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440 - UNITED S'L[:ATES *COAST AND GEODETIC SURVEY.

Chronograph No. 5, Coast and Geodetic Survey.

Sidereal break circuit chronometer, Bond & Sons, No. 387, Coast and Geodetic Survey.

Sidereal break:circuit chronometer, Negus No. 1539, Transit of Venus Commission.

Mean time Dreak-circuit chronometer, N egus No. 1490, Transit of Venus Commission.

Green cistern barometer, Coast and Geodetic Survey.

The following Kater pendulums and apparatus turned over to the Coast and Geodetic Survey,
by Major Herschel, R. B., viz: : '
1. Aclock with gridiron pendulum, by Shelton, of London, marked R. S. and 34 on the face, and
No. 2# on the plate at back, which carries the supports of the pendulum. The clock is accom-
panied with Herschel’s disks for observing coincidences. )

2. Kater invariable pendulums Nos. 4, 6 (1821), and 11, and a dummy. Each pendulum is pro-
vided with a carriage and planes with corresponding number. :

3. A copper vacuum chamber with glass bell for top, air-pump, &e.

4. Wooden frame-work support and accessories. :

5. Telescope for observing coincidences.

i 6. Lens for bringing the image of clock pendulum in same plane with tail-piece of the detached
pendulum, .

7. Thermometers by Adie, Nos. 3, 4, 714, and 715. Nos, 714 and 715 were attached to the
dummy, as in the Indian work. ' :

8. Siphon barometer, by Adie. A quantity of moisture having acenmulated in the glass tube,
a new one was obtained from Green, of New York,and used at Auckland, Sydney, and Singapore.
At Tokio it was found broken, and the old tube was broken while tryin g to drive the moisture and
air out. At Tokio and San Francisco observations were made at full pressure of the atmosphere,
the Green -cistern barometer being used. A new siphon tube was obtained from Greeu for the
Washington observations. -

A detailed description of these pendulums and apparatus is given in Vol. V of the Great
Trigonometrical Survey of India, and it is thought unnecessary to repeat it here.

METHOD OF OBSERVATION,

The work with these pendulums being purely differential, and intended for comparison with
the observations made by Major Herschel, bis methods were adopted as nearly as practicable.
The pressure in the vacuum chamber was kept such that the density would be nearly that of
7. Thependalum was started with an arc of about ' (L.1inches), and swuug for abont six hours,
when the are was about 8 (.12 inch). A coincidence, the are, temperature, and_ pressure were
observed &t the beginning and end of the set, and also an occasional intermediate coincidence,
Four such sets were observed in the position called M (marked face towards observer), and four
sets in position called P (marked face from observer). Thus each pendulum was swung forty-
eight hours, twenty-four in each position. The observations with the three pendulums at each
station, except Washington, were completed in 144 to 168 consecutive hours. At Washington
" double the number of observations ivere made. : ' ’
-In observing coincidences the disappearance and re-appearance of the Herschel dots were
noted on only one side of the tail-piece of the pendulum—always the apparentfighﬁ. The observer
called “#ip,” anc the time Yas. noted and recorded by an aspistant standing by the clock. At
Washington we had no recorder, and as the face of the clock conld not be seen by the observer,
the time of coincidence was noted with mean-time chronometer, Bond & Souns, No. 196, and from
the.comparisons of time-pieces the R. 8. Clock times of coincidences were deduced. ~
The coincidences were observed by Prof. H, S. Pritchett or myself at all the stations except
Washington, where Mr. H, TFarquhar, of the Coast and Geodetic Survey; toek part in the observa-
tions in place of Professor Pritchett. :

* In the inventory received from Majér Herschel with this apparatus, it statedthat the number on the plate at
back which carries the supports of the pendulum is 1. When this clock was unpacked at tho Coast and Geodetic

Sutvey Office, in January, 1884, the case fvns 80 much damaged that a new one wag made, and it was then discovered
that the number is 2,—E. 8. v . -
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. ) P
. METHOD OF REDUCTION. ‘ .

As I have no definite knowledge of the precise method of reduction adopted by Major Her-
schel, I have practically adopted that given in Vol. V of the Great Trigonometrical Survey of
India. - In this- reﬁort are given all the data necessary to make a complete new reduction, or
additional corrections, as may be deemed necessary. The results are or may be made strictly com-
parable with all observations heretofore made with these pendulums. :

The preliminary number of vibrations R/ in a mean solar day corresponding to ecch set was
computed as follows:

2mR
I'— —— e s
R'=R N
N being tho interval in clock seconds between the first and last coincidence, and m the number of

coincidence intervals in the set, and R the number of vibrations made by the clock pendulum in
a mean solar day. The rate of the clock having been obtained in sidereal time except at Wash-

- ington.

— SRR r
R = 86636.555 (r + 3 65>
aud for Washington R = 86400 — ~

R/ then received three corrections.
1. Reduction to infinitely small are.

c D —d\? s (@a—1b)*

,, Correction = R (T@Tﬁ { (@ 4+ D) I e }
D = 84 inches, being the distance of the objective of the telescope from the scale by which the
ares were megsured, d the distance of the tail-piece of pendulum from this scale, and 7 =50 inches,
the distance of knife-edge of pendulum above this scale, @ and b the ares in inclies at the begin- v -
ning and end of set. :

2. Reduction to density of air under pressure of 26 inches, ana temperature 320 .

P being the mean pressure, and ¢ the mean temperature ¢ he set.
3. Reduction to mean tempem;ure of all the sets with eac. pendulum,

]

Pendulam No. 4: Correction = 0,458 (t—t,)
Pendulum No.- 6: Qorrection = 0,442 (t—t) &
Pendulum No. 11:  Jorrection = 0:450 (¢—¢,)

¢ being the wtnperatufe of the set, and ¢, the mean temperature of all the sets with the
pendulum, = : °

These results were afterwards reduced to 62° F. by the use of the above co-officients,

» 2 Determination of the rate of the R. 8. Clock.

J

Observations of the transits of stars were made as frequently as the weather would permit
during pendunlum observations at each station. Sidercal chronometer, Negus No. 1539, was used
in recording the star observations, exeept at Sydney, aid was compared with the other two chro-
nometers, and the R. 8. Olock at the time of star .observations, and at the beginning and end of
each set of pendulum observations. ’ Y ‘ :

At Sydney, Negus No. 1539 was first compared with the Sydney Observatory Clock, Frodsham

No. 987, whose rate was determined by transits of stars observed by H. C. Russell, the director of
the Sydney Observatory. - o RS : 4 ,

H. Ex, 43——56

Correction = 0.32 <— p —26) ‘ L .
_ 1x.0 ,

1
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The time observations at Auckland and Singapore were made with meridiui telescope No.

13, and at Tokio with the transit of the Tokio Observatory, by Protessor Pritchett. At Singapore .

no chronograph was used. At San Irancisco the first two night’s observations were made by
“Professor Pritchett, and the remaining nights by mysete> At Washington the ratcf of ‘ the R. S.
Clock was determined from signals received from the Naval Observatory. | o
In reducing the time observations, the t,ilr}e§ of transit over the mean of the wires were cor-
rected for aberration,rate, and level.. The tollimation constant was then cémputed from the stars
observed, clamp west and east, and an azimuth constant was computed for cach of these positions
of -the instrument by the method of least squares, as given in Appendix No. 14 of the €oast and
Geodetic Survey Report for 1880, ' - o
The rate of the RS, Clock bas been taken .as uniform between star observations. The com-
pﬁrison's of the other time-pictes were made as checks, but have not been used.
V4
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[ . THERMOMETERS,

I was furnished with two Bandin thermometers that had been compared and examined by
Prof. C. S. Peirce, and it was intended that frequent, comparisons should be made between them
and Nos. 714 and 715, At Auckland and Sydney there was no opportunity, and at Batavia they
were accidentally carried off to Bngland with my trunk, in which they had been' placed for sgfcty..
They were finally obtained withmjt injury on y return to the United States. On completxo'n ?t
the observations at Washington’ ih-Qpril, 1334, all the thermometers were turned over to Prof, C.
8. Peirce for comparison, and There give his letter addressed to you concerning thent:

P

UNITED STATES COAxT AND GEODETIC SURVEY,
v Baltimore, April 29, 1884.
DeARr Sir: I have detcruxinmU&fc corrections to the thermometers of the Kater pendulum
apparatus; they are as follows: | » »

First comparison.
Second comparison,

Third comparison.

Means.

i S ORI S

In these compﬁrisoné the bulbs were down.  When 715 is inverted it reads 0.2 more, and its
correction is larger.
The Kew certificate dated November, 1881, gives the following corrections:

. . N S

Temp. No. No. 715. =~ |

B

Y 8

.
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Subsequently tho following corrections were found at Kew Observatory:

.

