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eTpsie, Levuey urPsrCser CHemey. e ehehaer
(PEOMSET VEUETEY 6TPSTERTENEY V. (5 6)BrGemnw
10 Osvedwerr umGsT WO 0P84 &VSWWLrs
YEGY WD FAGTTET WD sVev. @6T

2 VGD PPVSYO, U s 6)SrPsL U
FTGOTMEET, JraR)sy OWsTUTC (R peTCarnmmssT, 6rer
S OumC 6uaTds YrrsLéEGs s, @OuVGgOUCC
Yor&LsS CHmeuOu(BEnG). 2 Srgeamwns, @DsHw
erb)svel® sW&&5P6T §r&6)SC(HS6T FTOVSDS,
uPOUSHG, HbMGET WU Pwans 9 wePéG
6)srv8860C LU 6)dldseT VFFOUSHGD, DbS



VW O)srgueredHed s00s5D 2 aTerg). GLeafl,
R0 Culgudsh @Ouy 6)érararad, “sCbs 10
srmoanhseras, CorsPar e HereFCe) sl
i, ydw vwsror@sear Gsaernfs 6)sremGr
wsgeTerar. ABSS HVOW HereSCoN&TS 6THS
vwsstun(® 86068 GSSH8sa!”

Qe 2 b)smGd 05 CBHUNFSET Fr55PGBSSGD
D.9.6tov. Crrs HLedw YerefCqar b Bs YsHw
owsstua®. @S0 VHY ePgas BeT6)aTr UGHUP6H
UrFOBUAD. WL b 2UBWISEGD &BHONSSG
2.9,6Tov. N eraarUCs dfwasmg) (GPS receiver).
s a0 B.0.6160. TaTC 6)srsLe0
VPEINCBCrd. &.9.6Tov. THTUSHG FPwarer SOQ
6)aaeh eTaréGs 6)5868) Deemsy. "2 s Femev s (HO
&G0 eTeiTy) Qover(YOaaTA) 6)FTNVTD.  SS)C6TT,
JLPwenss CoB0 afehesralseT, QUM I
HWOTHUO UNPW PBVUYD VETFSS) VGEMTFEET.
&, ) JMHWOYsEGD HLedwW Crgr HeredCeYéGw
eTaTaT FOVGSL? D554 CsaTaPEG, WTOUSSDGEHS



venPs gefeyw eTOUG s QeTarymw Fasvenw
I 58570 sTaTUHSO YPbg 6)saerenr Gevstr(Hd.

20-a10OMTET G0 VTPGES SOERF S6TT6T STFET, (0
Pafwr s6afaysusy,

Breys& Yigd Seonset, Usa)4S TGy s6TL
Y YEG YT Seirasm, 2pesG PTGy PaTY

AT B8 JY&T& WS GEETF. 5696 6)FasTars)
Curen, QodU TV VGGG D6y, USED 6TeT Y
0rppéEms el CHCw CHmEY BGHSI.
SSTG), TO6)UTYWS) DreuaGd, TUO)UTYWS USNTGD
6TOTY) )L 585060 WIPSEMEMW HSETUG HBW0ESSE)S
6)saerens Csa508 D659, Dvams samwss(hHsar.
wrarss) GPwealsar e bevg @refel F4P g6,
SeLevg) GPUICC afemdsiTaalsr Bamsvenw saPsg)
Crréms LYPYEWTS GETSE LTS

Boug samsdC s 6)srmbwenfsar Lev Lromsenens

58455, WELO CHip0 GPw o’ @6



scrend Fpcs Dssmer wenf Crgd 6Ter )
BoouPme. gald sreusPs), vss) Crgd
GMYVTEYD, Rrey Curd HPs0rse)0 DBOUMS

o arjh867). SHC 6T Csamser Qe Cw GPw e
Cosd wrpulCg). Cog yerefBO, rearaPwayd
Osref wergsger. Cog JerefCmd, suraradwesy
OO semsSwe) ewerjéLud CoHmaducCg). Leag
VTP wWeds) GPWTS BGASTV0Y, wpy Feug,
vraTedwenens 6)sram® Sedwwrs Crrsms
T wHulCery. THOPWIseT GPW S6.&07
SWVOPY VELVTUIgD YevT(HSeT (PeTy
CosndwenCssery. @ avsTS GuaeTy HeywiGer
FYsIr Fersms mwss), Coréms Sembsrisen.
saelar Gard Geff soevd VHWO 6)eUTE) SreVSSE
Coupulcgrs), @55 Jerefh G &5% WFHOUTET
YoOLO. Yerrel st Guasry GPW SQsargmseT
@@y wrdP erevvs Cgemsa’Yd S BVTES PGUWATY).
2 GrgaNSES NG THOS6D 2 Govrear GFPwW SG&r50,

sarCaefs) Coemey 6)SIWrS). 676)aTETNAC, S6TCTOP6ET



9Cs@gens (latitude) sTEOLI GGG WIMPULLC ).
sarCaas), Gfwelsr ewgd UG GMWa).
SIGOTTE), FPET6) KT HPE0TE DBEGO.
Douvgoulc ePeswmssts 58 Crg eraf
@MUY GMPWTS DBASTYD, AGBOWAET PGV
QWHé.

v veyYW GrsfemseT Crrsmses samsd VLG
YmammO FsTony YwHé 6)swssnE PGS
o gremar. Farfaen, sTaTb)aTOMWE FFas TS,
Ssyearer aamb)amdsr e sy Coréms
ST YWHPsseaF. 6)oWGSSMW Fras PGS0
QT urgssers. ABSS UGY YWD, setment ey,
Pov Pg68wswrs 2 BeurssOuCC soveTaalsy Frrs0
UTWEE)FWG), HPeT JeTeme) MVsSS Crrsmss
sTSHCCafser. GPwW, eTaRmb)anT, 6)0WEHSaI
gerenly Croé HLPWDd AFHsOGH58). Farfser D66
QUHEBYO WEETWO )UNMTFEaT. ABSSVGUWTS,
UQW 6r&FEmsaT 2 GursSw Crg emafCs) penm
Berenpw ederGaev (Microsoft Windows) 5)&65Ceuas



Bg60 (Consumer programs) @ums Grgoreras) Urfé&Gd
uCe (icon) —— GTEVG) WS sevTesTa. (hour
glass). P96 GLEPWWOTSE ST TGMNW D7 G)D
6)50 00 HC U0 weTi588). Cs Fmaar vy FFOd,
CuedBhbs @ GUMNTEG AFOY 568 pud RMAIGD
ETVH5MS MV, Crrsms HemeP PWHPESMFE6T.
Seremmw sasfsmselsr Cug JerefC(h'$ Coamey
vgrwd wpmY 6)srwems Corgd Guamesrm
eewmserssrs 0CHB0 DBrHs5H). PVSTUd s
Corgarwwns Cogonssmsd CuUAGL. 66y,
vrdPwagser, sfwaer 6)srwens CrrsSNG
spfuerer SrromsEssG 6)$rWens Cogd eTeTHY
PGSO SCCTWESHD BGHSTFHET. AFDU &6V
Cry sereSCmerfaer vndPwafsercs RDeG55MHG
Baeo ¢ sramod.

sorg 1275 -0 yempvens, OueBw srvsams
YN (R (BTVD SeTEPATAFSHET!) UGHSTFSET. 6T A6V,
DWTUTT STFTTRSE5E5785 DensadC eI W rer

sr68v YreSC(HS H36eY CHmeOuCCg). WL 5558



saev S C(BH& swe? (first mechanical clock) 1275 ——6b
2 (BOVTESOUCLFG). VT 6T BRESTCLWESS 2 arar
o Beurs GEmEmeT OWOrSES 6)saarC, a6 eresSC(Hé
&6 (metal spring based mechanical clock) 1450 ~6b

o BUTESOUCCG). 1600 ey S BeUrsEsOUC
GOSN JMMSGSHD 060 Bovemey 6)FOUmEY sV6V.
8000 vwerd, PWrUTFESNG Comevwmer
RETNIEWG). YT, SOV @re) UsMNVNS H9g
Cordms Senss 0P a0 Pawivs) BG5S

sPevgwer enemb)merav (Christian Huygens) eTerUsg,
1656 —60 &) VTG omasy Crg eneF (Hé
S@IMW (pendulum clock) o Geurédearas. Qens 6rd
850557 HQ&T70 TOTY AWWSSCYr®. 05555860
@oT Wmwas, Crg erefCiar SLadwsams
VPGFET YESES 6)GTLMERTIFTHET. B BIMNTES
6 FOCO @ouy, 90Uy B6s sosrsd Crrémss
7 GWE). TTY, B RO OFE)UGD STHMHRTWASSE
baaerC a0 UCLg). 18 ——bd BIHYIETGH DS
Cuewd YW VBHSS YwsT, GablerasTnNG 1



66 DUsGL AMYsG DbS SQEMFMSHT
werGerpfaragser. Dsne ssvedw 2.Bursd
urpuS B (precision metal machining) Comeniu.Cg).

DwrourPser L9 D58 SG.aTFmEMmeT 6T(HSHE
6)asirmaey, emey sPwas Curd sl afsensy. SLePv
6)eougeme wrPs 6)srarGL @BOUHO, 20ys
sapferas), o Geursmaelsr o.gmiey (metallic friction)
Ps0rs DBE88). 1671 ——6b gorer euprferver
TITUG, g8y VHMO 6)wOusms FHSC L,
wPmws saTHOGE5S)C6T, DTS SG&TT1 (PSET
@OOWTS OrYBSErsG $568 Coenaemw (longitude)
G AMT QIPEGET HUVPWOTS SETTSECLG). S 6D
PVD, G WTUrFU YsCd 2 heUns 2$aPwWg).
THET S.&T5mSaPET g.OUMC, Da&6) (pendulum)
OO SO (escapement), 2TE6), EFAOT QR NEFMEY
2 BUTEGENS); 00, 2usefet Fraar sy
sCHPOURSHENS). RSaTa) 2 (GUTGD FEHHUW UL
s&sgmseT (gears) UGS VDS, KswsE Crréms
&TCHO WYHEWET 555G ST 6.



