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NONREFLECTING FILMS

In optical instruments like compound microscopes, ¢

11 of lenses are employed. When light enters the optical
B 4 % of the incident light is lost in single reflection. Th
gets transmitted. The loss is even more for multiple reflections.
scope composed of four lenses, 30 % of the incident light is rc
intensity conditions, these losses are undesirable. Therefore, the
light due to reflection from an optical surface. To achieve this re
ate material having a proper thickness is deposited on the glass a'urfac-: Thﬁ film is kr
film, discovered by the German scientist Alexander Smakula. I‘:l;l
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To understand this fact, let us consi
agating in a medium (air) of refractivi Tata McGraw-Hill

normally on a glass surface having r
Fig. 1.21). If the intensity of the incid Published by Tata McGraw Hill Education Private Limited,

the reflected light is I, then accordin; 7 “est Patel Nagar, New Delhi 110 008
that relates the two intensities, we hay

Engineering Physics, le

I, = [ﬁ] Copyright ® 2010, by Tata McGraw Hill Education Private Limited

Mot
Fig. 1.21 Antireflection coating 2
'r_R‘= #:""‘Hl [_Iﬁi}
1 s+ o
For g, = 1 (air medium), g, = 1.5 (glass medium),
Iy =[ I 5~1] v
Fi 1.5+1

Therefore, 4% of the light intensity is wasted in reflection and 96% of the intensity gets transmitted.
MgF, (magnesium fluoride) is an appropriate material for coating. Its refractive index is 1.38, which lies
between the refractive index of air and glass. If 4 is the wavelength of light used and g is the refractive index

https://books.google.com.ua/books?id=bXoLUAOWAagC&pg=SA1-PA31&Ipg=SA1-
PA31&dq=MgF2+Smakula&source=bl&ots=jJlakK6 JOES&sig=ACfU3U11AdpIDIrQNrwOz80BLapZfeINRw&hl=uk&sa=X&ved=2ahUKEwiG8tjzkr7TkAhUhmYsKHXP
DCnIQ6AEWEHOECAKQAQ#v=0onepage&q=MgF2%20Smakula&f=true
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sarch o coating (Carl Zeiss TE) used to reduce the reflections on glass-to-al
surfaces. In this way, the transmission of the binoculars was increase
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KoediuieHT BiabOuBaHHA

- T KPOH n,=1,52
o — fes
-y
Mo + s MgF2 n=1,38
J.S. Rayleigh Proc. London Math. Soc.,
11 (1879) pp. 51-56 ]
'{CHQCH F:]'rr

doTopnonimepu
- polyvinylfluoride

, (C2aH2F 2)r- -
; polyvinylidene fluoride

CnFan+2

silsesquioxane resin polytetrafluoroethylene

(FhS10 sUb (3= 2{ 0O h)mHS10 sub (32 0R ) n(MeS10- sub (3-0/200H kg
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An jeder Grenze swischen zwei Medien,
deren Brechungeexponenten verschieden sind,
tritt eine Reflexion des Lichtes auf. Das vom
araten o dos ewelte Mediom  einfallende

8 Licht wird hierbel in einen das sweite Me-
dium durchsetzenden und in eimen an der
Grengfliche der beiden Medien reflektierten
Antell sufgespalten. Das Verhltnds des
refleketierton Lichies zum gesamien einfallen-

1o den Licht T' nennt man den Reflexions-
faktor K. Das durchgelassene Licht ist dann

TymT(1—R) {1}
Um die Schwiichung des einfallenden Licht-

1§ stromes um den reflektierten Lichtasmteil
miglichet zu verringern, um die Diferen:
1 — R nicht #u klein werden zu lassen, sollie
aluo der reflektierte Lichtanteil & so klein wie
mbglich sein. Bei senkrechtem Strahlenein-

an fall, bei welchem unter sonst gleichen Bedin-

gungen der Reflexionsfaktor ein Minimum

erreiche, gilt fiir & die Formel von Fresnel :
n—1|*

* =(,.ﬂJ &)

worin n der Brechungsexponent des dichteren

Mediums ist. Diese Formel gilt sowchl fiir

den Strahlengang aus Luft (oder Vakuum)
in das dichtere Medium als auch fir den am-

1o gekehrien Steahlenverlauf.

