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On a Horizontal Double Pendulum Tiltomefer .

K. Yazakl

(Meteorologzcal Instrument Plant)

I. Takeyama and Y Tanaka
(Seismological section, C. M. O.)
"'We have been observing the tlltmg of the earth w1th a sﬂlca—tlltometer or a water-tube
tiltometer. The former is unwieldy, for it is photo-recordmg and has very fme silica~ -
wire (3p in dlameter) the latter must be set up at a definite station. Therefore, the
* writers produced and tested a mechanical recordmg tlltometer as sen_smve as a slllca—
tiltometer. As shovyn in Fig.1, it is composed of two horizontal pendulums coupled with
each other, so that the eompound period of the pendulums becemes very, long fhough the
period of each pendulum is short. The data of the experiments are sﬁownv in Table 1.
to 5 and Fig. 5 to 7. : In Fig. 4 examples of the record are shown, the recording-mark

being put in at each minuite.
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VETOEEDE — A v EHDS S bR T hbOEEOEECE > T, BATRTOWER
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Table 1. "Observed and calculated data -

N ' 1 ‘ '2‘, 3'|‘4  5”  6

—

T (seo 6.0 1 9.6 | 110 | 124 | 200 | 280
T (sec) — - — 1.2 1.2 1.2
#iobs. (<109 0.93 2.94 3.60 '3.78" | 9.9 30.2
Recorded dlsplacement per : ) ’ :
tilt (mm) 0.6 — - 2.58 6.71 20.5

Recorded displacement per :
9.8 -25.5 78

1—(1)6mm—t11t of side leg (mm? = — | - ‘
o (rad) — | 0.0152 | 0.0127 | 0.0113 ‘| 0.0094 | 0.0082
i (rad) — | 0.0935 | 0.0935 | 0.0935 | 0.0935 | 0.0935
c v — 634 | - 634 634 634 634
Tcal. (x10%) - | — | 214 4.00 4.44 9.3 30.7
§1.4 HBRBEARKR tﬁ®%+®@m%mvkﬁ5 ;_;7;___;_“\/f

’%<1#E¥Kb%ofﬁﬁ,£ﬁ%ﬁ&a&ﬁ%¢at e ot
DHICY THTRE OB T EC B THHE T T £D T
HERo—% Fig 4 wrd. ki E, 11A25H OFEEW

e

RS CERESOAF LRSS, Figd FRTESES - wt  # iTe
i, WEC X B R ORI TRV IS T, £ o%ic _rtene ’

. ) Fig. 4. Examples of the
%bxfﬁf;ébiﬂ%’rﬁ’@&i  TH M  ETEAET B record

nTW3 ' .

S15 # U DERENTSL, MLRFLERTORARKO LS Tho.

(1) T%T%W%ﬁﬁf%%ﬂ%ﬂ#b%?,ﬁmiﬁ%ﬁ%%<%5@1ﬁ$u%<;SX
104 & CEECRE L 27

(2) ﬂﬁﬁﬁﬁ&@f %ﬁ BEBED e\ B A IRIEIC & 0, Lfmgfﬁim@ﬂmﬁﬁb
5%. , ) .
<®.%ﬁ@@ﬂmiafaf5ﬁ%b*mbfg ERFORME LA YEET, Lh"'
B TRERICELAAE T b . ‘
%DK%W&ﬁﬁgnkﬂ%i%ﬁﬁmﬁﬁ%ﬁ?z«

: IR EELES & ‘ ‘

§2.1 anﬁ %%mm%%@ﬁ%arva@%w%*mﬁ %@ﬁ%@k&Meas;4@
L5CH%.
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Table 2.. Experimental datéy——the periods and the r:iagnifications of the 1st pendulum

Ti |4.30 | 4.50 | 4.80 | 5.13 | 5.40 | 6.06 | 6.5 | 7.3| 8.3 | 9.3|11.0| 15.2] 20.1] 25.2 28.2
mea>| 59| 41| 46] 52| 59| 74| 91| 123 140| 186| 249| 494| 851| 1420|1520
my| 30| 45| 44| 55| 58| 72| 108 114

Table 3. Experimental data——the periods ‘and. the magnifications of the 2nd pénduium

T, 1.00 111 | 1.20 | 1.30 1.40 | . 1.48 1.58 | 1.70

) . 6.2 6.8 8.0 10.1 | 12.9 — | "16.1 19.1
s . - 7.9 9.2 12.2 | 13.0 158 | 155 | 207

Table 4. Experimental data——the periods and the magnifications of the compound pendulum

As T 1.34) 1:45 1.54] 1.58 1.59 1.04] 1.15/1.25 1.35/1.45/1.54/1.62 1.68/ >1.68.