Cupb)srar® Duwids sgsrg wearGearhmd UM
P SGOWeT, F6aT 5 wePsG 60 6)rag 6TETH)
@98 6)swgani? wrf S0VGsE 6)sss)? WS
eTHOSwiser, saemer 12 — a0 OFPss586T. D)
UrPBevreP W Gr&f55PDBHS) VESBSSVTD 6TETH)
ugevurs sOUOURENG. vurICBaurefwiser 12 &
R0 CsL eTaTamTSs SGSOTF. DSNGS Sagewd, 12
erery erever, 1,2,3,4 wmmb 6 — 60 sPwars wGupo.
Boayd, vasYb G HeTwaeaTs) 6T6Ty FOUOUCGA6D,
sa6)eraeTMEG 24 wenP Crgw eTTnadws). @S85m0,
s@uPwa srsfasSars. vl cwaar Cog ereSC(
s s6’s), spHduier Cosremdms Herss, 60
sfwaear eTevr 61T WPG6)VHSSTFSHET. DGeTa6D,
DerTpevems, G srmmsg 24 wef Crrd, G
vePsG 60 FOCmseT, G FPCESDG 60 6)prgsaer
6T UngOULWOTERT SaTEG 6)5TCHS VGENS.

8568 60 erairy sTemenPer @6r6)sra OPOFERTD,
W5696) VBCSSDG 360 6aC&6T 6T SOTSSG.

QST JERGD U FOW, Sepsd ST JSHa U



(9150608) UEhdrTmsmsGers)) @58 aPaswd
6)srCidng). BOWsT GNP vHPW SLedW e
VTG hee)C 6T, 360 GaeT 6TeTUYG), VGLSSNG 365.25
60C.86T 6T VrPws). Deys swcaPss Peu
0rsmsefs) P salsar, VHMY Loeunns)
GMYVTE MVSSS b)sranCrad. @OUy, 55094
VgVTO @eevrwedisae, Ceum e50rs a6
Yeref e B0 HEYFUWIGESSVTD. YT, USHPW
@l FeLedwd @eieuros) BGGESGESVTO.
QYO TV, HEUFSTAE) QTS QUNENSEHW B&6)d
sPwrs selSEGESNTFaaT. T54 VrssSer
GSTCGSWPD 15 STDVO C)UTPHY Sirsor
YrOPsEpG). vrme 3 vePse BCsT YSw VrGD
6T SUSSY 6TEVVTD @eensy. eI EhEBTaTY, VYW

SHTWEYPMYSWT ADSPEES YerGern) ebgeTeng).

ey eerg everg, Lo OrHymseT Csmauwand

el Cear. QOug o @Geurar @eare)arad winmw, Csg
UGS (time zone). A sCrens 6161y VIFEMS SB PV
Bobs100 Cr0 VESEG SOLP wjsMme Pme.



R0 60(h Os0)d HSVOTE DGESTH, HH) U
YCsCrems ere)saT JCmGY. @sarae), GPw 2 Gw
Cro, b Bssa o aer SRse VHML CwNHG
UGS sars) warpuBO. 2 SrFaTSENG, ST TOI6T
FYé6 VG o earer eaedesunden (Halifax, Nova
Scotia) 665580 GPW 2GWO 6 wePSEG 6TTMTED,
CupBs o 6ren euaetTanevg (Vancouver, British Columbia)
58656960, HO)UTWS Fsaemew 2 wenP. Qg Guaerm
S $89 CusbuBO YB8srarh VUGS s sy
Bebevrssasy, Cagd VS 6TeTy sSaTEGSG SOLPV
wrFémE Deveney CGuagyd! 2000 e FsP DGSGO
Crgsd6), v semlPef Frsvameryd FfsC(HOd
Ceuemsvenw Fgeugser 2 usd TRGD 6)&l0g)
VGSTFEOT. UG SaPalsaT STMOTNTs samsSHd, 66T
Curseusss Léamevser s sfwas Gevenew
6)slwng) eTerTm Ugeuenars Ygalf HerdGw srewg).
sarCaedear wHy VGHselh D;UusGseaT,
UDAEPUTENIE THYD HYFDUTOISGD



BMC6)UMeNemen TETHHD 6)UF D
SHOS W 5S60T] .

BDusds &49805680& VGBurb. Q&eT Wsarlarg.,
6)asirener 6)serCgeb guIb BemwSH DBUUHSU
Guasity waPéamBGeT. QVVMS SQETTMEGT, JrC s
T &6, UE) s&&gmIGaT, SOO&aT (weights, gears,
pulleys) G)saem® o GorsSO0CCemsy. Qeunalsl, 60
BOCREEES G QMY Q65 TWYOYD PHYSHE5D
Comeuwns Rrb58). walPsd s.amBaaT GIMMES G
BOCSE HVDWD UMTE 6)FWELUC En QU6
Bonemn o GUrsEEg G Saésm6n/6)0rPudws.
P wePsomeT(Bs6aT Gr6)eTTETINNG QG 6)6MG VT
SIVENWD UTGSE6Y.

BCsr wesPéamesrT(HseT UNPW R FUTFLWWOFET
oPgCuwa...

hittpss/www.youtube.com/watch?v=MEZEJTNW30OM



https://www.youtube.com/watch?v=M8ZEJTNW3OM

20 — 0 SIHDIETGE, VEPEMOT G BHS), MHEES
ST HQGTFMIGET. FUENWD 6TOTUS) G WrUny
IORWOTETS). VENVSTTFSHET SHEVEPW 6THS T
SQGETTRSMET D (HUTEGVS 6D ULV 6)UDMHTFS6T.
9985 FLOWES DG, AFs vemrd CgmeuC.Cg).
gb)srarmas), Cug @uiemu sfsC Quibdg Lés60s6m
FIaTOTUIET. THET BGHQSETIMSET GHHET6T
(mechanical spring) &&Eauw SHQOUM WSS
6)saesrCme). (P56960 2 (BUTESOUC L Wiy
SQGHETIMSET, QVE)VTG GrEnd HGmer GNP
(Rs06)ss1y O56Cws $66 2a0F) 696056806
564 6)a0(0s8 Coenr(H. soefs) QBsew 69,
PEGVAT UVESET MOOYSET ePVD &HQ.&TFES 68T
MEHE6G 6)saar(® 6)sviuCCg. @FH srefwmd
8GETTMSESD VhHSaT. @emey yaPusufsr, vaPss (B
IMFTMEY HOBEBGS FSHWATS OFHMD VELEVENWY
6)saer ). Pse)d e AP0 PNy Deevens
SG.8600m&eT VeIV Gl eufar Seedw

6)$0 PV HCUEHET AN_WAKTOTEEG F5D5E5).



W5696) G@BaTAY 25600 THET SQETTMRSEHT,
YOwPssr6960 19 YD BTOHIET G OFUNOTETS).
6)srPHsrNsaRsY 680s0BSMmTS SCHOUBSS, Tueh
vwesr e[, guPsv FPgwaemd Frisbs Crg erel®H
6Ty UV Sr0UCC @PWAUag VWETUFHSET

o eurer. guPeGeu Crgd 6TaTUS) B8% HEVEPWWT6TS)
6Ty WSSET SB0S UGB FMVETRGHPCO BGHS
SVDWOTET THET SGETTMSET STFOTOTEWS). )G
848000 6TaTUg) WS 2v80 Cuafsr Cuaggaer
(1914-1918) Gguvwarets). RFOLSHD gramey Cog
gerefbhsenéd 0 HGw 2uBwarswaearg) eTeTm
GBSOV ). EaGFaTM VaNSTST SMSaT UTPEMSHW
Cro #0568 JMWESHSE C)aaerer 1920 ——&EB&G
Cusb ysujsalsT mssEsG STPWS). VeV PGé&s,
SYIVSD 6)asbey, vered 6)asvey, LU UGSWMSEeT
T 6TETNY) U O0UMSGEREGGD SQ&TFHRISaT
YWgésemrssaar VwWeTuUrHsEersS 20BWrsd
uB$s0UCRereng). @aTy 666 UhSWO/Pmerwar (hd
Cry geref(h @svevrwe B OUSsvens. Crg eraf



SVOWD Fs0rs, edmerwai () Cualgser M
2. UBwrsl UBESS 6)saer(ererear. 2 udar Bs0
ufw edemerwal () Cualusals) s4sa56
SWAPOUTETFEaT SMSERMW B55 FVENWWTeaT
8Q.&0gMEMT0 VDY OFF & (g& 6)GrearSnagsear.
Coaevgev ereiry P80 6)uPw ePwruagd &1 (watch
brand) 2@ovas, edmerwai (B Csg erefC (S
SO QB STTETD.

BCsr evaPevarjiser TOUG TH6ET SG&TFE5H6D
VeerwabEprfaer eTarug) UHPW QG

geuagerdwoner e9q8wa...

httpss/www.youtube.com/watch?v=5dCNoINUBTA

Bés Hemgudsr goLsSsL ‘YBeureua’ eTedr
8G6105M R 6)uar AP EHBOVsTS

WSO G5Cs6T. @bs YCumeur srgjaet &g&ag
IYMWUI 6)arg &0 VMGSVFSET. DevjsaT, B&&
EPw CualLrjsemer sGgsr5868NGaT VGIMWSS),
Qmsssme) (tuning fork) QTN HSTFOFS MVES),


https://www.youtube.com/watch?v=5dCNolNUBTA

Pousy UELESEST 2 glwC T BG5S FvePw
SQETTRISGNET D (HBUTSGHMTTEOT. VTSESENG Q0
6)6008w 6SwWrsd 5L HO eTePNG

SV wwrers) 6TaTN 2 VENG ST N aFSaT.
1964 —o0 Yerge), @evjaat HéupCgaer (Acutron)
6TET) SGET5S5HET FVOWEMS Wrgaeyd 5,000
2T HEE6S YPWGES YWY 6Ty SO
UDPW STV BUHWTFTHD 5 STV ONLENVSGaT
(time capsule) YmsSSTiEaT BiaEsse, Owmid A
VGBCSFV B Oupd gLwsieuad Feursh Gumsy
saurdwad B0 etery 6)5L58Bés Fwrwdseney.
eegheprard JougoOUCCg)!



