing pav· 
ing-brick and the improved im pact testing-machine 
which have been installed at Purdue University are 
described and pictured in a paper contributed by Prof. 
William K. Hatt aud W. P. Turner. Tbe turbines ex­
hibited at tlie Exposition are discussed and illustrated 
in a well-written article. How structural iron is cut 
by the electrical are is told by J. R. Cravath. The 
consular and trade notes will be found in their usual 
places. 
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RECENTL Y PATENTED INVENTIONS. 

I 
with steam-passages, some of which 

--
-::- I�e dirt on the s�eet �Ul"face. If the device is 

_ formed as grooves extending in the flat top. to be used in hospitals or hotels for cleaning 
Engineering I.nprovements. The passages are arranged to coincide and hard wood or tile floors, a rotating mop is 

signed to be simultaneously rotated and recip­
rocated in a cylinder attached to the reser­
voir, so as to lubricate without the interven­
tion of suction or pressure valves. A device 
is also provided whereby overpressure is avoid­
ed if the apparatus be used for lubricating 
under pressure. 

ROTARY ENGINES.-ABRAM L. SCUDDER, I communicate with those of the steam· chest employed on the outside of the casing. 
Deposit, N. Y- In the annular casing of the 

I 
base. 'l'he piston-valve acts automatically INSULATOR.-l;]�II L RISLER, Freiberg, Ba­

engine is a steam-chamber. The casing is pro- to allow alternate induction and exhaust of den, Gel'lnany. The insulator consists of a 
vided with inlet and exhaust ports and with a steam to and from the piston cylinder through pin; a lower insulating piece designed to fit 
slot for the piston-disk, having a head filling I the proper passages, and is itself acted on by over the reduced and screw-threaded end of the 
the steam-chamber. An abutment slides in live steam and thereby shifted at each bali pin; and an upper insulating piece comprisIng 
guides in the casing. A cam-disk is mounted reciprocation, so as to cut off steam at t..e a part having a central bore and a screw­
to turn with the piston-disk and is engaged at right moment. The formation of the rassages threaded metal lining inserted in the bore. A 
its free-end by a pivoted level'. A rock-shaft as grooves effects a considerable economy in cap is cemented both to the upper insulating 
has arms connected with the upper end of the the construction of the engine, as compared piece and to the lining. The upper insulating 

Designs. 

lever and with the abutment. The valve for the with cored castings. piece is adapted to screw on the threaded 

SMOKE-PIPE REGISTER.-GEORGE KESS­
LER, llrooklyn, New York city. The leading 
fea ture of the design consists of a rim joined 
by openwork with a solid ring and a center­
piece set in the ring. admission of steam is opened for approximately end of the pin and to clamp an electric wire 

COLLAR-PROTECTOR.-LoUISE R. SEWWARD, 

New Brighton, Richmond, N. Y. The shape of 
the collar-protector is that of an elongated 

one-half the rotation of the piston-disk and Is 
Electrical Apparatus. between itself and the lower insulated Dlece. 

then closed for the other half of the rotation, 
ELECTRICAL CONNECTIO�. _ WILLIAM whereby the steam which has been admitted is 

expansively used. The amount of the steam in 
each chamber may be varied by altering the 
shape of the cam so as to hold the valve open 
for a longer or shorter time. 

GERHARDT, Hazleton, Penn. It is the purpose 
of this invention to provide a convenient de­
vice for facilitating the connection or discon­
nection of electri('al wires. The electrical con-
ne('tion has two insu la ting sections, one being 