Da oun Reflexion micht nur an der Vor-
derfliche, sondern mit dem gleichen Betrag
anch an der Rickfiiche jeder Linse eintritt,
da fermer komplizieriers optische Instru-
mente oft aus einer grofen Zahl reflelticren- 38
der Einzelieile rusammengesetzt sind, kann
die durch Reflexion verursachte Schwiichung
des einfallenden Lichistromes betrhchtliche
Werte erreichen and mehr als 30", betragen,
Abgeschen vom der Schwichung des ein- 40
fallenden Lichtes um den Betrag des reflck-
tierten Lichtes kann dieses reflekticrte Licht
aber auch unerwiinschtes Licht zum regu-
liren Strahlenverlauf des Instrumentes hin-
tebringen. In photographischen Apparsten 43
kann =, B. das reflcktierte und wieder zurick-
reflektierte Lichi Verschlelerungen des Ne- @

tivs verursachen.

aylor, britische Patentschrift 2g g6,
1904, hat nan, veranlaBt durch die zufillige §o
Beobackiung an alten Linsen mit tellweise
verwitterter Oberfliche, welche in der Durch-
sicht gegen cinen bellen Hintergrund an den
verwitterten Stellen  lichtdurchlissiger er-
schienen als an den gut erhalienen Sicllen der 55
polierten Flichen, bereits daranf hingewicsen,
dall man durch Verinderungen im Material
der Oberflichenschich! einer Linse eine er-
hibte Lichtdurchlissigkeit erreichen kann,
und hat durch Anfihrung der Fresnelschen e




Alexander Smakula:
Uber die Erhohung der Lichtstarke optischer Gerate,
in: Zeitschrift fur Instrumentenkunde 60 (7940), S. 33-36

(IMpo 36inbLUeHHA cunn CBiTNa B ONTUYHUX Npunagax)
SMAKULA, A.: Uber die Reflexionsverminderung an

Grenzflachen zwischen durchsichtigen Korpern.
Glastechn. Ber. 19, 377-386 (1941).



ZEISS C Sonnar T* 50mm /1.5 ZM Lens

www.bhphotovideo.com/c/product/446177-EG/
Zeiss 1407 _067_50mm_f 1 5 ZM Lens.html

Leica M-Mount Lens

Aperture Range: /1.5 to /16
ZEISS T* Anti-Reflective Coating
Manual Focus Design

You Pay: $1,261.00




increasing the cell efficiency by 0.5 percent to 0.75 percent



3 1-n=1,7:k=002:d=86 nm
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(® @ https://en.wikipedia.org/wiki/Magnesium_Fluoride B (120% wee w N @O A

Magnesium fluoride

From Wikipedia, the free encyclopedia

Magnesium fluoride is an inorganic compound with the formula MgF,. The Magnesium fluoride!l!

compound is a white crystalline salt and is transparent over a wide range of
wavelengths, with commercial uses in optics that are also used in space
telescopes. It occurs naturally as the rare mineral sellaite.

A

Contents [hide]

1 Production and structure

2 Uses ‘\\
2.1 Optics |
3 Safety Names
4 References Other names
5 External links Sellaite
Irtran-1
Identifiers
Production and structure | edit] CAS Number  |7783-40-6(F ¥
3D model Interactive imageg’
Magnesium fluoride is prepared from magnesium oxide with sources of (Jsmol)
hydrogen fluoride such as ammonium bifluoride: Chemspider 22952 ¥




KRS-5 Thallium Bromide-lodide  (TIBr-TI)
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Technische Physik in Einzeldarsi
Herausgegeban von W. Malssner und M. N
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Wachstum, Herstellung und
Anwendung

Tom 14 3 cepii Technische
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1. Einleitung

die Bindung ist, um so kleiner der Radius. Auffallend ist, da8 der
Unterschied zwischen der (S. 25 niher behandelten) metallischen und
der kovalenten Bindung verhiltnismibBig klein ist. Auferdem indert
sich der Atomradins mit der Zahl der nidchsten Nachbam in gleichem
Abstand {Koordinationszahl K. Z.) und zwar nimmt er annfhernd ab
beim Ubergang von®

2.11 Atomradien der van der Waalsschen Bindurg
Da die vaw por Waarsschen Krafte sehr schwach sind {rund 1 bis
109, der elekirostatischen Krifte), sind die Radien verhaltnisméBig grol
und anfBerdem stark von den Bindungspartnern abhiingig. Die van DER
Waarsschen Radien freten in den Gittern der Edelgase und in Molekiil-
kristallen (bei denen Molekitle als Kristalilbausteine betrachtet werden

Tabellc 1. dAtomradien fiir van der Waalssche
Bindung in dngsivim, (Nach Laves)

Agame-No. Itadins

Synthol i | T:::Te]:cr.ttm'

, Skrifter

miversity



Onekcanpep

CMAKYIJIA

MOHOKPUCTAJIA

BUPOIIYBAHHS, BUT'OTOBJICHHSI
Ta 3aCTOCOBAHHSA

Iepexnao 3 Himeyvkor
Haoiit MEJIBHHK i ITagna TPOIJEHKA

3a peoaxyiero
Bonooumupa KO3SHPCBKOI'O

i
Bacuna IHEHJJEPOBCBKOI'O

_ Knis
- Bupasuuutso «Pana»
R 2000




Haykone TOBapHCTBO imepj
[POMANCHKE 00 etnanyg
Tepnonmiabebkui

[eByenka

“Donp Ounexcanapa Cmakyan”

