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counter is digypl ep-wise fashion with th ted t shift Byio &
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di spl ay. Figure 8¢} thie;hmtsddlamatse Of the. dWFfGIte Weelsuwhlethﬂ3M1t\esarafvdﬂsmus are
n 1; e
o coleres b e S T el sl o
S
of el apsed tine indicat ed | ne‘}t he present 55 dravm ng. The application of a

switch signal 30 switches the tine display of Figure 3(1) to the 55
cal endar display of Figure 3(2). The application of the same signal
reverses the dlspl ay to |ts or|g| naI state. In the cal endar of F| gure 3(2)
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Figure 4 depicts a block diagramto explain the switchover froma tine
display to the cal endar display of Figure 3(2). Reference nuneral 31
denotes a quartz crystal controlled oscillator and reference nuneral 32 a
frequency divider which supplies a 1/10 second signal to a .1I710 second
counter 33. Reference nuneral 34 designates a seconds -counter, 35 a/®

m nutes counter, 36 an hours counter, 37 an AM PM counter (a divide @l
counter 4or 5 determining AM and PM, 38 a days of the week count: 39 a
dates .counter, 40 a nonths counter_and 41 a years counter. Reference
nunerdll 42 denotes a switching adt¥3#4# sel ecting between 1/10 sedond
ceunter 33, AMPM counter 37 and days of the week counter 38, reference
rurer al - 43R0 @lagsicdta Sk 8R mtogggﬁmt swithGVel frBd A‘ﬁﬁ tgﬁh $68Nds counter

34 and 1@a1enddﬁﬂ1§;ﬂayumm‘ighﬁr3(3 Reftreiice m@nemal 31usndiéla Keda SW t chi ng
gate for ap Ftt/mrawm_@efmmmi@demnhts ®5lé1ﬁdecrmhtghd counter 40,

and r %f eﬁ%ﬁgﬁ ‘:IIIE% Uﬁ Cogfl'&gs:e{‘%" ﬁ ?SCMS erforg %9t ween

hour s “cow dmr t}{gul t'aneousl y

sel ects e:mtmm'lanchtar mnder (Rrefmbeem mtesarsdlmﬂtng rebeﬁngons 42a to
45a di splbgiveemi/iQy PM g é@MSGﬁﬂl@ ha@ % segrrents as
i ] 1 usq atglls bainter ‘” ';tg i ?

st ep-W S enigh t&oﬁwersarand%% uﬁamyanda a145 n ru@ek i splay..

Di spl ay. ggcé;tfomwbc ﬂﬁaurbtmmégmv&rs upteedt. csmhnfg srgnatggal s which

dlsplay Fi gures 3(1)

(). R m@r%mﬁﬂ i B A R oo
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and is alwhi hédplesntha‘%ém time system Olamlez@r syse sesshowmpin Figyres 36)) Rntively |arge

pattern y & b ohes o sed. However,
R R
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secongk staeamnbge h rﬁ:ﬁ brody as depic! Flg dSere, gefeiciideindineral h&QnWi td5 25  a
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denot es ich’ ?5111 mﬁgég e})- “%0 ve ngtggpﬁﬁ (¥n the ste -w;es'%?s%[. m nut es and
seconds  afrengdhi &QJF mﬂtf sty dedribed. 10 second are
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5o deno: A DA oL SR 0 e cond
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refer‘ésnc a |2 rajge ¢ cfor seconds
R e R g

decrdes \aimhtalneaxmﬁle to ass or bl ock a countr n gnal suppl i ed by

fr equg 1 S| ée"%f‘l’ dlgl% gﬂsla n S R
to :
orr S0 Yrpaean® setin B ﬁ%% N mmﬁ% i
| atch ci ek ElagseDtims Wﬂedhﬁu Mef & plish6E by QepWied, | t is also
possi bl e cerpuly rvguludelaaortqi erbaadsofrse mfstﬁwtq U shNStartmw ltahmsvhraig a net hod of
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and *hiba Mese SRS j/sial & Riufigh ﬁedﬁda& gyen b dynani c
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per m ssi @ettd”‘%‘tmq tt:%(“!fé‘t%% %p@eélsnlay ggﬁ:@eﬂﬂfﬂw displapesod h? then di spl ay
the n&ﬂe%i apall el Bbrolih B Y atﬁiﬁéﬁt“ t% B BERIEET{ hgre 1
shown a di’dif.) oAdart &lesﬁlﬂg 1sﬂl'th@-d titai a 1619 R @ddpt AR GRS dnb A

chronogr atptlﬁpésodtmeﬂmds foh &ite' lltﬂamCdné stvvtserde ax,odatt avwdtﬁtm inFwigjelr the 7( 1) shoes an

