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1 all evhom @t mag Y COncern : |
Be it known that I, SAMUEL HAYFORD of

f.AHbtlH In the county of Travis and State of |
- Texas, h‘we invented certain new and useful

Improvementsin Solar-Time Instruments; and

I do hereby declare the following to be a full,

~ clear, aud exact description of the mventmn
' such as will enable others skilled i in the art to_

‘which it appertains to make and use the same,
Teference being had to theaccompanying drajw-
ings, and to Iet‘[erb of reference mm'he{l there-

on, which form a part of this Speclﬁeatlon

S "The nature of my invention consists in the
. ,_'cmlstr uction and arrangement of a solar- -time
'- instrament, as will be. heremafter more fully

- '__Set forth.

o In the annexed. drajwmﬂ‘s, Flgure 1 is a per-_.
- spective view of theentireinstrument. Fig, 2is
. alongitudinal section of one end ofthe tﬁlGHGOI)IG |
tubu. - Fig. 3 shows the face of the diaphr fwm_

Wlth 1tS hDPl?UIltd:l and vertm&l lines. PI“

~ is u central vertical section of the instr ument

A represents a base or- leveling plate, rest-

 ing on and operated by three le.Vehtw g-SCrews,

~ B. On this, and concentric with it, 1"@51:&: an-

~ otherand SIHELH@I‘ plate, G, called the “Mlmuth;
~ plate,” on which are mounted a circular level,
- D, and a pair of uprights, I' F, each uprlﬂht-
supportmn one end of' a hormontal axis, a. This.
- axis 18 perforated by and supports a telescopic
" »tube, G, one end of which holds a lens, b, the
- focus whe1 eof 1s on the surface of a dmphraé,m
-1, of any suitable ma,turml, attached to the
- other end of the tube. |

The diaphragm I has on 1ts Surfa,ce facmﬂ

_ ;thr_, lens two systems of lines cut in the sur-
- face, one consisting of two p%l*alld lines, d d, |

. invertical planes, 111teuded as & guide to assist |
 in retaining the sun’s i 1mage in nearly the saine
- place on the diaphragm durmﬂ the time cov-
“ered by the observations.
of lines is horizontal, and consists of thiee,

~ five, or any other deblrﬂbble number of equidis-

- tant p.:u&llel lmeb, e, placed at suach distance |
- that the sun’s image focused by the lens shall |
~ more than cover thu width of the Spame oce-
:pmd by the lines. |

The axis of the tclebcoluc tube 1S mov&bla-

-~ on its own centers in altitude, and in azimuth
by therevolutionof the azunuth plate on which |

N 1133 supports 1*est 80 that Itb 01:)1310&1 &Klb may

- aid of a mag mfwng - glass ;

center by lI]G’Lnb of the ]evelmﬂ -SCrews.

~the same with the other lines a

| Tlle other system

‘westward, the sun’s

—+

be ,set at any an nle with the meudmn smd the o

“horizon.

By mieans of screws f at the ends of the axis
the telescopic tube may be firmly chmped n
any position.
- An aperture, 2, is made in the side of- the

tube next the dlaphra ‘m, through which the

contacts of the sun’s Im(we with the horizontal
hnes may be noted, elther' with or without the
If with the mag-
nifier, it may be either held in the hand or aJt
tached p(,umnently as a reading glass to the
11‘.1.5‘51"ument |
To use the mstmmu]t phlee 1t in the, SUn-
shine on any tolerably fir m support, such as a
window-sill, and the nearer on the level Of the
eye the better, and bring the bubble to the
Re-
volve the’ uppur- plate, C, and the telescopic

tube G- on its axis until the image of the sun
1s seen just above the lmuaoutal lines e.

Suppose the time to be about @ o’cloek a

'.m.; see that the bubble i1s in the center of thu _
level, and clamp the axis of the telescope;

watch the image of the sun as it descends un-
til its lower edﬂe comes in contact, with the
first line, and note the time by a watch; do
as tlle image

moves across the diaphragm. If great accu-
racy be required the contacts of the upper edge

of the image may also be observed and the

times uoted The instrument is then to be put
away careiully, being particular not to. move
the telescopic tube 011 1ts axis in the least, as

the absolute rigidity of the tubein its ]JO'wltIOIl |

until the afternoon observations have been.
taken 1S tluu one condition of accurate 1*85111[:5..
A little betore 3 o’clock p. m. the instrument

