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FRANGOIS MARTIN PANNETRAT, OF PARIS, FRANOE.

Letters Patent No. 106,718, datgd August 23, 1870,

el - -

- IMPROVEMENT IN SOLAR-TIME INSTRUMENT.

et e~ U e

The Schedule referred to in these Letters Patent and maging part of the same,

S sl -

To all 1o whom it may conceri ;

Be it known that I, FRANCOIS MARTIN PANNE-
TRAT, of Paris, in the Empire of France, have in-
vented a new and improved Astronomical Instrument
called the Heliade, by means of which is obtained the
true time at mid-day, or at any other moment of Lhe
day, the latitude, the longitude, and the meridian-
line; and I do hereby declare that the following is
o full and exaet description thereof, reference being
had to the accompanying drawing and to the letters
of referenee marked thereon.
~ In these drawing— |

Figures'T, II, III serve to demonstrate the princi-
ple on which this instrament is based.

Figure IV is a front view, and | |

Figure V, a side view of the said instrument, with
a series of alidades and dials on one side, and on the
other a metal disk, B, to counterbalance_the weight of
the alidades and dials. | | o |

Figure VI is the developed plan of the interior
the box making part of this instrument. .

Figure VII 1s a graphical view of the said interior
undeveloped, *_

Figuare VIII is an oblique view of the instrument,
with a series of alidades and dials on each side of the

of

Figure IX is a side view of an Instrument, with a
single demi-cylinder. ) L
- Yigure X is a small pocket instrument, its ease sery-
Ing as its support. | | :
Fignres XTI and XII are, the former a plant of a
balance doubled and multiplied; the Iatter a vertieal
seetion of the leg of the same, for maintaining the
equilibrium of the instrument. S
This invention relates to an instrument intended to
weasure, with the help of the sun, in all places in tlie
world, on land or on sea, first, the true time of mid-
day, or, in other words, the moment of the passage of

the sun over thie meridian; second, the latitude at all
times of the day, as long as the sun isabove the hori--

zon, the true time being known ; third, the true time
of the place where one may be at every instant of the
day, the latitude being known, approximativel y ; fourth,
the longitude of the place where one may be; fifth,
the meridian-line, or true north and south line, and,
consequently, the declination of the compass, or the
variation. | | S
If this instrument does not lead to the complete
suppression of the sextant and other l‘eﬂect.i'ng—instru-f
ments, of the chronometer, and of the compass, at
least it will be found indispensable for confrolling and
regulating with nicety these ditferent instruments:-and
the operations effected with them. |
most entirely with all ealeulations, and reduces the
- Observations to a great simplicity, and, at the same

It dispenses al-

time, insures an exactitnde almost mechanical. It
does not, consequently, demand any deep theoretical
study. It is independent of atmospheric’ influeuce.

Finally, it has the advantage of being eapable, if
necessary,- of replacing, alone, all the other instrn-
ments, viz., sextant, chironometer, and compass.

- The size of this instrument is variable. It may be
reduced to the size of a large snuff-box, and thus car-
rled in. the pocket; or, if great exactitude and pre-
cision are required, this size may be proportionately
increased. | | |

It is important, before entering into the explana-
tion, to give an idea of the problem to be solved. This
will. be done by referring to Fig. I of the accompany-
ing-drawing, which also sets forth the relations be-
tween the instrument and the terrestrial globe.

Suppose D the place whose position is to be deter-
mined on the sphere represented by the cireamference
E ¢ I’ g, and whose axis from one pele to the other

18 shown by the line g ¢, and the line I8 K indicates

the equatorial plan, it is required to find what distance
separates the point D from the point E, or, in other
words, from the equatorial line, that which is effected
by astronemically measuring the distance from the
point Z', zenith of the observer, to the point Z, equa-
torial zenith, by drawing from the points Z and 7 the
lines Z K I¥" and 7' D D', which meet at the point P,
the center of the sphere; we have the two angles B P
D and D' P E, equal to one another, as also the arcs
E D and D’ I, both similar to the arc Z Z". Conse-
quently, it a ethod of any description enables one
to measure the arc D’ I, the measure of the are Z 7’
wiil De obtained, also, and, therefore, that of the arc
E D. 'l1t is precisely this that this instrument is in-
tended to eftect. | |