£
te: ﬁgsg gliec (E:g %(I)gg gg“a %‘H%};Iasliu@l ?lr;%ghi% al Wl rogregmérg élgﬂ{g%norgslelt szfed

1/ 10 of a second is -acconpli shed by step vm se currul atlve i I'Tunination of

t he band of segnents. Figure 7(2) shows a tinme display in which hours,

m nut es and' seconds are represented -by nunerals while units of 1/10 second
are 55 represent ed by t he band- I|ke segrrents V\:hl ch are |IIum nat ed

. P —yr " o - T I o




circul ar arrangenent may be adopted as previously nentioned. Figure 8
depicts a block diagramfor a description of the contents of a digital

el ectronic tinmepi ece equi pped with a chronograph function which is selected
by a switching operation. Reference nunerals 3T to 36 and 52 to 55

desi gnat e the sane conponents as previously 5 described. Reference

nuner al s 66, 67 and' 68 designate switching gates for sw tching 5

bet ween S | s from 1/ 10 second counter and 1/10 second el apsed: tine ,
counter 5 et ween si gnal s from secondg sgoypf er 34 and seconds el apsed . .

time counter—
el apsed tine counter 54 and betmeen hours tine counter 36 and hours’

el apsed tinme codrhler afrﬁx'gemene adeptyd asptehmliklynge:ﬁiogﬁal 61" 10

si mul t aneousl y sé‘?&é éal atnf@r S‘H‘P“@Iﬁ ftsrof a digital elpotnotin '
sections 65a top encceeeg ra‘a e%ﬁ ¥ Eo“g"' %Ppgg%g’gon 65a
has a row of sni gécrivedndid mtna |dBsignhfe Wivitch §“ switthid

di splay in st epbﬁt\senfmhls dmmll/m)se;md)cmhntenlands 180 s¢comd clapsed i cdawensp, units

of el apsed ti mebety “Eq 36'3%3 dFG'ﬂPSé‘ﬂ‘ ‘F@P qr 58: he
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of whi ch' six ar eltt%He &@Pﬁﬁé‘% P$eﬁtltalﬂilstl cztgdl 168““1 12)§b g%&ch I n
the system adap %é‘? m@'f@gl gﬁg& rese m%&glﬁw encg20
il lum nated so h &en 1ef® bﬁxﬂoﬂ:!u hith é&radwrsﬁes AtQiHe HEGHRE Nt

segnent. | n 29 goki® se:(oﬁc)s,eade Q tsys fbirda apteld lme exh df thesesixtsegneentstitiediGOuatind 20
seconds by flas Frg‘
are the two re -.'-'< R
to indicate AM Blﬁds tldfsplayin&IasetedxptawddnﬁdxgasemM arnaPﬂBIfaLttvisi ligaidctnyistakis e
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rate. 25 1m g;mgtt g;é%‘%%r ey L el Rt o
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denotes a switc wbmehfaﬂaﬁwwm fgmshed

=~

control switgh, pamduslyedescmbnd;e nurreral 62 desr nat es a se rrent V\:hl ch aI | ows -

30 - Figure . ft‘,'i‘ ﬁii gé’sﬂhir»se&van meaénammg Gure 9,
shows t hat 4110axe€f lsﬂymemnbaﬁunﬁirﬂma gn alflish Glom, Iahdi80 5 at es a

di spl-ay ‘f or act ewitching ab\mnelnt &3 the mani tc rReéqrelcase to
denote the d%;:/ n er J%lﬁ?&% ;:ﬁﬁﬁ:e %};‘Eﬁw m A 95
dISpI ay. Ref ereﬁiﬁéeébﬁ epzé ﬁ§coﬂl ?hl et FoB! Q/lO

swi t ching si gnakecgelnmrtadnsnhyb gtnhﬂs arg [dispes btatwﬂtxm 1©pmacd fgatn@ﬂﬂaaﬂo 90 mach @k

swi tch. Ref egengigsessemening gieg pdpidy S° nt to
di sti ngui shi ng ﬁm%m ﬁ%tjg,epgﬁ‘,pos o ﬁiﬂ d[ag\ ti'e
di splay for a chkigneagwhiphareRctivatedhA cunrtﬁa prediatéd oxﬁ oaécends of '
represented by n%wg;ale?téga @Pﬂoﬁhaaac tsumittsrﬂlt Veg lﬁﬂe