ACPKABHMI Texniyyuii YHiBepcuTer
iMeni 1. My.os

OJleKcaHIlep
CMAKY.JIA

HAYKOBI IPAIII
Tom I

Tepuoniib
2000



3MICT
OJIEKCAHJIEP CMAKYJIA 1 HOIO HAYKOBA CIIAJUIMAHA 4
1. ®I3UKA LEHTPIB 3ABAPBJIEHHS B KPUCTAJIAX 9
o dhocdopuzaii ANbKATEBUX TATBOIMIB ... ooooeecemanimemeanaiann e oo R P 10
Llestpu 3a6apBieHHs y KpHCTanax TopHcToro Kajbliiio Ta ¢ropucroro bapio 15
3neGapsnenns kpuctanis CaFs, 3a6apBieHnx X-MPOMEHAMH oo 17
LlenTpn 3a6apBieHHS B KpUCTANAX GTOPHILY KATBUIO oo 19
3abapBieHHs Ta UEHTPH 3a0apBJeHHA Y KpucTanax GropuRy KambUiio ... 20
CriBBiIHOWIEHHS LI CTIEKTPA NMOTIHHAHHS LIEHTPiB 3a0apBACHHS B KyOIuHHX
Rhltrhee e e & o el ST T i i - — i,
3abapBieHHs YHCTHX | JIEFOBAaHUX KPHCTAIiB TOPHILY KaIbLIIO NpH 20Ci-190C. .29
LienTpH 3a6apBienHs y GTOpUIAX Jy/KHO-3eMENBHIX METAMIB ..o 38
LleHTpH 3a0apBieHHs B MOHOKPHCTANAX TalOMeHIMIB Le3i0 ... 45
BIuINB TeMriepaTypi Ha LEHTpH 3a6apBieHHs y TOPHAAX JYKHO-3EMEILHHX METATIE 55
AHI30TPONs LEHTPiB 3a6apBAEHHA y KAMBLMTI ... 39
LlenTpy 3a6apBieHHs B 3MIIIAHNUX JIyKHOTATOIIHUX KPHCTAMAN . 64
11. BIUTUB JIE®EKTIB TA JIOMILLIOK HA ®I3U4HI BJACTHBOCTI KPHUCTAJIIB
L POTRIRATIBOK 0 i Sl e i s s o oo st 3
Jlesiki CNeKTpH NOTIHHAHHA Ty KHOranoiAunx Gocopis 3i cpibaom Ta MiL0
e e oA et e 1 et e e L S N S 7
TTpo BILTMB JOMILUKOBKX HOHIB Ha (hOTOXeMiUHi IpoLEecH y NY)KHOMATOTAHNX KpicTanax 82
HenockoHANOCT] MOHOKPMCTANIB PEPMBRIIO _ e 85

JIOMilKHM KUCHIO B MOHOKPHCTANAX KPEMHIIO | 86

Jledbextn y 3miwannx kpucranax KCI-KBr 92
JledexTn B HOHHUX KpHCTANaxX T AR S 96
Jlesiki izuyHi BIaCTHBOCTI Maibke J0CKOHAIOr0 NPHPOLHOTO anMasy ... 103
111. OITTUYHI MATEPIAJIH. [TPOCBITJIEHHS OITTHKH 105

Crioci6 nizBULIEHHS NPOMYCKaHHs CBIT/Ia ONTHYHUMH €I@MEHTAMH 32 PAXYHOK
3MeHIUeHHS BiIOMBHOT 31aTHOCTI HAa MEXKaX PO3LTY LIHX ONTHYHHX CICMEHTIB 100

Ipo niaBMIIEHHS CBITIOCHIN ONTHYHHUX NPHIANIB
[lpo BuHaiinenHs crnocoOy 3MeHWeHHs BiAGHBAHHA CBiTAA

HeonHopiaHicTh 3MIlIAHMX KPHCTANIB FAJ0TAIB Tanilo Ta il yeyHeHHs 1Y

Po3i/IbHA 3AATHICTL NPH3M, BHTOTOR/ICHNX 3 ONHOPIAMMX KpHCTanis
Opomitoanay Tanio 123

Bnaus cTpYKTYPH Ha ONTHYHI BIACTHBOCTI KpHeTanis 124

CumrerHsni KPHCTANMK | NOAAPH3AULITNI MaTepiann
OnTHyHi MaTepiany 1a iX BUrOTOBJCHHA

