PATENT SPECI FI CATI ON (11) 1293160

DRAW NGS ATTACHED (21) Application No. 32548/ 71 (22) Filed 10 Dec.
1969 (62) Divided out of No. 1 293 159 (45) Conplete Specification
publ i shed 18 Cct. 1972 (51) International Cassifi cati on G04B

17/ 00 &04C 3/00 Q04B 33/ 10 (52) Index at acceptance

G3T A4D A5X - . i (72) Inventor MOTOYCSH SAKAMOTO

(54) AV BRATCR FCR AN (71) I

G S SUpaoat d po RANEN T SHECHEIGATION V‘?gt“i%i fbo
Japanese corrpany, of 3-4, 4- s n ertia body.: R

G nza, Chuo-ku, Tokyo, Japan lﬁﬁ"‘w(ﬂ“g? éﬂ'&p‘gg the 'vibrator i nge g r

di sposed i nertw=s pray that a patent

to us, and spe® ngspeivitgd suduE NNt 298116y U- shaped to pro-
by Wnlchf‘lt |s 0 be perforned, vide a pair of spring |egs,.

of her@ f) ﬁ?‘h@!&&‘h‘ﬁ’ 5%9% | Qﬁ% Ffﬂgc{ 100icCivepre  Symret

| eg o e(ﬁhﬂpmnleqeép%ﬁcaﬂlesevhh%é 13 Retali2by the being : ‘\‘:E@/?
one of sgid |nert odi es t :

at a poi it i nter g'ftﬁ’"‘l"ﬁ%alr%”g%@%mgf s:ﬁ 1) i }7663%4353 (Vventi on rel ates
to a vibrator for (5 IRk tak UeceptRREt | @ body, each said point .of 55 10 an
el ectric timepi ece. Myifr PR a8l arly, but connection being at a di stance
bet ween one- ) ﬂg&ﬁxmﬁ,sgmntlon relates toa third and
one-half of the length of the spring vi brator of rel atlvely | ow

frequency, i.e. of a leg DA memANgEWBICOTMEﬂEmert ia
frequency between several’ tens of C

cI es ¢ secon%
several hundreds é)ﬂlléXAcIW%s W‘bf ;ﬁ“ﬁ%r&f F'?‘i’ﬁefnuﬁlgs
apanese company e
60 15 second. chome, Ginza, Chuo-ku, Tokyo, Japan, do Preferably th%ﬂntﬁ!tt&c nElides tai Iﬁﬁ'ﬂifeCe
having a vi brat.orheiby declare the inv tlou, Sor we h spmmegrizallya disposed; mbrtia hiollies, alds 50

¥
set fortl aboves pray thatap%@h b Flléinﬁbm gt ‘Q}Wéﬂ ﬂ'i%’efl@
i nvention will nofe rg zﬁgx’ﬁé Seffmea%d by C BeiR i hhdbtel

of low Q: nerely }ﬁ F W th'ref eaenqmﬂtantermedmte the/aiasses biotheuse
in an elactric ti semﬁnudnutelattdsetoaaccrbrq&mfpr n%ﬂs E%bpﬁh' \&irhcdaid- point of 655

20 on the ot hed0 hamelectt %ﬂ gﬂé‘?& i i §§;§§ ﬂ,rﬁf
view of a known o SNEeds ke @ QEdIJgQrcﬂi 168 caticQf QRSEY. biOMle inertia

U-shaped vi br at or grequency betwe@rsE:Q['al i 6 feytles peot badyhi evabl e wi th a tunl n
Figures 2 and 3 aseeongcdndnsateral handrefls anfeeycles per e @b rthey figsn g0

e
fork for a watdh EEE{,% ni thefﬁg% ’}Sﬂaﬁ’ﬁnﬁ of a&&%&g&ﬁ’f% ving a V%raortaﬁe |

construction and @igh\(®RMlhed®. The invention will now be described,
70 25 devi ce @ch mvmuﬁ arbgaﬁchwhen‘tof lobvaml axrerelif byt way of exaﬁ;pguwelsretmncem

and 4C are respectlalueefor use in an £ r‘ll%%ﬁ schemauc meg}{?ﬁ TS 65
di agranms expl aiZf e‘;}eg%‘h !’:ﬁ"% ggr%d 5 qQi tplecau e of qnl gh
frequencies in- t roméh Y hiéﬁhbl% with ahmg acEgrrebl N@nd G are schematlcvdjzigslami
this invention, fork Moreover, gtoelntor prvatsht icgainiag: the principleoefi We paesent in-