Capow sPWrs. — UGS
4

YBureuarsagiamensd smev GeaPw meésg 1968 ~6
Wb LOurafw essBan ugs (Seiko quartz watch)
8686000, UG8 SG&TFMENT, U58) OTSE5FH6 0
660G DUEGO AN NG HEVIWWVIaTENE. 6T M)
Vg8 SG&TIMseT £Ps8085 BLMm&Car ey warg)
eTarurd. @ger 2. 0Bwarsmsamer P E8M60, UGEGD
wr&sfaeT STs0 Cuagd arelNeG TLBNTGSGY
6)sL . @ETNHW UG8 SGETFMGET SJEVENUWSES) 6T
BsYb wePurseYd Sy sdaTmer. sgsrg FOBUF
6Tty 6)s5r Pl HPSHNEO §68 6)saaTC G
865 vgs sqsry WETCaTHYO. SBP6Y, quartz

TETUSMG FPWaRT 6)FTVNV BAD D (HEVTEST6VEN6Y



6TETUSG) 6TET &(BSS). UQ.&D 6TTUS) crystal  6TETUMSSE
G&MEG0. Quartz 6T60TUS) 6 VS crystal 6T6TUS)
o WTWW. YTV, Pine free TGTUSNG, ‘R VMG OFD
eTeir) 6)srebeugyBurey @éSms)! g6, Sgsaso

UQED ETETMAIG) 6)ETEIVG Gnlag)?

Qs &6.8T50 LweTuTRGeT 6)umd 5985055850
BH&eseme. eUb)eune saPafuded, 6)sBuLuPad,
Oty AT (B THSHsmseT 6Ty UV OO
SV CEmUsEEGY UGEMEET STTaTONS

LGS YT, WYESOTRT N EHERTAT ATOUMISET
CureBsy, 95 wFss0 PeVrss) UG sMmSa 6T

6)57C660.

19 —0 sTHMIETGET @MSUI, Pwg Supf (Pierre
Curie) sTeregyd 6)gehs a9 eherralwams), WSS
Br&agd (piezoelectricity) 6161 H&QD6Y

sar(hPG 8600 L G). VGEMSMET WS50UMBSPHearr6y,
MY HS AWPSH55SFMmW Bs& LPw CTETgOrs
OrHMNG JWsES Braasd eTarOUBENS). ATOUSS6)



Bsn6 @6 vwsTur(hd @eemev. 1920 s 1930 —
s Wy @68 wen Cooluwr Jmev 6)5a)sdser sy
(radio transmitters) 2 0BWAsOURSSOUCC ). 1928 —6)
WSV PVWTS, 6)U6) YeY&o._SP6V, (Bell Labs)
U8 808000 2(OVTESOUVCG). DTS (pendulum)
VOGO SOK (escapement) 6Ty  UHYPL TGS
FWTEETTESGS $f 4G S BVTESOUC L W56) Crg
Yereys S5 Bg). 30 G 1 6)nrolw DYsSGY
SYeTEYEG FHVPWOTS CrrémE MEEEMGIL DG
erGerpmd @%). g sgsrgmsGeT 1950 ~6)
sT(H G660 VYT UQ& S4.srgmslear 2 udar Os

SVDWOTET SGQETTMSGTTES &SDHS6T.

Bésmar HLOWD TH&HG? B85 HLePwwaear UGs
BGETRSET 0N TEFT SG605MGEESG RG Cog
BWOOTs (time standard) ePermss 6)GrCmider.
258510, Qevemssd gadwd Gurf ¢OLGGOUCL
U 9RWMSERGG 2S50WE). FVEIWOTs G (a6
gejeug), edorerd Curégarsss sCHOuM®), VHMD
Gorag Guasty ePaswmseséd B85 CHemeuwnrer



RETNTEUG). rOUSHL uPw Pgéemer,
UgsmsameTsd swWafoug). FC8reisy prlige) Besens
BQuiems vgsmsaT S sHar. DeHenn
SWaPOUSYO Pé560 DBGHSS). Qe ad 2 vs0
Curg wobs G, 1950 ——&afs), 6)swHmsWnrs
UGEMSmaT 2 GUTEGY WaTGarHmd Bs wsHwomrer
Q6Tm. Qary, Syemb)Caarmse 100 Caag UG EMRISET
OTOTEDY) FTGTHRISERESTS 6)FWNMSWTSE

2 BUTsES0UBEng. 1970 —&& NG, JHéEGmMHW,
YMaTSG BeTaray) FrEaTRsGHTYO 20CWrdES00R O
UQEMGET 6)SWNNSWRTEE) 6TTVAD. DeumnPeT
SO VHPO AHHVOHUO 6)UrTmSS FVEPWD
Coupu®o. @sarale, 560 vGHéeaT 1 VrssH6 1
0)519 L QG BLSFL (GMVES S5 UGED)
6)a06060U9B5856T. VHO)PTB D556, 30
VGG 1 6)pag VWD (2WfsF UGsD)
TR0 6)&a60eUP (GGG S60T.

TEUVT UG8 SQ&07HEH0 UGs5MS QR Dmsssamey
(tuning fork) eGS0 2.uBGurdsderTmer. Dms @



EPw 2 (BMTEGET (cylinder) 6UES), MG B6T6TED)
OTENMWES (electronic circuit) C5r5r86
SWaPELNTFEET. TN UG8 SQ&TIMSMYD GATTSG
ursmsar e

1. uQs®, (Quartz crystal)

2. Gorémss a0 sl Lwenwly (time

display)
3. Oererey Besramay (electronic circuit)
4. OBearseud (battery)

OETEVET 668 epovd PDUAIGD BTSHNLY, UGS
9968 MVEENI); oSG0 UGESPET HGOUaTE6)
BsramHm HrOUGC T, JP&rs ST LwearOunsa)b

0r)DEYS).

Ug8 848T5msalsT obu sreul Gg&emer,

Sedwoeen. Bs& Lfw Bersed VHMWO APHs 568
Comeuusevrs srPwePly ed. 6)sremarssy GOU
O EfsaT —— YIOU &) UQ& &Q&TJmIse sy
Comevwaer 6)urWs), @G 6)UrEETM6T WSS,

vaPew UrFSHICH, o CBar Jymearsg)



PWeurgaar! 1980 ——ageafs) S Ugs 6)srPeHC O
(tiquid crystal technology) everghgeyCer, srlfwely
VHPO UGS &4g&T58 6)SrPLEHC VD FrraTOns g
6)srCmIWG). 868155860, Corrdmssd 4697, O],
wrOBC g, 28 Crgd, Sr0GBVC g 6T6TH
FITTONET IOWUUMIGET SQGGTFSHC 6T VTS
6)srCmdar. Lo eTWsgssamas) sl Pwaliy
el NG OguOraTra)b, UYW WaT srC.LwelOy
(hand display —— analog) Sguevwrssd 6)srCmBwg).

o arGar $QUOST BOWSHN UG EDSTET. eTA6Y,
deranm 0 055 LPw CualC g QuWsS, 566
Curlcrg, Wl amer 685655 UMPW &G&Tg WSOG6U
600 Crréms eéSCpad. Qarmevens, D& Bsad

OJeUeVaerr &Qaag (Peum.

BCsr, 7687 848050 WSV, UGS SQETTMSGHT VT
GW&s0TaT 0 9GCwWan:

https://www.youtube.com/watch?v=gdofFLjINE



https://www.youtube.com/watch?v=gJdofFLjINE

Boug uig) bms DEGHST0, HVEPW
SQGETIMESEBSG TN R Vrj6)s. BG5S,
BG6808). §LOWESNETs Hs eIty
6)50(068586m 0 UTQGEMSWITFHET JSHW PO)NSED6ET
UG8 8Q8TTESILET THFUNFESTFST. DOUFEEEGHTE
vestrusnsy (FM) wpeud, eub)euad GO b Ffwarer
Crgw Sww (time standards institution) HHOOY PO
PUgO0OVBLENS). @68 SGsTrmsas) 2 arar
CrqBuwar gm? (receiver) Cng &WPOCHG (time signal)
goocy, Csréms, ¢£6)sg) b)sraresd. B

Guasity Uy GIVEIW SQETTMIGET S SGH6IT 6.

UG8 Sgargmser eTOUG Goumey 6)sidermer, TOUG
gger srCLwalOy Cevemen 6)sldmg) 6TeTUmSO
upPw B8 2wiss gBuwr @mGs:

https://www.youtube.com/watch?v=MhbdgHGciVYc

Cry erefC(Hé FvePwd edemerwr (B Hemmuey,
UV UGSWMISEPD, @ VLW OreT

agworded . g. 10 efaraqsgar 100 SCCjsar


https://www.youtube.com/watch?v=MhdgHGciVYc

@By TaTug), DT 57TV G). H&&6
GuaCg.aefs) eeb)eur vwensdsr (lap) Cog

e B0, HLOWwrs Drss Gaemrguw &CCawd
TUBVrBEG0 YPLss efaswd. Cs558 eFgiser
CurlgudBo ¢eP00é Quasty Qualgseafs
6)60QUI6GT BIHPY Rk UMG dhi YWESWOTHNC ).
G STV5H6, LU UGGWMmST Y )P g5s)
6)srCmGTiaaT. OnG, @& HOUTEHEG wiPw).
Qer, Py w)d WAGO GOUS SWIFTs Dsvenev.
gb)ersiryasy, 100 g Sare’ FHGO QGG
gHUBES8)0 9696 POy (sound signal) VGSW eSseng
VGG W Peu BsLed6)ssar(Hser JSaTmeT. D),
OupPsew Csrealsed 2 aTer 9GS WTFOrSEem
BGésva0! 9garas), @erm, @CCO UGSW 6S5jsaear,
GLOURO HOUTEHUIET 655508 BaTaTamaPws) epeud
o CGer CsCdmajser. Beveduderasy @sCs5rd eT6iTm)
SIYWS8E 6)anearer Comauisiens UFGRIGaT!