This instrument consists of a rectangular box, A,
hung so as to turn on two pins, b ¥, and whose axis
passes through the center of the volume of the Lox
in the direction of its length.,

The axis of the two standards ¢ ¢ is perpendicular

‘to the base D D, which pivots horizontally, at T, on

a support, whose legs, d d d, are composed of screws,
by means of which the base may be maintained in a
perfectly horizontal position, which forms an essential
condition for the exactitude of the observations.

This true horizontal position is ascertained Ly .
means of two water-levels, n #), fixed, at right angles,
on the base. - . -

A screw-nut, s, serves to arrest the pivoting move-
ment when the box is in the desired position. |

Inside the box are two hollow demi-cylinders, with
their convex parts standing baek to back at the cen-
ter of the volumme of the box, (see Fig. VIL) Their
bases form exact half circles.

These cylinders-are graduated in their concave part
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by means of lines parallel with the hemicycle of the
base, and of others perpendicular to the first, and par-

ailel mth the genemtmﬂ-hne of the (*y]mder. Fig, V1
represents these graduations developed in o plan.

Thus &1'l'atlged, these two demi-cylinders represent -

exactly, each of them, the section of a part of one of
the hemispheres included between the two tmpi(,s
(see Fig. I11,) araduated in its concave, anstead of in
i1ts convex part,

The line I I, (Ifigs. II, VI, and VI1I, ) which di-
vides the longitudinal ]me.s into equal parts, repre-
sents the L(lll:ltf_)l' the others, above and beneath,
marked 0 to 24, represent the degrees of bhoreal and
ausiral deuhmtmn of the sun fmm one fropic to the
~other. The distance intervening between said lines
increases gradually from the first (the nearest to K 1,
which is marked zero) to the last, according to the
principle demonstrated, Ifig. 11I. Thus, by taking
the line ¢ ¢ as the axis of the earth; the point P as
the center of the sphere, the are g 0 ¢’ as a meridian,
the point 0 as one of the points of the equatorial line,
the points « b ¢ as degrees of intertropieal latitude,
atd then if from the center P two radii are drawn,
which, after cutting the circumference at the points «
b ¢, extend far enmwh to meet the tangent M M, it
is- clear that the dmslons 8, 16, and "4 increase in
proportion as they depart imm 0, in & progression of
wlich 1t is important to take accuunt for the greater
precision of the observations. |

The other lines, perpendicular to -the former, and
equidistant from one another, are the meridians. The

middle one, M M, marked 12, (see Iig. VI,) being

thesgenerating-line of the eylinder, represents the mid-

day of the place, and the other to the right and to

the left, marked 1 to 6, and 6 to 11, the horatry lines
of the dinrnal are 3, Witl) snbdmsmm by fm,ctunm, of
20 30, say ten mmute&: of time.

A thread, ¢” ¢, Fig. VII, perpendicular to the

g
long sides of the bm:, and mespnn{lnw exactly to

tl:e line M M/, serves as axis to ezu:h of the demi-cyl-
inders.

At the center of this thread is a knoty P, which
should correspond with thL, point 0 or & nt thu line
M M. |

In order to obtain this precision, the thread 18 re-
tained in ¢” ¢” by screws, which enable one to bring
back the knot to the eenter, which is determined by
placing a second thread in LIIL length of the box from
18 to I¥, the extreme points of t]lb equatorial Jine.
The pla(,e where this second thread will cut the ﬁlst
mll be the precise center sought for. The thread ¢”
~g” thus represents the axis of the earth, of which the
knot is the true center, (see Figs. 11 and 111.)