Figures SA and é?@ﬂoscﬂ e T e PeirsDUAL 9B LT 4@ b hdohie "
ti mepi ecel whi: ch %%, r‘%'rgfml mﬁh @rpaytefsl fasagRaghs tekydaifling B b f the gravi- A
vi br at or pr osci | hmcmt bw{métcﬁmﬁdﬁ freducieies imf tathealpﬁeéds@nta i vibraort m@nrdmghmm

respectivgly Volvedfrom tlon rror..and “‘V@ £h

N vie
and side el evaty mfor zien;ﬁelﬁ%f wﬁ?ﬁxghﬁ %ﬁrbm&tdfnngggéfmmpa@&nﬁ? lés K

Fi gures 6A and EBaa ﬁiﬁ:ally free of tlieqiresaﬁ itvanton] shiown RespeRtivelyt -
undul y conpl i cat e&omppwslmrﬁmt auéllueshl@bmmedn ‘%[gnsi ﬂle@(gon %?‘3
'y 53

According to the °s°‘ iar iﬁ%{l ﬁ%ﬁ
is provided a \gs Wdﬁgﬂg %Pgeﬁu ﬁi@re paraEis@ﬂF@l&m

respectively apl @provided a vlbﬁltcﬂ(fer ﬂO "“’ anlc'lT 'lA an fﬁ@ﬂeﬂmlybyplanand
and an
an el evational vi @mcqﬁonmnmlgo H ﬁgsel m an qec%r?c: timepiece accor?

eF
ends of an arm affttss %{"ﬂf@ﬁfﬁ@gﬁ:ﬂrll s Dhd Sresent inven.

spring connect g t, iste e enAS of tHeQhitkek, th&@r-t QioAN enbodl ment of he present
i nven- 85 40 mfgandﬁewumsclt thet, @nepsratién, thee - IE’g@fels lé?ﬂ%uw of anjelgptric time-
t

rangement being. sem’ﬁlat "BH’e P“’cﬁ ﬁ?f'!i’ri"‘\’ﬂ"@sﬂfeof
an electric tine thl:'f é""‘g};& Yg(’fgfom tyl I apig&e 9 &l AtirdoR dgag,@l ta&Bciated 90
spring piece pst\distE&éli datawebmmn ona-tlﬂndcavxth&bn:teneplece of Figurei8n a. pl ane
about the point ofand:g'mt@tf,lof@nlenmpﬁthﬂ@méff%ent Figpig el {Sogpother. embodimengjof 4
the spring and has alReatbm of gravity Figure 9 is a circuit diagram
associ ated 90 45 di sposed at a di stance between one-third wth the

ti mepi ece of Figure 8, and one half of the length of the spring
from Figure 10 is another enbodi ment of a [ Pice 25p]



2 1, 293, 160 vi brator for use
in an electric tinepiece in tively, the follow ng equations can be wit-
accordance with the present invention, and ten: Figure 11 is an

electric circuit diagram show ng the circuit associated wiIn th& vibra-
[err]x =R (1 -cos [err])-h sin (1) 5 tor of Figure 10. Referring
now to the drawi ngs, Figure 1 J[err]y =h(cos[err]-1) + (L- Rsrn[err]) ;
(2) . shows a conventi onal suh%}?,al%l ally U-shaped + V|brator havi ng:
masqpq 1. positioned at the. ends of a substantlally-~u;*shaped

spr | ngvﬁrath for use[if I’ah]eleﬂ:@icltiihebib& ihortwveIff the 1d1ldWing Gqua@bds- oaﬁ%e'vﬁlt-V\eTl - known
GHOP Wethctémpreeenbinvwmpatahdn tgf: each mass 1 lies at about one

th|rd b -f?zls td‘a ajf the_gp from he res ectlve mass 1
[er rk torof % oﬁg&{l‘fr equﬂlgr‘{g’f/a of&’t hi si {lunl fc?rﬁ%“ I)cos[ ert -+
+ Rcferrmg nowdio thé dmvdilrgat]ﬁgure/ar i85 :n(caooonmmne-mmb) i tsa)posr '

