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THE UNITED STATES COAST SURVEY,
: e

APPENDIX No. 15.

DESCRIPTION OF AN APPARATUS FOR RE CORDING THE MEAN OF 'l‘HD TIMLb OF A SET OF OBSLRV-
ATIONS, BY C. S. PEIRCE, ASSISTANT IN THL UNITED STATES COAST SURVEY

The object of the coumvauce is to enable an observer, after he has touched a key at each one
of several observations, which succeed at a constant interval of a few seconds, immediately to read
off on a dial the mean of the times of the observations to hundredths or thousandths of a second,
thus avoiding the delay, labor, and error involved in reading clu‘onmrmph sheets. ‘

Suppose thé number of observations in a set is n. Then, if ¢, is the time of the ith observation
the mean time 18—

1 Yy
;"""it(

1

Let S; be (loublej the number of whole seconds in £, and lot s, ‘be the fraction of a secound. Then—

’

zm_. S+

: n “‘n

The problein thus divides itself into two, to determine each term of the second member of this
equation. This division of the problem (,ousmtutes the firs$ esseutlal (,h.u'acter of the method here
~ to be described.=

If the observatxons oceur at irregular and unknown intervals, the observer may sepamtely
uote S, for each observation, without any particalar apparatus, and so calculate the first term. But
if the observations occur at intervals approximately’ kuown, the first term can be determmed with
fess trouble. Suppose, for-instance, that the observations, like transits of stars, are known to.
oceur at intervals nearly symmetrical abont the middle one. Then, if there exists any easy means
of determining the time of this one accum’cely to the one nth patt of a second, ‘this will be equal
to the first term, provided the observations follow one another with sufficient regnlarnty But if »
be too great for this, or if it be an even number, the observer may note, by any simple means; the
times of the first and. last observations. These times need theu ouly benoted to two nths of a -
second, and so for any larger numbers. A transit- observer mnay couvemenbly use seven wires, and
note the times over the second and sixth wires to a quarter of & 'second. When n is greater,
a marking-watch may be couveniently. used. Iu using this instrament, the observer need not seek
to distinguish the different observations of a ‘set, as their order does not affect the wean value.

I bave now to desmbe the meuus by whlch [ would determme the value of the secoud tern—

b
7

Supposmg ﬂldﬁ"we have the means of reglshermg the sum of the fmctlons 8. . Then to. reglstu', 2
ustead, their méan, we m'l.y use one of the following methods: - First, we way regalate the regis-
T tering -apnaratus by a ¢ regalatear: Vulld,rcea,u.’.’ This may be inade to run at any desired rate
within certain limits with great ACCULACY 5 and: it should be made to run_at one nth of ‘the rate

- required for the registry of the sum. of 8. Seuaud we may have a frictional connection between

two solids of revolution. Thlrd Wwo may perform the required lelBlOD by the graduation of the
dial by ch&ngmg from one dial- f.u,e to another. - But the snnple dms:on of s by:» is so very
easily performed that it would bardlv be ‘wortli’ while.to make the necessary ad_)usbment of the
apparatus to.put any of these methods into pra,ctlce. I wxl] therefore, proceed at once to descnbe S
a contnvauce fcr reggstarmg g ' : ; = S
mEk. 81—-32
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mstrmnenn is regalated by a vibrating . teed‘strlkmg the t;eeth -of-a_revolving-wheel, we should

expect the retardutlou to vary a8 the velocity, so that—
. Dls=a— va 8

the integral of which is of the form— h

s=At+ B(I -6~ ) -

Here ¢ denotes the time and s t;he'readiug of the chronoécope. The existence . of this correc-
tion is also shown by attentively listening to the note ot the reed, which is distinctly heard to be
lowered when the hands are geared in. It'must be confessed, however, that the measurved times
of known intervals are ot accounted for by this. correction ; for example, at Berlin, in- 1876, May