On a board, N, attached, by hinges, to one of the
large sides of th{, box, so as to remain applied, or to
be withdraw n, at will, exists a compass-card, whose
north and south line is precisely in the phm, of the

thread ¢” ¢”, and of the line M M.
- This board may be equally well placed on either
side of the box, provided that, whatever be the slope
of this latter, tllL. saitl board lm held. hovizontally., 1t
could also be so arranged as to act, at the same time,
as cover or lid to the hm.. | |

The upper demi-cylinder serves for the observations
from 6 a. m. to 6 p. m., the lower one before 6 a. m.,
and after 6 p. m., in high latitudes, or when the sun
is coutinually at the edwe of the lmrizon, that is to
suy, in the polar regions.  And, as this latter is very
rarely used, it could, with a view of simplification and
ecolomy, bb SllpplﬁSbEtl_, as shown in Iig. 1X.

At the foot of one of the vertical standards is fitted
a quarter circle, B, graduated from 0 to 90.

An alidade, (:r is tixed to rest at the axis b of the
box, which axis is the center of the circle of which
the dml B is an are, so that, by running the alidade on
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the dial, a rotating motion is 1mp41ted to the box,
which slope , and descnbes on the plan I P E O,
(see Figs. IT and VIL) an are exaectly similar to that
described by the alidade on the dial.

This dial could rigor ously suffice if the alidade were

furnished, like tlmsu of sextants, with a vernler or

nonius gw*m'-"lr thé minntes and the seconds, and, ac-
cording to the size of the instruments and tlle degree
of precision required, the observation may be &nested
here. Nevertheless, to attain a higher degree of ¢x-
actitude, 16 will be beftel‘ to apply the tolluwmtr im- -
prov ement to the instrument:

At the top of the alidade G a second dial, g, wiil be
seen. A second alidade, -H, is .e.lttswlled'by a pin onto
the first; at the point p, wlnch is the center of the cir-
cle of wlnch the dial ¢ is an are; this latter alidade
plays in the contrary direction 1:1) the first, G. At
the head-of this second one, that is to say, on the
prolongation of the radius under the center, p, and
forming with it a broken line, exists a little hund,
which t.met]v covers the 1mhczmtmfr stroke of the ;111—
dade G. The indicator of the ahd;ule H is then, at
the extreme left of the dial ¢, destined to give the
fractions of degrees in minutes. To divide this dial,
the alidade H is first placed in this position, and in
front of the indicating stroke on the alidade, on the
dial ¢, is traced a llm_, whiclhi is the prolongation of
said stroke, and marked O. The indicator G being

1. then pliced in front of any degree-line but zero on tl:e

dial B, the alidade H is run out until its head hand,

~changing from right to lett, has measured, backward

on the dial B, the space ot a degree, that 18 to say,
until its poing is found exactly in front of the divis-
ion which precedes that marked by the indicator G.
The indicator H has then passed to the extreme right
of the dial ¢, on which is traced a stroke marked 60,

which is the prolongation of the stroke of the indi-

cator of the alidade, and the are intercepted by the
two point% 0 and 6u, similar to the arc described by
the hand, is divided into sixty sectious, m]ulmlent to
as many mmutes |

In order to obtain the complement of fractions &
third dial and alidade are required. "This third dial,

I, is on the pin of the alidade H, upon which the third

ﬂ]ldﬂdt‘, I, is fixed by a pin at'm. This latter is the
radius of the circumterence, of which the dial & is an
arc, Its bead has a hand w lndi fultills, in relation to
the divisions of the diul ¢, the samea mnctmns as the
One placed at the head of the alidade H in relation to

the divistons of the dial IB. - To the extreme left of

- the dial k the line O is traced, being a prolongation

of the stroke of the indicator I, and the same pro-

- ceeding is effected as before, dividing into sixty parts,

which will represent secouds, the space run over by
this indicator on the dial h, while its hand will have
measured-backward one of the divisions ot the dial g.
By this means, if it is judged necessary, fractions of
one-third may be taken into account; for this purpose
a fourth alidade, M, being pinned to the end of the
alidade L’, indicator of seconds, whose indicating
btl'oke, at its point, is run on a fourth dial, placed on
thie pin of the alidade L, whieh dial has l)um divided
into sixty parts, which are thirds of scconds, in the
same way as the others, by means of the lmml at the
head of the alidade M. y