second uni t s45di “? 90@5to
90j, each of thﬂﬁg 6 SR )lasé(sf atﬁaaa& h.&uab Mnéiéls L vatTon
shifts from S eqndiguret li(aé(alepxctaal ione elisp )rzowleoﬂarprsplay énhesetmmhaﬁl

segnents 91 ran Ptf-t f??"ﬂ ished t¢ &5 °’9t d‘il ta‘; re for
the purpose sof AR éﬁ?ﬁﬁn e@ﬁc “"ﬁ’a)?%, R 2égmergt)s
whi ch are acti vag sy dea’ere r&ﬁrafaeem Qghafes aamaiM ﬂgrmnls éHoﬂvB tseeonds
of time have el atplseteld Fignr;égm thowna C&d{ﬁ%gb '%;ey whl;llﬁl{MQf;dttafzblt{@edin l%)éof t he
week and AM PM spl ay.
Al t hough t hessr Owl\,ﬂ ;%wﬁ%&#me %’ %gl @‘n 01}% ng Eg %ﬁe‘g&#&y bas
arranged to onl Fagnrﬁelarﬂhmnateshaebldq difanothér erdad embSdmenmf anl elechbmjeir €s

11(2) and (3) atl |"é: szﬂaaﬁ‘e i grore ear
Figure 11(2) defdaf [_ lﬁ%@ﬁ %‘%S (E “c n Eg@%

These -di spl &9 Sbﬁi)tﬁ&;lgﬁgleoﬁtd!né Brmese dﬂ@eseisapsra w§| rre di spl ay stat éoby
a sw tching signal 92 -forned. by manipul ating an external. switch. Reference
nuneral 90b in Figure 11(3) makes ‘use of--a 1110 50 second el apsed tine

di spl ay segment of Figure 11(1). In the diagram days of the week-are 50
di spl ayed, . and reference nuneral.90i desi gnates an AM'segnent which is
shown to be activat ed. Figure. 11(3) shows a cal endar display whichis
switched to fromthe tine di splay by nmeans of a switch signal 93 provided
by the manipulation of a different external control switch. Here, year,
nont h and date are. d| spl ayed wrthout changr ng the day of the week of 55
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7 1 575 479 7 divider 102a ...16384 Hz
7 di vider 102b. 8192 Hz 102c. 4096 Hz

102d 2048 Hz 5 " 102e.. 1024 Hz . 102f 412 Hz 102g ... 256
Hz 15 *  102h.. 128 Hz 10 1027 64 & =fT 10 TO2T .
32 Bz = f2 102k.. 16 Hz = f3 1021. 8 Hz = f4 _1Q2m .

4 Hz 102n. 2 Hz 15 102o0. 15 .

Ther ef or e, in order to produce a 10 Hz standard si gnal (1/10 secon ,'
frorqthe di vi ded si gnal frequenq|5e§ 4% obtained from frequency di 7V 02
and tte LTybl at—controtHted—oserH-ater—eseHatrg—at 1Lpequene+of
Jerr]i.e., oscilat a fret a frequency of 2P according to 20 t he pr@
ertbodi m;silmqer i'102a5.1688¢ dsar y- 't 0-enpl oy a frequency source capabl e of

provi di ng 20% bs;%glflzfrequency the lower Fimt of which has a val ue

cl osest to and1 ae han 10Hz, nanely a frequency greater than 24 = 16
Hz. Fef ¢rence’ maeerans 133 denotes a frequency reduction circuit sshich is

. supplied with 1%quéﬂ12:ﬁzs fl -to f4 and adapted to reduce frequency fl by a
ratio of, 5/8. "*Ci t ‘25 renobves 24 pul ses fromfrequency fl which is
conpri sed of 6 zpul S Q ¢ ach one second 25 period, and then produces a
freq¥ency si gnai2j-whi ghmeangs sts of 40 pul ses over a period of one second.
Ref er enge nunetEks. 1064 Harrd £105- desi gnat e frequency dividers which
constitute a f uencgl iviftler ‘circuit 106 arranged to divide an input
signal by 1/4. 10bhe. mggglt accor di ngly produces an out put si gnal G having a
fregidendy of 1002bk.. 310Hz - F| gure 13 is a di agram show ng |n detid&i | an

enbodi nent r cui ed | ure 15 is a
d ;

o ng et iterk? Vel f@%@%@.ﬁé&%@ﬁ i n

corrponerokﬁuaﬂfr oﬁl@ﬂﬁ@t&&: Ratysrelde., ueh@ot 1anbdimihg:ﬁt e inverters,
~and 30ef eh@resentwmbedmbntn sneaesawp pmplpxaimnencxemxpp eidipeayiding f 26m t he

f requenc&(fm%'lg‘K e"g[ %:E‘ R Y‘fck sédﬁ'ﬂ%%‘%ﬁ“d‘? a‘Pq ?fft?’l%ﬁsw%nst ructed by