10 and 11, I experimented on the fall of a ball. The Iength of ‘the seconds’ pendulum at Berlm,
according to Bessel, as stated by Bruhns, is 0m.9942318. This is for the level of the sea; for my

* point it is 994223, The reciprocal of this, or 1. 00.)81 is the square of the time in mean qccomls of”

the vibration of ax metre-pendulum. The square:-root of this, or 1.00290, is the time itself. Multi-
plying by 388 we get 1.00563, the time in suiereM seconds. The square of this, or 1.01133, is then

to be multiphed by %l or, .101321 to get the v.eloclty 8quare in sidereal geconds after a fall of one

metre. This is .102469. If, therefore, the- tmiesquares by the chronoscope of a fall btln'i)u‘gh b
centimetres be divided by .0102469, we get the square time by the chronoscope divided by the
sidereal seconds, Now, then, A being nearly 40,1 millimetres and B being nearly 19.6 millimebres,‘f \
I found— : : <L

L O
* Heights. Chronoacopo‘.v (Chvroil.)* A ﬁ%ﬂj g?-;’%
A. .0919 " |'.00845 | .01090 | 1,064 | 1.032 .
A+ Scen’|  .13m .01935 | 01037 |« Loi2 | 1.006
A410cen. |  .1724 | L0272 | .01076: | 'L.050 | 1.025
A--15cen. |  .2012 | .pdode | 01010 | .986 .993
5 . A 20 con, L2249 105058 | .01048, | 1023 | 100 :
. : A 495 oen. L2471 | 00106 |-:01028 | “1.0034] 1001 . ,
- A 430 con. L2671 034 | Lolosr | Lot | o103 |
A 435 con. | '.2800 .0823t "} . 00986 .062 | .81
: A +40cen. | - 3030 .00217 | 01004 | 1s068  |.- 1034
A4 45 con: .32 | L1eatl | 01046 |7, Loer| 1010 i
Y0 3 T W R ¢/ RN G -7 ) FORPRMPPORY FOOR IS ARt
) "B 0637 ] .00406 | 00101 | .980%| 993
B4 5m. one .00507 { .oot08 | 1,03 | 1.027
B+10m. | . ..0184 .00615 | .00104 [ 1,015, ° 1007 L
B415m. | L0848 | 00719 |ieeew...f.. SR IR

"

I also measired some clock-intervals, with the following results :”

Int,er.\}nl ‘ln , Chron.
. 3 sid. sec. Chmnoscopp. 8 sid. sec,
P o . 1ol 0867 L Lu96 | 0.096
N S . 2 | .- 003 |, .07 0: 997
T. S - 18- | 9.956 7963 1 0.995¢ S ,
oL : S0, | 49145 30.780 | 0,9947 .. . : '
"; .
If we take the times of fnllmg through A and B we ha,ve—- -~ o ‘
(Chron| Cheonyt | Chron. | &

Holybt. ‘C‘_‘“’“" Helght. | 205 holght. | §id. boo.’

C.os01c | .ooaes | e | nes | no2.
0196 | L0006 | 207 |° Lo 101

.

v
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If we coinpare the time of falling A + 50 cen. with the record of 1 second, we have 54.01 x The following results of successive series of. 208 swings each, measured with'the above-
00205 = .1083 = (.3291)2. Hence she difference of time is 0.6709 sidereal second. The-(liﬁ‘él'exlce

described instrument, by ten transits every five minutes, are a fair specimen of the results
of the chronoscope results is 0.659,-and the ratio is only .82, -

obtained,

That there really is a retardation is certain both & priori and from the sound; and it is shown - ‘ } APRIL S.

by the rates from the clock-seconds. But this can hardly account for the diserepancy between the : o :
- Ineasares with the clock and fall-apparatus, for the last. given rate conuecting the two is too small.
I am inclined to think that therq may be a correction of the fall-experiments, proportional to the K 299%, 9463 2998, 9162
‘momentum at impact, and, therefore, to the time. Experiments should be made with pendulums _ 299 . 9436 299 . 9153
of different lengths. The relay above described, with the addition of a cireuit-reverser, will render ' S 299 . 9457 299, 9147
such experiments easy.. , . ' ‘ o ' ' 299 . 9497 _ 299 . 9129