1950 —a&afs), UG8 SQ&ETFMSGMET GELEPWD, UV
eI eheprar VHMO Fraey VWeTUr(HSEEG



Burgafsbensy. GouaemC_ b 6)uaTdsd YWSHFELWa 58
BDbs S0V 56D, T6T YTWSSMET DOWWDATS
MVEG) SQETTRSGN YMWESEIC TG 6Tery Coerad
TWHSS). S 6TeT6T, STRWGCE )5 Wwrs Yaweney
TOUG. HOWDTS QVES) (6 FQETTO YHWOUS)?E
JS&sP6T HWOHUO VDN, 6)FrsVIETSS 6D,
‘oehesrar Wl Curge) erary sC(BHemgs 6)srPsb
IPeral vrjEGHI0. JTOISGET, ATYSEG RETY,
TO)vsCgaerser GHa GSETYeT 6Ty UFFSESTD.
TOUG QWS 86.805586), G 2Ts6), $OPUIT
25006, 0)509.66 RG YMmY 2mEVIBEYCSN,
YCg Guaey, @ 6TE)VEL 6T, YTWYSSHEEY
66166 v Carg WamseT GHY VGENS.
TOUQWANG) B4S TO)vsCgrar carsene 2UCWrdsg)
RO 54.86006MGF 6)510g) P Cash, QP vV FELEPwW
TV S 6)STC(H P vrd. @FHL 2 aTer B6VeY
Vegwd eraTart)svsitpasy, 1) 2. Geurs omss) Gurevs,
G Q&858 2) UGS 36 A8, 500 Cslbg),
SVOWD GMmNW VaWOYHT(H. ATBYEEY WU WD 6ST



69605586 HG Pme, Jwedws Smpe)d Beame.
T, UQEMEAT g, U QUGLMSESG0 ONG, $CU
6)OU VFYSYGSCSHU, FVEPWD GMPUYD TSSO
o ar(h. PgueEbe® Coaerfw 6)srqudedGhbs), bmsen
Bés Hemgmwl VGsGD BSSGETD VNS, RO
Saf0SPET 6T6)VSCgaeT, JYFESGWVE GHY AHCH
Bovasds) vwemd 6)5Wg) wbGeaTarg). TOUQUTEIS),
D65 @uwpenssT gsms 20BCWrds8m6), 2 vd6r
Bs Bs8 LW 89575508 2_BTC06E P ID.
YT YT we sC (g wag, TUUG 2

Qearb)era® oswd @RG Grd Jassmerd VM
Faor(Ro 6)srsven Coustr(PO, SEVSSBMVE GHA
TO)VSgaerser 6)6rgs8 v Carg e
ovwesPReTmer 16T UaFSESAD.

1. ewssalar urmsus @ eYCsagweim(.
Do), 668 erePHBamu (energy levels)
SHGETET (WSS GMVE G)NT) UTD)SGEW
VGSSSG 6)srerdeTmer.



Bsger, Pev safvomsals), $H57695008
TE)uSCgaeTaalsT &MV 2 wWiSS0d
w@sefs), afeherrafseat 1940 ——&saPBauGw
Csihg e Cajser.

Bous, 2b$9 s468Fmevemw My
IS ETSET, TOUQUITES) SHISEHE W
ovdgorer s&$Rmevenw 2 Ger

M bHNB e mar. 658 IESHWrED
TSTVS) QG POMUIED (e, sr0r &85)

6)eueOUC (BB d
&, DOV FEL BV WTPYRIGDT P& YHS

Cous4880 THUbSS, YWEHE6T ST SmISa 6T
WLy D5 6)BToSSaT TSSM6T
DD YK 60T 6T 1) 6T (PLg.55T6D,

B0 Y@YW So.5T70 i
eTeveur gafomsa’d QolugiulC 44

emerwarC (R, PMaTWIC PQUTS). S S) 6T,
Comevwaar &0y 6TaTUg) B6iT6TaDY)
urPwrerjser Bse)d $pemwwars

Bumssomguw pemerensy (Microwave -



SISTVG) 6)51656G FNSSTY 100 Gang
960Y) F56)euamansGer Drrés Covean(hd
Boue rrwbe) Gsf56)sBés00CC w6ty
wpevO bluagerser: FELwWO (Cesium 133),
N ge6ar wpmd GSGWd (Rubidium)

FLwWw (Cesium 133) 616t wpevl b)uaer 1950 ps6v,

YWY SHQETIRISGETRT HOWOTS 2 6Tens). Dbs ey

848000 TOUG Couemew 6)dldmg) eteryy VrFOBURD:

1.

SIVEVETE) FTGTTEONOTSE FLWD 6Ty eV
urmemer 2uCWrdsEs WPQHEGHESTE,
ST GES) AT SQETTHRIGET B

maaals) DG5S G5G0
@90 FLwWo &Qeraeng (Cesium Chloride)

6)508660 e NG GCHWEWaFS6T.
6)s08s560 FLwWd 8araeng Hwesl e sy
Q6 9Gsay very o (. B o arar

Swelser, (cesium ions) WG OHMO S0Q &58



SwePsercs DasParnar. Dbe saveneamw,
R0 6wedw O)unms Gl PGw

VLI T
Boug, 6oiedw Gl vPCuw euGY

WS SUMEUHW (h STHS F&LWT6D,

o> Wf 0P $¢ §68 wePserasd PPss
@PQUb. 2W§ 68 TEGMaT YN&saPsS5),
570 64 assamen Cab)grk JMHWES
0rHMEDTHSaT

8564 sCHOURSSOUC L MPESHT, R0
LTTETEN6V VUM (microwave oscillator)
WVD ST F68 TSN 2WF 65565
506 25658 MTF86aT. JGTVG), G 6)6rGo5G

9,192,631,770 wenp e ePCO0BENS).
W FEPMW M bS JWerl 6T,

Qerb)era o ewrgePwaeh (electronic sensor ~
counter) 6T6SMET W6 G6T SOUG.
6)suePsu e e eTery Sems6)shSG0.
Y&ST60S), 9,7192,637,770 Ywescner



sTsomrenP I s, I Eprounrdal g sTearm

Qumasen!
6.  HBTETEE) HVUPWMHNPUINETT PG 6)6vsvor

Eprs @Bés, v 6)urPudwe PéseseT

o _erener. @smer eI ehesralser 6)eumPsgwas
sorelsg), @erm, 1 Csvedwsr yembSEBSSG
G 6)nag 6Ty TING HVPWOTS
Crréms Aerédmagser

S SgsrgmsmerO unnp, @erm CreaP’

TG a9 @eevare) TalGrs WagreYd
erés Wouoas sterug) F585560. @B, D5
I EhhTaNUPET WY HGETT GMESOTRT P GBWr:

hitps//www.youtube.com/watch?v=Gboufc5iiHY

WGTRVEIG.ET &6 aPEHEETRN, V@) 6)gos0FC 6,
Y SGETIRSHETO VDWW DeT6)eTah HVTFLW
g Buwa:

httpss/www.youtube.com/watch2v=dS3MkLamhIl8



https://www.youtube.com/watch?v=dS3MkLamhI8
https://www.youtube.com/watch?v=Gboufc5iiHY

CuBesv 6)srsirar g S4.80558DG VLVTUIFD
VWETUT(RSET 2_ETETET. YEMTE), FTSGTTERT WS E6T
2 VBWrPsGw &.0.610v. FHO, 616t &75 RO
urws WP srC(ho Pararansd sGe) D656
IVOWEMS G00E 6)FwWLLRD QG SGeS. 2003
VTSP @ensy Bseyd Oguenwnsd 6)srCmder.
BepnfsT SVePWD UV SFOFMSGMISGET TN
VTPSMSUIV JHUBSHWSG). S5T6VE), B6vTUR 6T

& Cong 5 Shser warGu, “@Csr, omser
WsVPEG wHH I efsar!” TR HUES0TS
PePsG0! HsgC 6T, sfwas srfer Cosdams
saPssr06), 30 FBC vwerSems, 20 FBCO
VWETOrS APIEGL. BTy, &,0.6Tov. gHOSET,
Bs60)0 WearCarfad . g. T686 ¢ WsmevPemwud 30
g V55wWrssP0 fwas g srlBEns (Crafl
eueTGaen s Cal L amsy, “prear ()Freiavalsias,
LBty geoadwd Cssma)!” ererung). Qermo,
D.0.6Te. eV 6T 6)Fsa)C 6T Cevensy
O)swWeSme. SISNG GMVGESS) WP



6)swpemsBsresearaieg) 6)sr iy Coamentu®Pmg)!
eTaTaT GLESMG), 0HMO, CrréHeWESHEGD
BDsnew erarar 6)srCgy?

1.