NAND gat eRe: ' BalcBonl dikeGit whRkh is @Bplici Swi@dapted to

prov. de fa:quenclbqoﬂtto sﬂl gmahdaAted Hefreiumfre;umm %% akdtd afevRilhs cauitAND gate 35

for emiG‘F?Y “ése%ffqmlfqu FﬁYff}Ef ﬁ lFls e%hloéhse@.lﬂpl 2&s an

to d

out put %ﬁﬂg@fm A seésm 4Ok or removi ng

pul ses R/fréquery divﬁi}kleiﬂﬁljt byem dhe QidupUt si gnal C.
_Ref§enm d@mardeutmte&nal GcIGRVI 1001:1&10 es_a_signal D from

fre en%mf(ﬁl%%?*"?gm“% s‘ﬁﬁ%%he 5 :’QF*?‘ f‘f“*@éocﬁl‘é‘é Wit eFii,“; updPi ed wi th
signal s Refefeh ﬁ'ﬂatifn%nefsm felonch 10 Oper - 40
at es tonuﬁaiaVE.l]mjlcﬁaﬁtBﬁ.:enﬁﬁn@.]ﬁﬂkerﬁdrmme al$1. Qiradit filisexcept when

signgl s cmptee%rf IPGRE’F Ftnlcteé\l‘vw NOY:

m

_teeiﬂépsn a# anj ate 111,y I gic level.
Cons Squdff 4922 X g*jg&e?ﬁff £ oMol cos Yone
second Fl&lfdrﬁﬂe Baesi?gn ah NOR té/f és Mgon® Fré hdy 106 so as to
provi de signaf awh@lwavhesn d%pfe@ﬁfncelrﬁmelzallmgenotesalﬂ @ 14 shows
cnotgeer G w@, ztff*a'% s S ORI e (ymng 45
chart - sV dflo lsss! F4 1 %&1 Hrdgu ﬁl éi‘:EEp a$sA? Beﬂn@' pa
conponernd attand—l&melogm ddvels ewhene fmsrmeraabws Io vblhﬂo 7m1mgnneln4nver ters,

refer end’é"‘%ﬁﬁsrér fPus sglubﬁo@esveaf ‘?He %}?ﬂ?ﬁsﬁﬂtt ﬁé‘ e§dve 118a and AND

gat ais1161 °‘i°% &?ﬁ%‘ém‘ﬁf ﬁmi,fonhirequency
si gnal fchar th&Nlgng ok svetd asafcn C¥iith &sgﬂ paEc Méntd, MH Figure 16.

Ref er enaefergnayenumerals 1195 @esu rié‘i denotp llme ateéerqndnwserd Slérotes i t h si gnal E

and  5GIf 5 ptr ‘“g% gate 119 is
daﬁned%lz ?ﬂﬁ&%{“ﬁ& gﬁ&al E@nﬁ:&% %W ik e df | shenever

¢Sl gnal Ereqmdney sngmaﬂ eld momdeﬂ&rellﬂ mOEgmm%ush apedmmerefpilsess at a | ow
S

| ogic | éVe’i"‘ané:B lg R peger: rjsi h§| gnal F for

ﬁevery orié’n Lj d; ? %‘i“ L div ﬁ&i ng CI rcuit 106
5% pr vﬁlerl’ﬁgﬂa 6 Ehvﬁagg chay Ingza | requency O

55 I t canitigan mmpxsmmmrﬂmallgmmhm thahndbgﬂluit@tmboﬂwevhl s | | | ustrat ed

enbodi mgpt., 4n X_ w5y /2" =10 (Hz). 60  Accordingly, with n taken

as equg‘l31 2%@% XZHZ E{gs % enbodi ment. circuit 103 reduces the 60

f reéﬂenowordmgy,,wnmhﬂalpu Iaseluaiuabarthe seot entdbdimenf c:ﬁﬁ18103tralh¢eng1eas6ﬁ he

f r equendipausngih be-; thﬁeul@ i lp 8h neaswh Sig5 1@@! (16 x [err])
hus, 2 Ise .