In regard to the accuracy of Hipp’s chronoscope, I may mention that the chironoscope-times . 299 . 9439 1 299.9132
given above for the falls are the means of ten observations cach. It may, then, be calculated from : ‘
the agreement of the resulting ratios in the last column that the probable error of a single observa-
tion but slightly exceeds one thousandth of a second. In using the instrument for the automatic
record of b‘emlulum-tmnsits, then, it will be quite sufficient to have ten observations in a set. This
will give-the intervals accarately to a thotsandth of a second, or as accurately as the method of
coincidences. T : i ) '

Let us now briefly consider the effect of the resistance of the lev
motion of the pendulum. , Owing to the elasticity of the mater
be instantaneous and to produce a reduction of the velocity of the pendulum in a fixed ratio. Let,
¢ be the variable time which is occapied by the pendulum in swinging from the vertical position to
one having an angle, ¢, from the vertical; let v be the angular velocity at that instant; T, the
period of oscillation; @, the amplitude of oscillation; @), ther '

Tleavy end up. Heavy end down.

APRIL T,

Heavy end down. ' Heavy eud up.
2000, 9215 200¢, 9549
299 . 9176 209 . 9552 |
299 . 0167 ‘ 299 , 9564
299 . 9179 209 . 9513
999 . 9176 299 . 9525

er shown in the plate upon the
ial, we may cousider the impact to

The weights to be assigned to suceessive intervals of a set of 5 are 5, 8,9, 8, 5, and this gives
. - fad . - . . X

atio of the circunforence iam- : for April 8— ~ cox -

od ‘ ‘ 1tio of the cuunnfeng_nec to the diam or A} ] \Heavy endup T, = 1%.006525 T,? = 1.013093

eter, and R the ratio of v just before the impact to v just after. Let ot and ¢ ¢ denote varip- , Heavy end down T =1.006424 T? = 1.012889 ,

| . . 30Ty — 17T

T2 (corr’d for resistance of air, ete.) ===~ " =2 —1,012731

22

tions of ¢ and’® produced by theimpact. Then we have, from the common theor
, 4 ‘ . . ' L;I" : ? a u - . , r 4 M i Lrd : 5 ‘ ) : - N
‘ - t=garctan D T ‘ | A o | Tordpdld T, = 1.006436 T = 1.012913
T - : | o | "M, = 1.006558 Ty = 1.013159 | |
¢ = \/ 5+ ¢t . ' . ' ‘ ) T2 (corr'd) = 1.012731 ' ) :
' ‘ - L oy This is expressed ili chronogmph-seconds; The results of the two days are ltjielltlc&l to the
In these equations we are to multiply » by (1 4 7) and subtract from the products the above ' ' :

i ‘-:: T astfigure.
unqhanged values to obtain ¢ ¢ and § &. Developed by Taylor's theorem, and neglecting all but the . e
ﬁr;%\wvo terms, we have—

N

y of the pendulum-—

o

; L : w2 T2 ) EN? . ’ . ‘ : ‘ .

Te .
26(1)26?[)@

" The quantity i is twice the fatio of the virtu

al mass of.the lever to the sumof those of pendu-’
lum and lever. By the virtnal mass, I me

an the square of the moment of the momentum divided

by the moment of inertia. It is safe to say that i does not exceed 1. And as ﬁ; can easily be

‘ 1000°
reduced to ‘-’l()’ the effect of the registance can hafdly in ten vibrations be perceptible. However,

HE :unoimt; may be calculated by observing ¢ and & o,

It will be obsgrved that the resistance shortens the time scillation if the impact occurs
while the pendulum is moving upward, and lengthens it ifi the revede case. Hence, there would

be no accumulation of the effect in ten transits over what there woulfl be in two, were it not for
the thickness of the agate. . ‘

N

y