@ [Novog. Temp. 60%.] [Novoar.
|
|

Temp, 700.3

j Hour, _ \714 ' : 3 Hours X
| ; o

|

Noon, 1T, m,
3p.om, 1 p.on.
3p-m. ) . . - O S pomL
4 p.ony, . -0 : g N ' ‘{;n’. m.
70 | )

H i
‘ I

| _ R
I suppose that in these observations 713 was right side up, - |
Owing to the peculiar wanner of determining +he fix

tained there will be more negative than those L should get.
They will take a :alibrated thermometer, and first keep it inice for honrs, untii the glass has

cousiderably contracted and the mercury has risen, and will thel mark the freezing point, They
will then raise it to the boiling point and mark the hoiling point.  Nehpose, thén, such a ther-
mometer shows 200 C., Wwithout correction according to them, I should take the thermometer and
place it in ice for about 100 seconds, and observe the ficezing point. It would mark a lower point
than zero, and would have a positive correction, according to me, :
The discrepancy would be a little less owing to my 1000 ocenpying a longer range on the stem
but still there would be a difference at ordinary temperatures of 022 or 02,3 . The inference is,
therefore, that these thermometers have not changed since the Kew delermin
the negative correction ought, with time, to inciease instend of diminishing. Therefore, sinee the
absolute tenmerature is not desired, but the difference from Herschels temperatures, the Kew
coyrections should be adhered to in reducing Mr, Smith's work.x °
Yours, very respectfully,

I is used upside down.)
ed points at Kew, the correctiops-ob-

ations, espeeially as’

N PEIRCE,
Assistant,

Prof. J. B. Thincary,
Superintendent,

\,;\ correction of —02.30 to the mean of the readings of Nos. 714

and 715 has been used
throughout.

PROBABLE ERRORS.

No probable errors have been assigned to the results, amd
for hourly rate, I do not. see that any probable error can be assigned from.the observations thiem-
selves, except from the means of days at Washis ton, and the diflerences of the results in the
two positions of the pendulums at the various stations, and these are not sufticient in number.

a8 no corrcetion has been made

7 COMPUTATIONS,

The first reduction of the observations at all the statious except Washington was made by
myself, and a complete révision by Mr. H. Farquhar, The redaction of the Washington observa-
tions has been made jointly by Mr. Farqubar and myself,cach step having been gone over Lw

- On the following pages are.given the details of the observations al e
in which they were occupied. With what has alveady been said the he
s are sufficient explanation. ' §

ice.
ach station in the order,
wings of the various col-

¢ correctness of this infercnee by Mr. Peirce is shown by the following HI:A“t('llI‘l'llt W
mber 11, 1884: “1884, July 20.—Thermometers 714 and 715 wero i

; being then in pounded ice for half. an hour, both read 32°.4.”
-ction to the mean of the two thermometers would he — 0956 E.8.

hich T reccived from

umersed in ico water about 40¢ C, for five

AR TID reds 04,2 preater whon inverted, the
»

. \
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AUCKLAND, NEW ZEALAND.

To tbe southwest of the Transit of Venus station, in the reservation known as the Domain,
was a brick building called the Block House. Tire building was at first rented as a storc-house,
“and was_afterwards found to be the best place we could get to swing.the pendulums., TIn the east
room was constructed a pier of scoriwe and lime seven feet square, and one and a half feet deep,
upon which the apparatus was mounted. The clock was attached to the east wall'of the building,
The pogition of this pier is: Latitude 360 51/ 517§ Inunltude 11t 39m 07e.1 E.; height, 261
feet. . : '
The latitude is from observations made by Profe%or Pnt(‘het‘r with Meridian Tel. No. 135 the
longitude and height from geodetic connection with the New' ‘Zealand Survey.
Just before the beginning of these observations I began to suffer with a severe infliction in
my eyes which soon compelled me to give up all observing, aml after the first day all the observa-
tions at thls station were made by Professor Pritchett.

Auckland, New Zeuland.—Timc observations.

Clamp, T

Ny
i

i |

hom s ; L. s
"¢ Arietis. . .08 -0 mi—{ o. ox -0, 58, o. o‘% -~ 0. 39 of 12.02{ -\-3
¢ Hydri. . 18 .98l -0.04. .-i 2. 0".-1 0. 0. . ‘1 18 58.43
¢ Eridani. . 26 §3.88--0.021 | --0.304-i-0. 12;--0. .67 27 26.81
» Tauri. ; 40 Ol 38!—:0. ; —o. ‘*f'; .07 —o. .80 40 33.88
y Hydri, A ol 48 : .2o§—~o. ; +1. 204-0. 23]-+-0. 04, 34. 66 49 07.78
y Eridani. S 52 .gzé—o. ; . 23/4-0.07.-4-0. 75! 52 36.02
o' Eridani, O 05 38.14—o0.02-0. 01/—o0. .07:--0. . 06 11.04
3 Tauri. ] <. 12 3 .52&-—_0. 2—0. 2 45:4-0 n . . } 13 10. 11
28 p Nydri. . . 20.--0.09' }-0. .70 0.00] -0. .30 019 36.20 43
3 Celi. , . 37 11.46 —o. ‘1 B 14 037 .06}
4 Hydri. . " .2 z -0. o8 0. 31! 09,72 2,04
bgr Ceti, : .66 0, -0. 30’ L1125, 3. 04 -1-
. w Piscium, "W, 3 . 04]-v0. 02:-4-0. 01;-—0. - . 09— 0, “ . 2 IS
33 Piscium. " S 49. . X -0, 01!~ 0. f . 10---0, .S .73
e Andromeda, ] W, .78 —0,02}-0. . 76 0. 00--0. 21! 48, .76
y Vegasi. ) i
4 B Hydri.

B Ceti.

{ Andromeda,
d Fiscium,

- ¢ Piscium,

# Androwmeda,

& Tucanu. _ W o VRT. P
AU e , ~O- 2poSh 10, 49

e “Eridans | W '3 26's5. 22|-.0, 020, .30 N4l4-0. 20! 4. 26. 82
>111{:j. o bW 2 6. 4-1. 46~ f’ ':‘ . 35 49 07.73
y Eridtani CTL WOl 3520832 ~0.0 ) ATE%T o3, 3 52 36.03
o Eridant, £l B | 40538 98;) o2t . 29/—0. 13--0. 20| 38.74] 4 06 11.05
0 e \\ E «~2§/ 26784 - Ao -2. 39! 0, 65i--1. ' , 26 o1. 67

a I‘wn N 2 ».5 “42 ;,6' 4 29 14.45

'1 17 40. 4[7 0. 00/—o0. .39.72] 1 18 11.80
I 32 50. 97]-*0 o3 1+0.‘ I—o.. —0.71l 50.46] I 33 22.53
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o Piscium.

¢ Ceti,

& Tucanw,
Ceti.

» Piscium.

T Piscium,

a Eridani.

v Pisciwm.

o Piscium,

A Ceti.

d Piscium,

0 Ceti. »
¢ Hydri.

£ Ceti.

4 Ceti.

f Ceti.

# Ceti.

7 Pisciuny

u Eridani.
‘; o Piscium.
; o Ceti.

£ Piscium.
’ ¢ Hydri.

f Andromeda.

/A Andromeda.

Auckland, New Zealand.—Time observations—Contihued.

v
i
| «

Ce

i
5. |
!

38 4s5..
45 13.
47 02. 22—

19 12,40--0,

), 80}
.38

1940,

.19+o

+-o.

+o.
—-o.
+o.
. 27.4-0.
I 0. 16
+-0.05
0.05
4o.
-+o.
. 161-{-0146
og|-+o0. )
-4-o0.
-4-0.
) -to.

02

o4

03
03

06;-}-o.
05-}-
16/4-0.

Ahom. sy
39 14.59) +
45 42.52

03 12.79
11 49.65
18 11.79
25 14-94

. 30 55.34
33 22.50
35 22.06

139 14.49; -
o037 214.‘00

0 42 37.96
I 03 12.77
118 11.7\8 :
2 19 42.45
21 58.03 4
2 33 30.80

0 37 43.99
118 11lyy
25 14.92
33 22.44
39 14.47
45 42.49
I 47 31.40
2 19 42. 41

[Instrumental corrections, meridian telescope No. 13.]

[C((l)?ecuons and daily rates, si-
real chronometer Negus No,

1539.]

Collima-
tion.

Ta

" | Daily rate,

\

b e o = DO O W
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Auckland, New Zealand.—Time Observations—Continued.