Baactusocti NiO i CoO Ta ix sMilanx Kpueranis B indpauepsoniil ni 1 Y
] nasuuw cnexrpy 144
Intepnperaiis 3MILHEHHA TBEPAOTO PO3UHHY 32 J0NOMOTOI0 KOANBANLHMIX criexTpis |30

1V. ONTUKO-CIIEKTPAJIbHI JIOCTIDKEHHSA OPFAHIMHHX PEYOBHH

TA BITAMIHIB 3
KMCAOT (B-eniraKPUIOBHX KHEAOT) ..“..W HOCHIB | KOpiLeBHY ok
!mm'mm e S T TCUERRI
i POBHX KMCIOT ¥ ""“":‘ iw ManeiOBIX o

eBiTaa | NemivHa

O ! . N -
Aaboparopil,

.....................................

va noasiised se'mox. | o8

72 OB 35 00K 1L

i : Irmmnn\uuiiunh e 02
M-mmﬂ“‘ 12 noasiitenii 380K IV . |

~TLKPHCTANR
TA @I3HYH] BRACTHBOCTIK 1o
l "““““ e ot PR -« NN b A MMCRTOR ARON)
. R oRCM TODMIMROIY TPAR T RHE | OPITRTOW 8
POCTY KPHCTANS METC z %
O ORI MORORPI TR o e
iB X 30 3 DOSNMRY T2 POSIVRARY ... .
' m—mm&tﬂﬂu&wm UR3INO 3 X YTy *H
| Xewiuni Ta Qisutini npodaenn BUTOTORIRHHS MATSPIANR B ‘4\\‘
 Jiepextu s KpHCTAIAN, BUPQIIRHUX 3 QKCILAIS NOPRXLANNX MATANR ., AR R
o ¥ THLHE 3APODKSHER St xpucTaaiawi v NOBOPNM R
. s St M 338
© TlnacTmuma 2edOPMALIR TR KPHCTAAINHA OPICRTANR ranoluB TAMR ... 238
S K i STUNUHMN RPRCTRMB 20
Brms 00podki KA CTPYRTYPY ONTHYHOL ROSAPXHE N
L  voB3al HONHITX KDHCTRAAX MCTOAOM IPHIMATHHHOTD
JIOCRUDKRHHS NPOURSCY KOBSARKA B Kpae e
JlieneKTPINHI BRACTHBOCTL OXCHAY ROGQILTY, OKCIAY HIKAIK TR IXHIN IMBBARUN N
TeuneparypHa SANKHICTS ENCKTPIMROL CTAROL KPRCTRAER 21 RHUN =
JlieneKTPHURI BAACTHBOCTI MY MHO-ISMABHIN GropreTik MONORPHCTRMB . :‘\
IlieneKTPINI BRACTHBOCT] Fanolais Taniio 1 IXHIN IMimaRX WO 2Y
JTlieneKTPIHE BAICTHBOCT] HANIBNPOBIAHUKIS DI HISHRUN TOMIRPATYPAN ... i 308
VLIIPAL 3 METPOJIOTT R TR DR 314
TouHe BI3HAYSHHS CTAHX [PATKH 32 JONOMOTOR ANGPAKTOMSTPA X-NPOMSHIB
e 3 NiYNABHUKOM Telirepa NPT | M
TOUNE BUSHAMCHNA TYCTHRI BETNKITX MOROKDHCTRNE FLIPOCTATINHIN SRRy BaRKSM 324
. |

BHCOKOTOYHE BIZHAYOHHS FYCTHHUTBRPARX T " 339
OueBMARICT: NOXHOKN B aTOMRIN BasirepMaRida,____ T 343
BHCOKOTOUHS BHIHAYSHHS TYCTHHI NPHPOAHIX AAMAB . 347
VI. HAVKOBO-TIONYAPHI CTATTI 383

Jewo npo aroMicTHYRY Oy208Y MaTepil

BiauyKYBaHHS METNIRBHX Y2 NPH NOMOMN SAEKTPO-MATHETHIX XBIS

3 TexHIYHOI AiTeparypit &
HoBi 20CSTHORHS PR NOMOUYR KOPOTKUX SAEKTPHYHNNX XBUAL
TTomip NHTOMOrO ONOPY MIHKHOIO BOIAYXA
3emas i pAMiOAKTMBRICTS