21 4ghows 8'°°nvenu°t141<§¥bs stm ational field. Ref erring ‘now to

F| gureen'%’;at‘(ﬁga % °sm°n nngthﬁerl{] _ L' tia bady includes §b7§r or arm
3, gbownhérm of 41 okl H ervé kmown+t . .6 (9) iy masses 4
and 5 &tat thtegzelemad rohtumchf each inass 1 31 Bl 20 masses are respecti vel¥y -
denote nn °“erg“f11 ecuve m‘;%&‘Eers rr[err]o ang, rr[ grrl. The centre of
Omttrm f $ |rcgspL1h1ghq_r _gray_r_t_y Qfy this

ar r dngebawi vatesde &b@ftﬁh@ 1thpiﬁl\ﬁd‘sis -and - substzttum ngst he equati‘ons (3), (4)
by t hetigne aemeaﬂo%ltfeld G Aspring 2 is and in equations (1) and (2),

we obt @;E?ﬁﬁ‘fw tfrbﬁgf 35? ;g Egmgt —gne eq_d a jand its othg)r 25 end is
connec adios a0 lits hdlb) 31L 51 'p'o‘r'nt b ch is

i Nt @0 nmadkiset eret h@peeutblyrrulem b ethe x [err] (= -h)- - (6) 4
and 5 gﬁﬁt{p&é rsallcﬁngt 1s a@ (E Xs mttmg terms of 8.$o qlthetha thigherof gravity G
The le r L and

L hﬁﬁﬁohh@ldwshﬁdnéléﬁdgﬁis%ﬁi&&)%ﬁéran )axe ar‘;g%g h%\r\t‘ﬁ?%?% Hﬂg‘tﬁ[err],(- --)
(7) 25 endbly cammedieds to Mk dary pharox Het gonpri si N parts 3, 4 and
5 wil Ip‘?ﬁd%- | $0p SAdmased L kar? & al's of symmet ry G shown in
chai n- ggg{r;epgm G. fmgre gtthﬁi@EﬁfmngUCh snal l er than -1 - T'ines, ang@-
bros?emlls dmsteé mder%mgnad%an%&lh(a erli)or c?used by tmh)e oni s- 35
posrYti | ¢ dyy — S of the hidher powers of
[err] ?ﬁ ;’;ﬁ ﬁgg’f '1-1ine p8sitfon of the.inertia extrenely
snal Mshowaquaham dotte®OCYs 10N Es avey Omudbarsn3ldFBlghs an angle [err]

Wi t gs &%ﬁ%%}fﬁ%ﬁn?ownt ; r;ir{ems §¢dlémnpdh¢ttermheq:aesed bytlhgru ?m ségf symetry
M d rPly P siohuf t 8n@Busly
For th%“o?lr l&%ﬁfgﬁemﬁ%-woﬁg%@m 6) and th%%gtm g'-p @%‘ﬂmm position
error maaxl.hﬁs atrth.t ional field camhAxanbrAye:bdomeﬁab ebidly et hods as

f ol I ws For theRél i %rré&ceﬂtﬁbfhem%:and 4C, ‘85 firstly by -
coudd ieetm S B e ”:rgz%ri e 4rtatBthde4% it ol e
Spri ndfirddy by caﬁdﬂig&lié’cehﬂﬁ&é Qndl&k gfﬂhaf thé Sprin te and 't hat
t he | ootesy ofertinp bpdyn tcofcomd;t@ Wlth ibenusrlaimﬂaamdmhat ﬁncusofmst&mcun y. by caysing

centge‘;’heg‘gnaga o %m emﬁ%afg gzni;rﬁé’f %QES&B'«‘%I heo ‘;‘P@e of gravity G

to MOVE Bnbirly BaRE Giab R4 sh Akt Hﬁuo ‘riﬁnét?“ Ery,for » and

~ nor mal &l gttﬁbatxise( axrs Y, that is topaalel td the dedtio oﬂﬂiecyi’awtﬁibﬁa|y the-dxi's v,

- lies 90, rayit % woincides forces shown by the arrow g-(Figmey 4kl el to the
t‘t%ﬁ :

d| rggt) %Zﬁ V‘g ?111113 %ﬁneﬁf}% tion rjgifbeb Véflﬁty G coi nci des
f or Cesst ep@rgr@w& axur @Snsill occurVEbWevk: -@ff%fgﬂ & g0bsrotation,
cl ear | gr 1a\thetreiore climihatt®) Howdver, gn avast astshomabrheijotheazlsebovibﬂhmprso- 50 tional
f or cesPHH ossible ig ‘fdéléttth’q;ﬁ‘e?‘ﬂ% F‘I‘f‘l‘neddlﬁét?d&' the gazm]atp s.no frequency

because L Vi rator ag shown g
var isa-thete is x%f Blaurk Of foba Tllﬁ:ﬁﬁn oﬁ ns will occur.
@.j0blovever, in