;
o
i

0y

:
;
i B
5 ’
I

[Comparisons with clock.] ’ [ Number of vibrations of R. S. clock pen-
. dulum in mean solar day.]
I : . ,'f - _-"‘ T
Date.. | Negus1539. | R.S. clock, | Dally mte o L ‘ o $6636.555
o - Date. Sets. —(r _*___"_ -
- [ 365)
1882. | A m s ko om. s S, e o
Nov. 27 I 50 0§ I 40 41 1y 1883. ]
2 20 I z 10 45 4284 159 Nov. 27-29 | I-11 86351. 62
8 00 17 749 40 N 2829 | TII-VI 110
281 33 ’°v | b 19 05 2g-30 VII-X 2. 14
29 20 06 20 9 4835 284. 681 Nov. 30y XIEXTV 1.6
2 15 o0 I 56 o2 } 283,638 ! Dee. Lo X - b7
| 300 16 | 2 36 25 : Cr-z | XVAXVIL | ng8
Dec. 1, 21 19 33 20 52 05 284. 105 ! 2-4 | XIN-XXVI 2.03
3i 18 24 2 49 45 } 284. 209 214
21 22 02 11 21 29 350 ' ] -
' o6 o1 2 28 ' c:
v ,4 . 33 ' } 283. 745
4| 22 o6 12 21 24 21
“4
3 54 40 3741 40 } 1283, 6ar
5 2 37 2906} 1 50 ool|J .
Auckland, New Zealand.—Pendulum No. 4.
[d:o.' inch.]
o | &5 . 8.5 .
g . g | 58 ~ Corrections, ST
g 1 E % | E§T
ar e ¢ |Timeofcoin-! 5§ | . ¢ . o @ .S x
Date,* | Numberoli pyoe |5 8 cidence by E 2 . |BER 128 |~ E'S
set. Ll sS clock. . > l g 4 5,0 |l o Eo | 227 "
4 BRI - -N- 2 |88 | 87§44
‘ : e | E 1§ 1E3% ) g | § |Ee|EsE |5 lE
z < R A A < SO ) AR
e i ._
1882, ) hoom. s Inc/tes.{ Inches.
Nov. 27 v I M I} 13 25 41.60] 1.00 59.95! 27. 21
28 311 19 06 07.00/ . 15; 63.50 27.43(86097. 97 . 14|— . 14|— .80I86097. 17| Reject
B I, 19 17 54.70] _1.06i 64.20! 27. 48 R ‘ i
. : 31 1032520 .15 65.00 27.5086101. 69 . 16/— . 14|+ .5286102.23]) |
111 1 1101525 116 65.00 27.61 '
' 31] 6 55 52.200 . 17| 63.85i 27.44 L. 30-f . Ig— . 12|4 . 44| L8| R
IV, ‘ I .7 11 40.30| I.11) 63.85 27.44] . »é
: 31 12 57 36.70, .17 61.73 27.34 1. 4914 . 18— . 13— .31 .23 | 8§
281 WV 1 1316 02.30 -L.15| 62.15 ZPgH~. b K
29 31} 19 02 04.40, . 17| 65.00| 29.49 1564 .19 14|14 .08 1. 66| | o
. ]
VI P 1) 19 27 04.83] 1.29! 65.90, 27.51| ° L o
219 38 34.500. .0, . 0. .. v
’ - . 0
) . ’ £31 I 12 21,00 .\|8v64.75 27.44 1.00/4- . 23— .16/4 .85 1.92{)
1. v Il 1271240 1.07) 64.75| 27.44 . | '
’ 31 713 28.00, 15| 63.10 27,23 2,754 . 16— . 16| — .02 2.731 1%
VI - . 1 7303050 1.18 62 15| 2724 ‘ _ : -g
> 31 1397 25.501 .17 60.85 27.15|  3.234 .20— .17|— .g0 | 2.36/| 8
29 -, IX 11 13 27 89.70/ 1.19 61.10 27,16
19 14 36.80 . 63v5 27,290 32504 .21|— . 19— .62 2.67) |

Auckland, New Zealand.—Pendulum No. ¢

UNi’_I‘ED STATES COAST

-

[d=0.8 inch.)
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.

Date.

1332,

Nov. 30

30,
~ Dec.

!

; Number of
set,

XII
XII
X1V
XV

XVI

.~ XVII

I

Face.

M.

r.

Number of coinci-

| .
¢ Time of coin- +
g
£ | cidence by |
0
T clock.
{ kom.o s,
11: 20 31 21.90
43 2 16 28. 60
I 224 37.50

—

. 43 14 17 22. 80

43 8 10 12. 10
1} 8 190140
43| 14 04 48. 80
14 12 22,70
43, 19 58 03. 40
1/ 20 42 03. 20/
43 2 27 28._60

1 236 58.°30
43 8 22 44. 40,
1 8 31 19.90

43

. 1y 14 28 18,00

20 14 16. 60

'S _‘g é 3 Corrections.
R s N
Dol L
- ] ~ & A
Inchesy  ©  Inches. ¢
1.20,765. 25 27. 32
|‘ - 15 62. 65 27. 17/86001. 03]- 19:— . 20/
L. 24} 62,65 27.21
. 17| 6o. 85{_2,7.12 1. 84 21— . I1g/—
) 1.22 6&\9& 27.12 :
< 16! 60. 60| 27. 10 2.06 20— . 1§|—
1.18f 60. 85 27.12
~15/ 63.45) 27.25)  Los/4+ .19l . 19—
1. 14 65.00/ 27.48
- 14 63.55| 27. 42 L 69l 17— . 14+
1. 14] 63.90 27,41 ’
130 62.25) 27. 32 L8514 . 17— ;15-};
1. 15} 62. 15| 27.31
. 14| 61.50" 27.26 2134 17— 15—
1. 17| 61. 85| 27, 28 , :
- 14| 64.10 27. 40 2.0614+ 18— .15+ .

i
i

to 62°.60

in |/

number

of vibrations

Corrected

86001. 62|

W

mean solar day.

Means.
Means.

86001.53
8600r1. 84

86002. 15
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. L T "‘ ‘ < N Time observations. wit :
Auckl‘am_i, ;Vctq_Zeqland. Pendulum No. 11. . _ _ 1ons, with eal clock Frodsham, No. 987,

Sydney Observatory meridian circle and sider
. " 5 | q : - as furnishc‘(l by Mr. H. C. Russell,

b, |

!: T

AT of observa-

Corrections.

¢ Number of vibra-

n

Number of
wset.

mean

number .

R. A. | Corrected transit,

Time of ‘coin-
cidence by
clock.

in

Temperature

to 63°.56

tion clock. II

dence.

solar day.
of vibrations in '
mean solar day.

tions

Number of coinei-
Arc of vibration.
‘Temperature.
Pressure.

. Pressure.

|

i Corrected
| Means
:‘ Means.

& Orionis.

i
'
!
i
i
i

# Geminorum,

Fom s Inches. . Tnches.) .
XVIII . { - Ij21r2r36.8)] 111 27.74
’ 31 21 40 48.70 )
3713 08 35.50, .14] 64.00] 27. 6186052, 841 . ! . X
1| 3 20 22:90] 0.98 64.00 27.73.. f ! o 1 Er.i‘?‘"““i'
371 9 07 58.60 .12 62. 15l 27.62 3921+ 13— .06l . 7S R A R A““gifﬁ
1 9,16 52.0‘0 1. 30, 62, 20| 27. 64 j . 3, - ‘ € I‘CP?NS»
37}{04 31.80 " .15 61.70! 27. 61 3-98.4 . . 05— . <43 i > ‘ | a Aurige. ‘
1] 15 12, 02.88 1,28 61.90 27.62 ’ . _ o . y Tauri,
37| 20 59 37.80| .16l 63.60 27.68 ) 22— .06 .. ) o1 ¢ Tauni,

a Argus:

A Tauri.

¢ Tauri.

49.
1) 21 '29 38.38) 119! 64.25 27.84] ‘ i . T ‘-‘. o a l‘n‘un.. ' 14. §:
. 37, 3 16 10,25 . 15! 63. 80 27. 78& <004 . 19—, . 37 & Eridani, 41.

) ; < ' . Auriene . .
1) 3 23 36.70 1.21f 63. 80! 27.81 . | : ) - ) e \llrlg:}. 24:99
37l 910 18.60] .13l 63.40 27.77 SISl 19— . 3 , 5 . “LL"I"".‘S- 32.44
X 917 36.90; 1.12] 6360 27.78 | ; " T B Orf""fs' ‘ 05.91
37| 15 04 16.40] .14 63.40 27.76, . 17— . : . ¢ | 9 Orionis. _ : 03.86
1, 15 11 35.50 I.11] 63.50 27.78 b , | 2 an, f Geminorum,
37} 20 57 56.80, .13 64. 15| 27.78 . . . - . £ Argus, 7',"_4%4.2.}_7% .
1| 21 06-10.70| 1.08| 64. 25| 27.80 ' ’ . ' . . A

. . : - v Orionis, .6 00,58 85 -

37| 252 26.75] . 13| 64.30 27.80 ‘
38 3 02 05.15

3§ 11. 80

» Cancri.

¢ Hydrw.