HoBi BHIOCKOHANCHHS IHHAMOMAUINE
AnTupaxiTHunnil BiTamin
Atasktifichkuil nepener

HCOK TIOBHHX TA CKOPOYEHHX HA3B BY
Hb,
BT Ch [PALI O. CMAKYJIH___ mA ,,,,,,,,,,,, 401

403



An Introduction to the
An Introduction to the Optical Spectroscopy
Optical of Inorganic Solids
SPectroscopy

of Illt_lt'g:.ll'li:: Sohids

J. Garcia Solé, L.E. Bausa and ). Jague
Universidad Autdnoma de Madrid, Madrid, Spain

1 N i
5 Optically Active Centers Il'.llrll Jrl | ﬂ P‘
5.1 Introduction ' w g )

5.7 Static Interaction E Gearchs 3o, LE. Bauia Jl'l-:l 0. Rque .'

5.2.1 Crystalline Field The
5.2.2 Molecular Orbital Th
5.3 Band Intensities
A3.1 The Absorption Proby
A.3.2 Allowed Transitions ;
3.3.3 Polanzed Transitions
3.3.4 The Probability of 5 -
5.3.5 The Effect of the € T':,"il |] o lh:. II‘ITI'HH.IIIH Probabilities 167

5.3.6 Oscillator Strength: Smakuli's Formula 168
3.4 Dynamic Interaction: The Configurational Coordinate Diagram 170
5.5 Band Shape: The Huang-Rhys Coupling Parameter 175
5.6 Nonradiative Transitions 181
53.6.1 Multiphonon Emission 182
30,2 Energy Transfer 183
A0.3 The Concentration Quenching of Luminescence 188
5.7 Advanced Topic: The Determination of Quantum Efficiencies 191 John Wiley & Sons, Ltd

leseprobe.buch.de/images-adb/85/ed/85edaabe-d546-4a32-a5e7-87ae7b82c575.pdf



JOURNAL DE PHYSIQUE Collogue C6, supplément au n° 7, Tome 41, Juillet 1980, page C6-80
hal.archives-ouvertes.fr/jpa-00220059/document

Oscillator strengths of defects in insulators :
The generalization of Smakula’s equation (*)

D. Y. Smith
Argonne Naiional Laboratory, Argonne, 11, U.S. A, and Universitit Stutigart, Stuttgari, Germany

and G. Graham

Argonne Nalional Laboratory, Argonne, L., U.S A, and Franklin and Marshali College, Lancaster, Pa., US. A,

1. Introduction. — Smakula’s[1] celebrated relation
for the strength of a defect’s optical absorption has
formed the basis of quantitative absorption studies ¢ 'absorption des défauts dans des matériaux ayant une
for fifty years. In the commonly used Mollwo-Roos (2] variant rapidement. A titre d'exemple cette généralisation
form, Smakula’s equation states that for defects with * On trouve que dans K1 color¢ additivement, le rapport

oscillator strength fand density p in a host medium €isace Il QUALLE(E BYeq 1a bri temEBn( (RBOTNGS OB
e e e 2. On discute les raisons possibles de ce désaccord.
of refractive index ng

[1] Smakura, A, Z. Phys 59 (1930) 603,

9 "
P L o L. SO (1) [2] MoLLwo, E. and Roos, W., Nachr. Ges. Wiss. Goitingen,
dn e h (ng + 2 Math.-Phys. KI. N.F. 1 No. 8 (1934) 107,
. . [3] Dexter, D. L., Theory of the Optical Properties of Imperfections
WhﬁrF. fmax and I i the pCEIn. absorption in Non-metals in : Solid State Phys, Vol. 6, eds. F. Seitz and
coelficient and the full width at half maximum of the D. Turnbull (Academic Press Inc., New York) 1958
d:ﬁ:cllgs ahsqrptmn baqd: respectively. . [4) Smirn, D. Y, and Dextu, D. L., Optical Absorption Strengths
Th_ts relation was ﬂrlgl.na'i!.y deduced for a dl!UlE: of Defects m Insulators in : Progr. Opt., Vol. 10, ed. E. Wolf
solution of absorbing species in a transparent medium (North-Holland, Amsterdam) 1972.
with constant refractive index on the assumption [5] Smith, D. Y. and ShiLes, E., Phys. Rev. B 17 (1978) 4689.
that the absorption is Lorentzian and that the field [5a] DExTER, D. L., Nuove Cimenio 488 (1967) 409, 415.
at the absorbing centre is the Lorentz local field. [6] ALTARELLI, M., DEXTER, D. L., NUsseNzVEIG, M. and SmiTh,

D. Y., Phys. Rev. B 6 (1972) 4502,
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Appendix 3. The base units of the Si

Starting from the new definition of the $1 described above in terms of fixed numerical values of
the defining constants, definitions of each of the seven base units are deduced by taking, as
appropriate, one or more of these defining constants to give the following set of definitions,
effective from 20 May 2019:

— The second, symbol s, is the SI unit of time. It is defined by taking the fixed numerical
value of the caesium frequency Ave,. the unperturbed ground-state hyperfine transition
frequency of the caesium 133 atom. to be 9 192 631 770 when expressed in the unit Hz,
which is equal to s ™.