Ylywé amnp 24 6)swnenssrersar
BDG68760 (GBI G5E 20,200 8.8

2 WrsHe), 2vdeb TG 6)FaTHIEYd
6)FWHESBSrERC6T 6)STC Gy 6)STaTer
Wb 6TeTy) SaMSESCL e ehesrafsar, 29
6)swpemss Csreraamers Gmm

e pererafaer. @saras), G 5 6)FwWHass
Qanerser, gorug) @G 6)Fswnmss Csmer
UYSHC58m6), 2 Qe ger Govensvenws
6)Fw gHua® 6)FWGTTTFSaT. D TE)OUTED
864 AMm0OOHG Cujsrer &.0.6T6oV 6T6ETH
2.8 Gy JYwOY. cOBCO &rF6

BeousHG L.0.616v, M (GPS receiver) .
D.9.6ToV ~T eV YT 6)FIGL 6T, PS5V

6)FWHMSECHTEBCET SO 6)GTFY
6)srerdmg). WwesL 6)swmens Gsmemeim



gvedwonear Crgémes, &f 6€)swg)
6)srerdmg). 0Hy Ty 6)FWHES
Caneraerw, 2,0,.6Tev — efer FPwrem
BDCsMss $jonelsdsrmer ($@e), safeL

BEGHS) 6)STBTQGBESVAD).
wse b)swnmss Caneled 68 G GPms

(signal) &8.0.616v.50)86@ ~— NG
QWOVOUVBENG). 20,200 8.6. vwenPég) EDd
8468 efmsamw (6)sroé6 300,000 8,6.
vwePEGw B GPMEEG 67 L)
6)ssar(hseT AGW) )UHY G, AMOSW
6)swmpems Csaelsr Cogd, 0HMO STTH5MS
VS GOITTS SHTRHCW DBOOC S
Biemuds8ns). DoanCaag) 6)swnensGsaner,
BDCs vePenws 6)slldng). D&eT STTD PGV
6)swmnems Casreledwbg) snm 0rmu®o.
Bbs @oer® 6)swnemnssds Csmefsr
GPM&SMTUYD VS, ¢Hm Cued Ffwars
ST W DO S, FfeTudss



@8NS WeTpaieg) 6)swnmslsreat, D5
BoLOCsms Fiamidsms 3 SlgbgeT

bsaen® wss SGENY.
4. wefPég 120 4.08. Cussde vweaPsGd QG

saf6) o arer &,0.6TeV SGHIUIT g Uum)C
Comev, Crrd GLePwWn. 67 Bsved 6)ssewr(h
TTUG) QG DLSMS 3 GéGe FPwWrss
6)ga6bev PO TETUMNSGS ST (HVSDSE

S STFOTET IORWD. T SHQG&TFD
BevemeuBuws), @G Fr6SWEsIem. V)T
6)swmens Carerd, T S5G85T755T60
sCH0URSs0 UBume. Pev Pebed
6)ssar(bser s 6)5WWsM6, FPwWreT
WP Povuey gsels Geug (B0
wromU gHURSHInS). Coug wensuFsy
6)gasbevO Guaesrasy, 2P..6160 THIG6T
6TOTUS) YD SQETFmISeT RevepaCwe)

ST6SWC0 Qsmsy.

BCsr, @ms Os Ywsrs Parsed G 9gCwan:



https/www.youtube.com/watch?v=p2BxAu6 WZI18



https://www.youtube.com/watch?v=p2BxAu6WZI8

Capow s0WASG...— UGS
5

DOV 6)srCmbw gy sg&r5 SCH WLl
Qery gorerons warGarPal g 1952 ) Fevl
(National Institute for Standards —— NIST) ereirm
6)0Ps8 6] AMOOY, P AT 59675605
YPPG88). 1967 8, 05 FFVCsF Huww
565560, (International Standards Conference) 2 6080
PETT PDPWTS, 6155 Umer Camer, 5L IFEE7d
FOWGHS00UCL Crgpd Cspe/iP8Issy 6T6oTL)
PoE)VBSS5S). YWY S STIRISET, CErarmIGeT,
BCESSRIGWET I SJVIUOTEOTSDEY 6T LY POYS
Qsrererouc . g). 1952 6 2 GurssOuCC gy

&q&6rg0 NBS-1 61611y en@ss00CCg). UgUUQUs,



1975-60, NBS-6 ereiry gy sgsag0 300,000
VOCNE@EG RG 0519 QU560 Jmedn&
svedwordwg). 1999-60, NIST-F1 ereiry ey
8485050 GO HLOWSMS DETED GG ~—
BDowsmy, Qoen® Carg vGLmsers 1 6)srg
BDYs6D el NG SVIWD RETEID g ).

Qearm, dovl, sfwaer Crrsms L HO)0LE8
STTCO WYYV, G Croluws Fvwd epevd
RV0FOYENG). vV sESar SGarTrRsa Y D5
FovCar GPmsmw 6)onm Crréme s 6)slg)
6)srerErd wES WEHNNCCG). DeeUams
sQ.8TgmsmMNC Bsd GePwwrerensy WarGear Kb
6)gasirar £.0.6760v. &GONS6T. D6, UNSGSD
6)swnemsBsrafs) 2 arer @y 5985056550 Crrsms
o Gar 6)unm PG Parmer. @arm (2013), JBSS
SW 6T6Y W) SQGETTHRISGTNT HOVC. D (BEUTEES
6)srCmPNCCg. ABHSS JW SGETIMSGET TOUG
Gevemev 6)swb? @s6T &)sUePWb 6T6tTERT?



gnésre -273 o8P P Geuenev
6)sdsrmer. Hsa6vg), 0 P 6)s6ea)sG
QOB ey (@ems 10 emwsGoa 6)ssvasr
eaTdpagaat) )W CFOWD (ytterbium) 16T
sl 0SPET YaSSMmET GaTFaPES0

uBPsirmer
Gevag epePsammeras) 2 GevassOuC

WO (laser driven lattice) )W CFOWD
YJassaT FGds) UsOURBPTYaT. Dens

laser atomic trapping eT6TE M &6T
@6 10,000 Syss6er 6)saarc Dbs

YMWOI6L. @etr6)era Fevedw Gevsd,

. CgOwdsr sé6Swerenens sl (BHEng
FESWETEY gl JHTYES6T, UMQYW VST

Fveyw s eTeimard OBEmS).
Qsaa) Qovg Gsry MBS RG

650G DYEGD HVEOWSMS M WTD
eTary 9 6herafser sarsS (Peraraiser.
B, wisw srsmemaywadC 10 VMG
eTGermmd



Qeareymw rasd, eOug Crg ere) HLedWsSms

2> wWisHg eTaTruBsr(B MW, TOUG e

e

A

.5
LB By 8

8Q&TIMSMET U868 PP i) 2 (GBITSENS)
TETUSNO SvaTd 6)F58 wBSnG. Qevmeny CSAC
(Chip Scale Atomic Clocks) eresr@majser. @eré)erae
@WsEwW YTGaTHNEMSUYD 5D THFUNFESVAD ~
D.9.6Tov gHOsPsT HELedwWsMSG 3 6)FwmensBsaenenr
WVSg QTId YTCarHy Yowisr? Pty 4
6)swmems CsaerLer 6)sr iy CHmeuiu®BEng).



swevens CSAC ummw Sjpsaar e Swam
D WG Y
DnGs...

hittpss/www.youtube.com/watch?v=ad5brt5f6 Mo

Byvemg ePersHw e SGsTgmseT B&6a)0d
Péauaarens), 0HMY Bse)d 2wj 6)srPsumCud
Comevwasrensy. &, OUG 6TETOT KVEGS GEVEIWS
Comev? sPwans v 606CNG Crrd 6)sreieg G
wsdw Camey, Pmss 60975 Coum TE5MN&TE DSS)6T

boarsS Qever(rd?

©@5696), DOUGOUCC YTYSQSTTRSET JTEBY6Y
OWRSESCET 6)BOBREW 6)STCFY 6)SreTCney.
goagn)sy Csemeuudsienrws) DESmET USTD WG
6)evePés walCajsat. @ssmen SePWSSH) eTeiTeT

vweTur(seT @BésVab?

WHVTVETE, 6)0PsES VHMPYL CuHssSSw
JOTYUMISGET, SHSEMW QRUO)UTG grame 55
0OMO THETMSTET FLOTC S0 SemPeal WeLSeT


https://www.youtube.com/watch?v=ad5brt5f6Mo

WO LG5 5 () STVONE STTETIPESE
6)srCmPeN_Crjser. mgas Cuafe, @656
6)67PVHCUD PFUNVMNCG8H). DeUams
samsrel Oy wpeud, BETETEONWE peud

U WHWOMUSE dnl PG6)U(BSHVTD; OrHHYD
6)sOwenrd. eTrsy, P o aver LSs60
sTaTamb)eusTyas), @6 555 eHMO ThPrsHar Qb
FOOGSO0CLC VFmsGaT Uas GrCLGSS
6)sfwrws) @Bés Coar(Bw; Bseyd SVEPWOrSa)D
BDoss Coar(hd. &.09.616v. wevd DeWséE 6)FSmey,
Us BrCLVGEGD 6)sarsPLd! g SGETTHRISGT
SrmSw srearenP Fvwmser G Cassd (encrypted
time and data signal) 6)6W& GPWS Wb DensE
6)Fdmafser. @saras), grame e5gf OHMO
THS565FT DO gH&ELWOTE UMSVGBSS BSUT6D
Pseudveme. gear Bss Lfw ey
SQETIMESEREETE JIIYVMISGET S)(QEHETMET 6T6T 1)

yPo8@ssnro!