Ti=4.0| - T, 6.2 7.7 10.0) 12.2 14.0| 4.5 4.9 5.4 6.2 7.6/ 9.2 26.? 21 Unstable
(e | yay(x10% | 1.4 2.3 5.0 6.1 12.7) 0.4 0.6 0.9 1.1 2.2 3.5 107} 35 —
7, 119 124~ 130 1.32| 1.34| 1.36 | 1.38] 1.37| 1.38 | 1.38 | 1.39
s ” ‘ 2= 1 . . 36| 1. : . . .
Ty=5.0| T, | 7.6/ 89| 10.1|12.0|14.1|16.0|17.3| 18.8| 20| 25| 32

7 4+:(x103) [ 1.6 7 2.6 3.3 53| 7.3 9.8|12.2|10.62]16.3| 27| 47

4s T 0.94 | 0.98 | 1.00 1.06 | 1.10 | 1.12 1.13 1.2

Ty=7.1 T 8.3 91| 100 | 13.0 | 148 | 25 45 | Unstable
(€ |y i(x109| 1.4 | 1.8 | 2.4 | 4.2 53 | 17.7 | 29 —
s T, - |0.92]0.961.00| 1.03| 1.05| 1.06 | 1.07 | 1.08 | 1.08 | 1.08 | 1.10
Ty=7.9 T 9.21-10.0. 12.2°| 14.1| 15.8 | 17.2 | 18.8| 20| 26| 32| Unstable
(€)1, (x10% | 1.6| 2.1| 3.5| 5.4| 6.7| 8.0| 9.8 12.0| 20| 40|. —
' , Ty 0.95| 098] 10| noo| 1oo| 1.02] 1.03|T%~] Si0s
S 12.3~ 15.5~ | 17.2~ ' . : blé
Ti=00| T ol VRN - o B X 20| 25| 31| Unstable
(€0) | yus(x10% |  3.2| 42| 55| 75| 87| 9.3 164 28| -
LSRN

. Ti, Ty, Tyee---- %ﬂ%h% 1EF, %2}}};? EEIRToFHH (The proper périods of the 1st,.2nd
and compound pendulum respectively) (sec).

Poeees fszs (magnification) (BELQUCHIHOLH2MZ 3B BT & @f*i? ﬂ(+mEk Tk g’
Z ne &T5.
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CEIREFIRoWT nm=2.8 Tlé .............. B R LTI TI IR NEot :.~..(16)
W2RTICAONT ~ 1y=6.7 T} ..... T P an
XD, EAEELEER L OB oW T, '
T,=1.1 sec O & & n=28 Ty
T,=1.3 sec bacl? n=37 Ty ,
: e N (18)
T,=1.5 sec. 0));%6 n=46 T,
- T,=1.7 sec 0)&%? n=59 T2

(18) wwisw» v, n=a(T, T)Z LT a fg:k?sb%& a= 20~23 kitZ)

§2.2 E$03m2m TTKLﬁMuE?$mK§3T@ﬂﬁ®E RALE D Borbi T
B, B REELHEC B oo Th 5T, EBRRETORM L L OBEEAbICT
at%%%%ﬁmmm&ot.