1t will be understood that a munbm of combinations -
LOllld be included in the construction of an instra-
ment on this principle, each of w hich would be prefer-
able according to the 1equuementb of the accompany-
ing cucunmtxulcea, that is to say, according to theé im-
portance, more or’ less considerable, of the questions
of welu‘ht volnme, and delicate ndtuu_, of suclh an in-
stra meut

IYig. V1II represents the samne, ml:ll a doub](, play
of alidades and dials, one on each side of the bux—



an improvement which not only affords greater con-
venience, but is alsc.an extra
and for precise solutions, |

In Fig. IX, which represents, as above described,
an instrument with but one demi-cylinder, viz., the
upper one, the axis of suspension and rotation of
the box, instead of passing through the center of the
volume, is lowered, so as to pass continually through
the point O, (see Figs. II, IIT, and VII,) which, in
this ease, lies directly on the bottom, being intended
specially to realize a reduction in the general propor-
tions of the instrument, principally in the height, and
thus necessitates certain modifications in the measui-
ing apparatus. Consequently a singlé dial, g, is fixed,
not-to the foot of one of the standards, but to the

right-hand corner of one of the small sides of the box

itself, so that the first stroeke of this dial to the left,
- marked zero, is entirely included in the supposed plan,
EPFE O, Figs. I and VII. A single alidade, G,
which is firmly connected to, and extends in a verti-
cal direction from, the corresponding standard on the
axis of the pin d, serves to mark the divisions of the
dial, which are only degrees. 'To trace these divisions
the boxis caused to turn in such a way that the sides
@ b a' ¥ change the vertical position they ocenpy for
a perfectly horizontal one. This results in the sup-
posed plan E P I O, also chauging from vertical to
horizontal, after having run over an are of ninety de-
grees, which the indicator of the alidade will have duly
registered on the dial. In doincidence with this indi-
cator another line is then traced to the right of the,
dial, which is marked 90, and the space included be-
tween these two extreme lines is divided into ninety
{ractions, each representing one degree. |
Fig. X is a small pocket instrument, its case serv-
ing as its support. | |
‘To effect an operation, that is to say, an observa-
tion, all the indicators should be brought onto the
zeros, commencing with the indieator of the thirds, if
the instrument has one; otherwise by the one denot-
ing seconds, then the minutes, and finally the degree.
For this purpose the box should be perfectly perpen-
dicular; in other words, the supposed plane whieh
passes in K O I¥ P, Fig. I1 and TFig. V1I, ought to
be quite vertical. The line Z D P D, Fig. I, that is
to say, the terrestrial ray, in its prolongation as far

as the zenith of the observer, passes infallibly through

the points O P of the Figs. II, I, and VII, inas-
much as the graduvated demi-cylinder represents the
lower hemisphere g IV ¢, Fig. I, of the planet. This
coudition of verticalness is simply a question of level.

To find the exact time of mid-day with this instri-
ment, (this problem being in relation and essential for
the solution of all others,) and without the aid of any
other, the observations should commence at the nio-
ment that the sun is approximately judged to be on
the point of reaching its greatest height, that is to
say, of passing over the meridian. ~The operation is
then pursued as follows:

The base being perpendicular, and the iudieators
on the zeros, the instrument is so placed that the box,
in turning on the axis b ¥, slopes toward the sun, that
is to say, toward the south, if the observer is in the
boreal hemisphere, and towa
austral bemisphere. - | .

We shall only speak of the observations made in
the boreal hemisphere, and of those with the upper
demi-cylinder, as all the other observations are iden-
tical.