— The metre, symbol m, is the SI unit of length. It is defined by taking the fixed numerical
value of the speed of light in vacuum ¢ to be 299 792 458 when expressed in the unit m/s,
where the second is defined in terms of Ave,.

-~ The kilogram, symbol kg, is the SI unit of mass. It is defined by taking the fixed
numerical value of the Planck constant & to be 6.626 070 15 x 107*" when expressed in the
unit J s, which is equal to kg m* s™', where the metre and the second are defined in terms
of ¢ and Avg,.

— The ampere, symbol A, is the SI unit of electric current. It is defined by taking the fixed
numerical value of the elementary charge ¢ to be 1.602 176 634 x 107" when expressed in
the unit C, which is equal to A s, where the second is defined in terms of Avg,.

— The kelvin, symbol K, is the SI unit of thermodynamic temperature. It is defined by taking
the fixed numerical value of the Boltzmann constant & to be 1.380 649 x 10> when
expressed in the unit J K™, which is equal to kg m* s K™, where the kilogram, metre and
second are defined in terms of &1, ¢ and A ve,.

— The mole, symbol mol, is the SI unit of amount of substance. One mole contains exactly
6.022 140 76 x 10 elementary entities. This number is the fixed numerical value of the
Avogadro constant, N, when expressed in the unit mol™' and is called the Avogadro
number.

The amount of substance, symbol n, of a system is a measure of the number of specified
clementary entities. An elementary entity may be an atom, a molecule, an ion, an electron,
any other particle or specified group of particles.

~ The candela, symbol cd, is the SI unit of luminous intensity in a given direction. It is
defined by taking the fixed numerical value of the luminous efficacy of monochromatic
radiation of frequency 540 x 10" Hz, K4, to be 683 when expressed in the unit Im W b
which is equal 1o ed sr W' oredsr kg" m~ s, where the kilogram, metre and second are
defined in terms of h, ¢ and Ave,.



MNepwa?
(1889)

Opyrac
(1897)

TpeTAd
(1901)

YeTeepTa i

(1907)
MNatae?
(1913)
WocTa &
(1921)

ChOMa &
(1927)

Bocbma &
(1933)

Nee'aTa®?
(1948)

NecATa®
(1954)

eHepanbHa KOHepeHLuia Mip | Bar

Bw3HayeHo MiKHapoOHWI MPOTOTUN Kinorpama, BUroTOBNEHWIA i3 cnNaBy NNaTuHW i ipuaito. NpoToTun 36epiraeTbes B
MixHapoaHoMmy bropo mi : i¥HapoOHWIA eTanoH MeTpa.

MoaHwnx pesontouiin He byno NpuiHATO.

Mepeo3Ha4eHo NiTp AK 0b'em Kinorpama Bogwn. YTo4HeHe 03Ha4YeHHA Kinorpama siK oOWHL Macn, 03Ha4yeHo
«CTaHOQapTHY Barny», BU3Ha4eHOo CTaHdapTHe NPUCKOPEHHA BiNkHOro NafiHHA, 3anpoBaflXeHo BUKOPUCTaHHA rpaMa
CUIIA.

MpWAHATO 03Ha4YeHHA kapaTa Ak 200 mr,

3anponoHoOBaHo MiXKHapoOHy LWKany TeMnepaTyp.

MNeperNAHYTO METPWUYHY KOHBEHLLD.

CTBOpPEHO KOHCYNILTaTUEHY KOMICIO 3 eNekTpUuKMN.

BwzHa4eHo I'I"uI.‘l"I'[C.'!E.‘ﬁ'}‘r B abconoTHMX eNeKTPUYHWX 00 MHWULLAX.

Bu3HayeHo aMnep, bap, KynoH, apal, reHpi, AXo0yb, HeIOTOH, OM, BONLT, BaT, Bebep. BubpaHo Ha3By AnA rpaayca
Llenscia. Mana niTepa | 3aTeepa)eHa AK No3Ha4YyeHHA NiTpa. K KoMy, Tak i Kpanky byno NnpuAHATO AK NO3HAYEHHA
NecaTKOBOI 4aCTUHW. 3aMiHeHo CMMBONW ONSA cTepa i cekynam [1]&. MponoHyeanocs, ane He byno 3aTeepaxeHe
3arallbHe NoBepHEeHHA 00 OOBrol CMCTeMW HyMepaUil.

O3Ha4yeHo KeNbBiH Ta cTaHOapTHY atMocepy. MNMovyanocA BCTaHoBNeHHA MiXXHapoOHO! CUCTEMW OOWHWMUL (MEeTp,
Kinorpam, cekyHila, amnep, KenseiH, kKaHoena).