R OBRME > Fig. 3 Fig. 8 Gk
KFT. © OERTE D DR TS S Ul
CBIRTCH S T, RTOMEWHCOLTH

Fig; 8. Projection of pendulum
2 5. B1LETF% 0, f’Hﬁhﬁ_l bEBE, On T ' on the horizontal plane
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@%@Kﬁf&@@%n%nibd§<(7D2@ﬁmmmé,it,A“ﬁmw<ﬁ®ﬁﬁm%
VRT- Ot X D & S bR HRICIER T 5 ;®a%,%2ﬁ%Klof%lﬁ%Kﬁm?é
AV R, _ ‘ - o
7 llslnotl . ............................. s ‘........._.g19)
cie, (DyYE)a=(D,E)n— (D:Dy)n= (A’sz)H4DzA’fE (D20’)H4020’D2 _fzrpzmxro,
(H AP0 )

e=0,—0,/— (h, d)’z (6,7—8,) -
e,sina;’

e, 0y, 07, 6,7 ®%Hmbuf%x6 %2%%KW%¢5ﬂ@A1m;a§@ STE
@ﬁbhklé%@(h T)f%émE,LnB#ODéonéa%m

Ms(g/ 92/) 114(0y7 ¥gl/)+#59 s RISTRRTEN )
8, =(M392”+#4 1/)/@3_,_“4_,_“5) e e (22)
7¢:m,@5 H2RTOBRICL 5T~ 1, o
Mo s ﬂﬁ%%ﬂ%ﬂhTDDleé% AL, -
F7e, 0,7 =00, Pyiy - eeeceereeen B RERTRPS TP RS e :.'.(23)
O =00, /Py veveeeeneeiiienin, S R et 24)
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R 2 IR T O
Fre, B, W2RTOEGHERR (g —pax?> ,
ma+mﬁ+wmmﬂWM—m@m“eMW@ ~~~~~~ e (25)
Lp0y A Mo 00 + (Mgt 1) 0y =MD oo e, ((26)

o o BEL, BLETLRERICEN TODRORLIC L BE—A Y b
(20), (22), (23), .(24), (25), (26) HWEULSECT, THEMS. fﬁ(%%(%)%(%)
CRAT L &1 6/ %H@@ﬁk&é#B,uh#B(%)@
A 1,p°0. +7\1P6'1 +(q1— )0y =M,ga,0 _,' .............. e e e, (27)

7"& L, Q1—M1gd1l1+/‘(1), g,=T1il;sinay {%)(E'%i@—gg 1}

) &= (kz dy)iy/e,since,, /-b—/-03+lb4+,u5, C=l/hyi,
COELE, 1> RZO|RFR %ﬁﬁﬁzﬁ_&)@%ﬁ-fiﬁ 5. @)‘E’Wﬁ?ﬁ%&*b% &:{fﬁ@r /]
K?f?éﬁlﬁg%@i)‘f’l D@ﬁ 0 Bkdobns. Thbb,

61/ Mlgalw V Mlgalm ' (28) ’
% Aﬁghn+um~wdﬁmal{ RGN ¢y e - n

;h%(%)(%)mﬁkbf@ﬁ@ n%*@%& %inﬁﬁ%bna

- n= M1g¢1<Ms§+M4)//L(CI1 Gy) e B PP P PN (29)
¥fe, KT OMEIE ’ , ,
o 1?ﬁ%'}“”’“'Tl—2”\/11/(M1galll+u<1)) ...... e e (30)
L K SR T=27y/ T, (Mgt ) ++oeeeeeeeeeeseoseeeeees e ............ 31
‘_’g/a\#fg—} """"" To—Zﬂ\/Il/[Mlgalzl—FM(l)—rlllsln(x {%W—g’f 1)) - (32)‘ :

’C%%ZPB @%4%@151%%1%[1 T, T, @EEI%ZJ:L’C?&%)T& ngazlz>ﬂ(z), M3>,U'4» M3>#5
ElkdE,

= Mga, Mvgdz oy e Seanessannaes eereeenes
(2 1)211 (2”)21 h (TOT2) - ; (32)

coie, EBICL 5T L=48.2x 10" o-on’, =154 o on’ “63567%&;' T1=4.0 sec@ké’%
%‘5%11_&}2 ﬁ&’xkb%« +% & Table 5 OISy, FHEEER f§®ﬁ%ﬁkb$xﬁﬁl <HED.

Table 5. Observed and calculated data

Ty (sec) 4.5 49 | 54 | 6.2 7.2 9.2
T, (sec)y | 1.00 115 | . 1.2 1.35 “1.45 1.54
feal.  (x10%) 0.37 | 0.59 0.86 1.3¢ |+ .23 3.7
 dtobs. (X 10%) 0.44 0.61 0.88 11| 2.2 3.5
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