CHF�CK-Y AI,YE.·- THO�IAS .T. HACKETT, provided with a proje('tion and the other with 
Wardner, Idaho. The check-valve comprises a a cavity in which the projection is received. 
valve body having an inlet and an outlet, be- Oppositely-disposed dogs are ('arried by the 
tween which is a conical valve·seat. Caps section having the t·avity, and wOl·k throu3"h 
screwed in the body have elongated, inwardly the walls to engage with the projection of the 
projected tubular bearings or guideways. In other section so as to hold the two sections 
one of these guideways a stem is received; and I together. It;lectL'i('al conductors are ('arried in 
the other guideway receives a second stem, the sections and are in ('ontact with each other 
whie h has a flange and a threaded end, screw- . when the sections are engaged. 
ing in the conical core of a valve provided with ELECTRIC SWEEPI';R AND DEST GATH­
an integral flange. A conical ring of flexible gRER.-CnRINNE DUlt'OTJR, Savannah. Ga. In 
material fits on the valve-core, between the the casing of the sweeper rotating brushes 
flanges. The valve is made preferably in sec- are arranged which are dl'i ven by an electric 
tions to permit the convenient removal of the motor. Above the brushes is a suction-fan also 
ring. driven by the motor and serving the pmpose 

YALyg FOR PUMPING-K,n Il'IES.-.lAME S of throwing the sweepings and dust llDwardly 
S. ATKINSON, 601 Twenty-sixth St., Louisville, I again�t a screen containing a sponge or moist­
Ky. The inventor has devised a va�ve all(� a 

I 
ened cloth. 'I'he a.'Tangement is SUr'll that �he 

steam-chest having a flat base provlded wlth motor can be readlly moved when the machme 
central and end ports and with a ('urved ex- ) is not to be used as a sweeper. If the device 
haust passage formed as a groove in the base. I is to be used for street cleaning, a scraper Is 
A piston and cylinder bave a flat top provided I added wbicb serves tbe purpose of loosening 

Mechanical Devices. oval, both sides being convex and one some­
what flatter than the other. The side whIch 

WINCH.- ROBERT A. McLEOD, Kaihu. Auck- is least flat has in its middle a V-shaped 
land, New Zealand. This improved winch is notch resolving the two portions of the collar­
a dire(,t fair-lead winch. which. when swung protector into halves in which all the marginal 
around at the required angle. hauls, lifts or lines are convexed or inwardly curved lines, 
lowers loads directly without the use of lead- terminating at the ends in sharply ronnded 
locks. The invention comprises a winch-barrel corners. 
driven by vertical gear-wheels from a main 
horizontal gear-wheel. which is movable on a MA��{Sl�'���!� �;�N��i� ' 

de�::'O:�:Si�� ��U� circular guideway bolted into a frame, so that 
the winch can be tmned through a portion of a semi-circular portion formed with a stout 

circle. A pull-back drum operated by gearing, spring wire having a bend or loop at one side 

and a horizontal ('apstan or gipsy, are pro- of the middle for attachment to a nail or hook. 

vided. A vertkal shaft ('arries a capstan or Two pairs of jaws "re provided, one pair 

gipsy on its upper end and is Sct·ul·ed to being attached to each end of the wire and 

the main horizontal gear-wheel. By means of having teeth designed to grip the trousers 

clutch"s the verti(,al gear-wheels (.an be thrown legs at opposite points. 

out and the win(,h held in horizontal adjust- l'RI:\"TING-FILl\f.-BENJAMIN DAY, Hobo-
ment. ken, N . . 1. This printing-film for printing skies 

LlTBHI(' ATING AI'I'AHATlTR.-LNO!\f SgR- on photographs has a series of dots arranged 

pOLLwr. I'm·ie. Franee. 'I'he inv�n1ion is a me- irregularly. Novel and valuable results are 

t.hanicnlly olwrated Inhl'i('ator of the Idn<1 In "'.aimed for this film. 

which oil is drawn from a re�rvoir by a piston NOTE.-Copies of any of these patents wlII 
and delivered to the parts to be Inbl"lc'ated, be furnished by Munn & Co. for ten cents each. 
through distributing-pipes. In the present In- : Please state the name of the patentee, title 
vention a piston is provided, which is de- I of tbe invention, and date of tbis paper. 
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