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\ (ABISTMENT COMPLETED
4 Pig. 8. |
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a.nd rotate the reticle until the hair is
hten the same screws and repeat the test.
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Fig. ¢

columaﬁnn Adjummnt i—Fix the intersection
& The cross hairs on some well defined point and ro-
'the telescope 180° in the Xs, see

stion remains on the point through tl:us revo-
fion, the line of collimation—optical axia of tele-
-8s0pe—is pmild to the axis of {Ka wye collars and
wﬂy the level* If the intersection does

‘*'i‘b= ¥ ,c collars an. here assumed to be the same diameter.
they arn no& e sime diameter, udjust like & dumpy

oollars may be tested for equalm of diameter by a

vel or by setting two pegs at equal distances from the

8 in the adjustment of the umpy level, and test-

the adjustment on these pegs.
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lxaﬁb return the bubble half way to
ad:untu:x nuh on one of the Ys and

| REVERSED POSITION
4 S Fig. & b

B
Mhau by thllavehngmwa See Fig. 5 c.
t ration m alternate f leveling
nntdoP&a le will mmmga 1‘:? gha ::ntor
out a revoiutxnn of the instrument on its

!
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Fig.5¢

THE DUMPY LEVEL,

3 tment:—If the level tube is pro-
- ‘,iph ustin, mews. brmg the bubble to t.he

s ti!be wk F ngte mp;; ulvssé;a p..:rtgf
mwa, see u. 1o on the
: Fig. 2 b, tim bubble half way to
; __ter b{hthe adjnstmg screws and the other
- e leveling screws, :ee Fig. 2 ¢, repeat
& ove: a.lge.rnate leveling screws until the bubble will
 remn@in in the centre throughout a revolution of the
amtrument on its spindle.

Cross Hair Adjustment;—First,

adjust hori-
sontal hair.

See "Cross Hair Ad,]ustment," under
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these two readings is the
it was between the first two. the eross hair
.1- tment, provided the shorter rod was on the
e peg in each case. If the adjustment is not cgrrect
- whole correction, by means of the
adjusting screws, for the rod on the distant
- Continue the a.d.lultmant until the difference
ings is ﬁ“ the difference of ele-

orter rod b

eing on the same

In emhﬂg taleaoo move the reticl
d:kut::.i that would agpgf'enuy mcr:;ua tll:: o:-[:l-o;‘

"mP‘ﬂUMt‘-—_&m “Wye Level Ad-
- ®imally:—Check all adjustments.
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Plate m mmta—n miu‘u- “the
leveling screws bring the bubhles of the plate W‘ﬂh
thonturn the ﬂtﬂ

mweirmmm!‘ix 0&

Ff}.ﬂ" quw; ‘4
.nuﬁt&uzm sletaby
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Fig.9 a

180°. SeeFig. 9 b. Ifﬁububblummoenhﬂb :
adjustment is correct, if not, make half the correc-
tion by means of thand;mt.mgmonthehwh :

; ' \ " apsy
| Fig.on

and theotharhﬂfb} ‘means of ﬂishﬁbﬂim
Hee Fig. 0 c. Continue the adjustment if necessary
until the bubbles remain in the eenter when reversed.

* Theodolite: *'A surveying instrument for measuring hori-
mt.alanzkaupontlnduaw!mcle It may also be

with a vertical circle, and if this is not very much than
the horisontal cu'oin, the instrument is an altazimuih.
A small altasimuth with;mmmcmmmmpmhuﬂﬂd
&' surveyor's transit”—Century dictionary, R 97
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1 axis will now be truly vertical when the
i bubbles'm oenh'al. !

___HOR, LiNE

ADIUSTMENT COMPLETED

Fig.9% ¢

. Height of Standards Adjustment:—Fix the
intersection of the cross hairs on a high point, see
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2i 10; the e of elevation should be about as
2&% as can Bg::lmghted over the vernier plate; de-
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hair doac not follow ‘the pmnt. see Fiy
two adjacent reticle ting screws an
raticle until is vurtma.l. tighte:
screws and repeat the test. :
Now level the instrument and fix the: intoueotha
of the cross hairs on a well defined point 300 to 400
ft.—100 to 150 mm distant, see 12, first posi-
'uon Wit.h the limb aad lower motion clamped,
the telescope 180° in altitude and fix a similar
pomt. about the same distance in the opposite direc-

*]{ the instrument has an inverting the error will
appear in the field to ba L opposite side of the vertical ha
from its actual position P hﬁ}'
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tion, see Fig. 12, second position; now turn the in-
struntent 180° in azimuth until the first point is
s 8ee Fig. 12, third position, clamp spindle and
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‘reverse the telescope in altitude and sight toward the
second point. See Fig. 12, fourth ition, If the ver-
tical hair falls on this point the adjustinent is correct.
If it falls to one side correct one-fourth the error by
means of the horizontal reticle adjusting screws, mov-
ing the reticle in a direction that would apparently
increase the error if the instrument has an erecting
telescope. Repeat the adjustment until the hair is
in eollination,

Horlzontal Hair:—Read a rod on a peg near the
instrument, clamp the telescope in this position, then
read on a 300 to 400 ft.—100 to 150 meters dis-
tant—see Iig. 13, first position of line of sight, re-
verse the telescope in altitude and azimuth. With
the rod on the near peg adjust the telescope to read
the same as it did at first, see Fig. 13, second position
of line of sight, clamp the telescope in this position,
and if the reading on the distant peg is now the same
as Lae first reading on this peg the adjustinent is cor-
rect. If the reading is not the same, correct one-
haif the error with the rod on the distant peg by
mesns of the reticle adjusting secrews. Repeat the

43 TELESCOPE l
'tL—__I_i:mzm -
d-{— /-~ pEE PoITION GF LINE OF $1NT
1 b‘ TRGE PQRITiON OF LINE DFESIANT

i ——

Fig. 13

adjustment until the readings with the telescope
direct and reversed agree,

14
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Test the adjustment of both vertical and horizontal
hairs to insure against their having been displaced.

Telescope Level Adjustment:—The adjustment
of the telescope level is' the same as for the dum
level, see "“Level Adjustment, Dumpy Level,"  P:
8, excepting that the eorrection is made by mesins
of the level adjusting screws instead of the reticle
adjusting screws, .00 | Fd

Objective Slide Adjustment:—Not required on
tost instruments. . With the plates and lower mo-
tion clamped fix the intersection of the cross hairs
on a near point, within a'few feet of the instrument,’
and then on a distant point 500 feet or more—150
meters, or more away, in line with the first point,
reverse the telescope;in altitude and mk‘h‘h' set on
the near point, and }pon focusing on the distant
point, the intersentimé. ‘the ¢ hairs falls on this
point, the objective is in adjustment. If it does
not, correct for one-half the error by means of the
slide adjusti ich will be found under a

ti

sCrews,
slip ring tul? thnEd outside of the tatiauoopo main .
movin e slide ad#':c on Pﬂ'ﬁ?ﬂ .,F-
cma’ma‘ the error, }gjut r eol!imat;n?.nm l*.’!- 4,
under “Transit Adjustm_en!.s." RaPeat- the operation
until the telescope is in eollimation for both distances..

Eyepiece A N‘%tf—-ﬁw epi adjust-
ment under "Y?aval 'natmenh.?‘yl}.’ 7. ol
_ 8tadia Adjustment:—Most instruments have
fixed stadia but where adjustable; level the tele-
scope and sight a rod held at a measured distance’
of 100 ft.—100 mete lus the constant, F + e,
see Fig. 20, P. 46, and adjust until the stadia hairs
intercept exactly 1 foot—ineter—on the rod. |

In an instrument having fixed stadia it is well to
determine the error, if any, in the stadia interval for'
\l5e In & precise survey. ! i ‘ ve )

Vertical Circle Vernier Adjustment:—Level the'
instrument carefully by means of the telescope level.
The vertical circle vernier should read zero when the
telescope is level, if it does not, loosen the BCrews or
nuts attaching same to the standard and shift it
until the zero on circle and vernier coincide, tighten
the vernier and revolve the telescope to see that the
vircle does not touch the vernier throughout its revor

lution. }

Compass Needle Adfustment:—If sither ond of
ithe needle dips below the plane of the compass circle,
halance it by shifting the little coil of brass wire
on its south end. ey : et

To stmi&htan the needle turn the plate until the
N end of the needle reads north, carefully read the
S end, turn the plate until the 8 end of the needle
reads north and camfull.i read the N end. If the N
cnd does not now read the sarue as the § end did at
first, the needle is bent and should be straightened by
trial bending until the N and 8 ends will read alika.

d 16
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;i Negdle Pivot Adjustment:—If, after straighten-
ing the needie the two ends do not read opposite, the
st is not central acd should be centered by bend-
_ ﬁpl the ends will read opposite at any position
3 the compass circle. If, for any reason, the pivot
removed, it should be tested for eccentricity as
e, after replacing.
When the pivot is dull it should be removed and
k ned on & fine oil stone, giving it a rotary mo-
tion as it is drawn back and forth. Finish on 5 razor
strop or other close grained leather. The original
sngfa of tha point should be preserved as nearly as
possible.

ADJUSTMENT OF SOLAR
ATTACHMENTS

THE BURT,
(See Fig. 19, P, 35)

Collimation Adjustment:—To bring the optical
axes parallel, first detach the declination arm by
removing the clamp and tangent screw and the cen-
ter with its small screws by means of which the arm
is sattached to the are. e adjuster, which is a
short bar usually furnished with this Solar, is then
substituted for the declination arm. BScrew the cen-
ter into place at one end and the clamp screw,—
thyough the hole leit by the removal of the tangent
serew—into the other, thus securing the adjuster

fArmly to the arc.

Place the Solar attachment on the instrument and
the deelination arm on the adjuster, directed toward
the Bun and brought into position so that the image
of the Sun through the lens is brought precisely be-
tween the equatorizal lines on the screen., Clamp all
motions of the instrument and carefully turn the arm
over unti} it rests upon opposite faces of the rectangu-
lar blocks with the Sun's Image on the opposite
sereen; il it remains between the lines as before, the
arm is in adjustment, if not, loosen the three simnall
screws holding the screen and move it to correct one-
half the error. Bring the jmage again between the
lines, turn the bar as before and repeat the operation
until the insge will remain between the lines in both
positions of the arc, when it will be in proper adjust-
ment and may be replaced on the attachment.

This adjustment is not often required,

Declination Vernier Adjustment:—BSet the de-
clination vernier at zero, direct the attachment to-
ward the Sun and bring the Bun’s image exactly be-
tween the equatorial lines on the plate, clamp all
motions of the instrument and revolve the Solar 180°
onvita polar axis, until the Sun's image appears on the
opposite screen. If precisely between the lines, no

16
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adjustment is required; if not, correct one-half the
error by means of the declination arm tangent screw
aud repeat until the image comes preeisely between
the lines on opposite screens. Clamp the arm and
remove the index error by loosening the -yermier
serews and moving the vernier to coincide with the
zero of the declination are, tighten the screws. and
this adjustment is. complete, = Rl
Polar Axis Adjustment:—With the Solar at-
tachment removed* level the instrument camfullf
by means of the telescope level, until the bubble will
remain central during a complete revolution in azi~
muth of the instrument. FPlace the Solar u the
Polar axis, bring the declination arm parallel with
the telescope, set the vernier at zero and place the
adjusting level—usually furnished with the attach-
ment—upon the top. of the rectangular 8.
Bring the bubble to the center by means of the de-
clination arm tangent screw, swing the attachment
through 180° on ita ?ia. b“nﬁm'i,“ again parallel
with the teleseope. If the bubble'is not central eor-
rect for one- the error by means of the um
head adjusting ecrews under the base of the
axis; bring the bubble to the eenter again by means
of the declination arm tangent screw and repeat the
operation until the bubble will remain central in
dlwcit and re‘;haue l:iruom' t Pum;m the m.dmimh:
in adjusting the Polar axis in a plane perpen
to the telescope, until when, with the telescope level
the Solar test level bubble will remain central
throughout a gomplete revolution of the atmhmt‘
on the Polar axis. ,This adjustment ia then comp)
| Hour Circle Adjustment:—With the instrument
in the Meridian, see instructions for ' Dete

rmination
of the Meridian with the SBolar Attachment,"” P. 33-35,

the index should read apparent time on the hour
circle; if it does not, loosen the two flat head serews
on top of the hour cirele and revolve the cirele until,
with the image of the Bun within the square on the
Solar screen, the index reads apparent time, then
tilglétu.n the screws and the adjustment will be com-
plete. i e

THE SAEGMULLER. Frgi 5ol
(Bee Fig. 20, P, 388) B ks

Collimation Adjustment:—With the attach-
ment in position on the instrument, level the transit
telescope, Dring the Bolar telescope into the same
plane and level by means of the Solar telescope level
when the cross hairs of both telescopes should fall on
a distant point-—more than 5000 ft. n.wag‘; i tha'y
do not, correct the error by means of the Solar reticle
adjusting sorews. | 1f & nearby point is taken for this

* The center'of gravity of the Burt Solar being to one side of
the Polar axis, when on the instrument, it throws it out of bal-
ance somewhat, iy TR Litig
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nwﬁmm it is necessary to use two points verti-
=above one another, a distance equal to the
distance between the axes of the two tele-

s Axis Adjustment:—Proceed as described

Hnder ‘the “Polar Axis Adjustment, Burt Solar,”

Soing the ' Bolar teleacolgre level instead of the test

lovel as used with the Burt, and the Solar telescope

‘&Xis fangent motion instead of the declination are
ingent as described. -

é&'cuas Adjustment:—See “Hour Circle
P u

ent, Burt golar.”

THE SMITH.

12 S A (See Fig. 21, P, 37)
- Latitude Vernier Adjustment:—Clamp the lati-
tude arc at xero and place the striding level furnished
with this attachment upon the telescope. Bring the
bubble to the center by turning the latitude tangent
serew. Reverse the level, and if the bubble is cen-
tzal the axis is horizontal; if not, adjust the tangent
sefew to correct one-half the error, the other T::ll'
being in the level itself. If, when the level is re-
veksed, the bubbie occupies a similar position in the
epposite direction, the axis is horizontal—the ob-
served error being in the adjustment of the level

The ;:rmer w;f]ald n(‘:;;' in;liioate t}llle index arrgr.

mns eorrec shifting the vernier
maeans of the vernier adjusting screws. ¥

J tion Arc Adjustment:—Having set off
&;‘ ude, observe the SBun on the Meridian, and
r its image accurately between the equatorial
wirea by means of the declination vernier tangent
‘#8ratr. The difference between the observed and cal-
. gulated declinations corrected for refraction will be
the index error, which may be corrected by loosening
tha three small serews on top of the arc, and moving
; i ‘reot reading.

~titude Arc Adjustment:—The
and that of the reflector should
“at right angles with the opti-
Sin telescope, and are not liable to
ugemsent. The vertieal planes of the latitude are
and the solar and transit telescopes should also be
made parallel; but as this condition is sometimes dis-
ghe in detaching and attaching the appuaratus to

the standards, the following is the adjustment:
!:Having completed the adjustments above de-
saribed, take a Soler observation at say, 9 A, M., sud
note the error east or west of the Meridian as indi-
cated by the transit telescope directed south, Bring
the transit telescope into the Meridian with the tan-
gont screws, which will cause the Sun's image to leave
the Equatorial hairs diagonally, Then by means of
the small adjusting screws in the Solar frame move
the scuth end of the plate east, if the erfor was east,

R

i i S

or west, if it was west, until the Bun is
betwe:u the wires. A Bolar observation at'3 P. §x

will verify the adjustment; but if the morning
afternoon observations cannot be made to ag
a portion of the error must he ascribed to th

e oo
! ¢ P
of the reflector not belnﬁ truly at right angles m
the line of collimation. *The ad unrt'r‘nont o'i ﬁm m
flector is a delicate operation and should not be
tempted in tha-ﬁn}ld." Allowance may be made’for
this error if small, but if large it should be sent to'a
competent instrument ‘maker for 're-adjustment.™!

g ¥ i Ty 74 os Ligea]
Oross Balr Adjustment; It sr-qywpf!n trave
ing the field of view should appear to t from E
Equatorial hairs?vtlio' correction ,m%tmade by
loosening the reticle adjusting screws and rotating
the cross hair retiele until the Bun 'appears to follow
the Equatorial wires agcurately, * " ¢

Finally; if possible, oheck all adjustments. )/
Tummexa w3 Lehal auds

(Sce Figs. 22 énd 23, P, 3839) ' -/ /x
Owing to the o goux construction 6f the Shattue
Double Reflect lar; Attachment no adjustmen
are required. '’ 0 G A 1 b
' i T e B R T
Pag TESTS S i (] il
The following tests should be made, but any ad-
justments found negessary should not be, ‘
outside of the factory,. L B oetanibaes
Eccentricity of:Centers:—With'the lower mo-
tion clamped, level the instrument carefully by means
of the telescope level, loosen the lower mmjm and
holding the vernier plate as nearly stati /8 pos+
sible revolve the limb slowly; the tealescope level will
then show the eceentricity in the ecenters, ithe ae-
curacy of the test depending upon the sensitiveness
of the level. O 2 th. al.dj ;"
When the centers are eecentrie, the ustment
the plate levels and height of standards should be
mnade with the lower motion clamped. }
Opposition of Vernlers:— Kead the two verniers,
then bring the zero of the B vernier to the same point
on the circle that the zero of the A vernier occupied.
If the A vernier now s the same as the B vernier
did in the first position, they are diametrically oppo-
site. 3 :
Eccentricity of Graduaiions:—When the circie
is fitted with two verniers, read the angle between the
two verniers in various itions on the circle. If
these angles are equal, the center of the
circle coincides with its centre of revolution. "Whe
they vary, the circle is eccentric,* The error in ths
measurement of an angle due to eccentricity may be

#It is assumed that the graduations are accurate, but by care-
fully reading and repeating sngles, errors can be located in most
of the instruments put out at the present time. | 3
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gmhutad by taking the mean of the angles as read
¥y the two verniers. ' j
When the circle to be tested has but one vernier
the instrument should be in adjustment especially in
imation and set up lavel.
- Ta Test the Limb, carefully fix the intersection of
the gross hairs on & well defined point, read the ver-
pler, reverss the telescope in altitude and azimuth,
fix the intersection of the cross hairs on the same
point and read vernier, The difference between the
readings should be 180°. . Repeat the test at different
somg on the limb and if the difference between the
¢ t and reverse readings on any point is not 180°
ﬂle limb is eccentric.*
- To,Test the Vertical Circle, the vernier and tele-
scope level should be in exact adjustment and the in-
strument carefully leveled. With the telescope level
the vernier reading zero, fix the intersection o
oross hairs on a well defined &)int. reverse the
telescope in sltitude and azimuth, fix the intersection
3¢ the cross hairs on the same point and read the ver-
nier. It should read zero. Make similar tests, read-
_the telescope direct and reversed, on points at
various angles of elevation and depression. If the
angle on any point with the telescope direct is
t the same as that read with it reversmﬁ the circle
8 eocentric.*
‘" QGradienter:—Level the telesco}:e. clamp the
ter, and read the position of the horizontal
on 8 rod 100 ft.—100 meters—from the instru-
ment. Bet the micrometer head of the gradienter
&t zero and turn the screw until 100 divisions of the
micremeter head have pa the indicator, The
red reading should now differ by one foot—meter—
om: the first reading. If it differs by more than one
0 meter—it indicates that the radius of the gra-
dienter arm is too short, if by less it indicates that
18 too long. If the ecfmdmntar arm is adjustable
is i8 easily corrected.
In using the gradienter the setting should always
& made by turning the screw in the same direction
7oiight handed—in order to eliminate the effects of
friction and backiash. When the setting requires
the sorew to be turned left handed, turn it beyond
-be proper point and thea return to the correct pos-
ition by turning it right handed.