1l-Ta?
(1960)

12-Tad
(1964)
13-Ta
(1967)

14-Ta&
(1971)
15-Tas
(1975)
16-Tad
(1979)
17-Ta&
(1983)
18-Tas
(1987)
19-Ta
(1991)
20-Tadd
(1995)

MeTp nepeBn3Ha4YeHo Yepes OOBMWHY XBWUNI cBiTna. NMPWAHATO OOWHWUI: repu, NOMeH, NKC, Tecna. HoBa MeTpu4Ha
cucTema oTpuMana Hasey Cl, «the modernized metric system». NinTEepO*eHo BXWBaHHA Npedikcis Niko-, HaHo-,
MiKpo-, Mera-, rira- Ta Tepa-.

MoBepHeHo NMo4YaTKoBe 03Ha4YeHHAa NiTpa 8K 1 am3. 3aTeepaxeHo npedikcn arTo- Ta heMTo-.

[NepeBn3Ha4eHo ceKyHuylﬂK TpweanicTe 9 192 631 770 nepionie BUNpOMIHIOBaHHA, WO BiONOBIOAE Nepexody Mix

NBOMa HaATOHKWMK PIBHAMW OCHOBHOMO CTaHy Ue3ito-133 npwu TemnepaTypi 0 K. I'pagyc KeneeiHa NnepeiMeHoBaHo B
Ke/bBiH. 3MIHEHO 03Ha4YeHHA KaHaenu.

BW3aHa4eHo HoBY OCHOBHY oaWHUD Cl - Monsl 3aTeepaxeHo oAWHWLUI Nackank, ciMeHc.

3aTeepAXxeHo npedikcK NeTa- Ta ekca-. 3anpoBajXeHo pagionoriydi oguHWUUi rpeii Ta bekepens.

BW3Ha4yeHo 0OWMHWLUI KaHOena, 3ieepT. 3aTBEepOXEHO BUKOPWUCTaHHA ONA NOo3Ha4YeHHA niTpa cumeonie | Ta L.

MeTp BM3Ha4eHo Yepel WEWAKICTE CBITNA.

MpwitHATO AoroeipHe 3Ha4eHHA Ana ctanol [kosedcoHa, K, Ta ctanol poH KniTuuHra, Rk, roTylo4ncs Ao
nepeBUM3Ha4eHHA aMnepa W Kinorpama.

JanpoealxeHo HOBRI NpediikcK HoKTo-, 3enTo-, 3eTa- Ta WoTa-.

HonaTkoei oguHwudi Cl pafiaH Ta cTepafiad cTany NOXiAHUMKW OOMHWULAMMK.



20-Ta?
(1995)

21-wag?
(1999)

22-rad
(2003)

23-TA
(2007)

24-Tay
(2011)

26-Ta M
(2018)

NonatkoBi oanHuui Cl pagiad Ta ctepafiaH ctany NoxiaHMMM O4NHULLAMMN.

3aTBepAXKeHo HoBy oaMHMLUI0 Cl KaTan = MOJb 3a CEKYHOY 015 KaTaNiTU4HOI akTUBHOCTI.

NinTBEpAXKEHO BXWBAHHA KOMM abo Kpanku ONA No3Ha4YyeHHs OeCcATKOBOI YacTUHW, ane He Ons
rpynyBaHHSA CUMBOIB 3 METOK MOMNErEeHHA YATAHHA: «41Ucna MOXYTb ByTK po3aineHi Ha
TPINKK ONS nonerweHHa YUTaHHA, Hi Kpankuy, Hi KOMWU He BCTaBNSATLCA B MPOMIXKKIN MiXK
rpynamum»[1],

PO3'ICHEHHSA LWOA0 KeNbBiHa Ta ifel Woao NnepeBn3HavYeHHa AeakKMx 0CHOBHUX OANHULb Sl.

3aTBEPA)KEHO NPOEKT MarhbyTHLOro nepeo3HaYeHHs OCHOBHUX OANHWLb Si.

MNepernaHyTo BU3Ha4YeHHA oanHUUb Cl Kinorpam, amnep, KeNbBIiH Ta MOJib Yepe3 BiAnoBiAHiI
thyHOoameHTaneHi cTanu: NMnaHka, eneMmeHTapHWA 3apaa, bonsymaHa Ta ABoragpo, OHOBNEHI
3HaYeHHA AKNX Takox Byno 3aTeepaxeHo.[?]



“ATOMHI FrOOQUHHUNKN"

Louis Essen (right) and Jack Parry
(left) standing next to the world's first
caesium-133 atomic clock.

Rb oscillator

Chip-scale atomic clocks, such as this one unveiled in 2004,
are expected to greatly improve GPS location.
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The Kibble balance is the machine that makes the redefinition of the kilogram possible.