) s A : . Jan.
'SYDNEY, NEW SOUTH WALES. o ‘

It was intended to swing. the

8. Orionis,

‘ the pendulums -at Fort Macquarie, where' Freycinct, and Duperry o . ! 1
" ‘had swung pendulumsin 1819-'22-25 but it was found impracticable to do so. The magazine H. Ex. 43——57
was:the only place at the fort suitable for pehdulum work, and was not large enough to admit the
Kater apparatus. ' : o ‘ , ) '
" -Mr, H, O. Russell very kindly offered the facilities of the Sydney Observatory, of which he is
the Director. The pendulums were hung in the cellar under the transit room.' The foor and
walls are concreted. The foundation is very solid and the temperature very constant. It would
be difficalt to find a more suitable place for pendulum observations—as the results show. - The
apparatus was set upon the floor, and the clock attacheg }*) the west wall. The position of this
station a8 given in the-volume of Sydoey Observations, 187778, is: Latitude, 330 51/ 41".1 8.5
_ longitude, 10® 04 5081 E. ; height, 140 feet. ! -
‘ After the apparatus was set up at this station the work was conducted entirely by Vrofessor
Pritchett, my eyes being still in such a condition that I could make no observations. _
Our sincere thanks are due to Mr. Russell for his many attentions and personal assistance in -

the pendulum work. - .
a, :! T A ' . ” . v
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“UNITED STATES COAST AND GEODETIC SURVEY.

:Sydney, New South Wales.<Pendulum No. 4.

— : . . - . b ; ’ . . . . . o, A .
[Corrections and Rates of Sidereal Clock, ’ I ) {¢=o0.85 inch.]
Frodsham No. 987.] ;

i
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- Daily rate. = ————
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to 68°.56
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Temperature.

. Arc.

|

2

U S S U S S

——
AR
3% 4

i

e
¥
\
|
]
1
i

04.70 + 29.44 | + 23.74
06.40 3095 23.55
~07.80 32.30 23.50
09. 50 - 33.65 23.45.
11.08 34.63 ! 22,55,
13.98 ‘ 4+ 36,56 |+ 21.58

[Comparisons of Chron. 1539 with R. S. clock.] [’Numbcr ofvibrations of R. S. clock
- : pendulum in mean solar day.]

. . Daily ‘rate of .
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’ ; oo : : . ¢ ; Tale. > Yy ) . S
Sydney, New South Wales.~—Pendulum No. 6. : ) / q .. : Sydney, New Souﬁz. Wales.—Pendulum No. 11. . . . v i
' R ' . . | =0.85 i}]Ch.] . g : ’ ' 2 ", « "' . o L= 085 inch.] : ,
. o . — »l‘ ‘ T - | : B . - T —
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B T T SINGAP®BRE, STRAITS SETTLEMENTS.
At Sitgapore the pendulums were swung in'the laboratory of the New European Hospital, -
' ’ . ’ This is a large, massive building on a slight rise of ground- to thie west of the town. The labora-
tory on the ground floor was at this season protected from the sun, and has a solid, tiled floor. .
It was very well suited for pendulmin work. The apparatus was set upon the tloor, and the clock
was attached to a beam on the north waIl. The laboratory is 4,765 feet south and 3,870.feet west g
. , . of the flag-staff at Fort Canning. The: position of this flagstaff is given by the United States
' Hydrographic Office as: Lat., 1° 17/ 33.7 N.; long., 6" 55™ 2355 W.; from which we find the
g , - p position of the labaratory to-be: Lat., 10 16/ 46" N. ; long., 6" 55m 21* &n  The height of floor is :
' : 3 45 feet. . ST TR S .
. , e : : The transit pier was builtof brick néar the northwest corner of the building. Permission to
- S : ' ] occupy this building was granted by his excellency Governor Weld, Dr. Simon, the resident -
: physician, gave us quarters, and every facility: of the institution, and to Captain McCallum, R. E., . \
: : 8 in charge of"the office of colonial engineers, we are indebted for very importaut assistance, -
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Singapore, Straits Settlements.— Time observations—Continued,
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' Singapore, Straits Settlements.—Time observations—Continued.

[Comparisons of chron. and R. 8. clock.]
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41 23 32 20, 90‘ J12 §2. 10 :8.«)4" o2t 16 Loy
123 38 16,700 .11 82 30 28. 85 : :
2aainsd s | :
405 20 44.90 .13 8250 28. g6 o, 99 .10, .35 &
i X X - =
1.5 38 27.oof 1.0y 82,35 28 96’ . N
: : o . . ; 3 -
400 1t 27 21,000 13 8135 28,90 15§ L 106[— . 7 ®
! '
T 11 32 08.50] 1.08 81.45 28,90
411 17.29 29,10, .13 80. 05’ 28.8\ LIg~- L I§k- . .38
117 35 31.30; 1.10 80.05 28.80 i
40 23 24 05. 10 '13: 82, oof 28. 92? 1.344 .16 .o2— .26[
123 29 31.70| 1.06, 82, oo; 28, 94? '
! ¥ Qo e ! b )
41: 5 26 58, 5o|[ .10" 82. 45£ 28, 96‘ 129 15— . |+ .27 1. 69) |
Singapore.— Pendulum No. 11. .
e lga . ! T
! ! s i & g ! Corrections. i E'E g i e
e PSsor TE L Egs | %
¢ { Time of coin- | g1 g e e TS "R.S K &
£ ] Cidenceby | &1 F ;| BSEF “ | 5 o Eg ~
Z RSk | Z 4 E | g]y5. 73 | & |Eo |88 2 -
% S 213 |2EEL L E 1Zn|EFE 4|8
! o + E | 1z £E29 i o | 4 EsE | 6| &
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! iR e s P S~ s O 2=
i ! e e e SR P _,v; .,.M.d‘_g__.___ —
i homo s AInchesd  ©  \Iuches. | : [
556 3610 1.16 82.55 29.04 . | ;
i i |
32 1t 26 23. 50 .16,: 81. 65/ 28. 99'85962. 48)-- 194~ . o1— .02:8
011 34 49.10 1,11} 81,65 28.9o ’ t ‘
34 17 26 03. 50 .131’ 81.00/ 28.95  2.441i- .16/ o1, — . 37] «
I 17 31 56.750 1. 14 81.00| 28. 95 l ‘:
34) 23 23 14.90, .14 82.50 29.04 2,491 . 17l- . le \§;
1j 23 29 08.00/ 1. IGI{ 82. 50! 29.04 ; *
20 23 39 45.50 ' 5 I
' - ’ 1
(34 520 12.00 .14 83.00, 29.06] 2. 31l . 18] 27! R
H : ! 1
; : ]
1 554 34.75 1.12% 83. 00| 29. 06 P ’ ‘§;
32 11 23 09.67] . 16! 82,05 28, 99 A 1.504- .18, 1y e
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UNITED STATES COASKAND GEODETIC SURVEY. UNITED STATES COAST AND GEODETIO SURVEY.

TOKIO, JAPAN.

On arrival at Tokio an invitation was received from Mr. Koto, the president of the Imperial 3 T B
University of Tokio, to swing the pendulums at the university where Professor Mendenhall had ] | !
made such observations in 1830, The Kuter apparatus could not be set up in the physical labora- | T . i
tory where Mendenhall had made his observations, and so a new ¢ go-down” (mud fire-proof biild- l N - ! heoom s 1
| |
! l

o ‘ - _ _.'» . _ s Tokio, Japan.—T'ime observations—Continued. '

T . : Ty
1 Lok oy Aa Bb rC;% ¢ a |

:Clamp AT

:

!
|
1
i
Vome s,

ing) was placed at our disposal. The’ ground at the university is low and wet, and does not afford o B | i
%a good foundation, bug after several du,y§\were spent in examining various localities, it was concluded '
that the university would be the best poiut, »

By Mr. Koto’s direction a portion of the floor of the ¥ go-down” was taken up, and piles driven -
very closely together;upon which was built a solid stone pier, 7 feet square and 5 feet deep. Upon® :
this pier the apparatus was mounted. The clock was attached to the wall. r 09. Sbi.