USE AND CARE OF INSTRUMENTS

In adjusting, the instrument should be set up on a
firin support where it 1s protected from the Sun and
wind, or make the adjustments on a still and cloudy

* 1t is assumed that the graduations are accurate, but by care-
fully reading and repeating angles errors can be located in most
of instruments put out at the present time,
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day. The sun shade should be in place on the tele-
scope and the draw tube kept as near the mid-posi-
tion as possible. |He eareful to not disturb the in~
strument while making an adjustment. el

In leveling an instrument, it is convenient to place
the level tubes paraliel to the line joining a pair of
opposite leveling: serews, Worlk the leveling screws
sluck* until the bubble is nearl central, then screw
them up firmly, centering the bubbles at the same
time. eavy pressure is unnecessary and injurious.

All adjusting serews and nuts should be screwed
up to a firm beamllg ~ Excessive tightening will not
aid an instrument’i its adjustment and may
damage its parts. ' % S SRR

408
s

All pdjust o tested frequently, and
after gxdniuxiglp:n nw btehun .m%'%.“;;.
tested as a final R : ; ;

When adjusting. the reticle, remember .that, in
erecting f-:g;sm ithajimage is reversed by the g
piece and the adjusting serews must be turned in
direction which  will quentl{l increase the error,
while in inverting telesgopes, they must be tu:nd
i apparently s@ the

in the direction which wi
error. {5y
Parallax:—If the «oas bairs are not exactly in
the ::liana of the image they will appear to move on
the object as the eye ;i' moved about over the sight
hole of the eyepieee.” To secure sncourate results this
apparent motion must be earefully removed, which
may be done pas follows:” Adjust the eyepiece until
st S e gy o WS ot e
objective until they appes on the ok
and there is no relative motion of cross hairs and

object. i i

In Case of Acoldenti—Proceed with care, as fre-
quently a transit is _T—ad more b f.lli treatment
it receives after the accident than by the accident

itself. The graduated silver circles pud yerniers

particular are easily injured.t " :
First:—Note if one or both of the limb verniers

are above or below the plane of the limb; this will at

* All Ainsworth instruments have the feet of the lev
screws in a plane passing t h the centre of the half
see Fig. 8, I. 10, “Horizontal Axis of Leveling Head”, sllow-
ing perfect freedom of movement in leveling up the instrument
and making it impossible for the leveling head to bind in any
position. - $ieh 1 FTVR

T A slight accident, if the instrument: is made of soft ma-
terial, may spring the phlmgurcing the verniers against the
edge of the limb, which may be repaired at moderate expense,
If, however, the vernier plate is revolved “to see if it will go
around,” it will burr up entire edge of the limb and one or
both verniers, necessitating boring out the limb and making a
new set of verniers, as they are oaly suited for & limb of a cerfain
predetermined diameter, i 5

b4
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ones indicate whether the plates or centers are bent,
magrg. of which clamp the plates together, asit is in-
ﬁb ie to move the verniers with reference to the

o2 di—8ee if the instrument will revolve freely
wp the lower mation, . faf :

- #=Phird:~~Note if the vertical are or circle is out of
piane with its vernier. If it is, this will indicate that
4 the cirele or the standards, or both, are
sprung, in event of which loosen the vernier screws
pad move the vernicr away from the circle. Now
carefully revolve tlic telescope on its axis, watching

¢ face of the circle to see that it does not strike the

standard or guard. If the telescope does not revolve
reely it is quite likely that the axis is sprung,

. Fourth:—Fagus the objective slide to see that it

operates freely, examine the objective to see that

e lenses have not separated, examine the clamp,

langent' and leveling screws to see if they are bent.

At the plate and telescope levels to see if they are

sking' dr' broken. - RLEAY ;

£ I the'instrument appears to be in good condition
test'all adjustents, see P, 11-18, and for opposition

Of ‘verniers, eccentricity of.graduations and centers,

P. 19-20.

' The foregoing in part applies to a Wye or Dumpy

Level ap well. -

: B and Oling:—If any of the workin

parts of an instrument turn hard or show signs o

gutting, they should be examined at once and the

gause removed, Dirt, thick oil or lack of oil on

indles, tangent clamps, telescope axes, or objective
e may be responsible. The obvious rem is a
orough cleaning, using a clean, soft cloth. Before

, every particle of dust and dirt should be
emoyed from the spindles, sockets znd telescope
xes, and a little watch or transit oil well distributed
gﬁ_:—'g e bearing parts.

Bometimes clamps, owing to the alloys of which
they are made, operate better without than with
lubrication.

Never touch the graduated edge of & circle or ver-
mier, and when nacessary to clean them do it with as
little rubbing as possible.

Cutling:—When cutiing has started, carefully
burnish down the roughened parts with the back of
& &uilie wiade us weil as possible, clean thoroughly
and oil, If cutting continues, the roughened paris
izay be scraped a little, but very little scraping should
be done, however, except by an experit-.:mef instru-
ment maker, Never use emery in any form on a
tzansit or level. The leveling, clamp and tangent
sorews c:lsimuld be oiled only when cleaning and then

: Y.

Oleaning Lenses:—Dust the lenses off with a
camel’s hair brush, then wipe carefully with a clean,

a9
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soft rag to avoid scratehing. The use of a little
aleohol on the rag will materially assist in the clesn-
ing. Serew the lens eells.up firmly to their shoul
taling care that they ocgupy their original &uit
By marking them before removal they may b |
returned to their correct positions. 1) . .- ut;_...m
The Tripod shoes ghould be kept tight and well
shar e:.eil.pql‘he-thnmb-mrews hﬁinz the legs
the head should be tightened so that the legs wil
just close by their own weight when raised to the

orizontal position and released, AR RS
Moisture:—Should moisture find its way into the
telescope lit sl\m.éiid be griﬂé‘ l:nt by l;el::loﬂu ‘thop e
iece and standing the instrument in a dr
for & fow hours, pestesting the inaide frons:dust! Dy
a cloth thrown over the open end,' '+ e a3
Always earry a'wa C 'bng’br'ui?ir—'wm-_iq
the field, for the woternau;!n of '-PQ: str 8.5
Storing:—Never store an instrument in a duub :
placté or where therd is gas or rubber, rl'?'ho silver
rts may be bluckened by rubber bands or erasers
eft in the carrying case. =

USE OF THE TOP AND SIDE
TELESCOPES
Top Telescope:—When using the top telescope

toitake vertical angles it is necessary to apply a cor-
re;tiun to the reaﬁinxs. In Fig. 14, V is the true

m! 14 il aale

[ oy} U s s
ngle of elevation of A abave the centre, {, of
?n:ﬁrument. V/ is, tha angle read Qntr&lp 'verl.&
circle, when A is sighted through the top telescope,
Hence V=V’+d, where d=the angle whose sine is
f;g The algebraie sign of V’ is -+ for angles of ele-
vation and — for angles of depression; the sign of d’ﬁ
23
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DENVER, COLO.

alwaye +. An excellent practical method that elim-
inates computation is to make a little stick or gauge
& point distant from one end equal to the ver-
i distance between the axes of the main and to
4 , and when gightlng through the top tele-
sgope to sight this point with the end of the gauge
gn the fppint that would be sighted by the main tele-
geope if it were used, and held perpendicular to the
line ofsight. For distancesover 100/ and small verti-
cal angles, 15° or less, it is sufficient, except in very
accurate work, to sef the target at the height of the
top telescope from the ground and sight it through
the top telascope.
.»The top telescope being in the same vertical plane
a8'tha main telescope, no correction is required when
reading horizontal angles.

. Bide Telescope:—When using the side telescope,
to hatuon_tai angles, it is necessary to apply a
similgr correction to the readings. owever, by

two readings, one with the telescope direct

Fig. 15

and the other with it reversed, and tuking one-half
their sum, the irue angle is obtained directly. In
¥ig. 15, H is the true angle between the points A and
B taken from C. H-+a—b is the angle read with the
telescope direct, and H—a-+tb is the angle read with
it reversed. One-half their sum is equal to the true
angle, H. When A C=B C, a=b and the true angle
is given by oue reading. By using an offset target,
the offset being equal to the distance of the side tele-
seape from the centre of the instrument, the true
anglé will be given by one reading. The rod is held
on A and then on B, with the ofiset perpendicular
to-the line to O and on the same side of it as the side
teléscope. : wat

The side telescope being in the same horizontal
plane as the main telescope, no correction is neces-
sary when reading vertical angles,

Interchangeahle Telesoope:—The advan-
tagTah:f this gonstruction is that it enables' the meass
urement of horizoptal angles when used asa
scope and_ vertieal mﬁhtwhan-: a8 8 g
P et S i i I e
t ustment otr J b A '
oﬁgh'vertiul and’ horigéntal planes of the main tele
scope by means of the tangent screws when il
in the top and side positions, « . «hill :ld
1 be used th hout a survey as either
a t{fpc:rn :i?l? telescope momoi’nrdheo(:ionf -'3"’
eIy }ilE N apoavadts ¢ 11 b8 I LR 5
) _‘;\.,-. AR T .,;.—’ tals ..l.'.tl il .?;.- ';‘2’1
ASTRONOMICAL TERMS /.
The Sun s the cpater of the Solak yistess; remain-
' tantly fixed in its position, aithough often
spoken of as i motien around the Barth. ) ' |
The Earth mma Sm pla'tg'lf‘avo!'mion .
the Sun in three hi 'm’d"yuﬁ
hours, forty-eight'minutes and -!M :
It also rotates”about ‘'an ' i line passing
through its center, and termed its axis, once 'in
twenty-three hours, ‘fifty-six minutes and four fip-
onds, mean time, turlnlng from west to east, '/
The Poles are the extremities of the M'm
that in our own haml:ﬂiﬂrj. known @s the

Pole, if produced ind toward the coneave
m?rfn_ca orthe heavens, would reach a point ?
' t?‘;h?.";'m* --‘

near the Polar star, and called the N

heavens, °

gl 1 } P A8 PR i sanl
The Equator is an imaginary line passing around:
the Earnt%, eqm‘-aistaqt. from the Poles, and in a
plane at right es with the axis, ; to"{h
If the plane of the Equator be produced to the
heavens, R forme what.is termed the Celestial Equa-
tor. $ L -t 10 : L BT PR Y ¥ )
The Orbit of the Earth is the path in which it
moves in making its yearly revolution. If the plane
of this orbit were produced tg the heavens, it would
form the Ecliptie, or the Sun’s apparent path |¥1 the
heavens. LR L
The Earth's axis is inelined to itd orbit At an .
of about 23° 27/, making an angle betw the Earth's
orbii and its equator, or beiween ihe Ceiesiial Equa-
tor and the Ecliptie, of the same amount. . i
The Equinoxes are the two points'in which ‘the
Echlip'tic and the Celestial Equator intersect one 'an-
ot or, i ! 1 o ‘,_ - doriad :I:::_.i
The Horizon of a place is the surface which is
defined by a plane supposed to pass through the place
at right angles with & vertical line, and to bound gur
vision at the surface of the Earth, The horizon, ot a
horizontal surface; 'is détermined by the surface'of
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gmi;gmd when at rest, or by t.hp nmnbla\'ela of an

*iastrum i

i I&nﬂ'h nf any placa is the l;omt directly over-
,in n line at right angles with the horizon.

Wdim of any place is 8 great circle pass-
the zenith gf g plu.c; umf the Pojes of the

'l.'he Latitude of a phw is lts distance north or
ruﬁ the Equator, meas on the Meridian
uator the iatitude is 0°, at the Poles 90°,

Befraction:—By reason of the atmosphere, the
rnyn of hght from the Sun are bent out of their course,

gntu&lly u.ﬂ o B!?tu’.ie ﬂpww mﬂtel.‘ than is

unt of refrawuon varies according to the
# bperved; being zero when it
t 8 :amth abx ut one- minute wlwp midway
: to the horizon, and ¢ thirty-
_uhﬂ whe-n in, the horizon.

' The I-lmlltudo of a place is its angular diskanoe

juator
reen-

Meridian; it is meas on the
¥ Dara.llel of latltu,de and uaually from

% m eqt 0 a8 gwe,n place taken as the starting
wl

Lhe Earth makes a complete rotanon upun its
pnca a day, every point on Jts surface must pass
},h;ae hundred an sixty degrees in twenty-
bours, or fifteen degrees in one hour, and so on
aama ratio. And as the rotation is from west
the SBun would come to the Meridian of every
w fifteen degrees west of Greenwich just one hour
than the 'time given in the Ephemenﬂ fr.-r a.p»
parént’ noon at that place,

To an observer situated at Denver, Colo., the longi-
$ude of which is in time, seven hours, the Sun would
¢umio to the Meridian seven hours later than at
Gesenwich, and thus when it was 12 M. at that place
;a wamd be buj; 5 A, M. in Denver.

A Solar Day is the interval of time between two

ressive upper transits of the Sun across the same
gm Soldr days are of unequal length, A
mesn lar day is the average for a year,

A Bideral Day is the interval of time between iwo
8lgsessive upper transits of a fix star across the
ssme Meridian; it is invariable and is equal to
tweniy-three hours, fifty-six minutes, four and nine-
hundredths seconds of mean Solar time, The Earth
ﬁia.kea gue complete rotation on its axis in a Sideral
8. |

64
A clock keeps mean Solar time

ay into tweaty-four

Noon:—

zwhan it divides & mean Solar
26
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equal parts or!hourd; ‘Noon ad nhm by such
clock is mean noony: -l . Uil &'i wied aon
Apparent lgfo?‘? for fny plnan iﬂ the ‘t:um 6)" *8
er transit &
p aI:.e. it may oceur! n#-tl nu&al ﬂﬂi ol"

than mean nooni’ 1) il e enig Byulg S0 ;l
‘Equation of Time:—The column héaded “Eqiar

tion of Time™ in the Ephemeris shows! tha uantity

tl(:)’:\d(l to or subtract from mean ‘time to ‘L

corresponding apparent 'time. b
‘Standard Tlmql-—ﬂlnae Novemh&r 1883, in'th

United States, the mean'Solar time of the Mer

G0, 75, 90, 105, and 120 west of Greenwich' are

adopted as standard time,: and are oalled
Go?t;::ml Easl.ern. Oonlnl Mountain M
tmae mu s from ext in time by one

i gt o, mm

nearest of the’ . . , !
4 { AL
Bnur A.pxlq,—{ypl number o
T B il E) mt'ilq. na nmt‘ﬁ‘
'I'o Ba'li a Wli‘h X

8un;—=Set up the ‘and
to the true Meridian, tha& note :*n.ct hmn t

| i.. L STHTIE n,(.

the cenire of the Sun's image the vertj

cross hair. This is apparent noon, d at this”in-

stant, set the minute’ 1o as m{s nutes
given. day

fore 12 as the :ﬁntmn .of time fon t

shows js to be t0 mean | timpe,; or: to as

minutes after 12 as it shows is to subt

The correction may be noted in que It is not desired

to set the watoh, Ad vy Htwemis Yo 0t (D
i

ERHES mrom:;'z“ 4 8

.“.1 Ht e

The Declination of—,&u &Jnn guls w&

tance north or sou
the Sun is at the E@; th&'. ls. nbnut- t.he :g:t
Y '

of March and the 213:

its declination is 0, or it is ap.lcP 0 ba n tha
from these points ‘ita declinati

to day and from hourta-hour, I.mtll on. tha Slﬂ of
June and the 21st of Degember it ia 23%:.27/ distant
from the Equator, et ot geh

it is the aechnumn wnwh causes the Sun to
appear so much hi in summer than in winter,
its altitude in thn"&s V&

on the 21st of June than is on the 21st of De-

ety oAb W a:m tolsa il n) «u
The Epheminls s m"..
mean noon 'at Greenwi day. un the

The declination of the Sun a
of the day is deum
follows: Iien

an.v plmi ;r any |

ping ‘about 46° 54/ more ]
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¢ {1} Divide the longitude of the piac sckoned 3 :eases to rise, then the vertical angle, and from
i Greeawich) by 15 to obtain “t,hg :t:?re{;;ton‘:ﬁ:(g 't:hia augle auhtrﬁ 4he semi-dinmetar. of the Bll-oll*

zgnee of time {n hours. i as given in the ia for ths pmpat*l\ﬂnlhh..
i h.&od the corresponding Greenwich time by |  the year, also daf_:_' o8 Seprespanding to. t

‘.m -
i : observed angle P, B8, The resulting
phu??ﬁgﬂez-zgtd}?gr;oéhr:e?:mltu:;datstlﬁ? . %nfla will be the true altitude of the Bun's center,
p a