Howev ebe, ulhd&rs{'_obgLH’eEcr Hiéh Figibe 3 froner Eddes lafe biiequel Quaati @ Thidpaits
case |‘3h19§1§£‘gn feangd ﬁehaét?(i’@n imy | jop attheomldpsf the azqtsrefcrtlbrct@m atndl s inpossihl e

to adofffs gﬁc‘mﬁc dj P E}&e forg.they eppEhAtdatj onal
becgyse thdlafler\wild arbid ins Bi9h ﬁ) : (7)19&%?% endlh,%ﬁ%ﬁ@f E@gl e a. The
ef f ectgreulir meWIBSr_atiheri%e |A§ anons‘tankedenoenif rgeavidy is givemt byoequatid @).qes f r equency

_g?

-

of theW'F?B t digplac cﬁj?'r" - er ood bett et from Figure 3 from
forces (;ﬂft b G ﬁ%ﬂd,@é?ﬂ of ?ﬁe uztn(glﬂj whi ch- t masses 4 and
5 hayeaﬁbeaﬁ iﬁbmﬁsﬁr.memtchAy r&pd:e of tr'ga(baxghss of vi bration:-“and i nat ed
and only the spring 2 is considered. so therefore they: cancel each other
out and Wien a nonment of force acts on the spring have no effect on
frequency. Fromequa- 60 2, the latter will deforminto a substantially
tions (6) and (7) the locus of notion of the circular arc with radius

R At an instant centre of gravity is given by equation (8). 105 ‘when

the di spl acerrent of the centre of gravrty G at the d| stance h fromthe

~ 1 T 4 a1



1, 293, 160 3 To make this notion
rectilinear, the nunera- the inertia body is situated on the axis of

tor in_the above equation mist be equal to symetry M A vertical |ine
passi ng through zero whi ch gives the centre
of gravity G intersects the

centre line~K of the spring 2 approxi mately L
one-third of the eifective length L of thg SQO 3h-L = O - h= 3
(9) spring 2#romthe free end b of the ¥8P1Hy, as -

To make this S3G0M Yedtilindat, P&/ RSB+ i‘iaanaﬁmadyl B8 siteisdest ael axts of
to the spring 2. thttheabqve@qlanm bmsjfbeteh@l@rsmgn%
represents the cBrRIvhich gyes 3 pin 7. tion foF & i ﬁnﬁ? E‘hﬁﬁ
error in the Figures 7A ang. 7B show an e -u., eﬁecu\)é Q,I‘Qf the 60
of a standard ossi+Latorhef—an electric t(9)respnng2fromlthegcmdbo the kpwing as he
monent s*and bend- piece in a%cordance with 3 is conp
forces affect

f the spring
osci | | at ors Bh &‘?ﬁélﬁh ;@’dﬁgﬁ&m i‘;l nmﬁtﬂfgﬁiﬁ?ﬁ%&Mmt 65

Practi cil ex- toher each osci IIator haviohg standasd psciBlatoof an elecrier fimhce

shows that for el e mllqen theﬁs’%n'ﬂg’@ agxéée)qua %on a:nﬁ inclu mgct:vgloscﬁg)ﬁ %ﬁdll&l%by

S[err] con- 790 jon (9 s not sag:}iﬁi entirely. Practical ex- together, each oscillator having al}

springs 2, 2[err perith subwﬁl €N Elafihating the P @th iniasds xrtheéndh4,Miand 5,i% con- 70

between - and 1Ing the springs to a bdse pl ataeddy Wh@sm%sglgﬂga&mg %ﬁgnggﬁ
)Fg'e Vet l pl?an

3 lators aP® " dnmishdie e@@ggw%gwrﬂg on the plate 6 symmetrically

about an axis Z gnd oscillate in the sam®  about an axis Z and oscillate in the sime
oscillating plane. Pins 7, 71 show respect [ vebo;&laﬂ@plane Pins 7, 7* show respectively 7

the | ocations of 2t he connectlons bet t he thelocaﬁo the ’
vori et onof (R R s e BRI RS o,

15 going, the ap 9§§li|§u Whiclﬁ‘ el Gtareine eﬂioﬁ&n o to thé poifit] b MCHiguge At
points on the ar bady3ponsisting eﬁ*nimEBvasmamd and V\thuhng mew rtotthe pmibogdémant ahown 80