The instrument is then set by turning the base hor-
izontally from right to left, or from lett to right, on the
point T, until the shadow of the thread ¢g” ¢” exactly
covers the line of the meridian M M, Figs. VI and
V1I; then, still maintaining it thus, tlie box is turned
vertically, by pushing the alidade G on the dial B,
until the shadow of the knot reaclies the intersection

guarantee for evenness.

rd the nm'th_ if in the

~sired line.
at last arrive when this shadow will become station- -

latitude of the place will be 46°, |
“had been 19° 44’ the shadow of the knot would have
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of the line M M/, and of the longitudinal line, whicl
represents the declination of the sun ealeunlated for
the day, (for this, a knowledge of the time-tables, or,
at least, of ephemeris giving. the equation of time and:
the declination of the sun, is requisite.) It is evident
that if’ the declination is boreal, the observer being
in the boreal hemisphere, the shadow of the kunot
will fall: below the line E E'; if, on the other hand,
the declination is austral, it will fall above the same.
Suppose the first hypothesis. The shadow of the
knot is thus below the line I8 B/, as long as the sun
rises this shadow will incline to descend, wlich will|
necessitate the prolongation of the vertical movement
of the box, so as to maintain this shadow on the de-
A fugitive but appreciable moment will

ary betore inclining to reascend; it is this passing bus
appreciable moment that wust be arrested to rap-
ully fix the box by the screw of the alidade G whicl

will be the precise time of mid-day, in other words,

the precise instant the sun
and inclines to redescend. .

Observation being then taken of the figure of the
divisions marked by the alidade G on the dial B, the

passes over the meridian

o
exact latitude of the place is obtained; this alidade,
which, as previously mentioned, pivots on the same
axis, and, at the same time as the box, having de-
seribed on this dial an are-similar to that described.
by the box in its revolution toward the sun. _ Under
this new condition the line B P I Z, Fig. I, that is
to say, the terrestrial radius, in its prolongation to
the equatorial zenith, passes through the points O
P, Ilig. 1I, 1L, and VII, instead of the line ' P D
7/, and the are Z 7’ is measured. | |

1t is now that the lines of declination present their
great importance. If the terrestrial axis were un-
changeably perpendicular to the plane of -the ecliptic
the sun would be continually at Z at mid-day with re-
gard to the observer Dj; but it is not so, aud, for ex-
awple, if it be supposed at any other point 8 of the
Intertropical zone, Kig. I, it is evident that by inclin-
ing the box representing the lower hemisphere ¢ '
¢’y 80 that the shadow of the knot may tall on the
central point @, the are Z° S will alone have been
really measured, and, to the measure found, it will be
necessary to add the known measure of the are S Z.
(If the sun was in the other hemisphere it would have
to be deducted.) This work is avoided by this instru-
ment, which, itself, takes account of the declination.
Nevertheless, a small caleulation of this nature will
beconte necessary whenever the caleulated declina-
tion presents fractions. As, it consequence of the-
size of the instrumeut, the divisions representing the
degrees of deelination are always too near to one an.
other to admit of subdivisions, the fractions must at
first be neglected, that is to say, the shadow of the
knot must be made to coiticide with the line to which
it is nearest, which will of necessity give a few min-
utes and scconds more or less.  Suppose, for example,
the declination of the day to be 19° 1¢', the shadow
of the knot must be made to coincide with the line 19,

save to add the 16’ to the figure, read on the dial af-

ter the operation. Let this figure be-45° 44", the
It the declination

been made to coincide with the line 20, and 16’ would
have to be deducted from 45° 44" which leaves 45° 28",

It the Indicator does not correspond exactly to a
degree line on the dial B, but gives a fraction, for
example, 48° and a fraction, in ovder to know what
this fraction represents in minutes and seconds, the
following operation.must be observed : -

The alidade H must be moved, so as to bring the
hand on its head round onto the line 48 of the dial
B, and the space run over in the contrary direction
by the indicator on the dial g will determine the num-
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ber of minuates. This number may itself have a frae-
tion, suppose this number to be- 34+X. To deter-
mine this firaction the same proceeding must be exe-
cuted with the alidade L, the hand on the head being
brought round onto the ]me 34 of the dial ¢ ; its 111{11-—.
mtm' will then mark the complement of seconds on
the dial & ; suppose these seconds to be 23, the lati-
tude found will be at half a second, nearer 482 34’ 25"

To find the latitude at any other time of the day

not mid-day, the trae time must be -known, being

obtained by the ordinary observations and instruments.