"1 culate the Bun's declination for neon, apparent
=13 "ﬂwfn iy 1 4 time, for place of pbservation as dufnbad abave,
#i&8). Multiply the difference for ong hour, as found If the declination ia N, subtract, but if it is 8, add
the table o Enstle the given day of the year, by it to the true aliit o?tha Sun, li’ha I‘ul.l{t is tha
he number of hours from noon by Greenwich time, {  co-latitude of the place of observation and the lat,=
2:(4) This ?’.‘)‘(’l‘:‘“t :::i the &l}m?gﬁ in_declination to 90° — co. lat. ;
% 48 1mdicated n € Iollowing expression: 4 Note.~In direst 8 o o
%5 Deeclination for apparent dec. ) | (changein ' the gye by & darkened glags, which sh bounodlﬁ_b’em
3 iven binie = i or given day ._{ declina- 1 of the teleacope unless - parallel, When
pothas § g of year . ( tion, the altitude 18 hh;? ound conyens
*"The gign of the last term is + for time after noon ient, or an imm the % :"I::rd nn:

lipation is increasing, and for time before | scroen, & card or a blan

Boon“when declination is decreasing. from the eyepiece, meth, ' m:&gﬁ ro-
. ..dhg — sign is to be used for time after noon when qdmmmdn &&nv:ﬁ;-w gk mﬁl:ﬁﬁul is 'L
; Mntmq is decreasing and for time before noon ' the alternate mtm : -the telescope |
Jhen declination is increasing. : | in order to eliminate instrumental errora. - When great acourscy
Ax inspection of the Ephemeris will show whether | i not essential, standard time may be used in ng the
e declination is increasing or decreasing from day declination. As the difference between standard and hﬁ
N ' o i ahoukone sl h 1 e i et
~...N ip the column of arent declination indicate ination ia o one miou g
aorth, and 8 indicates south declination. . - v | declination dus to usiog sianard time would ngh be greater
“Example:—Required the declinati t 10 A. M., * i : : Bz P TUE
. 10th, 1911, at Denver, Colo.. U g.aA..(}atitude : Exﬂ:?h:*ﬂn April 17th, 1910, an obseryatio
899 487 317 north, longitude 105° west. was made of the Bun tq determine the latitude o
By b 0 Denver. The horizontal eross hair was kept mrm&
(1) Dif. of gime-l(i.s =7 kis to the lower limb of the Bun until it omtad' to 4
: o 1 S then the vertical cizcle reading was 60° 20/ 00”. .
3 : imb .. « =060° 207
(3) As Denver is west from Greenwich, add the dif. Soporent ot lows U v ift il 00° 007 34*
; of time, obt-ainill&".,lﬂ Aie?if cDe:ver tifnal.—_ . Relraction for 80°, 207 007, =~ . ', =00° 00 g2

10+7=17 or 5 P. M., Greenwich time. ; True alt. lower limb “in =600 197260

Iw) Change in dec. for 1 hr. =43* 32 ' Add Sun's semi-diameter 1 200° 157 58°
" Change for 5 hrs.  =43".32X5=0° 03/ 36 .60 True alt. Sun’s centre : =60° 357 247
{4) Sun's apparent dec, at Subtract declinatio't':':e [ lage i =10° 21’/ 55*
Greenwich, mean noon =N 15° 49/ 537 60 : G Sap. . 0 e =50° 137 29°
“ui, Dec.at 10 A. M., Denver =N 15° 467 177 Latitude 1 =30° 46/ 317
iv The changs is subtracted as the time is afternoon i be determined by reference to am
‘sad the dec. is decreasing, ‘since the dec, the next ¢ ac}ﬁ,ﬂﬁgdﬁfﬁf’}mm :vhieh the laytituda of a neig
dny is less, s ' ring point may be found and then due allowanoce
o 55y Tl i Epe made for the distance north or south to the station,
SR LATIT - : The table, P. ?17w t.fhe _!eng(::. i:infee;ﬁ:m;:
> #am s i) min. (arg) and the'n Ol Imin. (a0 '
e R TIIUDE Iutitu&e and longitude frem 0° N'ﬁﬂz ha‘“"’-‘b-"
Dstenuination of Latitude by Direct Obser- one degree intervals, 0 s ek e
wo%' of the Sun:—Carefully level the transit a ARG i YRLade L et bt
minutes before apparent noon, and if it is not l IR i 17 i)
‘m'ldad with Bolar hairs, bring the horizontal eross o ; TRE
4 tangent to the upper limb of the Sun and keep : dohoa Gty B

it tangent by the slow motion screw until the Sun

‘o9 -]




" f DETERMINATION OF THE

ect Solar Dbsomuun. beqt time of
or & Solar observation is from 8 to 10 A, M.
‘from 2 to 4 P. M. iseryations greater than
¥¢ or less than one hour from noon should pot be
relied upon.

The transit should be accurately adjusted and care-
fully leveled. Set the limb at zero when the tele-
gﬁtn}e is directed to some convenient mark, then with

e fower motion clamped, point the tele~cope to the

(f bring the vertical and horizontal cross hairs

pgent to its image, say iu the lower left hand quar-

thus g+ read the vertical circle and the. limhb,
gte.the tune, quickly reverse the telescope in alti-
g, and agimuth and aggin bring the cross hairs
lapgeat to the image, but in the opposite quarter,
kbus-@ ; read the vertical circle and the limb. The
moa.n ‘of the vertical cirele readings will give the
apparent altitude ' of the center o the Bun. The
mean of the rea.dmgs on the limb will give the angle
between the Sun and the selected mark,

“Formula A:—Let Z = the angle between the Sun
and the Meridian, then its valye may be ohtsu;ed

n tha equatwu :
g sin 48 X sin (3 § — co dec.)
% sin co alt. X sin co lat, :
-?hems =eco dec. -+ co alt. +60 Iat, ;¢ ol |
< mQ.*Tha following nftaa are of an obger-
made at D uwer at 10 M., April 17 1910

Iﬂhtude 80" 467 3

% Horizontal Vertical | | Position of
; mem Angle Angle Sua's Image
Birect............. s R |+ gy |
Revesedic........ 89° 07/ R | +s1° 07 +

2 e cﬁon of Notes:—10 A. M., Denver nme =
10-+7=17 or 5 P. M., Greenwich'time. i
Change in dec. since noun ;

“Greenwich.. .. =5X53".02=4-00° 047 25" .1

Dec. at noon Greenwich. .. .=N10° 157 447 4

Dec. at 10 A. M, Denver...=N10° 207 09° &

; L Y R = 78° 397 50".5

(B1° 0T/H(50° 14%) _2od' sy min,
—'“W'T'_'_'_'_‘

Apparent ajt = _
Subtract refragtion correction=00° 00/ 494"

Irue ._ we b b 307 417 & 3
Co an'.".t,",', a8« =39° 20/ 104 ;
Lat.. .\ s oot s eonie. m30® 487 318
Co ht'..“..._,rﬁ ...... _..‘=r50° 13/ W

o=
§[(79° 39’ 50".5) + (39" 20/ w')+r.50‘ 13'29'33
=84° 36/ 407.2 | A s
Subsiituting in ﬂqmﬂon for cos iz A

(sin B4° 867 40%.2) X (oi 4% w 58* 71

oniz= e 207 19%) X (oln 60° 137 %0 :

+o,g0s0780 | 1

ﬁ;@“lmf-' - .h%!“i."’i'
Yc 00 §E=¥ 1 |0 1H03025%" i;_-.wg--,
=0 8856776 "JI TTL Bt

}Z=65° 107 18%, Z=180° 207 36%.. .5 cor sl
Interpretation of Result:— 10 shmu the
relative ?)omu:mﬂ of the Bun, thu lfendm, th’

point of reference, & L Al Y
i ;"fF: !' \l“ ‘[ 4 prmy nof

Pl‘l‘

Befor?nooulzi:?to theleftoftholinotothoﬁwl
d to the right after noon.
En’l‘h: tr:fe bge;nns of the reference point is

N 41° 0387 36" E,
£ 31




THE ERECISION FALTORY | DANVER SO0

e s i - —
pFarmula B:-Identical results will bo obtained | WITH THE SOLAR ATTACEMENT. .. :.

e followin i : 5 ! . ! ! AR e
preferced on account of jta wontaining the. iress Let Fig. 17 represent u vertical blage through thié
e i ST o g oo ety { g of e SRTION s pmlan & O RSE
7 16 Geed, 17 Mttention to the'algebraic signs when of the piane of the harison, and. K E. is the.inter-

S E e 4 ©  section of that of the Equator with the vertical plane.
M Qe ndee, O {  The vertical line, Z N, through O defines the zenith -

cos lat. X cos alt. 7 above and the nadir below. The dotted lines at

either side of E E represent the Sun’s declination.

The sign of the first term of the right hand side i i mou of revolutio
of t}:& u&\;;:l?;] 1!.1‘:1:11111;15 w?}en ld?g]in;{ti_nnbis ?f t::e i &:;g?d?gzmﬁtfpop ‘i"nﬁnu: .t.nh:xé:m by do?ﬂf:
seoond tern where the latitude is S. the i axis, clina 5
algebraic sign o? the result is ?lus, Q is the angie : XUEAGOR "hi' xis, 80 long as the inclination of the
bétween the Sun and the north point, but if it is : Ty i ) g L
mnwl’.oii:tia the angle between the Sun and the ; F"’ g

le:-—The solution of the above‘. exampl
by this equation is as follows: G

; sin 10° 20/ 09°,5
cos. Q=.{ (cos39° 467 317) X (cos 50° 307/ 417)
—(tan'39° 48’ 317) X (tan 50° 39/ 41%)
sin 10° 20/ 09°.5=+49 25387086
cos 39° 46 31" =—9 8856775
log cos 50° 397 417  =—9 8020222

nid o . T 9.5661700=log 0.368274 # PRI & R -l
log tan 30° 467 317 =19 9203518 . vl i buashile 1313 gpa s
log tan 50° 397 417 =iﬂ.0833893 Py P :.l.-;.:.;-!-; tawgia - %
S 0.0067411=log 1.015640 NI : ot i ok
T | cos Q =—.647366 N g
~.Q=49° 39/ 247 Al
In tation of Result:—Q is the angle be- B 2
" tween the Sun and the south point, since the dec- v AEid
lination is N, the latitude is and the algebraic ¥ § nofd i (IR
s:ﬁn of the right hand side of the equation is minus. ' 4 1ot g4 Waags
g -191 §r38e'beapﬁg of the reference point is therefore i ' i it Wil o F
et a%g Fi,gr:hfﬁfmme as obtained by the first " Plg. 17 e Tl

line of sight to E E equals the Sun's declination.
It follows that if the line of sight is inclined to E E
at an angle equal to the Sun’s declination, and E E
is at 90° to the axis of revolution, as before, the Sun
cen be followed by simple rotation only when the
axis of rotation coincides with the Karth's axis PP,

All Bolar instruments operate on the above prin-
ciple; their essential features are: 6 = i hX

A vertical axis on which is mounted a Polar axis
and a line of sight mounted on the Polar u?a The
Polar eadxisl oormpundab.to l: Podin Fig.' 17, I'tt?mlo
_ arranged that it may be inclined at an angl ‘the
E R horizon, equal to the angle the Earth's axis makes
with the horizon, or the latitude of the place, ‘Lhe
line of sight is 8o mounted that it may be inclined

) Nota—-;-‘l'hn. gigns preceding the logarithms in this example
il:d the o.:e '::n P :Eeid i used to indicate whether the logarithm

22 & 8




v-rame THE PRECISION FACTOR

an iaig:;with & normal to the Polar axis equal
“t0, the ‘s declipation. A Bolar attachment
ted %n & transit converts the latter into a Solar

3 ‘-=ﬁéﬁmpiious were made in the foregoing
g%ldh &re'not met with in practice: -

MI3t; 'That the point of observation was at the
centdr of the earth. , '
+:2nd. That there was no refraction.

'jll_o!&r Parallax:—When |the Sun is in the true
horizon it is 87.94 below the visible horizon of an
observer at the earth's surface, as indicated in Fig.

Eqmgrw

R )

FRpE opw g om ———

L i
%% Conrme o fom

NOTE " Tokl FRWE T BT 1Y S5

Fig. 18

" Qos of observed altitude X8 .94 = the correction for
any other altitude, which must be added to the ob-
served altitude to obtain the true aititude.

As the best time for Solar work is from two to
four hours from noon it is evident that this correc-
tion is so small that it may be entirely neglected
in ordinary field work.

raction canuot be neglected. Its effect is to
make the Sun’s apparent altitude greater than its
true altitude, or to apparently increase N and de-
crease 5 declination. The effect of refraction ma
therefore be compensated by setting off the decli-
nation corrected for refraction instead of the truc
declination. The tables on P, 89-92 show the refrac-
tion corrections to be applied to the declination.

A table of declination settings for the hours suit-
ble for observations should be prepared previous
go the day's work.

= ple:—Declination settings for August 10th,
1031, for Deaver, Colo.:
Lat.=30° 46 31*
Lopg.=105° W.
a Dif. of time=7 hrs.
. B A. M Denver time = 847=15 or,3 P. M. Green-
wich time.
= Hourly change in dec. = 437,32,
‘ Dec. at 8 A. M. Denver, to the nearest sec. =
‘(N. 15° 49/ 53”.6)—(43”.32X3)=(N. 15° 47/ 447)

a4

%l ivielyei 437,32, the dec forthe
oonty ﬁm“hmw mt_ihinmad. as fwett o oiduat
Declinatiéfs' <\ Reftager "0 e

Time, . . Northilooms ;.Corestiuig i0s

JBIAL My .ux‘mms vilr 4+ B5% i 11152 484,304

9 15° 47 Q0* 407575 =159 478

10 15° a5 32* ' 15° 467 49"

2 P. M. 15° 43/ s 327 7 15° 437 56*
gP-M 20 40 -+ 15° 437.20"
4 15° 412 577 55* “15° 427 52¢

rr%a retrsgtion correstion is htkﬁvm attli': “((ﬁblg_ x
. 80-0 neares
?l?e cqlumn_ﬁuod ‘by. the nearest declination and
oppctite the hour angle, "1 SR
Rt s b dao BN, and' o
Add the porvestion whap Rde -.-g;. g

when it is 8.

When the ntluhw , fitted with an hour cirele,
8 t. ma Y ':ﬂ, | it to
B e Yo o field by

rotation on t]: v
nnrmm'_;?@w THE

: S MR L v A
In the following’ ge;cdpqul and d.i#nnl t_lm._;
/1 i : 5 ¥

reference letters arg same s in Fi
¥ £ H AN R Al

-

Lot vasdiect wld
i ady Yo
11 haad
AVE RS

ERE Astieignid 2T

i S e
The Burt solar attachment, see ‘Fig. 19, 'Is
ted on the top of the transit te ." ‘Theco-
ﬁ:?i‘:ada i: :at off on the vertical cirele of the transit



and  the declination on the declination arc of the
atlachment. -For south declination the attachment
“rotated 180° on its Polar axis.

8“ Baegmuller solar attachment, see Fig. 20,
-mounted above the transit telescope. The

P

declination is first set off on the vertical circle, then
the Bolar telescope is brought into the vertical plane

the main telegcoﬁe. leveled by means of its level
and clamped on its horizontal axis. The co-latitude
is next set off on the vertical circle.

The Bmith solar attachment, see Fig. 21, is
usually mounted on one standard of & transit and has
independent latitude and declination arcs, The tele-
seope T is mounted in bearings BB so it may
rotate’ on the axis PP. A ’flain reflector K is
Eivaud at the lower end of T at right angles to

P. ‘The declination is' set off by adjusting the
reflector R to reficot the line of collimation at an
sugle to 'EE equal! to the declination, which is
read on the declination are. The latitude is set off

y rotating the Istitude arc, which carries the tele-
scope T, on the pivot C until its vernier V reads
the latitude.

The Bhattuck double reflecting solar attachment,
a8 made by Wm. Ainsworth & BSons, is shown in

3 I‘i‘ 22 shows how it is attached to a transit in place
of the Sun shade, and Fig. 23 is a cross section of the
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ttachment, sh ‘the double reflection of:fhe
:a;“beforotan -objective of the instrument.
The attachment: consists of a frame AA which:
his el g oy g gl et i
ea abjective
is pnra.;’lal-‘to the sight line ’PP of the transit and is

vided with & elamp and tangent screw
pro )

the ring 0. The -AA carries two reflectors, one
{ which (H) is stationary and the other (I).is
‘:)nox:nl;i og swinging arm D so that by turning

the declination screw E, any suitable le .be
set between the reflectors. e screw E p:;gchd
with a clamp G and a slow motion or micrometer nut
F having ten divisions, one revolution of which
changes the reflected ray ten minutes of are.

T g Ve
F d '-’.,'-Jl it y o Dl i
\'\ / | A \
- - .- 1 - T r - N I £
(AR
L7 - L v ﬁ .
A \
I N // g
: - \. . (1", i’{:‘
. Ii i & " 5 ¥ b
= hy i l-. ¥ E.n.
phif o5 i
e Fomw EEi i
ADSSSTING W Pl s
WAy
.‘/ N \F P

The effectiveness of the Shattuck double reflecting
solur attachment d s upon the optical ﬂnd&h
that a ray of light which sufiers reflection twice in the
same ' plane, makes, its’ second reflection, ‘:n
angle with its original direction' equal 1o twice Whe
angle between the reflecting 'surfaces.’ ' ' REF

tnenc i ioatments JoF the Folar axia and
attachment, al m or the Po! nd
of the declination and latitude arcs aré' eliminated.
At whatever angle the ﬁa:t reflector is to the inciden
ray, the deflection of the ray after its' second re-
flection depends solely mn the angle between the
mirrors, thus obviating 'nmti.of_mnkm the
Polar bearing exaetly parallel to line of colli-
mation P U PR 1T (TR e, £

h 81




- od¥olillustrate this more clearly, suppose, instead of
; cwef ¥s, that a e movable mirror is
nated o .the frame so that the ray of light is
bed but onoe before entering the telescope. It
scomes necessary to make the Polar ings
) taly  paraliel to the line ‘of collimation, with
ﬁ ast motion; the draw-tube must be parallel ta
£ -sight-line of the telescope, and the cap carrying
the Solar must be accurately placed in position
which can not be done within a limit of several
minutes error. All of these affect the accuracy of
thé Polar axis of the Solar.
fesqn 1 ;

Fig. 22

When a single reflector is used, au error of even
one minute in this axis (which mechanically is very
acourate) may cause an error of two minutes in the
mﬂ_mwf. four minutes in the reflected ray snd an
errer of eizht or micre minuies in the resuit,

y .'_I'hplgh it has been often tried, the principle of
18 single reflector can never be successfully applie
o removable solar attachments, as its use multi-

plies eyen the errors to which the ordinary forms of

solar attachments are liable.