3[err] correspondiand theospring2 inshapn.pA pin 7=F Elg“f“ saﬂ%%&h%:‘ % arm
3 with rasses 26 ﬁggchonn [S ‘l C S ng Wab se@% R Ei daﬁd

the spring 2 is Wund\tfat Mhe! p&Rion drfdr vaks resr &eaﬂd tithe Hakee Mhe b@ﬂlsﬂoﬂwm an
el ec- nects sisoidalbr when lﬂvdylbta@rt fhows i Hdh@a’ed sPpring ltatﬂgémsé@ﬁve 85

t ieBTes 6&“‘6?3 A t
(T ocorT Fat o o MRl o0 Sy S mmr waﬁﬁyﬁa?ﬁ&“%ﬁ?ma °

position error Vvpira@eer )E ﬁfmuﬁahasbséissi |bemg I:lreset SIhrla4loS‘medpbcamiy atdbmnds of its

si nusoi dal | y whennaleh a9 rpferiecoto in i fé . Baeh ¥ g 0
respective 85 8. %W@"‘S@rc'hglh‘ ‘5 i :@eﬂﬁ‘i‘gﬂg ec,i’t ggéﬂeﬁe egs
2, 2[err] connectf@gu&,xﬂyr %m%ue— where ff 6§ tHeN Gedtally @b ecte \¢Bilsad, 9* are
sinusoidal pins 7, 71 to arns 3f 31 respectl\le;tatpsl lmf ttmnu% spape\etwegny ¢h

s L e R SR

Slerr] respectiv gytoc'aie L bove antl Selow theangil.e Bbﬂﬁarﬂiseﬁ esirae jbised hy Fhegur e
4C, whil'e arms 31%83[ err]. Each_ of the nassespuns b2 tﬂt{ZfrggatCGat Olnt

ordinate is t e aﬁﬁqsmﬁq m%ﬁ;@wﬂt 0&%@8 EEEum&@nd of 100,

magnet | G obtamed with an oscillator of the ¥ ki@wnalp
fixed functi ansi:l;g $/e st $Rihavinga springthegd fof itgs oshilatorcie tramsfgrin QOhetlamnﬂl

|-|

Respecti ve Co, angl a natural’ frequency of movement of a ratchet wheel 10 by means of

e 1 et R s ey AR .

t he frequency r RicliB@aied Oblp v padeqwsa Aato [Aabthé: r 6Hefikd by a pirels or .

As can be seen frlémnEi tlccelrSGAhedOPeoéﬂlpﬂlaﬁt élte,w
det ec- has,a “Pﬁﬂh"ﬁt‘ch E;i‘ﬁ%ﬁo . d‘eversFl IES’H‘U%PF 'ﬁw%ifh
SSR

coi| 91 serving geus ‘“"“iin‘;i’h oMok | EohaRese: wael 106! owist ho

coil. Both arns 3nert&lb(ﬁ§' and’ menexéthtx;t thehepring rmmgd f9:a'second-hiand wheel 18 by means

spring legs 2, 21 IncFI 5 Iaaltle axinef ‘08 a pinion 17 L
relation betuwe Nﬁﬁ% %ﬂvﬁﬁ é% nTlﬁ:dl&éf?%h t?:&gl}qtgméa a secontd- ?-Bd

ﬁ

n, and the grap lygutseh alyokd make e Scentieh ehaﬁdrls, d ﬁpstro oarﬂiegtu

corres- obt alqﬁgdww GHieam ths aiid Matognake fthet higom O%;)l nt
b of Figure 2. Cﬁ@ﬁér IERTTOp ero, ':‘heom > SRR mt?’lAggﬁi rﬁ%‘)}ﬂ% Sq@ gt h
of this oscilla dfobsahta c&;ﬁ'(ﬁ; & bona eﬁmta@datehet 120

natural frequency o an)verrent of a ratc et wheel 10 by nmeans of 40 16.7
cycl es per second. Fromthe graph in a spring 13 having a paw 11, the

spring 13 105 Figure 6B it can be derived that the position being
connected to the arm 31 of the oscil- error is elimnated only when h
is equal to lator. Another spring 16 is fixed by a pin 15 16 mMm O

cour se, the slope of the I|_ne and to the watch pI ate and carrles a paV\A 14

e " o -



55 elimnated when the centre of gravity G of In a practical enbodi nent,
the ratchet 120 4
1.293.160. . _Wwheel 10 i,s driven by one pitch for every plate spring, it

can in fact be of any form - oscillation of the oscillator and I f the
fre- e.g. inthe form of a beam of uniform guency of this oscillator
Is arranged to be 60 strength. cycl es per second, the nunber, of teeth
of , The illustrated embodi nent s%%s the pre- 5 the ratchet- .wheel ‘to be:
300 and the pitch to sent inven 284%r ovi de a | ow frequency vrgga- 60

be 50 NWEEDIGis dived by Skic GitdRE @Yerpl platelGtihe it daBlin FRE b&BE. Slyereint,i C ti mepi ece
sui tabIGCIﬂ@OprQﬁ -the oscillator andh dfdthé dre- t he. mrebtechen ofiree dbamni thunlﬁtzahve vide a

wat ch v@'f%;éﬁ %rqnmg‘ﬁ?frge{f“z F?‘e . nut' e, f now 't he gear .