“isto be set again in the sunshine. By meansof
the leveling-screws the bubble is to be brought
to the center,
‘ward ‘the bllll by revolving the upper hoiizon-
‘tal or azimuth plate, but mthout moving the

and then the tube directed to- |

tube on its axis. By continnally dlreetmo the
tube in this way toward the sun as it moves”
s image will soon be seen
entering 011 the lower edﬂe of the diaphragm
and approaohluﬂ the hOI‘lZOIJtd,l lines é. Now
see that the bubble is still in the center of the

level, and 8bserve the contacts as betore, not-
711:1g the tlmes mretully, and remembermg th&t
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if the lower edge of the image was observed |

in the morning the same edge must be ob-
served in the evening, and if both edges were
observed in the morning the same should be
done in the evening, and in this latter case the
first set of contacts of the morning and the
second set of the evening correspond and be-
long together, and the same of the other two
sets., -
To calculate the time from one set of ob-

cervations each before and after noon, add to-

oether the times of the morning contacts, and
~ divide the sum by the number of contacts ob-
served. Do the same by the times of the

everring contacts, remembering to call 1 o’clock |

13 hours, 2 o’clock 14 hours, and so on. - Add
together the two average times, and divide
the sum by two. The result will be the time
of apparent noon by the time-piece used. This
time will need a slight eorrection, due to the
change of the sun’s declination in the interval
~ of time between the morning and evening ob-
servations. This correction is given for every
tenth day of the year, and for each degree of
latitude from 28 to 49, in a table of equations
to equal altitudes, a copy of which.1s to go
with every instrument. 'The equation of time
applied to the corrected time of apparentnoon
oives the time of mean noon by the time-plece
used. | r R
I will here give an example of the above.
On the 27th of February, 1879, at the city of
Austin, Texas, about latitude 302 noxth, the
following observations were taken for time.

MORNING. ~ BEVENING.
9h 07m 38s lower limb  15h 41m 0Ss
9 08 03 15 40 39
9 08 40 15 40 11
9 09 09 15 39 39
9 09 39 15 39 09
- 45 43 14 78 20 , 46
These divided by 5 give |
9 08 83.3 and 15 40 09.2
Which added together make 24 43 493
And this sum divided
by 2 gives 12 24 24

By referring to the table of equations to

equal altitudes it is found that the correction |

for an interval of six hours on the 1st of’ March
in latitude 30° is a little over eleven seconds,
or, say, 11/ for 27th of February, subtractive.

Thus, 4_ 12h 24m 24s
Less correction, 11
Time of apparent noou, 12 24 13
Add equation of time, 12 53
Gives time of mean noon, 12 37 11

‘So that the time-piece used was 37 minutes 11
seconds too fast for mean time at Austin.

On the same occasion the upper limb of the
image was observed with the following results:

~ MORNING. EVENING.
9h 10m 35s upper limb  15h 36m 058
9 11 05 15 36 57
9 11 36 15 37 10
9 12 09 156 37 40
9 12 37 15 38 12
45 58 02 78 056 44
Divided by 5 give - |
9 11 36 15 37 08.8
These added make 24 483  45.2
And divided by 2 gives 12 22 22.0
Less correction, 11

12 922 1.6
12 58

Add equation of time,

Time of mean noon, 12 37  09.6
The two results differ by the amount ot 1.4
seconds. Taking the average or mean result
by adding and dividing by 2 gives the true
time of mean noon, 12 37 10.3 by the time-
piece used. '* -
Some of the advantages of this instrament
are, that it is extremely simple in construction
and cannot get out of order by any means
short of absolute breakage. ‘Its construction
is such that it requires absolutely no adjust-
ments previous to being used. Only a tfew
seconds of time are required to set it up for
use. N !
Setting up for use consists simply in placing
it where the direct rays of the sun can strike
it, and bringing the buabble to the center of
the level by means of the leveling-screws, and -

only the simplest possible calculations ave re-

quired to derive the true time from the ob-
servations. | |

Having thus fully described my invention,
what I claim as new, and desire to secure by
Letters Patent, 18—

In a solar-time instrument, the telescopic
tube provided at one end with a lens, and at
the other end with a removable. diaphragm
having horizontal and vertical lines marked
thereon, in combination with the axis and
clamping device, the azimuth-plate with level

and upright supports, and the base or bed

plate provided with leveling-screws, all con-
structed substantially as and for the purposes
herein set forth. |

In testimony that I claim the foregoing 1
have hereunto set my hand.

SAMUEL HAYFORD.

Witnesses:
C. W. DANIEL,
W. O. SHANDS.
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