© The introduction of the second mirror obviates

all’ these difficulties and o?tics]ly makes the Polar

axis llel to the line of collimation, which me-
cally it is impossible to do.
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o It will belseen by o
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ight will @ an with a n {
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A e wnt

Fig. 23 [ S

that the incident ray fihkes with the reflected ray, -

Frphiec Jn ommeavealy S0 ph e 4
en a e .- (LA p L} L ¥

i I to the South Pdlar Distance, helce the
::;; :gust deﬂe?t? the incident ray through an a

ual to the Houth Polar ' Distance.’ “fp_"' ncté
£’ yefraction 'ébrlfe_%ﬁdn (4 ap !ito?él‘tn"!hqﬁlu dis-
tance and this corrected, or the pmﬂmt_ 'olar ¢
tance is the le of{d.eheencm'tn ‘pet off |
attachment, is setting is made‘?( means
adjustable mirror, 'T, a8 follows; With' the J&l’d

late of the transit set at the :(fpnrv_e.gt_ ‘South

istance of the' Bun ' eorrected  for tion,’
above described, and with the telescope level,
fully bisect some prominent point on the_hgn&mt

L : : vt 7,1
suitable distant object, B Fig. 24. ‘r;_
. .t T | iy L g

5 {4 Lie el ti s ad gl N e

‘. TER T STLER T z -:..I'v_:i i J.:ri_ h‘a

APPARENT POLAN wfbJuavilsade

1 X EUEEHILY T ity wikal

J . i e S LT M R T i 'I!

! S G Va0 a0 g, ) i YO G168

L ‘ 5 ¥ itadra i i -a!
J y A OR enbs 5 i
11 '-_:'az.l'.s}‘ f l‘{&a
LA TYE £ | .":I‘.)'; !ll'-"it'f. f
s tadaial hoa (Iujﬂv'_

Place the cap urryhéﬁ.he Solar' attachment In

lage the telescope sét the vernier of the
Eori:o:?al ci‘:de at m.m‘ low'er motion réemaining’
b8

o
hope

prs— L 1 L 1'5 e
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mnped; ' Now, ‘with the telescope still horizontal,
be refleeted image of B into the field of view
ming the declination screw E, Fig. 23, of the
“awhich is then clamped with the clamp Q.
he cross hairs bisect B.
If B is less than about 5,000 ft, distant, an aux-

_ t B, see Fig. 25, should be used for sight-
-_wme 'Bolar. The distance from l';)rtoglli’

NEETRENT POLAN
DISTANCE

Fig. 25

hould be such that the line from A to B is parallel
the line from D to B/, A small hole on the side
the frame of the Solar marks the point D. A D
then easily measured for any instrument and the
value of B B’ equals A D X cos Ig:iecli.nmi::m
rected for refraction). The values of B B” should
. o8 ted for the various angles of declination
ulated for ready reference, A D should be
when B/ is in focus, sighting through the
3 7 being same convenient distance, as 200
. When using the tabular values of B B’/ thus
ed, remember that they are correct only
when B’ is at the same distance from D as in de-
termining A D.
The Bun's corrected Polar distance now being
set off in the attachment, release the lower elamp
of the instrument and depress the P
objsctive of the telescope, asshown
ini"ig. 22* untii the vernier of the

vartical cirele or arc is set at an
angle e?ual to the Jatitude of the
piscz of observation. Bri the
Sun's image to the center of the
fieid by turning the transit upon
ii8 vertical axis, using the lower
glamp and tangent screw for the

Fig. 26

;* In high latitudes and where the diameter of the plates,
with reference to the standards, is large, the North Polar Dise
tapece must be computed and the telescope elevated.

40

oeellc S T

el bl e el

Al i ittt it e i i i i

fi djust t ands the Bolar upon dts Boln[l!llf..:'
Tt et Sk e o e Pt o
n Fig. 26 the may be successively

After
by turning the tangen§ .screw w engages..the
l'i-rlg‘ G, Fni:. 23. SANSTAE N atiki 3y ) Qb s n.:ﬂ!il

The axis of the telesotpe is
th's axis and the instrument is in the Meridian,
:?iEh tjml verl:nier of :!u hm:o?bt:l limb .:d n:d '1;’1;: G
8 tachment ma, TeImovy: 4 i
a:i;:rut?; :fcany duirudy meut taken. 2
If still ter ace  be desired, there
Solnral;nix?‘sr?: ‘11- elesc bou uh‘?\?n.in
on, the vertical limb the
" itude minus the §

88

Fig. 27 be used as & check. | . |
PRL A B g o'y o i o o el 1o o

uring the day, when the dec on 8e 3
the Virgm Obmw?;:;mbh'; e e rometer nut
the former sett y turning the mic n
of t:i: declinggonfw_ Q,nunilb:g ofsdl‘:iﬁonl equa
to 6 num oI min o 8 ouns i u
change = daclinal,iq%:r‘a .refraction; attach the
Solar and proceed as befgre. = ... .y

Each division of the micrometer nut equals one
minute of are. the nut forward corre=
sponds to the Sun’s; to the North (), and
turning in the op%olit. tion co to.the
Sun’s change to the Bouth (—), when the telescope
is directed toward the SBouth Pole; when directed
toward the North Pole the reverse is, true,

The refraction correction, being always itive
is added t:) the SBouth Polar Distance, or lumcht_‘f
from the North Polar Distance when making ob-
servations in the northern hemisphere. i o

When making observations in the southern hemi-
sphere with the telescope in the ordinary position
(L‘ig. 22) the North Polar Distance is computed and'
the refraction correction is added to it. “The tele
scope is then directed toward the North Pole.  Im
other respects the operation is the same as in the
northern hemisphere. it i 3t fing hdr

To save time it is advisable before going into t
field to prepare a table for the day, giving the Polar
distancears}) the Bun for every hour suitable for tak-
ing observations, similar to the table of declination
settings on P. 36, i AR )

i1
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siNeln Traeing:—To trace 'over a rough
; ; 5 ; ¢ gh or roll-
imgteountry the apex of & vein which does not stand
ido vertidal -pomuan&.n remgm-r:g?sidembh time in
sImeasuremen and '‘making computati
when using an ordinary transit. . I--'m.'l'vmt'j,n.-ﬁ|
-.-;!B_;n_ulri_n'g the Bhattuck Solar Attachment, this be-
%:_ vei:y simpls operation and is performed as
: I tseit =215 B ) i ide
““The'dip and strike 6f the vein are firs g i
by any convenient Te T e 3 Setinmined

 3oTYen sep the transit over ah outcrop of the vei
atfach the Solar with’ the mirror ";et 10 ’t?eﬂ::ftl.
He.of pollimation Hirough gp angle of 90°.
T+ Ill tha
&

3 telescope ip. a dirsetion perpéndicul
_ 178 rlﬂ-ne qfo the vein, which is dﬁne b;p c}eﬂegtigé
) 80 %:‘thgs fﬁgnﬁhﬁnk&o{ the vein,'and set-
g i 3 vertie an le of 902 ¢
. g ABa o et augle o QILI,gom the
- 5"The Bolar revolved on its axis will then cut
mdgegt‘wuh the plane of the vein.cu'I‘l:ap ﬁ::lg
where' this' plane cuts the surface of the ground is the
line of the apex of the vein, which may be traced by
ﬂmnmggungetgrmll‘gela tllﬁ transit and Bolar, Its
BY ar where it
Kmﬂdu,wu equal facility. | . .B-ww."s “.qch‘a? Pr
{f.‘ x §o g - . u
in ‘eass there are two openings at different elevad
_QQE on the a(,fnzx of 4 Slanting ﬁn, the striﬂe gfe:r}?e
a@mx be determined in a similar manner, Place
he transit with Solar attached over one of the crop-
pings; d_e ress the telescope to an angle of 96° plus
ﬂui dipiof the vein and irect' the telescope toward
e-foot wall of the vein. ' Bight through the transit
: _Sol_gl:-at the othar-outomg_l. when the vernier
mrﬂl be 90° from the strike of the vein. .o
YBeteanih - 7 I i ; e

..., BY OBSERVATIONS OF POLARIS.

2-A$ Elongation:i—A few minutes before el -
tiom, set up the transit and center the pluml:?ntf:b
over a tack driven into a stake.: Level up very care-
fully,mnd keep the vertical crass hair on liyolm'is.
bsing the Langent screw of the vernier plate, until
@pngation is reached. This is easily recognized
Hee Lhe aximuth then remaing practically consiani
of seversl minutes, i
*When ‘elongation has been reached. depress
telescope and earefuliy fix a stake on line, re;:'ersu g::
telesgops on its axis autl rotate the instrument 180°
on'its vertieal axis, fix the vertical hair on Polaris
dmt;:s the telescope and fix another stake on line,
if _vertical hair does not bisect the first one.
These two observations must be made before Polaris
! apgmembly commenced its return motion in
azimuth,

42

S -QIM v ‘3:.’\‘411-{‘1\:61 &

8t g’

. When it is necessary:to set two'stakes® u third

stake midway bbtween them will be in & v
ane through the plumb!line of the 'transit.
olaris at elongation.. . By daylight, lay off from
pla;gel;lhe prg;wr néimngh. a8 zl{en on P. Ss.d ls’m
is e olaris was pt western, and to
left, if .a.tr}%u{eg: elongation. -'«--w-?-" 0= “n" MAW
In making this and the following observation it is
necessarf‘r to illymingte sthe stakes and the cross
hairs. The latter may (be accomplished by a suit-
able Inmpl, held at one!side of the transit, so that

sufficient light is d into the telescope. .
At Culmination:—On accountiof the great diffi-
culties attending this , it should be used only

tion is impracticable. .

when the method of _
on the fact ¢

“This method is t Pol.lﬁ!
very nearly on the M when !g.u the e
vertical plane with the star Delta the constells
tion Cmio&m or Zeta of the Great Di‘»per. e
star at the bend in the handle. It consists in w
ing either Delta or Zeta until it comes into the

vertical plane with Polatis and then waiting a known
interval of time,T until] Polaris is on the Meridign.
The vertical cross hair| must be p on Pol

seope is now in the Me . which may be
in any suitable c

* Limitations:—On adeount of the haziness of
atmosphere near the ljorizon, "the lower ¢ :
tions of Zeta Tnd Ddujunnot be used below abc

precizely at the end of jthis interyal as the motion,
in azimuth, is most rapid at culmination, The te]

38? north latitude; neither can their
nations be used north
tively, on account of
Selecting the Star:
Delta Cassiopeiae on t
at midnight about Apri

being too near the zenith.

Meridian . below. the
lobtgx. 1t may therefore
used in the above met for two to three months
before and after that date. Likewise Zeta, of the
Great Dipper, ma%-ba used for two to three months
before and after October 10th,

Time of Elongatien snd Culmination:—Fig 28
shows Polaris near east elongation at midnight
about July 10th, &t western at midnight about
Januery 10th, at upper cnlmination at midnight
about Uctober wtn.--;gﬁ: at iower at midnight about
April 10th, The approximate time of elongation or
culmination for other dates may be determined by
noting the position pf the line joining. Zeta of the
Great Dipper and Delta Cassiopeine. When this

* When the transit is in eorrect adjustment it will be neces-
sary to set but one stake whose position will ecorrespond with
that of the third oné as given aboves =+ i (il i

1 The waiting time for 1911 is 6 min., 27 sec., for Zeta ofithe
Great Dipper and 7 min,, 2 aee., for: Cassiopeiae. (o'l

4

%
f about 25° andp 0° respee-

o diagram, Fig. 28, shows
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mﬂ side of the Pole from Zeta of th
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line is vertical, Polaris is near culmination and when
ntal it is near elongation. Polaris is on the

the ; e Great
ar, thus furnishing a convenient means of dis-

0 4FLOLI0 LnoOTH IHINTIW

MIDNIGHT RBOYT JANUARY /0T

tinguishing eastern from western elongation and
np{;a from lower culmination. When Zeta is west,
Polaris is east of the Pole, and when Zeta is above,

Polaris is below the Pole.

i
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BY .AN.Y srgz_,-yg ;qqn mms s

In high latitudes neit the Bun nor Polaris
reli.nblezresultu. '.ﬁ;t é&i?ia'lov nd the refract
is uncertain, while, on account the height
Polaris, the observation is difficult to make and in-
strumental errors are msgniﬂad. In southern Iati-
tudes Polaris is not visible at all. Although this
method may be in any latitude, it is particu-~
larly applicable under the above conditiona. boye
The Method consists in observing a star when at
ﬁual ultitudes, east and west of the Meridian.
eridian will then be half way between these
sitions of the star. The star selected should
0° or more from the Zenith when on the Meridian
and, at least, the same distance from the Pole, The
observations should be:made when the star is three
to four hours from the Meridian, :
the first

Making the Observation:—To make |
oblservatio:); tlhevo& the m:l-iu&hmuygi Mdg
telesco e star, clamp e motions an
the intg:section of mm. hairs on the star by'the
slow motion screws, read the star's altitude, un-

clamp the tel g8 the pe
fomp Lue Lalesoopo sxim,CPTNe the eispeope apd

To make the second ohservation; re-level tran-
sit carefully, set the telesco a:pihx:ﬂtit e gﬁ.qp

i by the first observation, clamp the limb and
lower motion when the gtar comes near to the he
zontal hair, keeping the vertical on the star
means of the slow motion screw of the vernier plate
until it reaches the intersection of the cross hairs,
then unclamp the telescope axis, depress the tele-
scope and fix a point on line. A thi &u_nt set half
way between these two will mark the Meridian
through the transit. .

If the transit hay & Nortios]. dlrele, 358 eroe d0e.40
of stan ‘E:

the adjustment of the height may
eliminated by ¢ first observation with the
telescope direct and the second with it rew :
altitude and azimuth. In this method, artificial
illumination must be used for the cross hairs and for
setting the points on line.
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'-*lq Fig. 20 let O represent the object
oope, i y the ata,dia hLairs, 88 8 a stadia
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and P the center o! the instrument, then I is
‘ﬂdu interval and 8 the rud intercept. :

-Iﬂ i

£ s} » memllar trumslel %,-_-%
=3 it
. h‘t’) " From the law of Ienaes 1; . ; "'115‘_
2 Wbere F is the pnne:pal focal length of the object-
8. . i J t
":’Wuhngin 2) tha value of 4 taken from (1),
) % "
m . = ,F

e @} Whenee f/ = 3 -];: S

By rofemn to Fi 29 it will be seen that {7 is the

the st from the object-glass

mﬂnlnt D is equal to f’+4ec, where D and e are the

¢es of the stadia rod and the object-glass re-
ey imm the center of the instrument.

(4) Hence D={/4}-c= S +(F+c)

When I is made equal to ——

2 1
F_ .

{F4-¢) is usunlly considered a constant=C= (the
constant of the instrument), although o varies
slightly when focusing is accomplished by moving the
cbject-glass,

(6) Equation (4) then reduces to D=100 84-C

In words, the distance of the stadia rod from the
center of the instrument equals one hundred times
the rod intercept plus the constant of the instrument.
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It should be noted that from O thé distances Are
directly proportional 10 the ;:d inter. cept1 P -‘*"‘

Inclined Bights:~~The above es, to. hori-
zontal sights t‘nly. for inclined d;fﬂu it“must be
modified as follows: Let Fig. 30 mmn&, dingram-

.;___.a:umna.-b_:_ul....k_.,..] L
:,_,_.JMLM...___Mq] '
{ G !

e ;rax‘;.;'f"f: ve

matically an inclined sight, 8 is the lnmpi
the rod, s 8 wh.!c‘h is held vertically. SXcos V
what it would be if the rod was beld at right
to the line of collimation.* The distance slong the
line of collimation from O/ to the rod is then |, ¢

SXcos VX I i ‘-”‘T

The honsontal dmtnnco from the oenter of tba ln-
strument to the rod is. -, 5

H:SXcoa‘\'XE-l-CstV. i S

The difference in elevalaon of O’ and T is -

sind
chosVXmVXxl 2S><sm9Vx-iE

T is the point on tha rod normpondm; tu“ﬁh.

vertical angle V. i)

* This is stric! mmotoa.lywhentheanﬂufndz-n
mheqmmw{ Y is greater, and 7 less than 90° by an
amount equal to n, the ervor in one so nearly com tes that
of the other that the resulting error may safely

The use of the half interval when V is lsrge may on l.huuwunt

CAUSE SeriOus error
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It. follows that the difference in elevation of the
center of ltha instrument and T is
i E=_8Xsin 2Vx£ +CXsin V i
wd 1oy, 20 ! . > :

“Beduction Equations:—
¥
*  V=the vertical angle

C=constant of instrument

Then the equations for reducing inclined sights
become:—

Slope distance=5Xcos VX10040
Horizontal distance, H =8> cos? VX100 + Cxcos V
Diffgrence in elevation,
EIH%*SXuin 2V X100+C Xsin V
Wgw T B=P G, E=difference in elevation of B

‘hm tables on P. 62-72 were computed by these
form’ and give the horizontal distance and differ-
ence in elevation for a rod intercept of one, for angles
from 0° to 31°. The values of CXsin V and CXcos V
are also given for three common values of C.

THE PUBLIC SURVEYS

P{ipm&al lines are run east and west and north
uth from the Initial Point. The east and west

is called the Principal Base and the north and
south lipe the Principal Meridian.