. b
ratios e JihePRIRaD GRS iR 1 S hveias Frjt,@e?@ o low £ %rﬁii hgo r at chet
wheel abedSOtniierosseaoouder diaffetel bitSuinmdn tdidotor nitaible tblers-10 hand wheel
is one ?h‘?lrtedépx/éle m E@e r?tithh%l’ﬁ'é[ 93V3!9§9y1th|1,wmm1@h etlhere is clainet in

claim Rauons P Lok sl tl‘Zﬁllr it _ from, vi brator for
A%ﬁ@ 1169) in § 'cﬁhﬂrer%% vk 640. .

con

an el®chand Gzhétgl Hop tatweweptﬁb second- N

pri si ngwheel lsrmnthean dbmﬂ \engagemeedwitty lnﬁAerosatorforanelecmF epicee@®ma battery
direct ® PF‘ tOf t1°t he’ epd He ﬁh hcf"lal“g , source is
o, oA, s R, i, W gﬁh bfatng g ol arm
the 1% ﬁnE:IcEctﬁtIZlOvlrhldh i? indishtec By & Blotind a@aaig nbyeuag th%rsﬁlaﬂﬂ@irem bei ng
such t hiatFigire Ssmddshlwnlyn nfme detail jim {5 mwmerttwallmmeadet ail in in
orer ot G GE S oty AT S B B Ry i

bat t er Vet hidds 22 Qitbw 23 %the 3B plane €arthed on
t he oatdidouipbfiFiguk St.hIreobnytlawm aonde- mmgnnimraﬁat h&nﬂf togram/a:txy undgr goes

subst anfecting coik %and thy drive calb9" arrhawi | x Srew 23, In the t|aIIy rectrlrnear
di spl ac SR x%{f;éf) ° "g‘pwsggi =\ "'61_ t he de-
and in an éreﬁmlga&zeorrra to sai A¥du¥p nsmg emab b(p ,%% 9 and the
dri v&s coid. thekxabad}m@tdﬁgmwrs and 9 ths bmp at thereedst afdn i, andla speingci r cui t -

\O

corrpr|s°s°‘uat°‘\/FiA‘P elegt WG‘F%”Y’ but  cong 3% 9 Roint Rietedisly B®si stor 25
7 AL _fs;rtva"mmfa T mﬁéﬁ’%pam@m@t@wer rangesto

26. 10and 11 r| si-ng hthsl femutmlsa aﬁl_nys mugninda Planemasses 25

In t# eﬂ’b?)mc#b Qbou;llhepmenoe ezﬁonatthﬂlh@r@adgs of an arm

and a. E‘éﬁf’e ;? | gjxlﬁ ‘ﬁ ﬁ&ml connect ed
to sai le%&i&laélrlngifitﬂp catu&h mﬁ e%a% J$ptifaflod 4 gﬁaopfﬁﬂ?ectrrc drive

ar r angdegsra, %‘ tthd)emhdléheotile Iecthateteer of bdneecaon aageamethb spengngnd the i s .al so
poss?bigent FRds ?’ Seneh aplified %} lﬂg@ab@@gh Lhat 40y aperati png, t he
inertiay é’lg shown in o é(ﬁ wherein the v1brator mclud pair of | ates,
rel ati Vidgute 10 Af b B §deil Othe Riréuitdinan Metdially dispdRel &t b ?des@mq?nngr gure 10
conpri s@ﬁgﬁ tlamtw 2t)heb igresisior 3d o nheingt sttbstalmaﬂm U-shaped ptoi prgvide a

i ez - St c r avi
o SR e

er 0]
di spos a,@o

di stanocéﬂtmettvwmemarbnﬁestbhlpmsl7,aihwcaede gﬁdiherﬂébod eaeliaﬁxipomtoebmmt 27 err for

causjn tq‘?@ fefer?‘ﬁ% g? i %Iﬂm oj nt | egs
2, ZJf Ropies i"d E& L,pctg tggen the -
spring ta& tﬁ5eleiﬁéiﬁs22 &271 nbfS sr gn dn-an iqgertia
body. hnuteémplthefetxemplelsihmm Fmresm)wn 3 nAa mcludrﬁg #ibrator as.