The Tokio Observatory is nearly 2 miles distaut from the university, but is connected with it . S o Bootis. I ' 16, 39}
by telegraph. By the kindness of H. M. Paul, professor of astronomy, the time observations were - K ©o s o2 -+o-03-+o. '°3i't‘°- 4 22. 22|'—4 49- 25,
made at the observatory, and recorded on the chronograph at the university. The position of the .23 e SR ‘
observatory transit, as furnished by Professor Paul, is, latitude 35° 42" 40"/ N.; longitude 9" 19 . S o o _ e

T 04 B. o ' ' : - : : : i . . AR
. The position of the pendulum pier is not so well kuown, but is given as latitnde 35° 42 N, 2y ! - : [C"“celfi’o‘;‘ff ;“e‘;;‘s“g;;f“l?sz’*gﬂ‘?iil
longitnde 9® 19 0.* E.; height, 20 feet. ' C B B e L

On April 23 the apparatus was set up and ready to begin observatious. About 10 p. m. quite - g O | Azimuth., | . Level.
a severe earthquake took p]ace“; which fortunately did uo hartn,: The seismographs gave no indi- X ’
cation of any other earthquakes gill.May 2, the day after the observations were completed. _ West. ’ Fast | Wiy

“Mr. Koto assigned to our aid ‘three of the assistants of the university, who had taken part in O v R R - o
Professor Mendenhall's -.observations, Messrs: Tmoka, Yamada, and Ono. One or other of these ’ ¥
gentlemen was always present acting as iuterpreter, recorder, &e. "We were also given quarters
and servants iu the main building, during our stay in Tokio, by the aufhorities of the university,
and to them we are much indebted for attention and assistance, without which our work would

v Ursie Majorig. 1117 or. 0zl—o. 02 —o. 03/--0. 03(-}-0. 12/—o0.05/ 1. 11.90f-—4 49.17

22 40. 88:—0.02-—0. 03i+-0. 27-}-0. 09'—0. 04 51.83 .32
.. 1129 19 96I~-»o. 05{—0. 03'—1. 07|-}-0. 24‘? -0.12 29. 66! 127
7 Bootis, 113 46 33.88-~0.02/4-0. o'z‘ . 1540, 03/-}-0. 04 4. 86! .2
7 Bootis. L1353 58. _()2?~o. oz[%-0. 02!-}-0. .;33--+ 0. 04 :
@ Draconis. 06 06, ozé-.—o. 04{--0. 02i—0. . 07-}-0. 09

i

|
|
|
|
|
|

1 l.eonis,

4 Draconis.

i
_— 1~ J i
t

! ; | Te AT gl)nily rate.

g, S

-0.88 | 0. © —0.07
4-0. 88 i 02 —o0. 07
#0.49 ; : -~0. 09
—0. 04,

liave been difficu}t. _ . : : o8
SO : ’ Tokio, Japan.—Time observations. e : , o 3

\

'

- Stary #y\ Clamp. ] e Aa T T s e e e e

; \,
{ 5 it ‘ B T 2 ) ; [Comparisons with élock.] ' [Number of vibrations of R.S. clock in mean
S hom. s ' B 1 , : - . . K solar day.]
L Virginis, >4 2. | 13708 48.86/—0. 02-- - O1i-+o. 39 .o7i+o. d7r 4922 13 43 56. 42 _ , ‘ e e
20 Candm Venaticorum. . 17 13.30—0.02, ~0.08—o0. 124 0.09: 13. 17, 12 20. 37
¢ Ursie Majoris,  » ] 24 08. 82| --0. 03'; --0. 36,—0. 15?+o.~125 8. 40= 19 15. 59
¢ Virginis. . 33-39. 22|—0. ozl 4-0. §1|—0. 06/—o, o7§ 39.581 28 46.76 8 P ] .
7 Urse Majoris. W. | . 47 51.94| -0.02! -0.331—0. 12—0. 117 51. 36| 42 §8.54 . : - . A . : T
R Bogﬁs. I W. | 13 54 02.20—0, 02/4-0. 01{+0. 27|—0. 08 —o0. 0‘7"12'3:‘,‘~2.3x 13 49 09. 55 ’ g - ’ ' : SN } +- 314.982 Aprillsgi:;-zs I-VII ' 86320. 71
X Ursae Majoris. . 11107 ‘.59.08 —o.oz!—o.m —0.20—0. 03|—o0. 10} 58.72| 11 03 07. 39 : : 5 ' ) } + 315,233 . 26 VII1 ’ :59,
: 6 Leonis. . . 12 46, 88—-0.02‘:-—0.01 +-0, 23}—0. 02/—0.07] 46.99! 07 55.49 | 30 ! ; 26-27 IX-XI T
.- o Leonis, 3 . W . 19 59.94/—0. 02 +-0. 43=0-02}- 0. 60. 26 15 08, 62 . R - i A ’ ) ‘ + 315_428 f 27| . X .36
. Draconis. COW. 29 23.12|—o0. 05, —1.44'—0, 0§ —o0. 20 21. 38! 7 24 29.87 . IR S oL T Apr.27-May 1 | XIV-XXVII .26
L Wy Leonis. " E. 35 51.08—o0. 02! 4-0. 28'4—05-:01 +-0.07! §1. 42 31 00.02 ' i :
N 3 Draconis. : . 40 51.38!—0, 04 —o0. 64-} 6-:’03 +o0. 18 50. 91 35 59;. 43!
L : "B Leonis. . . + E. 47 59.28—o. oz?-}-o,ox -+o. 171—}56?'61 —+o. 59.52 43 07, 96T
B \ o o B Virginis. =~ . 49 29. 78—'—0.02!—}-9._01 +o. 26 {o;‘él +0.707| 30.11] 11 44 38. 6094 SI.

86636. 554

i
P '
R.S. clock. Daily rate of R. !
! . ¥
I :
I
{

i.'\{ y ; . !
Negus f5.3.9 i S. clock.

(e

a Ursx Majoris. ~W. | 11 01 24.321—0. o4i-—o.or —0. 48'—o0. 19/—o0. 23. 41! 10 56 32.63—4 50.
X I.egnis. o A 03 51.98—0. 02/—0. 01{4-0, 24|—0. 09'—0, 09| §2.01 59 of. 21,
J Leonis, - . . 12 46. 36,—o. oz=v +-0. 13}—o0. xo%—-o. 46.27] 11 07 55.48

. O !
2 .Dracoms. . . 29 21. 62/—0. 05 "—0. 97 '-o.-‘got-fo. 20.66; 24 29.83
1 Urse Majoris, . 44 45.62—0.024-0.01}—0. 2003} 10,14 45.43 39 54.73| .70

B Leonis. , . | 11 47°58.58—. 02|40, 01 +6."zi__ ¢ 58.80 11 43 07.96—4 50.84




’
I3

2 ¢
UNITED STATES COAST AND GEODETIC SURVEY,

¢

UNITED STATES COAST AND GEODETIC SURVEY.
. e

: ), : r . ‘
Tokio, Japan.—Pendulum No. 4. Tokio, Japan.—Dindulum No. 6

7 ==0.75 inch,
fa 75 1 [¢=o.75 inch.]
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Number of coinci-

Time of coin-
cidence by

Arc of vibration.
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Pressure.
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April

24

/7
« 28 11 40 24.00
|

ko s

11 51 03.00
17- 44 07. 80,
18 o1 47.50
23 41 13.00
23 50 10.00

© 03 21. 751
$ 41 54.40
"5 50 48. 25
11 56 29.00!

112 09 47. 90
P18 17735, 2/
1 18 26 54.50

25| 23 42 01.80!i

| b
1} 23 55 41. 70!
27 5 37 16. 905
l: 5 46 02. 90!
{

i

Inches.

1.00
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0.92
. 10,
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.05
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. 10|
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1
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3

| 30. 3]
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Corrections.
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1" 11 45.03. 90
i 17 39 54-50
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cidence by
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17-48 36. 30

23 58 25483
- 5 35 30.80

23 43 18. 30
23 49 33.88

5 40 54.50
IT 3531, 20
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23 40 45.00

23 47 04.90
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UNITED STATES COAST AND GEODETIC SURVEY. : i | UNITED STATES COAST AND GEODETIC SURVEY.
Tokio, Japan.—Pendulum No. 11. . ' 8 o San Francwco, Cal.—Tmze obscrmtwns.
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[¢==0.75 inch.] Date. Star. Clamp. T B Ad DBe D¢

X
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|
!

Corrections.