List of Principal Meridians and the Surveys
They Control:—
Ohio, 1st P. M. with several Initial Points.
Indiana, 2nd P. M.
Illinois, 2nd, 3d and 4th P. M.
Wisconsin, 4th P. M,
Minnesota, 4th and 5th P. M.
Dakota, 5th and 6th P. M.
Lowa, Missouri and Arkansas, 5th P, M.
Kansas, Nebraska and most of Colorado, 6th P. M,
Michigan, the Michigan Meridian.
~ Florida, the Tallahassee,
Alabams, the Huntsville and 8t, Stephens,
Mississippi, the St. Stephens, Choctaw and Wash-
ington.
Louisiana, east of Mississippi River the St. Helena
and west of the river the Louisiana.
Arigona, the Gila and Salt River,

a8
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Utah, the Salt Lake,* /' « 14/ ‘f?n.:'-*;"- bl
ﬂe\ﬂ!ﬂl “:;‘m‘““’ D“blor W i:f‘»;:";.;: 3 X ] a.tll
Onmﬂ. m vl #dfieg O .Idﬂ"
California, the Mount Disblo, San Bernardino and
Humboldt. .
Oregon and Wuhin;ton, the Wllhmetto. @

Btan :—At intervals of 24 miles*
measured fmm%thl Point olll:' the Pri.lml;:.l
Meridian, Standard Parallels, or Correction Lines are
run east %a;d ,H“t from the Pmtuﬁipn! Heaﬁ;n %
are number: north sou! lmm

Base, the first one north the Firsl'. md
Parallel North and the first one south
Standard Pmllei Bouth Eu Fig. 81,

o ie W

I/EG'M! Jf!#l‘&mf WEST L

= DIVISION INTO CHECAS -
Fig. 31

Guide Meridians:—From the Principal Base a.nd
Standard Parallels, Guide Meridi
the next Standard or Base, the starting
Guides being at intervals of 24* miles ong the line
from which they are run. A check is 24 miles north
and south by 2! miles east and west on the south side
and is bounded by Standards and Guides or Princi-
pals. See Fig. 3

Townships '—The north and south boundaries of
Townships, or Township Lines, are true parallels, and
are spaced at intervals of 6 miles. The east and west

* In some cases the interval is greater than 24 miles,
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boundaries, or Rance Lines, are true meridians: they
run north from a Base Line or Standard Parallel to
the next Standard Parallel. They are at inter-
vals u:f 6 miles along the Base or Standard Line from

dox
Sl . bl o 5 g 2 gl

(TSTD RARFLLEL NORTH

LINE

PR/ N/ PRL e T2 AN
o €arin, Gar | 6ar | 6|

(L. AR 7. /58

=D/ VIS/ON OF CHECH INTO TOWNSHIES -
o Fig. 33
which they run. Fiﬁ. 32 shows the division of a check

into Townships. All lines so far d. ibe i
Meridi S T escribed are either
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gubdi on:—-.zfma_phwq the subdiyisian, of
& township into sections, the numbering o -’th‘ao-
i e S

es BBU P ces are

nhalina. oExmog: deficiency is throw,:ninto the
north half of the tier of sections and the west
half of the west tier, . Bection corners inside a town-
ship are notched on the south and east edges with as
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25§
dd
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i
4 & iJ
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many notches as they are miles from the south and
east boundaries of the township. On township lines
the marks are on the edges in the direction of the
line, there being as many notches on an edge as it
is miles to the township corner it faces. dia-

in Figs. 34 and 35 show the method of mark-
E:m';ow ig and Section corners for cases mnot
covered by Fig. 33. In Figs. 33, 34 and 35 the
short cross lines indicate the number and pesition
of the notches cut on the stones.

uh




+—In the followmg Fi
for various cases are shown:

~STANEARD TOWNITHP COPNERS -
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Bection Corners Common to Two Bections
+—Corners not on a township or range line are

the same as those on a township or range

line, the notches being on E and W faces when the
sections lie ia an east and west line, and on the N
gnd B8 faces when they lie in a north and south line,

Section Corners Referring to One 8sotion On.lgz
-~On the boundaries of the required section the
marks are the same as on regular corners; all other
marks are omitted.

Quarter Section Corners:—On meridional lines,
} is marked on the west side, and on latitudinal lines
on the north side of the corner. Standard Quarter
Bection Corners, on a base line or a Standard Parallel
have the letters 8 C precede the 1.

Witness Corners:—Witness corners are marked
the same as the corners they witness and in addition
have W C above the regular marks. They are estab-
lished on surveyed lines where possible.

Corners:—Meander corners have M C

marked on the side facing the stream or lake mean-
. When on east and west lines, they are
notched on the south side with as many notches as
they are miles from the south boundary of the town-
ship in which they are located. When on north and
south lines, they are notched on the east side with
as many notches as they are miles from the east
boundary of the township in which they are located.

Orientation:—Corners referring to one, two, or
four townships or sections, not identical with stand-
ard or closing corners, have their faces directed N, E.
and B. W. and N. W. and 8. E., while all other cor-
ners have their sides facing the cardinal points; ex-
cept corners on boundaries of reservations and pri-
vate land claims, which are set squarely on line.

Classes of Corners:—There are eight classes of
corners allowed by the government, as follows:
Stone, with pits and mounds of earth.
Stone, with mounds of stone.

Stone, with bearing trees.

Post, with pits and mounds of earth.

Post, with bearing trees.

Mound of earth, with deposit, and stake in pit.
Tree corner, with pits and moufds of earth.
R, Tree corner, with bearing trees,

The system of marking corners of the first class
only has been described, the limited space not ad-
mitting a description of the other classes.

Diagrams:—The following diagrams are repro-
duced from the Manual of Surveying Instructions for
the Burvey of Public Lands and show the pits and
mounds therein specified to be used in connection
with the stones above described, and how they are
used without stones. When posts are used for cor-
ners they are marked with the Eroper section, towns=
ship and range in addition to the regular notches.
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OURS IS AN EDUCATIONAL CAMPAIGN

We believe that the more familiar an engineer is
with the instruments he uses the more likely he is to
purchase an Ainsworth owing to the evident supe-
riority of the

AINSWORTH PRECISION INSTRUMENTS
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| <YOU CANNOT CRAMP
?.f?.: £ - el
i -

{ '\ THE LEVELING HEAD

of an Ainsworth instrument, as all parts are made to
Burdened steel limit gages and strictly interchange-
» ardd the horizontal axes of the leveling head pass
cnters of the half ball and balls on the
wrews. See Fig. 8§ P. 10

scrcnents it is necessary to loosen all

eling up and then frequently when
«evel ¥ou fiad the head eramped, making it
Lecsssery o again loosen the screws before com-
pleting the operation.
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STADIA REDUCTION TABLE

F i

.75
100 1.4

.75

.06 1.00
1.25

1.00
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1.25

.02

.75
1.00
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.01
01
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2228 2552 28282 BERES 8%
ZSEB NERNE Bupre wwsss

BERE 2
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23
| 88

Hor.. | H Hor.  Dil,
Dist. | Dist. Dist.  Elev.
97.55 96.98. 06,36 18.73
97.53 9696 96.34 18.78
97.52 96. 94 96.32 . 18.84
97.50. 96.93 9620  18.89
97,48 96.90 0627 18.95
07.46. 90.88. 96.25 . 19.00
97.44 96.86 96.23 .19.05
97.43 96.84 96.21. 19.11
97,41 96.82 9618 1916
97.39. 96.80 96016 19,
97,37 96.78. 96,14 19
97.35° 96.76 96.12  19.32
97.33. 96,74 196.00 1938
97.31 96.72 96.07 ..19.43
97.29 96.70 96.05  19.48
07.28 96.68 96.03  19.54
97.26 96,66 96.00 19.59
97.24 06,64 05.08 10.64
| ori2 96,62 105.06 10.70 -
|| 9720, 96,60 9593 19.75
97.18" 96.57 95,91 19.80
97.16 96,55 05.80  19.86
97.14 96.53 95.85 19.91
97.12 96.51 9584  10.08
97.10 9649 9582 20.03
97.08. 96.47 95.79 20.07
.| 97.08 96.45 95.77 20.12
97.04 96. 42 95.75 20,18
| 97.02 9. 40 05.72  20.28
97.00 96.38 970 2.28
96.98 9. 36 95.08 = 20.34
74 74 73 a8
.99 .98 98) 1120
1.23 1.23 1.2 [..:88
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AT GREENWICH MEAN NOON
STADIA REDUCTION TABLE BRI, . ot =
» i i ' Bun' uation of -
; &l g 167 17* -sutohe
S i ;e B ABun‘a .' ' I:lﬂ from
¢l i = . or

- Do BE 1 £ | X | Do | 1 | T
B i e o 75.00 43.30 q o " s R i e g8 e yon

& ¥ il | il i 3 8
(Bl T 0 43,38 Sm | 1 BE 4 w5 | el S
85 433 2|22 50 807 | 1261| 3 4.8
";6. 7480 4342 Tues. | 3 | 22/ .54 3.4 | 1376 & 16001
.‘;'--.-:---...ao.oc...----c---cco; ..... 7‘!.75 43-‘5 wd. 4; n",_a w.7 +14.$ ‘ “.wi
o L ! 43.47 § Thur. 5 22 42 80.8 16. 5 “‘5&2
43,50 Frid. | 6| 22.'36 1.9 | 17.14/| 5 38. 8-
e Bab. | 7| 2028 8.3 | +18.28 6 4ok
43 50 Bun, 8 2 21 ¥S8 19. 6 30.05
Mon. | 9 | 22 13 21 | 45| 6 0.487
8o Tves. | 10 | 220 6 42 | +21.58| 7 21,487

3o Wed. [ 11 | 21 56 145 | '22.60| 7 45.

4370 Thur. | 12 | 21 46 §9.2 2366| 8 9. ﬁ;
s Bid. | 13 | 210 &7 187 | 4247 | 8! s3.88%

43.76 Sat. | 14 | 21 2 131 B78| 8 8539
4379 Sun, | 15 | 20 18 423 .78 9 17.314
B8 ! won |18 | 21 ‘5 480 | 4979 o .88

43.87 Tues. | 17 20 54 28.9 28.79 9 59.18,
Wed. | 18 | 20 42 46.0 .78 | 10 19.09 7
: ! ¥ ¥ vE ] o0 by
it Thur. | 19 | 20 8 305 | +30.76'| 101 38.81+
43 05 Frid. | 20 | 20 18 9.7 31.72 | 10 56.81
43 08 8at. 21 20 .5 17.0 ;28?; “"_ “.QJ
0 . | 22 | 19 52 1.8 | +33.60 11" 31.68%

“Ho4 Mon. | 23 | 19 38 242 3452 | 11 47.98
4407 Tues, | 24 19 34 348 35.“‘ lﬂi; l.g;r
i Wed | 25| 10' 10 38| +38.32| 127 18284

44'1E Ther | 28 | 18 B8 21.; 37.19 7 12 32.24
Fid. | 27 | 18 40 184 48.08 | 12 45.44
i Sat, | 28 | 18 94 855 | tasse| 12 smaaM
5 Sun | 20 | 18 9 122 39.71 | 13 9.441

Mon. | 30 | 17 B3 0.2 052 | 13 2023
o4 Tues. | 31 | 17 36 471 4131 | 13- 30.207

Wed. | 32 8.17 20 6,2 | +42.00| 13 30.%4

I ~ Note—The sign + prefixed to the hourly change of dee-
{ linstion indicates that south declinations are decreasing,
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AT GREENWICH MEAN NOON
FEBERUARY, 1911

= L et mal

3 Sun's Equation of
.g g Bemi-Diameter Time
g 16 1%° to be
= - | — ————— Subtracted
S B Sun's Iit. from
g = Apparent for Mean Time
a Declination 1 Hr.
:." ; o 1 i I m 8
Wed.of 1 [8.17 20 6.2 | 442,00 13 39.34
el ey WO R BT YK 4 284 | 13 47.65
id | 8 | 16 45 497 4358 | 13 65.12
I T [
| ¢ 18 28 150:| 44430 14 1.75
%. 5| 16 10 232 4500 | 14 7.55
Mon. | 6 | 15 52 148 45.60 | 14 12,52
Tues. | 7 | 15 33 502 | 44638 | 14 16.65
Wed. | 8| 15 15 o7 47.01 | 14 1996
Thur. | 9 | 14 56 13,9 4764 | 14 2246
Frid. VR E E dRE 26| 14 2415
Set. | 11 | 14 17 378 48 85| 14 25.08
Sup. f 12 | 13 b7 58.3 40.43 | 14 2516
ﬂ 13 | 13 88 50 | +50.00| 14 2450
e e T A T R 56.55 | 14 23.08
Wed. o} 15 | 13 57 8.8 51.08| 14 20.92
el
4 16 | 12 87 67 | +51.60| 14 18.03
% 17 | 12 18 9224 52.10 | 14 14.43
Sag; | 18 | 11I' 55 26.3 52.58 | 14 10.13
Sua. | 10 | 11 3¢ 187 | +s53.04| 14 515
Mon. | 20 | 11 13 0.2 5349 | 13 59.50
Tees.)| 20 | 10 B 311 53.93 | 13 53.19
wod. | 22.| 10 20 517 | +5435| 13 46.25
Thor. | 23] 10 8 25 5475 | 13 3868
Frid. | 24 9 48 4.0 §5.13 | 13 30.50
%i 254 8 22 53k +55401 13 91713
Bun, | 26 9 1 405 55.84 | 13 12.38
Man. | 22| B 33 16.3 56.17 | 13 2.48
ws.| 28 | 8 16 44.4 5648 | 12 51.08
Wed. | 20 8.7 B4 538 | +56.78| 12 40.96 .

" Néte—The gign + prefixed to the hourly change of dec-
linstion indicates that south declinations are decreasing.
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| AT -GREE%‘\E&;%}_ N ;NOON
S e Ao o

vorth declinations inereasing.

: b6

Reuaiion of
.§ - | Bemi-Diameter ~ Time
K. E 1006 5 tobe =
2l : Dif. | | ;Ilfmm."i_'
g | & A nb for ‘Mean Time
a|a tion A3 Lle © g
T - - e ——r————
e [ -, .. m 3
Wed. | 1.8.7 54 83 56.78 | 12 40.96
Thur..| 2 | 7 81 19,2 57.06 | 121 29,41
Frid | 3 | 7 '8 w6 | ore| 12 17.85:4
i i 34 : It 43 t il
Bat. 4| 8 4 280 | +57.56| 12 4.79
Bun. | b 6- 22 238, -57.78| 111 BLIHT
on. | 6 | B O 144 | S57.90( 11 m.:'t::,
i vy F3G - i i 3 L 7] i
Tues. 7 b 38 J-'I!I.B +58.18 | 11 24.27
Wed. | 8| 5/ 12 41.8.| 88 q1  9.883
Thar. | 9 | 4 40 1004 5851 | 10 55.08"
i, [ A Pt G 5 1A
Frid. | 10 | 4 25 83.3 | +58.66| 10 39.90
Sat. | 11 4 2 240 5878 | 10 24.35"
Sun. | 12 | 3 88 5L | 58.80| 10 a.;wg
e 3 L P £V Fla (2 TR i3
Mon. | 13 | 3 15 7.1 | +488.90| 9 8228
Tues. | 14 2 81 4x3.| '59.67| ' 9 8570
Wed | 15 | 2. 28 (1,6 | 50.14 | 9 18,905
4 t % LA 1S S N ! [ el
Thur. | 16 | '2 4 gA 50.20 | 19 1.88
Frid, | 17 1o 40 J101) ©59.24 [ 81 44,624
Bat, | 18 | (1, 36 88,0, ,59.27 | | 8 27.16
: ' £ Ok t i B} ek -
Sun. | 19 | 0" 88 154 45028/ g’ o&f’!
Mon, | 20 | 0 20 328 | 5027/ 7, 51.3;:;
Tues. | 21 8.0 p 50,4 59.26 | | 7 33. 741
Wed. | 22 N.O 17 814 | +50.22| '7 1578
Thur. | 23 | 0. 41 322 | '50.17| '8 57.87..
Fid | 24 | 1.8 IL6 | (8011| 6 3035
Sat. | 25 | 1 ‘98 494 | $s0.03| ‘6 21.08"
Bun, 26 1 ;52 25(2 . 548,04 [i8 2.7
Mon | 27 | 2 15 B4l (B84 5. 44,
Tuw | 28 [ 2 %0 2003 | 488.72( 5" 28.15"
Wed. | 20 | 3 2 56.9 _w.ﬁ ‘5 71883
Thur. | 30 3 ﬁ 20.9 . B8. 4. 40.61 4
Frid. | 31 3 49 410 58.25 | ‘4- 31425
Bat. | 32 N.4. 42 868 | +58.06| 4 13.20y
Note—The sign + prefixed to the hourly change of dee-
 lination indicates that south. declinations are decroasing o¢
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THE FRECISIIN FACTORY.

AT GREENWJ‘IM EAN NOON

Sun's m"ll?ition of
Somi Ik me
bcu;i Diameter e
il oyl Added to
Sun's Difi Bubtracted
Apparent far from
Declination 1 Hr. Mean Time
a ’ "_ e . m 8
21 68 33.6 +21.23 2 31.87
22 4 B 20.27 3 22.97
22 12 46.6 19.380 2 13.69
g2 20 18.2 4+18.33 2 4.06
22 21 2.3 17 .35 1 64.07
22 .34 107 16.36 1 43.77
22 ‘40 31.4 +15.37 1 33.15
22 ;.46 283 14.37 1 2224
22 52 1.3 13.37 1 11.06
22 & 10.2 +12.37 0 59 61
gg 1 549 11.36 0 47.92
6 15.4 10.35 0 36.00
2310 11.5| -+ 9.33 0 23.88
23 13 43.2 8.31 0 11.57
23 16 50.3 7.29 0 0.9
28 19 329 -+ 6.26 0 13.54
83 ‘21 50.9 5.23 0 26.30
23 23 #.2 4.20 0 39.17
3 25 127 -+ 3.17 0 B52.12
28 26 16.5 2.14 1 5.13
23 26 555 5 3 ¢ 1 18.19
28 27 9.6 + 0.07 1. 31.97
28 26 590 — 096 1 44.34
23 26 23.6 1.99 1 57.88
23 26 233 — 3.03 2 10.38
23 23 bB8.3 4.06 2 23 25 ¢
o 23 B8 5.G4 Z 36.01
28 19 541 — 6.12 2 48.62 .
r 33 17 15.0 7.14 3 1.06
23 14 11.3 8.16 3. 13.29
22 10 43.2) —90.18 3 25.29

=
. 'r!.u g
2|k
2 R
3 =
2l a|
ur. 1 IN.
mw . 2
= 3
M 4
h. 4B
Tuey. | 6
Wed. 4 7
i |
4
Bat. 10
Bun. | 11
h'm 13
Tues. |} 13
Wed. | 14
Thur. | 15
Frid. 16
Bat. 17
Sun, 18
Maan. 19
Tues. | 20
Wed. | 21
Thur. | 23
Frid, | 23
Sat. | 24
Sun. 25
Men. | 28
Tues. 7 27
Wed. | 28
Thw. ¢ 20
Frid. | 20
Sat, a m
Note—The sign

lination tndmus that north
the gign — indieates that qorth declinations are decressing.