obt ai naé&ﬁﬁa qi]a I%g siz hich %Fl ib%% ‘faulEe‘s‘ | eavi ng

si gnal s skoadipkric eﬁeylﬁsh CIﬁM%ﬁ vide SigRet«I0l mﬁncpﬁr one second

per 98d. 1!26{%@@/&2 reﬂsscnepssmlgl avs dbtngedm reuit 106 to divide s gna¥s D or F by

a ratio of 65 1/22, a 10 Hz reference signal Ga is obtained.
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8 1 575 479 It should be stated here that for the sake of convenience the
timng charts shown in Figures 15 and 16 are abbreviated to illustrate only
one-half a period since the first and second hal ves of one period are
identical. Furthernore, [err] through [err] and [err] through [err], are

I nst ant aneolg points in tine. For the timng errors over the intervals to
[err] and [eq to 5- {err], [err] is taken as representing an error of O.
By so doi:ng,\*/err]shows as error of +0.00625, t2 an 5 error of -0.003125,
[err] an ertef8 of +0.003125, t4 an error QQW§Qﬂ90625 and [err] after 0.5
seconds of tine shoms as error-of—o—Fhruss —a-long perjod of use the 8-
cunul ative error eover since the error at any instant in trne |s

suppressed to with y) tsfond;he ¢fi coftenidfde Ithd Bia kh
@ék ﬁ:&e Sl ﬁ%ﬁ pulponerhalf| |agmnai glfcea% Eﬁg‘l |

In a siml-ar nann
nger tS’fagfl drotgh tSa :
-0. 009375. secoﬁdstSa’fcd-'rt ras%e;res@tlﬁgh’ik%rae

expressed "as faqll emm;stantaﬂébui
Join QIsh ,%T "to

seconds; for [err cond gu i3 +008129, atan eﬁb:r df. —0P@De; 2f% nd
cunul ative error @Mdéovér, bire q,, @‘g Hx ericd ok use thea nm ve@rr@rjls are
negligible. It cammtth@lsdehmmpptim@t ated Tha ’f’f‘?éssf‘lfﬂr?i‘iefif‘h‘t’@éf‘ %Hﬁbdhmnno of
Figure 12 mak &8 a4 MAnnes etltn;ngvnfo hik:lifiﬂisém RI6EH _
second resol vabl ey %&gﬁn&f‘gﬁé E?@hmiéa,emﬂb%}t dQ%&IVIi at &

tane

whi ch oscil | at es etor aftér £Ha rrd hn@m“m"d n
el ectronic tigepi e&e‘sn'amelaaprpdxtédmwtﬁéx Ystratd ;ﬁﬁf, igiblet o W?t ch
function for a’w yﬁt roﬂﬂcesm)!rvseomdadeﬁmdﬁb T fﬁmpﬁ
preferred enbodi i sgg:% l cy ot d. ﬁ‘fns hisan ﬂe &anon m
i nvention. Ref er emsevamgrrer ot eavgu @tagPP%ﬁthW% functlQlOfor a
oscil lator wij é scafbl&ﬁﬂcﬁ&-hm ahshotiRf GranRg YO 2,.1hrou '.
213 desi gnat e I?ﬁlff%ﬁ'ﬁ? 3t ﬁ "éer@!“* lngq@fﬂmﬂ;d 0Vdsglt%fé€s&mﬁ they.
foll ow ng out put fk QAch 2thr '
203. . . 8-%92'— Hg are ﬂﬁﬁ'uced @&s@tﬁ g Vldef by the ollowing output frequencles
25 204 ... 4 dvidsp)s ggz zgﬁggmz 206 ... 1024 Hz .207... 512 Hz 30

. 3 .
208. . 256 v - 25
30 209 ... 128 HZ 210. 205 6«%434}&211 32 Hz 212... 16 Hz. 35 "
213. " 8Hz . 206... IOQAHz _

35 Reference @umzral S % " 5 denote NAND gat es, NAND gate 214

recei ving signals from 9eqqg§ di viders 207 and 208, and NAND gate 2153
receiving signal $ froleD\.ND gaHe 214 as well as flip-flops 209 through 213.
An out put signal ,.obt ai fr ND gate 215 and a si gnal supplied by
flip-flop 20@sare appli SAﬁp ate 216 which produces a 40 signal that
appears at term n&efezchée numerals 214 and 215 de ote NA

Bef ore proceedin *hfletutyeinmqmrmv BEI208] arld ateszfséﬁ?ﬁg ﬁgff’ %ﬁnﬂft

will be hel pful well ibeffops ehrgtgamﬁ umgas.

cal cul ation: 4&0234@31 Qs?j%? 3’}’ %fﬂ% ﬂ7p ET“*)@PIF rq ANtheelmtheh poduckteger .
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