T
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?
|

|

. : - = - . . - . - - ... i
1883 v Fh P TR
: 3

|

i

mean

m. S,
June 20 ¢ :}”g’“" CE 1329 35-'50§—-0- . . o. 003—«0.17‘ 0. 16! 35.
m rginis, S, ! A ‘ i s :
BofliS;S S R 36 2:. ooé——o. ,’i . | .oxé—»o.ls 2 .x6| 19.
Dacons ‘ .- : zzri .3oé~~o, 2 —o. .ooE—o.zx .x7§ 58.
5. o 4. 16/—o. .01—0. 48/4-0. 41| 04.
\"irginis. ' ; . 10 44. So;:;;o. : ‘0‘,_,?___0. . I()l 44
ool r e Lo fces. . : o ? ; Virginis. £ 41.12.22- 0.02, - 0,01 0.0y 0. 16 11,
Aprl 28 -XVID 1 M. 222 jto | 60.90 2970 . ‘ ' . A , | S © 3 Urse Minoris. | W. . 51 55.24-0.07 o |
i : | 34 18 10 08.20, . '6o 8ol 29. 73 6604, 1d L1 .60 5 L 348604816 . . j Bootis. , : ;
L Xvur 11817 27.10, 1.04) bo. 801 29.73 : | | S A 3 —_ | - o i : S
: o 3?‘: 23 44 02.20 . .14} 61.00“29. 8. 7. ‘ S5 6236 8. 2/: o : o ] 21 Ulr.{fml?.' ) W 13293 mf- 0.02:-0.02 .02+, _“ 34.,
i .1} 23 51 09.60, 1.09| 61.00] 29. 86 i : oL 3 o i o {"ﬂjon‘“‘ S 3 40.52 —0.02 —o. .01:=-0. 12] -17i 46.
34 538 3840 .13 6170 20.80 .00/ .16 .62 .57, | - | Virginis. P Wl 820 -
1 5 46"8.70 . o. 61. 95| 29. 82 | : : Draconis. . . 04.06 0. :
; 333640 12 6220 20,89« 6,804 .12 61 g0 1 —. Bootis. S 1246820 "0, 01'=-0. 141 0. 167 46.
1 XXV ; l 23 36 24. NN 29. gt L { ; . ' ,J ' \U::"“ I_“.""""*‘ A 31.22—0. 15703 . .46: 37.
L34 5,25 30. .14 56.90 29.99'  S.27|+ .19'% .74.--1.40, 7.80| | B 1 gt R 45~°°:‘°- “fo. .04 ~0.07:4-0. 11 4s.
| XXVII [T ¢ ¢ 15318300 117 57.00 30.01 f ‘ ' g 8 - 109 Virginis. L 4138 o, .01 {0,030, 08 Lo 11 11.4;
, 1‘ i : 34—71 2t 1.oo; . sy, 30 I()i 3. 4204 . : .78?»——1.:28i 3. i - o : Um;t: B‘!'inoris. S 26. 0.8 0. .85?'{‘0- ‘: .67; 38,
boxxt ool 1 43 52, L oL | 62.55; 29. 90 b o : : g S BOOE“': R : 43.32—0.02 —o0. 681004 4-0. 18" 42.83
; ¥ s wogneo (1262202004 59500 161 65-41.03 N . . g PXWezL ok 3339 .~ 139H0.0340.17! 3217,
NXIT |~ 0 Ty 46 50,00, 1.11} 62.25| 29. 95, 1 o o . | i Bootis. - Co : > — 0. 317F0. 24 —0.19' 37.
: . | ) ) 34 23 33 oz, 33. ‘ l3§ ‘ 2066 : ! il . e l{rsm Minoris. X . ¥ .97—0. .i 0. ‘ . 215_{_0 53 —0. 52! 1s.
XXIU | 12339 10,00 1. 14‘% 61. 45| 29. 96% 1 L : . _ . ’ . (,orox/n‘u vBurcalis. W 35, .0250.01 'Szi 0. 22/~ 018! 34.
‘ L LR 5100 G055 2087 0384 17,4 .66 62 B : B”‘_’m‘ RN 152 70.02-0.01 g yyito. 33’-~°C>4 53.
170531 51751 I.14) 00.55 29. 87 ; : o e 0o - . : - Ursae Minoris. - bW AP0-00 g gy —{—\12 —O. 19i 67.
| 542 !9.50% ; ' ; : i s = . Bootis. oW ] _?‘ oz . gr-to. 440, 06 5.
34/ 1118 38.60 .14/ 59.55) 29.82, 6.45}4\{—;65‘-: o2l wa | <N - R © 5 U Minoris.© 0 E 860,08 g itaiaghrol iy .
IR EETES 250 1. { 59. 50| 2g. 81%‘ P f / ’ AT . B B : o Bootis. | BT 357034 ' o, r___? '57:‘1_0 51_{_0 06‘ 18,
34 17 32 4475, - 1 58.15 29.84: 6. 34i+ -17%"r -67.— 457 I - b Bootis. ~ . E. - . 27--0.024-0. 01'_ 654 0. 40 +o 04 42.
1117 38 o2. 50 .14‘ 58.15} 29. 85’ | | o S , ' ; Bootis, ' Con : i
34; 23 25 32.80, .13! $7.10] 29. 92 7. 02¥ 17 R SRS O B . i . B _ ‘ Ursie Minosis.
; i , P - | ;

|
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;
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/ e

60°.
' Means.
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mean solar day.

‘ Arc of vibration.
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SR, S S,
of vibrations in |

Number of coinci-
! Number of vibra-
i Pressure.
’I‘cmpqrature ;

|

09
‘ Corrected number

° iTcmperature.
! Pressure.

]

Shome s

‘ ,05:—“0‘ [ .‘()0é 54.
00 17.82[7 -0.02 0,02~ . o, ogl—0. 12] - .18' a7

: )
. o1.7-0. 00 -—0. 11 32.
] 1 |

‘03'—'-0.7 - 0. 28" 03.

87007 --0.37, 2.2
.72+-0. 25 —1. 60’ 66.

‘Bootis.. PRI . 44,—O0. oz .342—{-0. xo‘}—o.483‘44

. ' E B oL Urse Minoris, ' E. | ! ! { ; |

SAN FRANOISCO, CAL. . | 8 o] B I I o e IS

s SRR | : | - | i+ ©0.68+0-2040.47) 17.711 . 34 31.24]

“fhe pendulum station was selected by Prof. George Davidson, Assistant . SE S | ¢ - Boolis Lo 67 —0.0240. = 0.7740.16 +0.37) 41, 39 55-24

Coast J.nd Geodetic Surve) This station is located in the middle of Octavia street (not ‘yet an , i | d Bootis. A 25—0. 021—0. 01 __ 0.99 K | I

open street), just north of Clay street. A space is inclosed by & high board fence, within whic E = S Ursee Minoris. ‘ | : |
were three wooden buildings, none of which could be used for pendulum observations. - Anot fer - - | Bootis.

wooden building,'10 by 20 feet, and divided into two rooms, was therefore erected. The north SRR (RO - 15 Urse Minoris.

room was lined with heavy wrapping paper. . In this room the pendulum apparatus was mounted ~ & . i Bootis. .01 4 0. 67/-+0.20-0. 59 17 L2

upon a brick pier. During the pendulum observations the whole building was covered with can- .~ - Lo Bootis. ; E. , .oxL o. 76/--0 l()i-;o" ‘ o‘ B

vas. This was the best that-could be done under the circumstances, and it proved very unsatiss - - §f 26 4 Bootis. : i . ] N o o 9%

factory, the fluctuations of temperature being tog great. Soon after the observations were begun - W oot ] 390 02—0. 01 — o.8g+0.06—0. 33 51. 05 6. 19

 Professor Pritchett was detached from the party, and I was a,smsted by E. F. Dxckms, Assistant . .o | 4 UseMieds | W DS 7F11.97170.20—1.46, 65. 37~ 20.07)

anst and Geodetic Survey,who volunteered his serviees. L - Bootis. . [ T + 0864008 —0.44; - o

The geographical Pposition of the station is latitude 370 47/ 9911 N, long'itude-sh 09m 4287 W. § o ‘ Urs Minoris. 1 E. 7 -60—o. A+ 9.57+0.28 - a

hexght 375 feet. - _ ‘ L , | 33 Bootis. - -02/-4-0.01 - 0. 64/+-0.

. ; : - : . . e B(‘)OtiS'. Cl : . ' . . 01;.__. 0.73 ..{..0,

ST i

.99H0 12—0u47] 51. 05 06. 201

’ ‘+13.325+0» 43?——2- o4: 65. 09 z0. 135 '
-+ o. 95§+0- 17,—o. 61% 44. 11 58.23;
+ 9.941+0. 47141 76; 34. 27 48. 44
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¥ . MR >
- San Franciseo, Cal.—Pendulum No. 4. '
;! [Corrections and rates of sid. | » ' i . ‘ |
i -+ chron, Negus No. 1539.] &= !

- 3 :  Numbe
. | - R “} Date. ;i\un.lbu,r()f P
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numb

[Constants of Transit.] !
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solar day.

ace
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Temperature

of vibrations + in
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> - . To [ Daily rate.
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Arc of vibrations.

Temperature.
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- Pressure.
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Mean of M. and P, ¢

w. | E.

2

.
) :
!
i
:

VS IS NUUR R o _ cme s dnches. i nches,
1 ‘ . o . 88 1oyl Go: 40! 2. 55"

1

14 19— : . : _ 7h 13 10 31 L13; 5625 29. 55'86104. 884 . 157§ . 6o, i- -45:80106.08'
e , B e g Lo im0
i§ oo $® . o .-'." ; e o ne! . [5; 85[ 29. 60: 5.57.-}- . 17.\ -67'1-1.06; 5.35‘
14 21 . . ‘ 207 |19 38 2035 120 54.20 20,60 ;» i I :
il B ‘ L 25 0530060 20l 58 00 29.64, 5474 - 66w L 56
o - o I S L 1043620 107 50,45 20,64 B
14 21 ' : o , L6 .8 . ,:'6515‘ 29. (,z'g .52 .58:‘4—1.36:
‘ . ' 61. 25 ~2<_).6o§ o ‘3 ;
L 56,60 29. 62,

. 56.60 29. 625
! §4.15 29, 66! 5
i |
_ - . . ) ) i ' 54.20, 29. GSE A
- S Te— - e 34 ‘ S N -0l . 14! 56. 85: 29. 70} S5 571
k [Comparison of chx:onometer ar@ R. S. clock.] ’ ' 86636.555 1 . - ) . - ' ! : 2 3685 1.06 57.65 29, 71:: |
s . : - - . . Number of set. _(4,,_*_55%) ‘ » | o : | | . 75_*
-Date, Negus 1539. | R. S. clock: 1?{‘“2' g(t)szf .. i e : 4 T ST . A T s
: 1 .S. . . San Francisco, Cal.—Pendulum No. 6.,