+ prefized to the hourly change of dcc-

declinations

7

are increasing;

-

Fm THE PREEISION FACTORY. lavs vacs

AT GREEN’WIGE MEAN/NOON
| JULY, 1911/

1

—— 1]
-g. iﬂt | e F““""“.E‘ 5
8|8 || 187 467 10 be
o oE 'btu'ota
'i ?.- © Yehin's ! Iglﬂ. ! :I !m%;
AalA ' m 1 Hy. : ki -
Lo D o RS 'R i i
Sat. 1N, 28 110 !u.a ue.Is G Y £
Sun, ] rg 6 80.7 0.1 % 37.08%
Mon. | 3| 2872 30| H11.20( |3 48807
Tues. | 4 | 12287 68.1| —12.20| ' & 50.477%
Wed. | 5 | 23 i52 483 .-';m.g ‘t 10. 52
Thur. | 6 | ' 22 vig7 ilﬁ.a 1419 | | ¢ 21.08% 3
Frid. | 7 | {29 Ha1 i27.2| Li1s. ‘4 31.90M -
Bat. 8 {zs_-':su ;” 186, & %.gﬂ
Sua | 9| 2B BT| V1B F 0KWY
Mon, | 10 | {2221 i29.0] =18 ¢ 5407
Tues. | 11 ‘g (32 " 100 | 8! %094
Wed. | 120 e 14.5 ¢/20.00 | 5 16.18+
Thur | 13 | '2f ¢88 | 80| <2008 | 51 388"
Frid. | 14 | |21 “49 0| 21,88 | | Bl m.glﬂ o
Batt | 16 21 440 8| 22,81 ' 5! 37.00T
| : ! |
Sun. | 16 | |31 V31 14.0°] --23. | B 44 S9N
Mop. | 17 | |91 Ti21 8B4 uio4, i Bl g__ﬁrr £
Tues. | 18 | 31' 711 3K.0°| "'25.86| & 5°0 65.4874 )
Wed. | 10| (20 <1 |9.0/| +26.48| |6 0.38"
Thur. | 20| |20 ©50 '2t.6'| !27. [ 6% 4,687
Frd. | 21 | 20 v30 16.0| ° m.g? 6l 3%"
Bat. | 22 | 20727 49.5| Z220.08| i6 1707
Sun; | 23 | 20 ‘15 ﬂ.; 12993 | 6. 11.3?’
Mon | 24 20 '3 50.8| 130.78 | |(6'- 16.621}
Tued | 25 | 10 !Bt 29.0| —srer| |6 1898
Wed | 26 | '19 '88 g.c ‘82441 '8 mgwﬂ,
Tour. | 27| 19 25 25.0°| -33.25| |6 19.68:%
Pid, | 28 | 19 ‘a1 52.3] —se.05 | |67 19.48%
Sat. | 20| '18° KBS 10.84 8484 | [6% 13.3-31' &
Sun/ | 30| (18 44 ;;.4- '85.61 | 167 17.19%
Mon, { 317| '18 29 -Ia.sa 186.37 | (614 15,1441
Tues. | 320 |N.18 14 B9.6| —87.12 [V 6\ 12.4874
‘Note—The sign tothe ho T
instion indieates t.hni‘m pn"rem“ o d..l:l

.‘.le..
gz
Ep
E
B
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e THE FREHS!UH FACTORY }
AT GREgggg; ng:‘gw NOON b A% anmww;cﬂ MImT ’NbON
= ——— NOVEMBER, 1911 = .

e Semi- Dk Equation of Bun s

= meter uation % '. i W D -
’ﬁ (8 16/ 05" Time g = Bemi-Diameter Equaunng
B .| = tobe - 2| E 16/ 127 “Time
- Bun's Diff. Added to : ool ma e = : fo be =
*é ' 3 Ii.p }ani:in ll'tﬁr Meun Time 'g "i ‘a.m'. A : IIM ﬁ\ddm

1 sCanation Te P n oF: | ‘slean
_ — E A [ & | Dechmsion | 18e
- L4 m 8

. 4, 18 2 61 154/ —BB.331°10 0.58 i PLs e e e lamt b
%. = 3 14 343 58.24 | 10 1092 Wed. | 1 18, u\},m 8.7 | m48.50 | 16 17.7L=
Tugp, | 3 8§ 31 509 65.14 | 10 38.08 Thur, | 2| 14:720 '22.8 48.01 | 16 10.48.:

i i - : Frid. | 8 14 48 278 47.41 | 16 20.490
Wed. | 4 4 1 '50| —55.03| 10 57.74 S T R D O R ok
3 i ) 4 24 16.1 57.90 | 11 18.18 Sat, 4 181 7 188 ~46.80| 18 40
i 6 4 47 240 57.76 | 11 34.28 Sun. 5 15 126 B63.0 | (.46.17 | /16 20,20«

: 1 : J Mon 6 15 44 142 45.52 | 16 .69
Sat, 7 5 10 28.3| —57.60 | 11 52.00 o g B T N R
Bug. | 8 5 B3 23.6 57.43 | 12 9.33 Tues. 7 16 1 2 (189 | —44.88 | '16 16.441
Mop. |' 9 B 56 24.7 57.24 | 12 26.28 Wed 8 16 .20 7.6 i 4418 | (16 13.38&

: Thur. | 9 16 37 80.9 43.49 | 116  9.42

e LD 6 19 16.2| —57.04( 12 4275 ; 3 R e T it

Bt 1 6 42 128 56.83 | 12 58.78 Frid. | 10 16 54 '65.4 | —42.70| 16 4.88%

Ay T ¥ #1 56.60 | 13 14.32 3 11 17 ©(11  53.8 42.07 | 151 58.08

Gl - - Bun, | 12 17 28 '34.6 41.33 | 15 52.47
Frid. | 13 7 21 19.7| —56.36 | 13 29.38 L ) fRor ] oo s e W
Bat. |' 14 7 49 49.4 56.10 | 13 43.88 Mon, | 13 | 17 44 87:4 | ++40.57 | 151 45.081
Sun. [ 15 8 11 128 583! 13 57.85 Tues. | 14 18+ 1 4.8 ::80.80| '16. 36.82%

; e : Wed. | 156 | 18 18 47.5 30.01 | ‘15 27.68
Mon. | 16 8 34 29.4| —B5554| 14 11.25 A Sl s UL eeceine Lo g O Sigabn

& | 17 8 56 88.8 5524 | 14 24.08 Thur. | 18 18,32 141 | =38.20| 15' 17.08%
Wed. | 18 g 18 40.7 54.92 | 14 36.31 Frid. | 17 18 .. 47 21,1 | 23788 [ 15t 6.834

J Sat. | 18 1 2 81 36.54 | {14 55.12
Thur, [ 19 9 40 347 | —B4.55| 14 47.92 : L S TR T -
Frd. | 20 10 2 203 54.22 | 14 58.91 Sun. | 19 19 16 34.7 | —3568 | 14 4257/
Sat. | 21 10 238 §7.2 53.85 | 15 9.271 | Mon, | 20 19 30 40.4 | 3480 | 14: 29.191

g : Tues. | 21 19 44 25.0 33.01 | 14 14.99
SBun, | 22 | 10 45 24.9| —53.46| 15 18.98 O FAY % - butd
Mon. | 23 11 6 42,9 53.06 | 15 28.02 Wed. | 22 19 b7 48.0 | —33.00 | 13 59.984
Tues. | 24 11 27 509 52.62 | 15 38.30 Ther, | 23 20 10 49.1 32,08 | 13: 44.18:

: Frid, | 24 20 28 '27.8 31.14 | 13 27.56
Wed | 25 | 11 48 48.5| —52.17| 15 44.07 i SRR o B ol | s
Thys. | 28 19 ¥ 51.7 15 51.06 | /f Baty | 26 20, 35 143.0| 3019 13 10.20+
Frgd, | 27 iz 8 1i0.5 5i.23 | 15 B7.34 S, | 26 247 3.0 ¢29.23 13" w.g,;

2 & Moo, | 27 20 59 8.7 28.24 | 12" 3.

Bat, | 28 12 50 84.1| —50.73| 16 290 4 R T R W T
Sun, | 28 | 13 10 457 60.22| 16 7.73 Tues. | 28 | 21° 10 126 | —27.25)| 12 13.67;
Mon, | -30 13 30 4.8 40.60 | 16 11.82 b Wed. | 20 21, 2 H.g 412624 | 1117 B3.4L; @ E
Tues. | 31 13 50 30.9 49.15 | 16 15.15 § Ther. | 30 281 123 (2622 | 11 R2.475
Wed. ['32 8. 14 10 37| —4850 | 16 17.7 § Fd | 31 8 21 41 | B3| —2410 11 10.87y

ﬂ 'he sign — prefixed to the hourly change of dee- . " Note—The sign = prefixed to the hourly change of deer
hnitgn in uteag“that south declinations are inereasing, . lination indieates that south | declinations are incrmn_;.‘“
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' GREENWIC EA
é’,If‘Q_EI})EéW H MEAN NOON

mn, 1911
Sun's Equation of
2 Semi-Diameter Time
E | 8 16/ 17 to be
; = - Added to
s s Bun's Infi. Subtracted
:? 1 =B Apparent for from
a Declination 1 Hr. Mean Time
_U r r L m B-__.
E 1 B=21 4} 5.3 —24.19 11 10.87
4 2 21 60 33.4 23.15 10 48,62
- 21 b9 30.4 22.10 | 10 25.74
Mon. | 4| 2278 10| —2104| 10 2.
%_’ i 8 22 .18 20.0 19.06 9 38.20
. [}} 22 24 120 18.87 9 13.57
Thur. 7 22 31 31.9| —17.78 B 4530
Frid. 8 22 38 25.4 16.68 8 22,68
ﬁft g 22 4 524 15.57 7 b6.47
Bun. 10 22 850 B52.7 —14.45 T .1
Mon. 3 22 ‘b6 26.0 13.32 7 2.62
Tues | 13 | 23 1 21| 1210| 6 3504
Wed. | 13 | 23 6 109| —11.05| 6 7.06
Thur, | 14 3 10 .8 9.90 6 38.72
M 15 23 14 6.0 B.74 5 10.04
Bat, 18 = SN I e i — T7.58 4 41.086
Bun. 17 2 2 9.9 G.41 4 11.82
Mon. | 18 B 22 08 5.24 3 423
Tues. i9 23 24 21.6 — 407 3 12.69
Wed. 20 23 26 452 2.89 2 42.88
Thur. 21 23" 26 405 1.72 2 1206
i
Frid. 22 28 2T 7.5 — 0.54 1 4204
Sat. 23 23 - 6.2 + 0.64 1 12.89
Bun 24 23 26 36.6 1.82 0 4284
Mon 25 23 2N 38.7 -+ 3.00 0 12.83
Tues 26 28 2¢ 12.4 4.18 0 17.11
Wed. 27 =3 022 119 5.36 0 46.94
Thur 28 23 19 55.2 -+ 6.53 1 16.83
Frid. | 29 23 AT A 7.70 1 46.13
Bat. 3G 23 13 46.56 8.87 2 15.42
Sun. 31 23 9 588 10.03 2 M4.47
Mon. 32 8. 23 b 443 +11.18 3 13.24

Note—'lhe sign — prefixed to the hourly change of dec-
lination indicates that south declinations are increasing;
the sign + indicates that south declinations are decressing,
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Sirerer

5 veud

AZIMUTH ormu. WEEN Al' ELONGA-

i i ,ul"*mxﬂ" 1911, A TINE :
“—-————-_”ﬂmz—__—____.-*:—_—_—_:;
Latitude | “Asimuth’ ' || Latituds” | " Asimuth .°
25° A4se || e e

260 1o 1oe i ‘§°§;'g'
2 191977107 1} - ygefietiiliqe aarale
28° 1° 1870 4°% 48% .a'l] = 1° W.ﬁw
20° 17 200,24 “ e 3.5
3P P 2rplt 45° |1 peggr e’ m
31° 1° 2178« 46° Lol ot f: :?:3’ '
320 AL ] s
3 | 1°288' o qe ggeg s
e | e R 5 4
' § o g ES U LN T i

35° |, 1° -s Ll =g
3 | %.7 ufl gt S 3:1%“"“
37° 10°277.8 + B2° Mijus 19 B3F fami
38° 1°:200.0 5 - -8 i) 12 BB G
39° 12 30/.2 - 54° 1° 50,3 . ..

'The above tablé'is based on the average

tance for the year, It h:ln h:l:ﬂmumﬁ

about 0° 007 &J' en greater acecu is re-

c“nred the fol!.l i
¢ average Po istance for each
& maximum errér of mbout 0° 00/ Oaf.f.n o'?‘;zl: azi

at alongation is determined b by t.he aqunuon.

SV Gt - - di‘_]
sin asimuth oLsin Polar dutmm 917 ol
: L sl D()Ch( slib il

AVERAGE POLAR DISTANCE OF POI.M
For the Year 1911,

Month Polar Distance Month | Polar Distanee
P |y .. | ®wie!
POs® || Aug....iq. 1° 1¢¥ 13*
1° 09/ 57" || Sept........[ 1° 102 04* -
1° 10 Oct.......,.| 1° 09
1° 10/ 14 | Nov....... g 1209 417
° 1019 R seis o 10097 320

It hu




THE PRE

Observations on fixed stars

for the Meridian

wAONUH U FIXERD/STARS—1911.0 i° 0 Jk,¢
; }ib—fu{rent Mag- Right
Btar ! Deeclination nitude Ascension
. T it m 8 AR h m 's
@ Tauri (Aldebaran)  +16 19 51 1.0 4 30 48
BOrionis (Rigel) — 81813 0.3 B10 15
a Orionis (Var.) 4+ 72328 0.9 b5 b0 21
@ Canjs Majoris(Sirfus)—16 35 36 1.4 6 41 13
@& Oanis Min. (Procyen) + 5 27 12 0.5 7 34 38
@ Lionis (Regulus) ' +12 24-00 1.3 10 D3 38
@ Virginis (Spica) . —10 41 40 1.1 13 20 30
@ Bootis (Arcturus) +10 38 43 0.2 14 11 38
a Scorpii (Anfares) . —26 14 06 1.2 16 23 56
@ Aquilae (Allair) ~ + 8 37 57 0.9 19 46 26

or

latitude are made with the Solar attachment in

exactly the same manner as on the Sun,

There

being no appreciable hourly change in the declina-
tion of the fixed stars, the refraction correction for
the proper hour angle is applied directly to the ap-

parent declination given above.

MEAN REFRACTION

{To be Bubiracted from Observed Altitude, in
Direct Solar Observations).
Inches; Thermometer 50° Fahrenheit,

Barometer 30

Altitude Refraction Altitude Refruction
£ 1 20° 2 30
i?: 2’ él' 25° 27 047
12° 44 27" an° l; ;}.:
¥ 4’ 01" 35° i |
!4y 17 09"
16° . 1 50° 497
¥y 3’ 05" 60° 3-1:
18° 27 571" 70° 21
10° 2r 48° &0 10*
86
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ERRORS IN ANXMUTH POR { MIN/ERRORIN
<Y DROLINAYION OR LATTTUDE, [id
For 1 Min, Brror in For 1 Min. Error a -
‘{Ir};}r Declination Latitude
ngle rr— ——e
Lat. 30°|Lat. 40°|Lat. 507 Lat. 30°|Lat. 40°|Lat, 50°
h m Min. | 'Min. | Min. || Min, | Min. | Min.
0 30 8.85110.00 1290} 877 | 9.92| 11.80
100 4,46 | 505| 601 4.33| 4.8 | 5.80
200 2,31 | 2,611 8.11 200| 226 ' 2.70
300 1.63 | 1.85{ 2.20 Jis| 130 158
4 00 1.3 | 1.»1 1.80 A7 1 0.7 0.90
5 00 1,20 | 1.85] 1.61 ).81 | 0.85 |- 0.37
6 00 115 | 1,301 15601 000 | 0.00|-0.00
By the use of the ﬁanl:u‘bvo table ‘the amount of the

azimuth error, resul
declination or latitude at the different hours of the
day, may be determined. L

If the South Polar Distance used’ be too great,
the observed Meridian falls to the right of the true
south point ]ﬂ the forenoon and to the left in the
afternoon and vice versa if too gmall, i

If the latitude used be too great, the observed
Meridian falls to the 1

iy

of the true south point
in the forenoon, and to the right in the afternoon
and 'ic. versa li too ’muc ([T i 0 L

TAELE SHOWING FEET PER MIN. (ARC) AND  §

MIN. (ARC) PERE MILE OF LATITUDE
AND LONGITUDE. S

3 i &
Length of 1 Min. ' No, of Mis,
! in Feet in 1 Mile
Latitude — 3 -
Latitude | Langitude || Latitude , Longitude
T L v
(14 6045 | 0087 L8734 8074
P 6045 6085 8734 8677
* 8045 6083 .B734 .R6TD
3 6045 6078 8734 8687
4° 6045 6071 .B734 8697
5" 0045 . 6063 .B734 8708
6° 6045 6053 B734 8722
¢ i 6046 + 6041 .8733 .8740
8° 6046 . | . 6027 8733 . 8760
g° 6048 1 16012 .B733 8782
10° 6047 . 5094 8731 .8308
11° 6047 975 WB731 .8836
122 6048 15054 8730 +. 8867
13° 6048 5031 8730 8002
14° 6049 5007 8728 8038
15° 0049 5880 K728 RO70
BT
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TAELE SHOWING FEET PER MIN. (ARC) AND
MiN. (ARC) PER MILE OF LATITUDE
- AND LONGITUDE.—OContinued.

e THE PRECISIONFALTORY: Raae - vas

TABLE OF/MEAN REFRACTIONS IN

Length of 1 Min, No. of Min.
i Liidias in Feet in 1 Mile
titude
Latitude | Longitude || Latitude | Longitude

16 150 5552 8727 LB0a2
i G050 5822 8727 8069
18° 6051 5790 8725 L9119
19° 6052 5757 L8724 171
= P 6052 5721 .B724 L8229
w L2 6053 5084 8722 9280
22° 6054 5646 .B721 .9351
i +23° 6054 5605 .B721 8420
i 24° 6055 5503 .H720 9401
25° 6056 5519 8718 . 9566
26° 6057 5474 8717 L0645
¥ ¥ ot 6058 5427 8715 0729
287 6059 5378 (8714 9817
: 20° 6060 5327 8712 L9911
a0 G001 5275 (8711 1.0009
ar GOR1 5222 L8711 1.0111
3 6062 5166 L8709 1.0220
SIS 6063 5109 .B708 1.0334
b 6064 5051 .R707 1.0453
35° 6065 4001 .8705 1.05679
36° 6066 4030 LB704 1.0709
3r GOGT 4867 8702 1.0848
as° 4802 B701 1.0095
3 6070 4736 L8698 1.1148
40° 6071 4669 8697 1.1308
41° 6072 4600 . 8695 1.1478
42° 6073 4530 .B694 1.1655
43° 6074 4458 K692 1.1846
44° 607, 4385 L BGa1 1.2040
45° 6076 4311 L8650 1.2247
46° 6077 4235 LRG58 1.2467
47° 6078 4158 .BUST 1.2698
45° 6079 4080 . 8085 1.2941
449° 6080 4001 _Blis4 1.3196
&0 6051 3920 80682 1.3469
512 6082 : L B681 1.3757
53> S0sL 3755 BG78 1.4081
53° BHORS 3671 8677 1.4383
54° GOREG 3586 8675 1.4723
55° GOR7 3499 (BHT4 1.5000
56° B0OKS 3413 JB672 1.5470

&§7° GRS 3323 BOT1 . 1R
58° 690 3233 .BG69 1.6331
59° 0001 3142 .BG68 1.6504
6o° 6042 3051 .BOGT 1.7305
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ATION *"

o.