The box is placed in such a position that the shad-
ow-of the thread covers the horary line correspond-
ing to the knewn time, and it is inclined at the same
time until the shadow of the knot falls on the line
of the declination, us calculated. The are run over
by the indicator to arrive at these coincidences meas-
111{15,, necessarily, the latitude of the place.

T'o find the true time at any other moment ot the
day than at mid-day it, is requisite to kiow, at least
appwxnnatelv the ]a,tltud(, of the place where the
observation is to be made. The morning and the
“evening a slight difference in latitude 1s of little. im-
por tance. The indicators ave arranged so as to mark
the latitude, say, for emmpk 48° 34' 25", o begin,
the indicator of sceconds 1s phwed on 25 of the dl.—.Ll h.
1t is then observed that the needle at its head has
measured in the contrary direction, backward from
the zero of the dial ¢, a fraction necessarily equiva-
lent to these 23”; consequently, the alid: e H has
only to be run out until this hand be on the division
34 of the dial ¢, for the indicator H to measure
thereon forward the 237, In this movement the
alidade’s hand measures downward, backward from
‘the zero of the dial B, the fraction equivalent to 34

25", and the alidade Gr has only to be pushed until '_

this hand arrives at 48 for the indicator to be In ad-
vance between 48 and 49 in the exact proportion of
these 347 257, The box will thas have the inclination
necessary to measure the horary angle. ‘T'he base is
then made to pivot horizontally, so that the shadow
of the knot falls on the line of deelination of the
day, and remains on this line. During this time the

shadow of the thread is projected pal%l]{,l with the

horary lines to f}ie right and left of the line M M/,
Figs. VI and V1], awurdmtr to whether it is before
or after noo1, and it passes, nece%bmﬂ), from one to
the other every ten minutes. As soon as it covers

one of the lines the true time is obtained.

At whatever timne of the day the observation is
made the true time has only to be reduced to the
inean time, (by the equation of time, furnished in any
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little work on eplaemens) and this mean time to be
compared with that of the first meridian, to have the

exact Jongitude of the place.

| Dumw the observation of mid-day the north and
south ]me of the compass-face, traced on the board N,
is-directed in the exact direction of the meridian, mu}
by pl..-l.cuw a compass at the side, the variation of the
compass is obtained.

To obtain on board a shlp ! btd.blllty sufficient to
assure the constant horizontal position of the base of
the instrument, in short, to neatralize the effect of the
movements of the shlp, recourse has been had to the
double balance multiplied and combined, (see Fig.
X.L,) which, however, does lmt make a plut, of the in-
struinent,

Ais a board with tail- plece, aml tolembly heavy,
(shown Fig. XII) |

‘a is a pin, npon which the instrament can be fixed
at will by means of a hole plerced in the base for t;lm
purpose. |

At the center of gr .;wwy of the instrament b b are
pins, upon which rests and pivots the board.

B is a circle of metal which surrounds the board;
inside it is prov ided at b I with two fixed notches t)
receive the pins of the board outsile with two pins, ¢
¢, whose axis cuts the axis of suspeunsion, b ¥, of the
bmnd at right angles. -

ODET G are circles fitting into one another, their
suspension play is in ol)posltum like the first men-
tioned, only that the axis of the circles D and ¥ cut-
ting one another at right angles, cut the others at an-
g]ua of 45°, they are intended to neutralize the effects
of the dhwon’d movements combined from side to sulu
or from he ad to stern.

Having thus described the said invention .-.md tlm
manner of performing the same, L would have it un- -
derstood I do not cmmm myselt to the precise details
herein indicated and represented in the drawing, as
these may obviously be moilified without departing
from the plmup]e of the s: ud inventioti; but

What I claim is—

In eonnection with a box, A, having one or Tmore
s,emlcylmduml aoraduated dials 111'nv1detl with indicat-

ing-wires, and a compass, N, amd levels »n n, one or

more stationary or movable alidades, G H M, pro-
vided with suitable indieators and dials B & g, sub-
st;l.ntl.:mlly as described, and for the purposes set forth.

IF. M. PANNETRAT

Witnesses :
H. BONNEVILLE,
H. NORTONXN.
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