8Cg Guamsy, grefwmd edwaermser (Drones)
B555)606WOTE SETEYH FHVENW S680T ST 6P EGD
8606406 6)sP0Vs8 Coverr(Ho. sr&500C Bovssrg.uw
G WI6T (strike target) Fmvepwuwd FLwWrs saPss

Cevetrw. D&ME)sVVTD gOUMHC FELEPW WO F6T,

gerae), Bss LW ) SG.&T50. SraPwmS




Docermser Bsa)d LPWSTS, T GOMLITOTSTS
BDoss Couar(hd. @emey eTHS5HE 6)s60eYd
SYUYSREEHD FETATONTENS, YT B5H6YD

SV Wwrars5rs BBHGs CovssT(d. 6T6LATE)S 6T
QUETYIYD, HYusmsmeT @reredng Buws, sTemC
GMWES PQuwas). vny Gsmevsearaar, Casd,
SVIWD 6TeLVTD BHYD GMDHES 6T U6V
JOGYVNSGENSG Covar(hh. @esuens e orermser
upPw sCHTmW ‘6)FreaTSP’, 6T FETVESU
THFUTFEEVAD.  Srafwmd aPOraTmSaT, «PeTH)
oG 6)srPimComsmer cOOYaTTS) ~ 6TL,
wrefs) 20,200 8.8. 6)sremevedsh umsGw &.¢.6Ton.
6)swpems Csaer Jemwly; Do), ePwrarsds)
6)urmSS00CC FPW GTBTT STTSET; (PETLY, (PSH6V
Boemrgedtsg) VGO GPamssmer 2UCUIdsGD ¢64
VTGS sePal. @esuens srafwmd ePorermser,
goaerwns @erayd 20 yembsefsy Guadsy

2 UBWrd&500(BD 6TetTy UgUVTSE GOOOUREMS.

cTSsmar gramey oSgfsar Guadsy o uWWPwssaFaer



6T UATaEROSTHSS NG UL 6)srse 6ThG
g LWONVTEEGS5S5T6T &2

JOEYVD 6VVTS SASTTET UTPEMNESGD )

SQETIMEET 2_56YS T M6

@WHVTVETE BTEEE UBjHG) ePSg6) (electrical power
distribution) 6TTUSNG B&60)0 YVPWO Gevedw Cpg
e el. @ESNHGY, BTb)VC NGO 6THES FOVGSYPD
Bevmev! @errwy, wergss saBsals, Pearsss
Dwruagd, $afWrg Gpeumserce, Bsab $paowns
6)swOuC (B VGBEng. 6 srelat Corsms, Peu

S &AW (segment) OPEEMIFET. 2. S5TFONES NS,
saeme 9 wend Ps6L, VTV 5 Ve WMT R .
B656 Hf), s 9Ps0rs Psreagd

2 UBWABESOUBEMS). 6TV YEVVSHISGEBWD,

6)sr @ HErmVSER0, UaTPSEEY Ums CaTergd
ComenOu(BEng). 568 o0 PeTargsHs) el wHY
)y 9C JFHs0. smsErMHW CHmSEHHU,
Brenys VBFHSPEGD BMVGTRISET, T 66T M)



&0568), Vimd PGw UOGESMSmeT

B0 GsSTTYar. P RO )5y, ANG QNG
eTarmasy, Pou BvePwerT CavfsatT YOy gHUCTD.
358 6T, BT UmVWaVOYsGeaT, Barergd 6TOUG
G 018VED LS Qere)emasfnG VIS NG
TETUSNGD DbsS SHLePwd Bsa)bd GgHemevw et
RTH. Fo UV 6)osTVTC(HéS6T W& VMO (UTYS),
DGV WES T Imene) YP58GEsIT0.

SpeveTnsaPaT umGsmer wamd, ePPBurkée B
BESWD 6)6P P BSGO. reme 4 weRPWraTT6), &HIGET
Wagas @GESrY0, UGS Urmd 9D YGWrg).
VIS PG, ub)urs FOC Y, e BCrrwd,
TEHSMET UMGSHT )& OANJ6T, 6TS5SMET VD 605
OrPWG) 6TETY SEMEMS UMG ULOTHY HWOYSET
(stock exchange) 6)60(hés euemenTd @BSTHET. VMG
vPocny moiyselst saPafser, Corsé HLePwWsms
SOOUYETETET. D EHTFIMES NG, By WaFHe) D _arar
NASDAQ ettty umig OfOTHY S50 6)6rG

6t m& 80,000 6 6UGE)E&6T KL SS6TN6T



(transactions). @6V6)VAG GLVQEMSWO, 10 UMGSHMET,
E008PWAG UamS PDEMNTFSaT 6T MEVSES)S
6)saerCas), 6)6r0é& 800,000 VMG BS
orpdarper. umdar saasf aPemey 5 CaVFSaT 6TETNY
6)saerCas), 4 PvePwer Cagser, 1 6)nag, HOUG
BDovg QBrsre) PgwwrGd. gevedwsPsr Gsemey
gear umG VPLOrDY AWHVOYSELES Csme 6T6TH)
6)56 VT LU BHSGW.

5086)s60Vr0 UPGswWwRaT 6)FVCULEGY, HELeOwW
S SHGETIRSETSGD FOVGSD DGSENS). D6y,
B8 Couswrs 6860 guesersy 6)asHBudsemner
vweru(B'$5ECWad. Lourafsy, 400 8.8. Cassdsy
vwesPEGw guPsvaalsy 6)seedsy B, TS, ey
Cudnmrjser. @& eT0UG 676HWD?Z FuUPeH s
Ceusgg6), 6)ssvamen Lo BV 6)BrGEEBEGaT OFMHM
Cevetorw; g0y, erenmw 6)ssBudsear, Gy
FOWSEH UV 6)GTCFUSERET RDUWRIGD V)WY
UL S56m6. 6)F60 LOUFS6T SMSEBMW G MSSHD)ET
(signal) HBH6$ LGS Vrpy Cuar®od. S YU



6)as0BuLselsiT @bs Couf VrHMD, B&a)d PLésTaTS)
o Rwsvsy, Hevew Crg Feursl. Qens FPwrss
6)slwedsvensy sTeaTmaty, GPes Duis Cembd
YSHmET 6)SrCFYsmETYd ABSS 6)F60 C6uF
VGVSDGET 2 BUrsEs Couem(Bhd. elbleuad Cevengujd
&vedw Cry mdsmemOy (time synchronization)
6)sleg 6 LU Bsmeuuwandng). 94 Basd
vwewrd eteirpeyear GSM4  Goemevwadmg). GSM4
-80S AW 896056 HVIWD BCemeuwardmg).

o $rgaS5SNG, APCs Loursalw guemen (BS54

6)srerGeur:

1. 400 8.8. GeussPe Guagd gufsy, G
6)60606¢ 11 SCCf Jvvg) 36 g

vwePELmG).
2. @6 05 SwESBDCsH), ABSs 6)as)

FWVWSSDG 0Dy 5 )srgsem
Comeviu e, Qems v 0.2 sl

6)6rg 0rHNOTsSO UaGEs Cevstr(hd



3. @esverey LPw 0.2 wsGsr 6)sry (G
6)6r6uP60 10 uCs0) Lov HJPUPgb
865Cureng B8r Crrsdsy Coemey ePsgd
Curg), g 86480565 HLOWD TGy 6)&6y
swb)ualsemersd srOUTHMENS)

SV YWY SGETIRSET THFSTVEHD CrgeL
55660 YUWHESIYO (collision avoidance) &5 86160
2 VBwrsOURO eT6TY FOLOUREDS).

BSS UGS, W SQETTMRISGTET FLEPWWPD
Sy OueTds 6)srCFmud SN AVEBVAD.



Cao SPWAG 0.0 6

YW SGETIMEET, FVPWEMSS SPWrss 6)srem(h
Couswrs weTGO QR HMPWAS, PET UFSHISEHETO
U968 2 M&EEGS CoaeTPudGéanrd. vfo Pefom
eremn0 UrfsHePCH, Lafwrle wjvsms
MOWOTsE 6)saeamCg) 6TarTm W5.6)eu(BOUmSO
Guasity ePaswd @g). HOUGWaeaTTsY, Fevgsy (NIST)
Gevemev )b LV eI EhErTelSeT 6T 6)UaTHS
Crrush s 6)eusTrETeTaFSeT? 6)eUmD
SVOWESDETHVTE FVePwW ereS(H 6TETUS)

D EBEBTATSHIT L)V HMNUIYD Csemeuw et
RET). T, AHB aPEhErTTOrENCTS). e
SQETIMSMET 2 (BUTEGD PYUWHLUI6), P86 )b
QPO 6)UTHSWPD HCESD. PSPV DTNV BYSGWD



G SQETFMSEEESD 26761 FDVGSH5MS

YgrGerd.

B 6T, STBHC W QgTELUIY Corgd 6T AL
6TETET 6TATUMG 2 VENGU YPW messeus. Degs)
BDuwés a9salsy, Crgb TaTUS) R WSHWOTERT @
vPorerd. Cpgd eTatug) erGear 6)gsueYCw S0y,
Oer@ar 6)gsvugevemey (50Q Pafwar coLemrasBusdNG

STVAEFE6T 5G colMma6BUEMS, GmIsaT
UrGEGL wePSGPsaPYd, Crrd WeTGaTsreT
6)esndng)!). Fupcalfar Quwss efPsals, Cord
THTUG) G WINTSH Paswd. QUESD 6TETUS) OF MO
agwd. Gasd eTeTug) QWss68060, CrrésNed
FOVGSOVCCG). Busd HPsLE8mG) 6T M6y,
BDuésd ¢ waPsge® Jemeds YPsPsEmg eTerm
urger. @F WsSwwrs pad Cuardss Geustrgw
oewd, Crgd Ceuswradeismey ~— RussD
Couswrdms).



BOLGWGE8 B Braafw Losmeranw, 6Tt
20 — Y0 BTHDIBTQET HYTOUSS6) S6TED) U
Casrlunlgeras) 0Ny AHWESTH. DG W
"@0yemws 6)srerens”, (theory of relativity) &upevfeir
Fsar, TOUG B8 Hs BCoussP VwWeaPéGw
6)urC el Ceemev 6)slwng) 6TeTUMS &G WD
B8 Ygldsguaear 6)sraTes. LETOVEMT UVGD
Y68 6)srareradiiens. ASHC T Qg
Casrlunpsemen ¢f Unfés, Jsoalsals sfwaer
Ceagmer peymser 0HML WESs6aT BeVensy.
DHTNVEDES, RG UG 2a70; Qs
CasrCurpssmer Corgmear eevd FenPé8 50 gL 100
gerBsar g Lwererar. ey Goemer, Ress)
@s bufw Carurcaer, “468 wrlsbs AFOY
0TSSP, pef umereg)” ETETUMG 6TGQMISGL 6T 4
VGBCSFV 2vdNG Cargamer weud FerPS54.
BevamavBuwsy, @evevearey 6)uPw ey Sademw > usbd
A58 G556 Yowang).