TTODE 47° W,

T

For Limiroos 42° 20,

DECLINATIONS.

Ls

T

_F+n_£.'.ﬂwn't 459,
T

. { Fbr Latiivox 6,

A TAVE 1 .49(]

|\ Foa

}

+20° [ +15° [ 10| o=

TABLE OF

-20°

-15%

~10%

B

o

DECLINATIONS.
Fou Lamitune 2P,

i
For Lamitune 22° &,

Fomr Lavitupe 2°,

Fos Larirupe 27 80

DECLINATION

TABLE OF MEAN REFRACTIONS IN

*E' 4200 | 180 | 4100

™
Bas | [hes &
hezs | [haes 32
Am= 3=
2333 | |Bass |
R ETe gt Eagy
glhezms) fheau i g
u - =
u % m | | W. w
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TABLE OF MEAN REFRACTIONS IN

. DECLINATION

}

F |

g - DECLINATIONS.

£ .

sy M For LATITUDE 65°,

i 4207 | 416°| +10°| 44a° | 00 | —8° {—10°| —15°]—20°
ob) me| vor| raor| ver| ewr| swr| sae| swe| ewe
3 wev| 118 | 19 | 152 | s | aw | am | T4

E 1wl 1| 1| 212 | 2as | 42 | e

1 gliagl gl il am | sw

5 o | e: | s 420 | tis

Ty j3 }

g=t 1 1 For LaTiTups 67° 80/,

P } 197 | ymer soor | a1l Ty
}*‘!‘: %E" 140 3= iH' 8 | 62 | 1im
AiEE| & E ]

f‘ ! s | 317 | 4 831

faeil v FOR LaTITUDE T0°.

gn el mr| 1w w7 | smr| sme| o
Blim] 12| 38| sw | 47 | 7

s 158 | 308 | %1 | sai | &% | 2215

14 @ | 208 | e | 828 | se0 | 038
o8 | 233 | a3 | 511 | w008

i

| 558

{

b3

1%

5o ‘

i3

e OUR AINM.

It will be our constant effort to elevate the art of
mlt.rument ma.kmg from the European methods so
cloeely followed by American manufacturers in the
past  fo a plane mpondlng to the American
watch-making industry—which is unequaled by any
mdu;sm m e world for aystemn.tlc _accuracy, fae-

= 4,
WA: IIIGW aha umuatb—uuu mane ild DELVWET L1Or our

having enpal'ed the field.

<
L

A

T
TS E ! ! i

In the ri hl, nnxled triangl l&t nglu
designated by A, B, and C :n "h' opw..

site these l b
then haw.'.-l'mz i s M"l'y
] T : ;
I" £1 ,

(1) sin A= %:&.B % »

]

(2) cos A=
(3) tan A=

(4) cot A=

(6) cosec A= - =sec B

[} {
. | - !

b | .
(7)versA=£E—$cpyemB Liaegr il

¥

(8) covers A= E3--:;*5= versin B © .

(9) a=c sin A=c’'cos B= btan.ﬂubcol.B
=V (cFb) (c—b) i

(10) b=c cos A=¢ sin B=a cot A= atan B
=V (c+a) (c—a) l

& ".ll. / b

11 =
i b nA COBB LO:iA -A";B v’l”‘l"b’
(12) C=90°=A+B " i i .1
(l3}area—§—b VR ! ) 'I
B ____'_-_"-_'_ S L i
83
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S0LUTION OF OBLIQUE TRIANGLES. - AOUTA S i=HaM
39 B s TRIGONQMETRIC FORMULAE.
[ : 1'|lr'|‘ f'--:ir! tuot o lgisdalinis D
: sin? A+-cos? Alirl,i‘ I St (¢ % | nhl(suql
sin'‘A=2sin § Axbosg A pra T:.'.'
L o cos A=2cost § A—1=1-2sint§ A ' 1A
& < o %:eos 2 A_ sin AR RET
s 6 r q « A ;"l : A
- = FORMULAL ik I o o A
Given |quired TORMULAE 1-.- sl g o9
A= }
Sl _ sokek | L e { .;.:_..-:;umtl
G R AER) o a1 1+ S niy ':'“j '
! 4 coa i A’= ﬂ’r FOLE =TI VTIRN ‘.'E‘”
A, B,a b b=sin B - “'& AR ] l ' ‘A LI BARRS § 11— T
£ ~—CO8 - s : .
tan § A= R ssintaltX
i F‘IEA‘ i i R T) el R
[ c= smcﬂmx ............. @) sIu2A~2dnAwsA A '""
4 cos 2 A =cos? A——-dn* A 2 009' A-—l. S
: 2tanA SREEET 1 8 ¢
B | sin B=%‘5b ............. ) tan 8am ot e B

sin (A+B)=sin A cos Bisin Bosh ““Ig;‘bu

A,a,b c G use (1) cos (AiB):m A cos BFain A dn B b

e ¢ use (3) sin A+mn B=2 pn 4 (A-{—B) g - ? A—-B)‘
e [— sin A—sin B=2m 3 (A+B) m ¥ (A—B)i.
a a= }/bitet—2becos A....(5) cos Atcos B=2' 008 § (A+B) cos & (.A--B) ;

Ab,c B B use (4) ¢os B—cos A=2 gin } (A+B) sin ¥ (A—B}

c C use (1) tan A+tan B= % .ij.;l

area area=% bosin A.. ... .o (6) 13 5

tan A—tan B= M LYY

i ] cos A cos- B Ao

Let s=# (atbte) sin (A£00%)&deolA - ' o oy

: i H—h)(q—-—r) cos (A+90°)=Fsin A fros s

A | sing A= 4 - 1 sin (A+180°)=sin A - ipeqlid

a. b8l B B use (4) cos (A£180°)=cos A B0l il 1

C C use (1) 2 BT gL

area | area= g(ﬂ_m (s——b) (s_c)(m ntt i
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MENSURATION
PLANE SURFACES.

- Quadrilateral:—A four sided plane figure.

' Parallelogram:—A quadrilateral with G[j'gwﬁite
:id.?is)paralle (8quare, Rectangle, Rhombus, Rhom-

. Area=Bage X Altitude.

Trapesium:—A quadrilaternl with unequal sides.
Area = Product of either diagonal X Half the sum

¢f the perpendiculars from this diagonal to the oppo-

site angles.

f Trapexoid:—A quadrilateral with only one pair

of opposite sides parallel.

Area =
Froduct of the sum of the two parallel sides X Half
the perpendicular distance between them.

Triangle:—A three sided plane figure.

Area=Produet of the base X Half the altitude,
=Half the product of two sides X The sine of
the included angle.

=V ISX(35—a) (} 5—b) (3 5—)
Where a, b, e=The three sides and S=atb}c.

sidP(ll)’gtln: A plane figure having three or more

Area, Divide into triangles and find the sum of
the areas of these triangles.

Irregular Flgures:—Divide the fizure into a
suitable nwnber of parts by parallel lines equally
spaced; to half the sum of the two end lines add
all the other lines, divide this sum by one less than
the number of lines and multiply by the length to
obtain the area.

Cirele:—
Area= 7854 X (Diameter)?=3.1416X (Radius)?
Cireumnference=3 . 1416 X Diameter
=2x3.1416 X Radius,
Cireumference

Length of an are=-—-— 360 — X Number of de-
grees in the are,
Elipse:—

Area= 7854 X Product of its axes.

Circumference (approximate)=3.1416X v]_)_‘jﬁ
)

Where I and d are the two axes,

o

Sl ol THE PREC

Prism or orumia? I‘Tm W »fFﬂA

Volume= Area of on.e end istan.
to the other end, ('F]mxnl:;:?e:g;ﬁlc?:ﬂ .
whether right or bhqge regu?ar or 1nacw.

. Frustrum of : ?* .-—.;_.5"-';"
vmumew———-—';ﬁ—"'i;ﬂl e

This rule a.ppl: t.p pri !n;ﬁ'zgm\ section,

i e - e
Pyramid or Gonei~ ‘
Volume=Area o .h- XOua-lhird the altitudc.
Frustrum eof I‘Ma om Cone:—

vglume—«-—_.,_."";“'l” ‘;'+/AmdﬁprMoIhluE

+Area of top'+ Area of base

Wedge:—A wedgo is a solid ﬁo ad by five

planes; a

edge. The a]tlt.'udo iﬂ the nd u.lar
from the edge to the plane of t bmm length
of the base 18 paullal to lhe edg:. o

Volume=

2 X Length nf b.,.q
i Length of edge _

Sphere:— %
Vr..lllm.ua-~(D“Mﬂ""?'_x3 liiﬂf

Surface = (Duunatm-)ixa 1416.

Prismoid:—A solid 1 paral
figures for its ends, ;a«;l l]ta;:‘)‘r l:ow:nmpou:al o e
e st i "'1‘“dme”' g E"'”"’"
8
apices lie in t.ho end p'ia telsu oo aad

vmuma= a X (A+4M-|-B) ¢
Where A and B-Ams of the ends H = ) IQ

aréa and h P
paralie] en ds.= erpendicular dmtanee betwec _the

Allitur!o X Width of base
P

A

i -
mli | ‘I
" t . LS 3 |

) g\
sl
A

9




TYPE BD TRANSIT

5-ineh—12.7 em. limb.
Weight 10 lbs.—4.5 Kilos.
Code word, Bahal,
The most popular instrument for general work on
the surface or underground.
~ Has 10-inch—25 em., 22 power telescope, 4}-inch—
11.5 em. verticul circle, gradienter, 3}-inch—78 cm.
eompass with variation plate and extension or split
leg tripod.
Frioe i a3 @i K SR e R a0
Catalog BX-0 shows our complete line, send for it.

TYPE BX THEODOLITE.

S-inch—12.7 em., limb, |
Weight 10} Ibs.—4.6 Kilos.
Code word, Bulge.

: (Y

A type that is rapidly gaining in favor owing to

rigidity and stability of adjustment, H
6.4 em. compass w‘:'v,h varition plate ?1_: "
standard. . - ot

Price

e
~in
cenzer‘g
} trtia
- LA . b, . - J’l ] ‘m'w
send for catal BX-0O showi H
line of transits a theodoliu:c_lmnng our complete

93




TYPE BZ THEODOLITE

With Interchangeable Auxiliary
Telescope.
S-ineh—12.7 cn. limb.
Weight 12 lba. —5.5 Kilos.

Code Word, Bulax.

Has 10-inch—23 cm. main telescope and 8-inch—
20 cm. auxiliary telescope; 5-inch—12.7 em. vertical
circle, gradienter; 2i-inch—6.4 cm. compass with

variation plate and extension tripod.
Price, asshown . . . . .
Hend for Catalog BX-0.

160

$325.00

TYPE CC TRANSIT.
44-inch—11.5 em, limb,
Weight 84 1bs.—5 Kilos.
Code word, Bulno,
A light mountain and mini it wi e
20.3 em.—20 power ulu?ogzﬁgafmﬁ-;?; I:g-ip :glm-
pass with variation plate, stadia and ' s,nd.lm;

Price R e e
Fully described in catalogue BX-O. SN

- . . e

191
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23\“%5- SRR T e 1 |
: 5 Fan v ity teuds Lag
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TYPE CF TRANSIT TYPE CZ THEODOLITE, ' ' ! has
With Interchangeable Auxilinry Telescope. With Interchangeable Auxiliary Tele 1oyt
4}-ineh—11.5 cm, limb. ﬂ-lflch—ll.& cm. limb, sk b .-.;quu.
Weight 82 ths —3 8 Kilos, Weight 0 Ibs.—4 Kilda, '* ' ¥ 824
Code Word, Bunch. 3 ~ Code word, Bumeg. :
A light weight mining transit with 8-inech—20 em., § A precisi : 1 A= 2 g |
20 power telescopes; 44-inch—11.5 cm. vertical circle, ;e;u&m..gn m{gﬁté B::é?‘:;:;;;:& s;l_::hch;;zugm B!
ienter, 3-inch—7.6 em. eompass with variation plate and e graduation on vertical circle,
plate and exiension tripod. i - 4
e D, 20 A R R $305.00 Price, with equipment shown 4 ‘ $340.00
Fully described in Catalog BX-0. Fully described in catalogue BX-O. e
oy
E 3
a0
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AINSWORTH | KINSWORTH

bict | im

u Wi
T T
R CTEY
Jevn bani s
Larodisg hathe
bjl—; (Bt puq

Yo
PRECISION WYE LEVEL. TYPE YF RAILROAD wm LEVEL; :
18-inch—45 em, telescope. Code Word, Beclo. ':-s Y ‘ 3 '
Weight 10 Ibs.—4.5 Kilos, For specifications see e

preceding page. Lt
Code word, Becko. { In this type the spindle, bar- andm are in"ﬁoh
- 3 ISes (8T R r.}} ' s ] Jlj'ﬂ.u-‘li ifre

R et it i)+ -'?Iwr_u. ;

vlyiame oo Rl L R u

tet baagt o -:iti,-'-tgH_ X3

.'..'.r'. :m;.rl‘. e T I?h:rﬂl'

Has improved leveling haad
and dust protection for objec-
tive, and eyepiece slide tu
and for clamp and spindle.

The wye clips are held by
improved latches and a fibre

tipped spriog rplunuer holds
the wye collar ly in posi-
tion in the wyes.

' piece and the wye &d ustment is g
- adjustiog studs onelof the wyesmld. by mennsiod

mil':.e‘m a strictly hiirh grade instrument at a moderate

; Bl o A e $110.00

L R e A G i bend far Calawg BX-O. ber fainfy
Fully deseribed in eatulog BX-0. : e VR BIRD) | ok

104 106
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SPECIFICATIONS

Standard Transits and Theodolites
(Code words in bold face.)
o BT :—B8tandard; Telescope, vertical circle, limb, .
genter, ent and leveling screws, lac- .
s standards, elamps, level tubes, lower center,
bottom plate, tripod head, and circle guard, black;
interior of eompass ﬁlva.ted Instruments will, how-
ever, be furnished in any finish desired at smnall addi-
tional cost. o

Graduation:—All graduations, excepting com-
pass, on solid silver with vernicrs ing to ome
minute. . 5

_Numbering:—Limbs 0-360 each way. Vertical
circle in quadrants, ﬁgeum inclined in the direction
in which they sho read.

_ Compasses:—Divided in half degrees with varia-
tion plate actuated by pinion motion; continuous if
desired, With black face—Bamox—to order.

. Telescopes:—Erecting unless inverting—Babox-—
is ordered, for which there is no extra charge.

Cross Hairs:—Spider web unless platinum—Ba-~
Iup—is ordered.

Levels:—Both telescope and plate levels have
graduations on glass and more or less sensitive levels
will be supplied without extra charge.

Gradienter:—On all instruments excepting types
AA, AU, BA, BU, GA, CA and CU.

Leveling Heads:—Standard four screw furnished
unlesg otherwise specified. Three screw—Bamoo—
extra, $5.00.

c g Cases:—Either upright—Burly—or Hut
—Bur arrying cases furnished, the former, un-
less otherwise specified. Leather covers—Baskl—
extra, $10.00. E!gould'enmpa—kaul—extm. $2.00

Tri s:—Fither split leg or extension can be fur-
nished, and either light or heavy extension tripods
can be furnished in lieu of the standard weight as
listed on following pages.

Instruments having full vertical circles are regu-
larly previded with guards :

Aluminum instruments weighing about half as
much as the regular bronze instruments can be fur-
nished on short notice at 10 per cent. increased coat.