HOW A KIBBLE BALANCE
(VIRTUALLY) COMPARES
ELECTRICAL POWER AND
MECHANICAL POWER

Weighing mode:

The upward force on

the coil is the product

of the current (1), the
magnetic field strength
(B), and the length of wire
in the coil (L). It exactly
equals the weight (mg)

of the test mass. Therefore

mg = IBL. Force/weight of the

test mass equals
the mass (m)
times the local

gravity (g).

Velocity mode:
The voltage (V)
induced in the
coil as it moves
equals velocity
(v ) times BL.

system

Weighing Mode: mg=IBL Velocity Mode: V =vBL
so mg/l =BL soV/v=BL

BL is the same in each case and cancels out. Thus
IV (watts elec. power) = mgv (watts mech. power)

* https://www.nist.gov/si-redefinition/

kilogram-kibble-balance
.







Oid Sl New Sl

* The Sl system before the redefinition:
Dependence of base unit definitions on
other base units (for example, the metre
is defined in terms of the distance
travelled by light in a specific fraction of a
second), with the constants of nature and

artefacts used to define them (such as the
mass of the IPK for the kiloaram) * en.wikipedia.org/wiki/Redefinition of S| base units

* The Sl system after the redefinition:
Dependence of base unit definitions
on physical constants with fixed
numerical values and on other base
units that are derived from the same
set of constants.



Kilogram-is-defined by taking the fixed numerical value of the-Planck-constant--to-be
6.62607015%107 34 when-expressed-in-the-unit-J-s,-which-is-equal-to-kg-m?-s™1,:
where the'metre-and-the-second are-defined in-terms-of-c:and-Av. .

Ampere-is-defined by taking-the fixed -numerical-value-of -the-elementary-charge-e‘to
be 1.602176634x 10_19-when'expressed-in'the'unjt-C,-which-iS'equal'tu-A*s,'where'
the second is-defined in‘terms-of Av_.{

Kelvin-is-defined-bytaking the-fixed -numerical value of the-Boltzmann-constant-k-to:
be 1.380649x10™23-whenexpressed-in-the-unit-J-K™!,-which-is-equal ‘to-
kg*Inz*5_2*K_1,'wherE'the-kilugram,'metre'and'semnd'are-defined'm-terms'uf-h,'c'
and-Av_.9

One-mole-contains-exactly-6.02214076x10?3-elementary-entities.-An-elementary:
entity‘may-be-an-atom,-a‘molecule,'an-ion,-an-electron, -any-other-particle-or-specified-
group-of-particles.”

Candela is-defined by taking the fixed-numerical-value-of-the:-luminous-efficacy-of:
monochromatic-radiation-of- frequency-540x101%Hz, 'K o> ©0°'be'683-when-expressed:

in‘the-unit Im*W ™! -which is-equal-to-cd- s W1, or-cd-sr-kg Lm=2:s3
kilogram, metre-and-second-are‘defined-in-terms-of-h,-c-and Ave

,’'wWhere-the

« h=6.626070 15 x 10~3* kg:-m?2-s~1
« e=1602176634 x 10717 A5
k=1.380649 x 10-23 kgm2-K-1.5-2
e Ny = 6.022 140 76 x 1023 mol~1
e« €=299792 458 m-s~1
* en.wikipedia.org/wiki/Redefinition_of_SI_base_units av.. = Av(***Cs)yp= 9192 631 770 571
« K.4=683cdsrs*kg l-m—?



* uk.wikipedia.org/wiki/

Ng = 6.022 14 % 1023 monb—1

6.022 140 76 x 1023 monp~—1

Amedeo Avogadro (1776—1856)

. Densities and Imperfections of Single Crystals
: . September 1955 - Physical Review 99(6):1747-1750
DOI: 10.1103/PhysRev.99.1747

i - + 6.02368x10% mole”

A Smakula - J. Kalnajs - V. Sils

A new determination of Avogadro’s number from lattice
constant and density of single crystals

February 1957 - Il Nuovo Cimento 6(51):214-220
DOI:10.1007/BF02724776

A.Smakula - J. Kalnajs

* https://www.nist.gov/si-redefinition/kilogram-silico
spheres-and-international-avogadro-project




« h=6.626 070 15 x 1073 kg'-m?Z-s~1
« e=1.602176634 x107 17 As

« k=1.380649 x 10~23 kg-mZ-K-1.5-4
« Ny =6.022140 76 % 1023 mol~1

« €=299792 458 m-s~1 1C — %)\%1631:F:I'D_
e Avee = Av(**Cs)ps= 9192 631770571 AQCS
e K.q=683cdsrsikg lm2 C - ,‘-c

Am= 293 352 158

h.1c

Wa= g~ 05 2015 w1531~ 12

1K—_—; 11%06[&17"‘0_23. 14/ - 1,_13.
/(5 I

“
A= ?.60211653 bx |U_}3'1C




'~ http://cjwainwright.co.uk/maths/physicscube/
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