cl ai gpdy n":ﬁy op le g&‘P@“’IGS alﬁ‘ﬂle‘éﬁbWﬁ“‘t hongkm Zetail in
wher el I’}hnﬁﬁ ﬁgge@ daair of symMELEfl&ggbe 11..2As Can be seen,
t he crfbmarubnatm:atlombﬂl cal | Ly i sosed i h egéritafob Qitk- Applicants, d sprr ng

e 1 esi stcﬁa'h red; | Mstant ially U shaped
N “wpair..of spring

cl udes Ittsli%éb%b rstpod that Hthgugh b

to PO eortﬂgﬁejnl

Iegs ea sprr ng | eg being . [T e rrat chr ng .The spring Iegs
connect ed t O Prim éor tys Statieng: Dﬁw '.&ﬁbn(abm )Lﬁd—IZZZ[err] are

connect ed to rP§ %ﬁ” Q?’M *at e the masses of
the respec- . of the two inertia bod| es by pi.ns, 7, 7[err] Jocated tive
inertia body, -each.said .poi.nt of connec-. =~ as descrr bed wi.th reference to

Figure:-8: at - tion being at a distance between-one-third: 45 points
correspondlng to point bin Figure 2. ‘and one-half ‘of ‘the: Iength of the

spri-ng leg . It ‘shoul d be realized that .the p05|t|ons of from the.
centre of gravrty of the inertia 100 -the piezo-electric: ‘el ements 27
and 27[err] are not body. limted to the exanple shown in Figure 10
3. An electric tinepiece including a and may be placed practically
anywhere vibrator as claimed in Claiml1l or aim2. 50 along the |ength
of the spring |egs, provided that the latter can be given suffici ent
de-

J. M'LLER'J&CO., for rratlon at that Iocatlon

T r ‘.l_l_ A 1 "

o o, 1 I T T T



10 ..|.:s,:.d ven by one pitch for every p‘I ate sbri nig, it can in fact be of any

5 e s AR -
1at '

is drranged to be 60 strength.1,293,160 " cycles per ’Q

:‘. dt chet whel)s Bed 6% e D {S%G1Y t Blatessprps. jitpB AR fashb P |
| ow fr sfjuency Vi b%é%lc &%cmaé%m%:ﬁb %ﬂf EB TP Qg diaiet er
of 5 mEis tor forleniperciecmtly the dulmb&PofeSEh %ﬂl t Gllis@ated @mbodnnents of the pre-
obtai ned for thé gla ehet wheelsio|be\30Q hldtﬂmpltcb mvs%mmnﬁmtprmxdvalhwtgwxﬁaﬂbtwoﬁo

error. * Imcmns Sﬁ“‘n‘& gor f % 18 P10~ The
present -appl i cat | S o gr W the eoar ot v“rifhi Dreseat EW%@M@I&&QH
wheel afd the sechtgsen tifep etasbheelrhndl‘ﬁe seG&ﬁBgéA@ cauio‘ﬁerNca 60d89/69 (Serial No. '

10 hand wheel 19 sh@ﬁe'h%mtomo\welves fhe sssonsigiand haAep,159), ie 9ich 8o if plaigged Byflaime bl
is claimed in cl lgqel can be in direct engagement withy 1 d EIAfgxr?n%ﬁx m% com-

: X of the 1t'a tchet, wheel 10. masses
engagement with Iy, Ottehy! ikt @hi@&Hk | bilspdobd R el 6 @ arm, and a spring
t he pinion of thesouab bwmhreaa | ¢ ted to an ¢Mch S borgectdd tetwetrt & bash ot said)mmedleb
nasses tric Cm;lét 21 whichy i HTdi tagrgy gt; ilr?a?ntf%ggg;‘;gg peing-guck: l!hﬂaf élm
at the ends of ang a%k; Eolg’@@ 20 i %e - bout ’an at
20, connected to & GiCthe Bg@t EnDas@ned 6 Eadi @ﬂé}goé stan-