RUYMWSE 6)sraTansuis), 6TV 6)FraTarT U
Nagwmsear, 1950 ——gePe FupPE600C 6T, 6T T6D,
R0 9arWEMS, WS BurIé&s (PQuaTsiemsy.
Ysa6Vg), B8 HFs Couswrs vwePsGw Q¢ 98150,
ST DBSGO $45.87550m8 L 6)ognrs BHO
TerU@g eTavealsr b)sratans. @Csm, @ ePwraTd
VD, JoreTOreT STo0 VwePss @bsé
Cergmereywé 6)sud e9q8wan:

httpss/www.youtube.com/watch?v=gdRmCqylsME

BCs Guasy, MPVTEEDBEHS), BTGV
vwerrd Comb)sasr®, Ceuswrs vwePsGd
Dwrarss), TOUG R AT SGs5770 6)OHVTENS)

616y G GEM6 n

hittpss/www.youtube.com/watch?v=cDvmN_Pw96A

Bouy, Cuswrs 68GY 768 G 6)urGa’d, Crrd
6)og)VTs BHGBO TETUMS, 6)ueTdass), Time dilation
6TOTY WWSENTFEeT. Ceus0rs TSy, eefudeh


https://www.youtube.com/watch?v=cDvmN_Pw96A
https://www.youtube.com/watch?v=gdRmCqylsME

Couss80E AGCs sTetTm C)uaGeT ~ GTUG)
6)606.6¢ 300,000 8.8. Cusd. @s0 vHPW QG
Spsaer 9qgCws @mGs:

httpss/www.youtube.com/watch®v=HHRK60j WdtU

2011 — o0 Yo, (eTeveer 6)urg) UUMHOSE
b)saerensmw 1915 ——6) 2 GUTSSHaTT), HSTEVSG)

S ésCC 100 rBsEersG0 NG, L6ToVE 6T
V6V SaTEE B0 FLPWOraTS) 6T6TL
BerPé6600CC&). @V wsSwwararg), LBWE sHn
VGO L.0.6ToV 6Ty VELE)FWNMSBEHTET YeWHWOY.
Bme Qe6)uaaTd, 00 RO AW 545155
T8 Ylmwé snnf wwd WGENS. Dbs e
SG.ETTMEET, KLU DaTaT SG.ETTmSmeT 6L
oarevesr 6)sasararg Guas, Cardwss) wsbser. (LW
TTUG) S Couswans seTemersd GHPYD, GPwenears
sOPYO VGO G Carard TETUMSYD @G Gad
VOGS EMCTH). T &SG&TTMRISIET FEOIWD,
oarovealsr sarssC BT 8550 Curars) egs)


https://www.youtube.com/watch?v=HHRK6ojWdtU

SPuaHpmn FurPés 2.ga0wg). Leravesr "Grrd
6TeTUG) GBI GEHPWIST @ ereShH
Sevevere)saer!”, 6Tery 6)FraTaT) 6T, UVGSGD
YTOUSSHD YQuePeens). 2w 6TeTeTGeuT
SSISTET. G BaeT 6TeTUS) eTarenr? 24 wenP Cpgd
eTer) OC RO VFe) b)dasevasfaer! GO SeTEmeTS
a0 VGmSWIL @ e Crgédsy 1.000
VLSS SLESNS). G 6)6096G GPwemerd G
20 epwsvamers sC&ENG). @OUG LB seTenarssmGer
00 VOO SMT658 G 15 8 69HPse eramen
owg 2 e weP Crgd ~—— IYeUeUTYSAET. STV
Cogo statrUg) Goum QRETMO e ~— @CwrHmss st

ey, 6VEUaTEYSA6T!

ST VGLO P6TY DETOVEET 6)Fr6Taras

B IE855068 WY SQGETFMIGNTTE YO SG&5TFS
SVWD 6TETUG) QB STWDOWET 65EhEhT6T
VWETTONS OFPUETaTS), UV 9EhEhTeal senaru)d
Bésmmée wssfée 2 gadweareg). srsagemT
WTPEME6G Comevwaar Crrssedwd &.0Gs



8460566 60, 50EG S b5 IOENS). yearme,
veafss, gvedws G, Cuyd GCueo,
2$SIVIWEMS, YSW wemmaersy CsL emeusSms),
8555 CsLel, Yoy aPeherrar grdsLuder
ETELEEVGENET VTN DDWSEYD D_GIUWaTET ).
FVPwWEE NG Comey eTeiremrGeua, FHMD GMWMHD
Buomswaer @G 2Ts6) e (extremely precise
oscillator). VUG DTEVSGEMET, DUMENS H6VEVETE)
TPl K0EG APOUSIME. GYD UG.8S &6)
Gurerry )ufw HL HerasL 1550 6)urGErd
Devemev. yarae), DESMEW FELEIW DTFE 6TETUY)
Y eI @BEs55T6T 6)FIWBMG). WESWWTS,
GO0 o Hasaalsar 6468 Hreveh (energy
transition) 6TO6)UTWYSHD HVPWWTSE) 2_aTerS).
BésmawW saeV6LsmaT TOUG D (BVTSGIS)? UNeny
TOUG 20BWALHOUG)? 676)6T6iT 6D, &Sy 6w0T
Wil 6TV JESHEHD DOUG FLOUSVEN6V.
BDEN&T8, QUHBSDW GET FIreTwrs Gajhs
Femevselsl ygrws Comey o Gurdng). 86T,



ydw sefomsaeryd, s6T Rusiysameryd (Hw
Carers P Hoa&d 6)siw Gevetrigu)arears).
eheprer weriEdse, b5 HLedws GsLe) TOUG
2.60)80g) Y YPEEGSSVT0. YEW AT S9.807
SMVOYSEET YWETSSD, ) Hereds) DBOUST6D,
Y ey C)UTHSD (STEVG) GVTETCD 6)UTHED)
{mG )ued vmsTHENS. Dms Cum ePs0rss
6)srsbev0 Guaeras), BGsMSGW WPHgoreT 68
S6U6V&6T, (Stable energy transitions) B&& GeP§5S

PmsvsaPCuluw, fev vePwmsgalsy VC(HGw 2 arerg).

o2 grgensdnG, 2012 —e Cprueh s 6)upHm
Gl emsvsiTGeoverr ., gerreyemnw Grparush 2 enguPsy,
Culwg) marsH0, Bsa)b GefFaPss00C
SgSsaPET Quésd VNPWS):

https://www.youtube.com/watch?v=TuxVDkqgzrOA

Y SG&TIMsaT NP BCuisiew @g). Bs6)bd
GGV E60UC L H&S6T 6TOTH) DRG UV P
6)5r60WT LI G). TEHENGTS ESSH6T


https://www.youtube.com/watch?v=TuxVDkqzrQA

GaPFeaPss00C Cauar(h0? TOUG ey GefaPss0
v Psirpar? @g Guasty Gsaatalser omsar weTHe)

CorsrPdGésvad. sHm Pursd urfGuad.

‘oeheprar Wl Curge erary sC(BHemgs 6)srC sy,
TOUG FguUEhesPerT Bss Galgrar @ mser
6)afeurae o aver LHC ~——60 $a)&0695008

2 BVTES0 UBENG eTeTm) VTFERSTD. &S 6T,
SSDG TSSMAT 6)FVuTE S TTHO VAFSESHTD.

o T Baé fov Yawsd gemmsalsy . HGw 2 arer
G JoréEd wed 8. gmé emmw -272 o8P
6)g0Lwen @58 Fmevsalsy @BSGO. QeTrs), Grd
Qv Cuargd HmpsBsr ssmaw Bamey Pseyd
6)vovwarers)! ey SsrgmRsmTO VMNP
NuPsmsudel, eTOUG P GaPvMGET,
sarmeudsT STarhSNGG v Carg WEMMSET, G
6)60068 668 e 6L wrmSng) eTerm)
UrGEQEAD. (pevey Bevener, GO HgLWeHEVTSS6rT

WG '6)gasbeverd UgOUS V)6 BevemsuBuwsy,



“sab)ersirar 6)6rodG &Tm Csng Wep sCE sa0)b
FLWO vgmr?”).

Y SGETIMIGETET WaTCaTHHO UHPW UGS s,
W CgOw etetTy safwims stUUG
&NGeIsSmagaer ereTy UrFS8Sr0d. @S s
WEEWOTRTS), AUTOUSESD, THS QG SO VEMGUD
SYGET VY VGGHL 2 UBWISOUBSHS. UTW
VGgVsS6), £m Gerlser ewPGw gefjaRssd vl
saPwsMmS (Svvg GBpHpPOUC L) &5
wssrCvSPerael, Ceuemgu HaBYSSDET
sPOUBSHENrFaeT. DsaT P6T, NG GLEGD
agwd Beeyd garglworsrs). sne Cuayd
Ssamer GealFalss erarar P2 Gueyd GaPFelés0
Ul YE&SaT, FOFE5TS, SV DTEVTGWD
VTWOYETETS) 6TETUNS GTTTCD 6)UTSSD
0)er0dng). Asr0g), QMO Qg Sov
WSBga 6)seveleTseT 2 ased TaTdMajaet. -273
Q8P 6)gs0Pwerdel eTeeUT QUWESRIGERD BTN (H.
D68 Smnss Ba& sHm S wierear e, @65



WEBTa 6)se)eT Femev. QMG RG WPSSWwaeT

ydsev Goemey YYESVET QUGS GBSV,
ey GagheTper eTaTm 6urGet. b8 DWsss
GMPUMU TOUGE 6)5ug)? BCeuaf sHs6T peud
6)sbdmagser. Couag umnl, 6)éreearssy, ‘Seng
6)sesaf FePwd eretTy SCHMTUIDH VFFSEHTO.
Geveg ersirpey_Q@er Star Wars ——6b ey 2 eg6mr
OGPy 2MmsELESE FMTYSS VHSTE), S Geum)
RETNO Qevemsy. HYaTaE), DG D LTTHMNSG

Gl 6UsbeY, GMMUUSN&GTS Ceuaf &Pjsemen

o VBwads&Hmagser.