WYE LEVELS

The foregoing in part applies to Wye Levels but
with the following exceptions: L
Finish:—Telescope, and on type YF, bar and
wyes, cloth finished; eyepiece, object slide, dust

108

-

H R LA g
lasquere

leveling screws,

Carrying Oases:—F¥or type YC, mahogany vith
arately 1o protect wye eollars;
plar, with_instrument packed with

telescope ,Pulwd separa
YF, po
telescope in wyes and provided with the usual Aacoces-

for type

BOries. |

Tripods:—Split les
leg wi?h type % f ﬂéﬂ. f
can be furnished with _e‘i?}’ae

i)
s

ity

PLAN OF VERNIER PLATE!

AINSWORTH THEODOLITE. i

Telescope removed. e

Showir itio: | ‘o
bdden, by Doniaan of.piate levele—oris- of

b
d

furnished with type YC, solid

needle lifter and relative sise

This construction permits the placi f th e
1 trans-
verse level entirely on the o Spelppadic
on the usual double slm:u:la!.)rlht'it‘B bbb e i gosend

niers at 30 degrees wi

th telescope.

110.‘-

lower genter,

v'u:fyo oﬁm;‘_bsr,%tﬁm

10 Ibs., extension tripods
r instrument. =

)
one  of them
';fﬁnt. variation pinom,
conpassy, Ay
construction with ver-
S 7
g ¥
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§ THE PRECISIDN FACTORY

nmm.cﬁn.]

D INSTRUMENTS

'STANDAR

TRANSITS

o
LI

RN
b

]
BEEE BENNE BESE BRES| Pove

% 3

2 g z

- £ E1E 9|8

AEEIE R R N IF

g 2c 5|3 8|8

T B e e )

i 12" l:'b'w«lt2'

g 12¥ 6" 30" | 447 | 23"
12' 6" 30" | 4

L B BN ]

CELE LR 4 4 3.-'%%:5* Graduation*

SE8% §3%%%

T s

LB

5’ 107 Pl 31
5 10" * | B 3!*
57 vese] 107 Ly 3
5 107 v | B »
St 10° 22 1f | 5 50|34
{ 8 | ¢ 8
'.. 8' ” ‘l 3'
S T ol I 3”
| 4 i n] 40 3
. THEQDOLITES
6 R L errn | BP1 D
@ Jael12e 25 1 67 307 | 34% | 2
6 .eeo| 127 25 137 6" 307|347 | 2
8 | «eaa] 12° 25 137 | 6 307|347 2
5" 4 10° 22 130 .. 122
5* 10" 22 13°| 5 30" | 24" |2
5°* ceee 107 22 17| B 307|287 2
5° 10° 22 13| 5" 30" | 24" | 2
5 100 22 13| 5 307 | 28" | 2
8#4.... 8 20 1}"| 4 30" | 21| 2
44 8 20 14| 4° 30"|23| 2
4&;2 B* 20 14| 4 307 | 2i*| 2
1} ’ 8 2 1§°| 4" 30" | 24" |2
WYE LEVELS

..., 16" 35 1} | & 207
....] 18° 35 1'":;*

*In secondn-t;f arc per 1-10 inch division,

108

g . E ...._ EH . I-‘ f 3
2 .- i .‘.r: 3 EI i Hilila D
g B ;E‘ﬁ £l 3 |28
= & BB i )
o] 0 QMAT L1 | Boabe:: |t | b
R Split- 7411 | Boafe ' | 265 |
el Betcl, |98 | ARy
S Split 7 | 10| Bogas | 210 | GA.
Split 7 | 10| Boglt | 250|GC .
ﬂ ;', 10 | Bogosm " |''260 [ GDE
10| Boggy | 800|GE"
....... J o4 49 | 8| Babex | 200| BA
il o aeeae 18] Babex | M0 IR
Ext'9 | 8| Babb . .| 250 | BDa
8 20 Exti9 | 8 4+ 200 | BR5 -
¥t 20 -Bg&gﬁ 8| Babor | 310 | BFa
5 1 O
Bxt.if 6| Bulno |- 235 w-:-,,
8% 20 igi| 6! Buneh | 305 | CF»
THEODOLITES i Op f
A 7411 Bo U,
R 7 | 11| Boajl ﬁw"
7 11 Bo
20 10 | 11| Boalo ﬁ’,
........ 7 | 8| Bugbe BU
9| 8| Bugle BW!
9 |-8 B BX B
5 20 9 | 8] Bul BY ;.
8 20 9 | 8| Bulax BZ
........ 'g Bulin | oW
IR NN u a i »
8 20 6} | 8| Bulky &/
5t 20 | 6| Bumeg CZ
WYE LEVELS ) 2
e 7| 81 Becko |[$140| YO
i nsas Solid wl al Beeam | 110 | YF

tln p:;urf_as. 1Interchangesble, top or sids,
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EXTRAS AND ATT ACHMENTS

(Code words in bold faes.)

Only standard instruments as listed on preceding

pﬂﬁeﬂ are carried in stoek, but the following exiras

attachinents can be furnished on new instru-
ments at the prices below with but little delay.

@raduation:—Regular, reading to one minute.

ROme Hmb. ool ... Badge $10 .00
LT o ] T R g N S Badle 15 .00
e e e P LN i e Badam - 20.00
30 sec. vert. circle. . ... Bafle 10.00
Edge Grad., vert. cm:le .. Batou 10.00

each way inside
Limb numbered g_ggo cl(i::kwuu. ou:f“ s Bagey
£ each way inside
Limb numbered § 5 360 counter clockwise Bagos
outside.

Levels:—Regulur, 30 seconds telescope; 75-100
seconds plate. Wye Levels, 20 seconds. . Gradua-
tions on glass.

i L1 e S ... Bedew $ 5 00
87 10 sec. reversion....... ... Bedse 15.00
87 20 sec. reversion....... .. Beeto 12.
6° 30 see. reversion.......... Baine 10.
BEBO S Bakox b
6* 20 sec. reversion....... .. Bakin 10.
5% 30 sec. reversion,...... ... Bairn 10.
gl RO S s A Baocon 3.
4 30 sec. reversion.,........ Bagcog 10.
47 20 sec. reversion.......... Baleg 10.
e N Baler 3
37 30 sec. latitude....... .... Baker 10.
3* 30 sec. striding. ..... ... Balan i2
37 30 sec. level on vertlcal cir-

cle guard.. 75 : Bacam b
50 sec. platc o L=tagte Tl IR T
90 sec. plam.. S BT TR BRIOE. 0 s
120 sec. plate.. LN MRIO8 it

H‘.eticle&‘-—Rexular. Tmnmtu No. 37, Levels, No.
36, Spider Web, Platinum wires and other arrange-
ments to order.

DEDEX

36 37 378 37b 37c¢c 37d 37e 37U

No. 37 Crossand stadia hairs.. Bales $ 3.00
No. 37a Croes, diagonal and sta-

din HBirs.. w0 Balor 3.00
No. 37b Cross, stadm and -;olm-
airs. Balos 5.00

1i0

§ muller and $4.00 ortholhvhngl ar screen.
. B i

2 2333222333%

| | EXTRAS AND ATTACHMERTS

{Continued)
No. 37¢ ONM hl:lona};t.alh ?.l:d ¢ darn
alag !/ ;
0. 37d WCm .an's!n.'. e g ' '(‘f?‘m

No 37e 60° Cross and honlon-
No. 37f 00‘ " Cross, horizontal

‘and h S
Adjunahlo -udm...l.a. aiﬂ e
ring stadia. .. ... alkke Ahﬂ.
Adml pearing stadia., Balad ; . 8.00

A —T
huxiiiary 7 ..m...nm”'ii. m'::i"'"“

'.Teleaeopo,tnendnthreudad ek

BODS. s s, '
8* 20 pnwor. * aperature, ln- :
(The Iatter used “;:;m mm'w"ii';“mﬂ‘: gg
type B and larger instrl.unanll.)
e A SO ceet T Bt e

Boet . ..ia0 s b .
gﬁ&r&vadﬂtoanulhr " %%
Dave Seias Saroaa: 111111 3 a8 800
mo&londldm .. Baton - 8.00
1.00

Colored glass in ayap:m.huﬂer_ !mr b

Doubla opposf w;lht'lﬂﬂl i’ :
30 seo. leve “ﬂt adj&lhhk 2
A(ﬁumbla Bd b em R0
b aditmibio vericalsirci veraior :""’“ e
: tangent motion. ........ 200X
. + Reversible telem a;iu Blﬂl lg 3

e
. id !

m




'Bmvia. coLD.

[jmm?* THE FRECISION FACTOR
EETRAS AND ATTACHMENTS

(Oontinued)

Level waterproof cover......... Begot § 1.00
¢ Battle of transit oil,. o . Bason 25
Leather gover for carrymg case, . Baski 10 .00
* Shoulder straps for leather case. Basel 2.00
Canvas cover for earrying case. . Baton 4.00
Leather extension tripod cover. . Batab 10 .00
.« Canvas extension tripod cover Batus 4.00
& Tripods -—Bee weights under standard instru-
ments. =
Digotid tegsle 3 ... 1. a8l Bayor'  ......
2eplic lea whara solxd lex iy speci- : 250
Ezteniuar'l'{v‘hem sqli'd.' 5 split leg i B
_is spegified. .. ..., rp ..... B ayen 6.00
‘ﬁ nsmn tn'pod ;
th ins ant. ... v Bayto il
i Lighter *} sion tripod thal
Wik with instrument.’. .. ... Bayum ...
TYPE BZ THEQDOLITE
-85 i . %]
ik o8 i
Q0 éa :
0. LY L &
ﬁ[l ( i
00+
0.

L

D

’W:t.h 8 uller type solar mounted . high"enough
Q glear a f ﬁ crtxcg circle and which also serves as
 suxiliary telescope.

12

|

1

of Ainsworth mslmmeutu are of hbm'al dimension
and made of the hardest hmn;u and bell metal alloys
with ample provision for refitting in case of accident,.

- 18




PRECISIONFACTORY Gy iad

PAT. POCKET TRANSIT

Code word, Brunt.

As it appears to the operator when taking courses
or horizontal angles.
Price G : ST P $25.00
OVER 5,500 IN USE
Fully described in bulletin B-O,

]

!

i & . y
§ L 1 §

THE SHATTUCK
DOUBELE REFLECTING

.;"ji{h\!’}i :i‘ il
SOLAR ATTACHMENT,
Codoword Burom, |

This Solar is oue of the
and reliable Solar at :
its optical construction the Polar axis adjustment

most convenient, accurate
ents made, overcoming by

s0 necessary for the
Solar attachments.

Price, attached A !
See descripiion under

other

aogurate operation of all
£ | ll:_J i

$30.00
f'Solar Attachments,”, |




. AINSWORTH. !
+ /PRECISION PRISM

BINOCULARS.

Power 8X.

Field at 1000 vards (meters), 90 yards (meters).

Weight 15 oz.—460 Grms.
Code word, Bindo.

- Of the highest grade mechanically and opticﬁlly.
Made in 6, 8 and 10 power and furnished with black

leather case with sling strap.
Frice . . - - A 5 : .
Fuily deseribed in Buiietin H-0.

1ii

$35.00

15| D FALLD

POCKET MILITARY AND
SURVEYING ANEROIDS

4Y 3

: d ] i) ,ul‘l
| T WA el e,
Shows the largest line of pocket military and §ir

veying aneroids carried by l;"nyona in ::?;riea.-‘l
" Sed fop lt, 28 BT A8 e

Hobi =ik v Do
i 3 auls T o 318 1 '.l‘
We earry a complets line of e ARG
COMPASSES, CLINOMETERS, "
TAPES, BOOKS, RODS AND
FIELD SUPPLIES,

And will be glad to receive your orders,

Himtang 3

417

b et et s e g




S S st et Ml W it
s e

COMPENSATING PLANIMETERS
% " TYPE A

Code Word, Bogey.
For the accurate measurement of irregular plane
figures the planimeter offers & mechanical means of
the highest precision and eliminates all complicated

calculation. s
is si necessary to trace the outline o ©
u.rg: fost’:: ;;lh{zasumd when the reading of the dials
indicatea the inclosed area.
Made in two types. Type A, as above, in leather-
ette case.
Price $20.00

118
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TELEGRAPH CODE

Cable Address, * »
Ted) Western U m'm;? ;

Note:—In a cablegram any two of our sode

be combined to form a ten-letter word whi
Azronal o

ma

will be charged

what is the price af) Bblaory. :&l'v!ou ship.

egrams, code words are limited to five letters,

What is the price of,, ., ......,.... "
OW BOOD cah you 2 A

S hnay 448

g £4. iy
c amarcAREOR,

B2

Can you ship immediately; -, ', .. 1], h
t'uwe h" i“ c‘oo-.----qnli_{

Wh&u o ﬂ .a.----l‘c.-'-Mq.‘
thipmgiljtvﬁth.u.dix......fr.......‘m;' ! &
e can ship imm L e S R Ae.id.
Dihz?t ship until you bear from us fus
Wil ship as soon as pessibile. . i 1 /i UAdore

We have shipped. ........

Telegraph cost'of repairs \ipon! vedeig of

Ty R S of

Are awaitin tractions. .. | .. Affa
pair tnmediately 1 AR

Repair immedia and return by' ex-
Shipped 88 per your institiiions, || 1 7+ Aflle

Ben

Send by registered mail, .. .. ..

Send by fuiil sposial deiuats 1L, 1 e feg
i ———express, :

Ship by—, (i e T SR (e % 0B den

Have you shxr:;l)'e!t;h‘" }JJ" .I " d

IWe can ahlp—*—da){sif‘aftg receipt of

Orer, e = R e Tt Alone

and will

8 . ot 'ns.l . Afray
ond D a5, < CETINer o G EA AT

We can positively ship inside of ——days
is Altar

Ip sooner is poasible.... .. ..

Trace shipment of-

Bhipping instructions will ; .
When can you ship our orc{:rugf b.ﬂ' mu’l; . ﬁgn“am R

Awaiting recsipt of snclosure from - .Algon
Hold for shipryent With i T S Eie rd
Prepare for shipment by s f"'.; oat‘ i
})’repa.re for shipment by freight., .. *" LAty
repare for export shipment,, ... """ 1"'4\.l$1;' i
Duplicate last order. . .....J. )] /i i1/ Addam

ih




HAOS E: LMo Al
ATRING. ;

fiss , Wé hiye gvery facility for the repair and ad-

Hps(,mpnt c-f Pm,magrmg mstruma.ms a.nd soliecit

mwm‘k i
SISdsiI 18 A Y
ot ad vies b mﬂnucmns :

han aluppmg instruments for repmrs pack
mi,, % about 4 inches larger each way than

thwxmg case, filling the space with excel-
siok papers or waste to omhlon the mstrumant

“‘HF '»"p

'”'_ ‘DELICATE INSTRUMENTS
""" . HANDLE WITH CARE
i 14
{alih THIS SIDE UP

ioa ' For
WHH AINSWORTH & SON S
l I‘HE PRECISION FACTORY

p@NVER COLORADO

U. 8.A.

atsd ship, charges prepaicli. at the same timme no-
1.;fﬁgg Hs of s}:ipmeﬁt: by mail.

If.pun yeceipt of same, uanss otherwise in-
strudted{ will sead estimate covering cost of

repalfs amt

cegding with the work.

> §

5
g/1o{11fx2{13ls
16(17/18/x9(20)a1(az
37/28/29

IO{XX12
4]15/16(17(18[19
249556

8
15

5

28|29

rjesijsne

2
i
23
30

12(13/14

26/27/28

eclesdf i

7
21

2| 34
GlIoj11

I5{16{17/18
2223 24 25
209130us./us.

15/16/17/18 19/20
22(23124/25/26}27
29 3031 LLLY P

swait your instructions before pro-

12




il THE PRECISION FACTORY Glaviewtene
1912

S8 M| T WIT|F|8 SIM|TIWIT|F|S
;,...:2’345.6 .| 1] 2] 3} 4| 5] 6
7] 8] glxojr112113] 5| 7| 8 gjTojIIjE2{1]

& [14{15{1617]18[10/20] 3 l14{15/16]17]18 19|20
& |21]2223{24/25 26(27 21]22{23]24|25]26{27
28(20/30131].x [ easfess *28 2G{30[3E]asefsacfses
...... wwafeas afges]see T P T O O EE B
T B o o B B solelafed Al 2l 3
sl 6] 7] 8| ofio] | 4] 5| 6] 7| 8] 9j10

E 11)12|13]14)15[16{17 au 121314/15/16/17
18|1g|20|21]22|23|24] 2'|18|1gl20{21 22"23 24

& |25]26|27|282g}...}... | € |25|26{27|28]29/30|31
sas]esslenaloeslsns] Bl 28 o | ¥ 2 3ﬁ 41 sl 6 7

3| 4] 51 6] 7| 8 9l & jglouu:gu
1ofixlrz{13|14}15{16) E |15]16{17[18[10 2023
g 17[18|19]20|21{22/23 | & |22|23]24|25]26/27|28
24|25|26|27|28|29(30 g’ 29|30)su]aua]snsfesafs-s
- 3] 2] 3| 4] 5] 6 weeleed] 3} 2] 31 4] 5
7| 8| oltojarjr2i13] %] 6] 7| 8| ojrofrL{r2
i:grslfu?x?}lgzo § 13l14l1s|16{17]18l10
<|?! 22ﬂ23 24|25/26{27 g 20|21|22123]24|25[36
28120130]...]eu a0 oes 27(28|25{30{31}.s0fees
woeoscond] 8| 2] 3] 4] L eer|eeeloeefeofeoe] XL 2
sl 6] 71 8] gliof11] 8] 3 5 6] 7] 8] 9
2 lu2r3lralrs{16/17]18] E [1ojr1|12}13l14/15086
 l1gl2oj21]22]23]24]25] € |17]18]1g]20{21|22/23
26{27128|29|30{31}:.- 2 24|25|26|27{28{2g{30
Siasilnstinctiictvict AR ) K 3l 4l s! 6l 2
:;}3 4 s 6%8 8| sfRo11213114

&1 oliojir|1zj13lrgl1s|E |2 17]18]19]|20{21
3 16{17]18l19120121|22 §2 24|25]26{27{28
23124l25126{27128|20] 5 |2 3 e ssafssa]sin
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