15 tric ci rcwt chw%iadyml&dlanﬁkedatrad Inathbl ddly rectilinen gispiaeemeiteins

that the said Bddgircuipof Figure 9 tho battery 20, the den F’i‘dgii’r%dge‘;&%n%w P H’H?‘e »

detail in in ope %&ﬁ‘f‘.ﬁ {REA% SHBREE! calfaairnwd cLam 15:—

Fhgungsd. One pol g eipah 20 &id fxed/ reslélor 25 anPhiine 1abANibraer 3o &n leleétiig timapitdae
amplifier transmtor 26eart hed on t he venpisinghminerti®bedyformghbrmessas-

SAr d"pf'ﬁn
and its Centrezﬁ)f R o ; ¢ disposed at the ends of an am, 51
22 and a fixed Scﬁﬂwﬁ 31 IE%% ;xmé%%ﬂ%ﬂ{ onnectedtos:xs]maa i t e% 8o

(

blel 0 RE&T of G

pl ane is also ﬁ&sﬁlb,r axidi this Bfshdwngn I'F%uﬁs tilek tHag it epenatiall) theﬁdeﬂnadﬁdy osalRd
in a directi on Flll sal XI S, lates, relatively t° the SP’@‘@I Rigpe|
and the drive é 0 compnses a :boutthefcz:lzz &a%'fngdss
in a drive circui ef&ﬁmnlo?‘the legs 32@0 chj\/l d?s%xce betweer Bﬁb—tﬁﬁtp &Lhaltdofand
fixed resistor 25elemid eement 2%, for catisiog aueospnhpr tlarlengthemftﬂla pribg frepiteceid point
anplifier t ranzg slggl t22 lst‘;egegg aT;l:e lelecmc ele- ¢ ipgy batyesnn e t PEREH Bl the
Formed by massES s cheuic 8 3o o ol i ALY o oo 0o Sin Bt 1 990

t he - disposed at i sEdwnadkh rmoram i1 Pivhéi8in the vibrator includes a pair of sym-
oscillator is driKigywedlleds canbenep. thalcirquit put metiorlydspeel tnertis badiks.aidsprin

udsg)a transistor 29,"a biasing resistor; a
poi ntint er medjat @ | Hst W#ﬁf eﬁgﬁspmg i ‘3“9 .

wer_source 32 and a form bemg
arrangenent t he r iﬁoegﬁ ﬁ%l% Th&tggim sald inertia bodies at a 95

is al so possible,z2, &Hdretdibtu&cﬁed; tcshspmlvela |3gl:ﬂr e§01n1$1uféhneﬁfa&tthe imBlssE3[E Itifet espek-
the inertia body of S two inertia bodies by pins 7, 7* located; ( ti ertig body, each said pomt of connec-

e Fj at tion t d1 third
Latesy relati Vg& g% %ﬂﬁm tt% ”ﬁ and o:;-nl%aﬁ' oa theS ?31- I}ﬁa
BB Eor Tsh E)E’@aﬁieﬁ q{p@lﬂﬁ’dﬂlﬁ of h&oﬂothg ceﬁ?c e Qp 'of)@h Wini tluﬁ
SPriNRg T t_heplezo-electnpleblz!gmeﬂe\e 2’1‘@1'6@10@ ody. 27 for detecting the and
has a centre of Spagedne here 'vl?xzatoén clectric timep} d’?ﬁg‘fz
the'legs 2, 2[g§r mgvu, ignga,pg gbmg a1 bePTEs 3 saget i Pt al f
of - that theelhtectcam cbc@nemnﬂiclaﬁ’[der r] for cauMIIER h’ec&prl ng the

Iengt h of the sprﬁo

Agents for the A ar®s, 2
to bend. The piez O'h“ i on bet haiere é? . $eﬁ'§' ange{ L]e
ﬂu f ﬁ%

35 ment 27[ersd dhéw gan&hg ﬁna)da oed |n an |Lr1ﬁa

~arplifier circuit 28 shown I n a -block—torm Vi hrator as cIa| rred I n
claim 1 90 B e
wherein. the vibrator includes a pai fronmffhlobymamaybeobmmed | gure 11
- As’can be seen, the circuit in- netrically disposed inertia bodies, said
-spring - cludes a transistor 29, a biasing resistor 31,
bei ng substantially U shaped to provide a 40 a D.C. power

source 32 and a transformer pair of spring |l egs, each spring | eg being

30 for inpedance matching. The spring legs connected to one of said

- J-nertia bodies at a 95 2, 2[err] are connected to
1:: ve arms 3, 3[err] point internediate the nasses of the respec-

hé“—two inertia bodies by pins 7, 71 located tive inertia body, each

Ol nt of connec- as described with reference to

tion being at a di stance.between one-third

the centre o grayity o

e I T o I T ~ B - L e 1 o L, [T