41+

.

i
i
i
|

"

assye | | : |
| June 2o 2 00 .| 1 : | . v 45 . B ’ |
SRR - VI-VIIT [ .4 ; ' Number of
‘ .: I 4318175 3 X ' zz N ’ m:l)tt.l of& Face.
. .,2.24 ) ; +318‘. 255 : 22-23 | ).‘_X“ .76
23 ’ : : 37920 23 . /xut | .y
24 +917-885 | - 2324 | XIV-XVI | - .80 |. = B age |
g 25 i 4-318. 123 o 2 Nt . . y B 35 - { / Inches| P° ) llnr/m.
26 : +318. 471 ' 2425 | XVIHI-XX |. .56 ) - w0 AL 140, 1.08) 61.05 29.69
. v . i a5 |- A_XXI~ . o SR L . 12, 04.50| .15} 56. 60‘ 29. 71|86003. 66
2526 | XXIIXXIV 1| 8 o ' 23.62 115 56.20/ 29.71
17.90 .14/ 53.90 29.74]  4.39
05.40 1.09| 54.05 20.75 '
.40 .15 57.550 20.75] 457
6 28.00 1.03] 59.10] 29. 74

22.10; . 12{ 62.75! 29.70 3. 49 |

>

7 S

. .
I-1V 86317. 51

Corrections. -

|
|
?

1

,

!
number

i

T Lt
; ¢+ Time'ef coin- |

’
(4

in mean

Date,

. i

mean solar day.

of vibrations in

solar day.
to §57°.67

denc
Arc of vibrations.
i
Number of vibra-
tions

Temperature.
Pressure,
Corrected

; Number of coinci-
. Pressure.
: Temperature |

i Mean of M. and P.

i

i
i
i

>

07. 23 62. 60| 29. 70
14,62 »
14. 50 | 57- 55} 2979
43.60 i 57.40| 29. 70
00, 67 ! 54. 80 29.71
06. 8o 54. 80 29.72
14. 40 56. 05! 29.71
08. 60 36.65! 29. 71

po
v\w “6.14 49.12 61. 65, 29. 67

H. Ex. 4359 v

“w

(3

p—2 29
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" San Francisco, G(Ll.'—l’éndul-um No. 11.

-

!
i
|
|
{

{
i
i
t
i
i

N Corrections.

v

* mean !

Temperature |

;- Timeof coin-!
cidence by
K. 8. clock.

Number of
sef.

in

rolar day.

P

Fave. !

of vibrations in |

tions
to 58972

Arc ofwvibration,

Pressure.
¢ Number of vibra- |
‘Pressure.
t Corrected number !
Means.

i

i, ‘inmhe} of c¢oinci-
dence
| Mean of M. and P. |

- Temperature.

s ;/)/r//vs'.i ° Im’/h'x."' :
I.o(>i 63. 29._685’
. 13! sb .08;36055.- 0.
.ol 57, . 66}
. 1255, .68,

.03:

.II'
.98
L1

<

° o
5 e

LN ¥
P

~

(3]
[

99

86057. 14

(8]

b
L

[#3}
-~

NXIT

XXIII
) P ) . .10

XXIV i i : .62: Lo .
X1 Pl , ? 41 59

.12 64. 95 .65% 5.17; -t

WASHINGTON, D. C., 1884, .

_ On_my return to Washington in July, 1883, I found the entire east wing of the Smithsonian
Iq,gt_j,_i,mt;ion was being rebuilt, and it was not till M:}rch, 1884, that the pendulum room was placed
at our disposal. The room is the same in which Muajor Herschel made his observations in 1882,
but is now mush better adapted to pendulum work—Dbeing less damp, and divided into two rooms

80 that the apparatus may be in one and the observer in the other observing through a small hole
- tn thesjntervening door. : : ,
In Major Herschel’s observations the R. 8. clock was attached to the north wall, while in this
- work it was attached to the south wall. This change was liecessary on account of the division of
the room and the arrangement of certain steam-pipes in the north wall. Signals were received
from the Naval Observatory for ten minutes, beginning at 0% 22m and 120 29w Washirfgton mean
time, the Washingtonstandard clock being used. These signals were recorded on the chronograplh
with sidereal c¢hironometer, Frods. No. 3477. Immediately before or after these signals the chro-
_‘nometer was compared by coincidence of beafs with the R. 8. clock, and mean-time'chroxiometers.,
‘Negus, No. 1572, and Bond & Sons, No.196. Corrections to the Washington clock, corresponding

to 0 26™ and 12426, were furnished by the observatory. They all depend upen observations of

 transits of stars made near these times except on April 9, indicated by brackets in the table.
The geographical position of this station is, latitude 380 53’ 19/.6, longitude 5" 08= 045.4;
height, 33.9 feet. L

.

7 ‘

.

UNITED STATES COAST AND GEODETIC SURVEY.

Corrections to the Washington mean-time clock as Jurnished by the Naval Observatory.

Date. ' Clock ! Date, Clock
correction, . correction,

1884. ‘ 1884.
March 264, 018 ‘ -+ 4 April 34018
L5180 7 3.518
.o18 - - .98 b 4 .018
518 - 6 .90 . '.5"18
018 6 .98 . 018
518 26 .72 - .518
.018 -6 .61 b o18
EICIEE- 48 . 518
o183 1 L6 66 [ .o18
.518 ! 426 .83 ¢ .518
018 ¢ .01 ¥ S$ao1$
1.518 N .92 S 518 ¢ - . ;
oS L6.86 0 .o018 45 .34]

: - 34
1.518 670 \9.518 ‘ . 13]
2 .018 664 g 10 .018 44 .92

.518 6 .51 ! S 10.518 1 g4 .76

Comparison of Washington mean-time clock with sidereal chronomcter, Frods. No. 3477

Frode

Correction to ‘Rate of Frods,
to W, M. T, - Frods. 3477 : 3477 persid.
SRS minute.

ime by |.o T Coreaction |
! Date \:I\;m;g b,}l: 'Fi‘lll(:ll',"clll;,()ll.| Correctio
cock. | ; ‘ mds_’ 3477 : clock.
R S 7‘_i_ ol
o 1884, ) .
i March 26

: t
0 41 08. 81
12 43 06.24 ‘
0 4§ 03.55
12 47 00.9I |
0 48 58.29
12 50 55.7;
0 52 53
12 54 50.

0 56

1.00 §
I

»
=

N
[ S 2 5 B

/N7

Nv“

NN D N N N
RN W W

t3

3 o2
1 04

13 06

1 o8 35.24: 64 46
10 32.93 | Ts51 . 48
12 30. \37. 50
14 28.22 | 24 352
16 25.94 | 28 54
20 : 58 13,
62 11.:
64 09.
66 o7.

- —
1,0 ©
SIS ]
(X

- -
O N O 8N O O O N O

>

I 32 08.68 . 70 03.

13 34 06.57'| " 5.55 72 01.02
" -

13 38 o1.82 | [5.13]i 75 56.69

1 39 59-44 | + 492 -77 54.52

[od
(o &

* Signals from Observatory not received,
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\

Comparison of sidercal chronometer, Frods. No. 3417, with

1

i
1
0
!
1

i
|
'
|
{
|
I
|
1
'

Washington ;
mean date. ;

1884.
March 26

Date.

1884.
! March 26

Timé by ™

f

hoomt. s
0533
12 56 30 .
059 31

12 40 IgfI

13 06 52
"0 49 42
0 51 43
12 55 2:1;
117 32
13 16 38 !
1 20 51?
12 59 16
1 30 50"
13 29 07 °
109 37
130361
13509
13 41 52 |
1 16 08
1 48 14
13 59 21 .
13 22 o1
I 5205

-

i
|
{
|
|
i

"[ Number of vibrations of R, &

Sets,

111
-1V
VoV
VIL-VII
IX-X
XI-XIT
NITI-XTV
XV-XVI
XVII-XVII
XIX-XX
XXI-XXII

z
!
i
1
i
t

38 35.75
40 33.99
42 35.11
44 32.47
46 30.60 ‘

© 48 24.58 ¢

50 27.11
52 24.37 |
54 18.55
58 17.28
62 13.09 !
64 11.80
66 035.16 i
70 05.69 |
72 03.067 |.
75 54.08 |

\

4
\day.
; ay

9 27.01
10 02. 89
10 37.53

11 12.40

15 03.72
16 13.91
16 49. 20
17 22.84
18 34.31
19 09.33
20 17.92

D =77 56.49 | 420 54.51 |
; ! !

. : ' Rﬂtc of
Iinie by -Correction to “Correction to-S: clock -per——-—

Frods.3477.; R.S.clock. ' Frods. 3477.  R.S.clock. © mean solar

the B. 8. clock.

R.