Ceveg sPHFaePer S G6)evemensnT OFHMG g
wedser v Qerm 2@ (frequency tuning of lasers).
B5i56)sB6s00C L gafwd 6 AFF6)waTaPHS
6)s6f s6WEGD. A6s Fj6)aanalne sHY
GMWVTAT S j6)evemenPs) Cevad sPF epeiTenm
TSDWWEG THIAS0 (atomic beam) OUFWEGSE M SET.
6urgens, Guafsat oo@ual.Caer 6Ty

IS HSTEMNSE 6)GTTTC D6V, 5G5S



S F6)eueuTessPsy, (sBUILCLAGT, O TSI WS
sr6Para60, BBUAC L rafar ssPmw ey 2 eTUTRIS
P& 664 6)uBD — D&S5HTHT BAD D_aTOTEDNS)
T ECrd. YTV, SN GMNGS AP F6)evsvrenfsy
Ceveg 4P5 saé&femmey, Doppler Shift er6irny efamyerajus.,
Cs546)5('Gs60UCC PO HYTVSSDMD 6)VHVTENS).
Bouy, assnemmsmer ety Covsj epevd

e geNsdmajsaar. QP 2 aven WS 6T6TETE)VSTHTED,
GO 6)uTds YMWHUG, SPWAS 6TSSHEm6T

@ dPser Gajeissnrd 6T6tTy HLePWOrSs
ePeheprelser samrséSC Wodmg). Deeay
Gafgafss00CC Yapssar, B% GMOWTET
omgslseT. QTN S e SgsT5mse 6T
Youem Cevag Geg penmser e6TeTmrsy
Cmswasng). Javy) Cousj Gafs wemmsasy By,
Fevvgar @er6)eram Cprush uPs 6oy v

oo PePOerPetT (Bill Philips) Sigepowanear e96.8wa
DnGs:

httpss/www.youtube.com/watch?v=WNuQcsFloyw



https://www.youtube.com/watch?v=WNuQcsFIvyw

Qeary Cseyo gaffelss00 . ygnb)uendsd (Ultra
cold atom physics) @ Cs0rs QMisg) GO
SWWas Oruereng). Fanr(hd DETOVEDEE
VGCuTd. bPw edeherreal, ¢Swer Cure,
DETOVEBES R ArTWEL SCHTmW 6TWYS
SY@IOIaTTf. 3G eTararGoua oGuIC L raTSeT
TRHTEND @ GUTETCD Wy VNPWs SC(Heng.
oaravesr, Dag Cued )odGsny, Bsayd &efiss
BDVUIe), @ YSW Feeuudel (new matter state)
safomsaT 2 GurGd wrWoy 6 6TeTy
YeO)VBSS DG HPeP5505. BSH& Bose
Einstein condensate (BEC) erettp 6)uwCemg.
6)urgeurs, RUHEMSUI SafOmsaT UTWeITW,
Fowwrl) g Scoaer Feuuds) saeTOUBSMS).
856 ety Fuyosieung), sraTareg) Gemewal) BEC
IPIé500CCg). @585 Carungs) WIGESY
568580 0emVsaeT; JerTs), DEsmeT GerFaPsGd
(950608 erGer 6)srarar ewsBoa 6)ssedsr Geg)
Yowser eerg, BEC 106968 srp HamBsar



guer. CuBsv 6)sasirar Cevaf GaPFaIéGw Waymser
oHpod Vs Hbd Wammsals) (@eng atomic evaporation
wmser ererdmajeet) @erm 6)eunssoss BEC
sy Lo galvmsasy aPeherralsar 2 Grss

P . agsar.

B0 vndw sHm Cougdamswanear a9qBwam
2nGs...

hitps//www.youtube.com/watch2v=ksdgxVxpimA

&, ey sgsrgmseT 6097, @evsuens BEC —

e sy 6T6TET VWET? Hemmw @SS mS) eTeTE M SHeT
eVehepraflsar. BEC etetry Femsuuds) amsser
SHSERMW VST BV BES —— ASTEUG)
YDV, VUG HEETT 6T Fmsv OF1Y 6@
SV OTMSaTmeT. QP @erb)ara P Hw
agwpd o arerg). Hreug), 8F SBamsSSsy UsBaum
PSP R AT DGBSGD Fr5SWMSEHRD 2aTarg).
6)aasbeversPev "aeBrrgmsfar Yener” ey
sCHmguds) @& eParss00CCg). @ams superposition


https://www.youtube.com/watch?v=ksdqxVxpjmA

TR GVTTTCD 6)uaTSs5P0 JemYsSmajsaer. Q)
GVTETC O SaPaluPws) vary (PSEHWOTET STFETONS
G660 16Ty IEhERTalSET 2 MWSS VGSYTFS6T.
THFaT6V GewPelser ROWaMUNL 6)FwWHUC VY
wrWoyser e ererg); goaerwrar CassSe) (sreg),
Berempw sePeafsemer efC galss GaussHs) v
eheprar Jgssmarsamer $568 WP 6)Fuyd

FESWD 2_aTerg).

G UUMC T YgTOEFLWIYD BSHMH UV
@Gy WESNY). 2-515eES DS, AFIDHGeT

o arer OBFaC e 6T6TUS) 6T6)VEL greTHenar e
1,800 vcm@ ulsaerensy eTeTy) ‘0P EhEhrer (PC(g
Gurgs)' eretry sCPeygudsL VrFSCHTO. 6Ty,
eTh)evsCasirger wpmw OCgalasrsalsr sfwmer
VGUD 6TETET 6TETH) APW Db GMMiePs600C
Femeuudsy eurOy 2 e 6T6Tm U 69 EhEhrel ser
6OYENTFEET. 5TVS), BHGSaSarsaT YT S0
(charge field) emesg) 256 GUSMG GaPEGH YWHE
Bg. @sCuasry, v Paswmsmers Csg GO



BQunems sy ewenjésse)d sy werGern)
RUGELZETN

SVOWD TITUGSGTET DEHMDUIET G1f. 6T T6V,
SVOWESDETET UTSUTE) ForeTOreaT 6)uaTSSD
werg euroysren@s DégammudsT wEssd. 21 —— 0
STDONITT G GUTSTCD 6)UaTSs uaTfeLudel Bs6)d
wsdworer vmG DbE ASEHF AT ATTWELS

IDWEG 2w 6T STTTNTONEE 6)&TELVNIAD.

509& 6)aamser TUBvrtsGw yfw Cevesr(Yd 6TeT )
P YmPevé 6)samaemer sC(HenguPsy
vweTu(h'$PwerBeneir. D&6)FrNHSEBEG BSgaeaT Lev
s50Q& 6)sapsemner QmG UPEFemers6)sem
eTensuSHCmetr.



YRPVE 6)Fa6) 5
Quartz &
GPS receiver 2
precision metal machining ey
time zone G
stable energy transitions 6

Atomic beam

Ultra Cold Atomic Physics

CunGsanersenr.

Cng yenef® sf6$00

http://nrich.maths.org/6070 - &£6E50 vHPwW KLY

sC_(Hengser


http://nrich.maths.org/6070

http.//andersoninstitute.com/history-of-time-measurement-

devices.html

hitp://www. timeanddate.com/time/time-zones-history. html

hitp://www. teapot.orconhosting. net.nz/brief-_history.htm

bttp://www.ayton.id.au/cary/History/H_timel.htm

http//physics.unipune.ernet.in/un phyed/23.4/23.4_Kagal. pdf

http://www. princeton.edu/Un hos/Mahoney/articles/huygens/tim

elong/timelong. html

http://www.encyclopedia.com/topic/Measurement_of Time.aspx

http.//www.scientificamerican.com/article.cfm2id=a-chronicle-

of-timekeeping

https/www.youtube.com/watch?v=SsULOvIWSUo —

YGOOWERT FM&S5 g 8wam

bttps//www.youtube.com/watch?v=4T8uyD0AvzI — Gy
geref B ¢P585 98w



https://www.youtube.com/watch?v=4T8uyD0AvzI
https://www.youtube.com/watch?v=SsULOvIWSUo
http://www.scientificamerican.com/article.cfm?id=a-chronicle-of-timekeeping
http://www.scientificamerican.com/article.cfm?id=a-chronicle-of-timekeeping
http://www.encyclopedia.com/topic/Measurement_of_Time.aspx
http://www.princeton.edu/~hos/Mahoney/articles/huygens/timelong/timelong.html
http://www.princeton.edu/~hos/Mahoney/articles/huygens/timelong/timelong.html
http://physics.unipune.ernet.in/~phyed/23.4/23.4_Kagal.pdf
http://www.ayton.id.au/gary/History/H_time1.htm
http://www.teapot.orconhosting.net.nz/brief_history.htm
http://www.timeanddate.com/time/time-zones-history.html
http://andersoninstitute.com/history-of-time-measurement-devices.html
http://andersoninstitute.com/history-of-time-measurement-devices.html

THET $Q.ETTMSAT

bttp//www.islandnet.com/U jar/streetscapes/topics/clocks.htm

http://www.clockworks.com/ - &@.&075

ST TWELWTFSHEBE5TS

http.//electronics. howstuffworks.com/gadgets/clocks-

watches/inside-clock.htm

bttp://ffden-
2.phys.uaf.edu/211_fall2010.web.dir/Justin_Cannon_ WEBPRO

JECT/BodyPageThree.html

THET SGETTMSGHT VNPW Bs6e)d 6)CSefseumer
afey


http://ffden-2.phys.uaf.edu/211_fall2010.web.dir/Justin_Cannon_WEBPROJECT/BodyPageThree.html
http://ffden-2.phys.uaf.edu/211_fall2010.web.dir/Justin_Cannon_WEBPROJECT/BodyPageThree.html
http://ffden-2.phys.uaf.edu/211_fall2010.web.dir/Justin_Cannon_WEBPROJECT/BodyPageThree.html
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