$6400

¥

86329. 38

30.65
.18

B86330. 44

i Washington ’
i mean date. |

'!
April v

|
2.

|

i

1

|

)

. clock pendulum in mean solar day. ]

Sets.

XNII-XXIV
* XXV-XXVI
XXVII-XXVII
XXIX-XXX |
XXXI-XXXIT
XXXII-XXXIV
XXXV-XXXVI
XXXVII-XL
XLI-XLII
XLITI-XLVI
XLVII-XLVIII

L 86330.48
29. 67
29.93
30.17
30,28
29. 88
30.03
29. go

- 97
.8
86329. 57

7

/

Date.

1884,

March™ 20

¢ Number of set.

UNITED S'i‘AfIi‘ES COAST AND GEODETIC SURVEY,

H'a&hingtun, D. C.—Dendulum No. 4.

{d=z0.9 inch.)

T

Corrections,

mean

Time of coin-
cidence by
R. S, cogk,

in

solar day.

. to 358°9.31

tions

.

. Number of ¢oin
Arc of vibration,
Temperature.
Number of vibra- :

Pressure.
Temperature

Inches,  © Tnches.
190 59,10, 27. 30
L1 14 580850 27. 3686110, 8

38.6 0 .84 38.90 27.3
o

L1258
1.03 '58.6
.16 58,
L9758
S 14 5805
1.07 358
16 53,
.973 58,
.13’: 58.
1.01%.»58..
714' 58.
1.06 58,
. 1y 58,
1.o6 58.
.15, 58,
1.00. 58, 3
.15 58,
x.,ogj 53
15 57,
.10 57. 60

48702,
or. 1. &
42 38
52 495
34 16,5
34 12.0
38 40.
52 00. R §8:
.99 58.
160 58,
. 1.0% 59.
52 o1. 3 .14 58,

03 56.7
45 32.
57 1o.

4z 47.
17 53 L.
23 48 21

1.0z 58
14 58.
LOI% 58.
-lsi 57-

i Corrected number

i

~of vibrations in

mean solar day.

1

‘ay

S6111.

27

86111,

; Mean n‘f M.and P

I Means.

86110, 62




UNITED STATES COAST AND GEODETIO SURVEY. - . B . UNITED-STATES COAST AND GEODETIC SURVEY.

Washington, . C.—Pendulum No. 6. , 3 "_ Washington, D. 0.—Pendulum No. 11.

[/=0.g inch.]

Al
[

in

,
vibrations
mean solar day.

Correctioms,

mean |

. Time of 1.

2 scoincidence)

by RS,
clock.

nu

Time of
Loincidence
by R. S,
clock.

Number of .
set,

in mean '

of vibra-
solar day.

in

solar day.

. Number of Date. IFace,

Date. ey

dence

dence.

of
wmber of coinci- %

of vibrations in
mean solar day.

tions
tions
to §5°.20

orrected humber

Arc of vibration.
Pressure.

Mean of Mand P,
Arc of vibration.
Pressure.

Number of vibra- |

i

|
|
|

Temperature.
P’ressure:
¢ Number
i Corrected
" Temperature,
Prassure,
! Temperature
C

i I

. /nr/u'.r.i ° ';'/nr/'/c.c.i : : i) ‘ :
1.06] 55.50 27. 17: ST . : k- April 6" NXXIII M. .0 28 132 1.06 56.80 27.08 i
| 1 ‘ : : : 1y 55'9oi 27‘63;3(,063.99?.;. SI5 - L 024 .5:?86064.6

: o

I
:

|

- Number of coinci-

i

! : i ! !
s s Unchest © Inches.:
! : i .

| ‘ . ! .o . ; : . H
oo 15 15 07 23Sz, 0 | XXXV - ©S. 77 55.950 27,21, . ,
19! _ , : : : .12 55,70 27.69 4. 30 .09.;7'» oL 28 469
: ggE s o 0 SEIES NXXV L : 7 354 1.10 55.75] 27. 36f Ly ) . |
: ‘ : : : . i, ’ :
o ‘ - 170 55-15 27.75 44201 . ;
XXXVI Lo .70 1.04 55.15 i

i

! |
.12 55.20( 27. 4. 89k -

XXXVII

i

April 1

——

Shorz. 14

XXI I 32 9 ©300 27790 440 14

© XXXV
XX ‘ o33 O 13

NXNIX ~ 3 1.0 55
' 32 - 14} 55.30
27.9' L 16% 55. 302

4.3 . 14i 5515/

01.4‘;' 1.02! 55.95'
08.715 .13; 55. 15?
SLI oo 5545,
19. 6‘; .x3; 54. 65.
OL4 .97l 54.65
16.9; . 15! 54.45,

12.2 104 54.45]
i

XNI |

S86o12. 06

o
AL

XXIV

Loy
BN

g

XXV
XXV

XXV i

1

01.8; . : i |

i ! |

34 405 <131 54400 27. (

XLV 23 34 345 1.24 54740] ; l

: 09.9; . ] 54. 80! . ‘ 4. 29E.{_
NLVI S L5431 Loz sy 8s! | .

‘ ‘ 15.3 .15 55.00, 27.66. 4. 32i+

XLV ‘ 36.0 ° 1.220 55, 00 27.26, {
\ i 3 : :

45.6i -17, 55.00) 2754 gio7i4- .214-
XLVIHT j 17 12 37.7' 1.22] 55,00 27.25] | |
, ; ‘ P j

23 42 51.9 . 12| 55. 351 27.536%: 4104 184
{ L I ; R

CNNVI

XXIX

© XXX

XXXI

L XXNII

|

'
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'7 . - U B - g On oxamining these resﬁlts' it is found that at Tokio the vibration number of penduluni No.
‘ : . ; i » nd to density of air under pressure of & . . & these 8 . , - ! e
Results "ed“wg‘ﬁuf mf‘m z;e;np e{)gjg{&%}‘s{g{;’ "tf,‘,,ﬁéwﬁifﬁ"fcmﬁ;, to tempem{ui-’; 620 F. ! ' g 4 i8 between three and four vibrations too great, and will’have to be rejected. I can only explain
inches at tem =Y Ty nat.

this discrepancy by the supposition that some foreign material was.adhering-to-the-pendulum

during these observations. Great care was always taken in wipiog the pendulums before suspend- '
_ ingethem. : - : . 4 I

The vibration numbers in column 7 on page 58 may be readily reduced to any temperature -
and density of air and corrected for elevation of station, for comparison with other results. This
is not done here, as it is deemed advisuble, at present, to publish this work simply as sé many
additional data to those already obtained with the Kater pendulums, and to make no inference

from them till similar data of Major Herschel’s work in England and the United States ha,% been
received., : f

‘ . " . N \\; - .
$6102.08 ©  40.67 | | Lat. 362 51/ 517 8. , : : . . lIhave the honor to be, veﬁ’~@f§%ful]y’ yours,

i

|

Geographicdl position.

ion to 62° F.
ey dor

Station.

.
Number of vibrations
i

in- mean solar day ;

in mean solar day.
at 62° .

»~

Number of pendulum.
Number ol vilfidtions

Number of sets.
‘Temperature,
- Reduc

1
T

!

Auckland $6001. . ¥ 0,27 | -1 Long. l“l‘“ 39w o7h1 L. | '
B 86053.43 . = oo | - Height 261 feet. ‘ Prof, 7. E. Hiwoamp, . - ‘
o L hee =N ;ﬂt.'ssoofl;::;: 1‘ | 1 ' . Superintendent Coast and Geodetic Survey. ’ ) ""‘
$7.21 . k311 - Long. 10t o4m 5028 I, . , : " o » |
i223z7; g f; 35 . " Height 140 feet. : ) » H. Ex. 43——60 Y
86012.08 | -g.05 L4 . . Lat. 1° 167 467/ N,
8;59:1: 30 | 8.6y i .97 | Long 6% 55 218 £,
85962.27 | 4-9.07 | .34 | Height 45 feet.
) 36101.74 bongr | .83 | Lat. 35° 42" N.%
85096.76 | —1.59 ¢ a7 Long. gh 1gut o010 E.
. 86047. 77 P —0.86 -9t Height 20 feet.
§6103. 91 —2.14 | . L.at. 37° 47/ 227/ N.
$6005:04 1 —I.19 | .13 Long. 8% ogm 4207 W,
86057.14 | —1.48 | . i Height 375 feet.
86110.98 | 1.6y .31, Lat. 38° 587 19/4.6 N.
’\Vashington v ' 86o12. 33 =304 . Lox:lg. 5u og™ 0404 Wo
' 86064.47 1 -—3.06 : - . " Height 34 feet.

EDWIN SMITH,
: Assistant Coast and Geod(é‘tic Sumoy{.

. Sydﬁey

Singapore

© % 0 00 W W O 0 &

"+ Tokio

e
[ R )

San Francisco

w

Differences of pendulums.

1
t

i Station.

.-

i Auckland

I Sydney
Singapore
Tokio
San Francisco
Washington




