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Unit :  The meter Al gl
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Joll (and dumols ALl (lgall 3 Aagall o slaie!

o W) g oy s LU ol 72 390l pe Litiylie o) 28 Buibo g1 yplall eleat wl @3 01948 ale
kel ada o yedas el w8 cilBgyd clllia o cns o

Gas O camy elel) Sl sl o e eyl e 46l < uaslally 013030 &doud) dielll cmgl <1967 ale (3
oyt Bussll ae Janiwd O cazmy bl sdia ol S A wladl) B sl D> 3 a5l Y] bl Slasg e
[(gram)

Ol s g ALSY Joudl z390il) ae (6351 80 Liylal 2liSU A abogll pulall sleai wl 031988 ale
o331 590 o pseo oM A ALS pue i 21,€9,S50 50 Jloa ] ondyl 08 Lo L9 4]l
Aad) gaddl G of alit sliSU Joull 7 390l & Juas U8 COMSY | o0 13] Legd piell Sy ¥ il Lo gims:
Aabgll lally of das Asgasl

Slsyd & die g dlly (CGPM) Lugslally (500 &9, dially el alall sasall 431 2018 padss 16 sl
Al ¥ sl e Aeliom Bolels Jsbls ¢ a0y« aeadlg «alpe LS iy Bale] Ly
2019 g3le 20 ¢y Tumsl Caylandl suie Joadl o oF e «aaad) Apmdadl 520l Alayag Bailnio 2alay

J gl e 2T Buasg oyl o5 S dyleg
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Quantity : mass s eS|
Unit :  The kilogram plyeglsdl gl
Symbol i kg as eyl
Itis defined by taking the fixed numerical value ALl dyous Aagd 3T M5 (0 02 o lSI L850y
of the Planck constant h to be 6.626 070 15 x 6.626 070 15 x 1073 s La,lude h clidl colid

107°* when expressed in the unit | s, which is IS (0 Al ALl CByang Js=kgm?s™ Cs
equal to kg m? s, where the meter and the Avg, sc

second are defined in terms of c and AV_..

This definition implies the exact relation 4580 A8Mall Cayyatll s Cresaty
h=6.62607015x103*kgm?s™ h=6.626 07015 x 107 kg m*s ™’
Inverting this relation gives an exact expression oo plye o lSU Lagds Tpend LuSe wie i &l
for the kilogram in terms of the three defining Cy AV, shcglstll I
constants A, AV and ¢
h -2
1k = (Geze0701s >075%) ™
Which is equal to Solud &1y
(299 792 458)? h Av,,
1 k9 = 6626070 15 x 1021)(9 192 631 770) ¢2
~ 14755214 X 1040%

The effect of this definition is to define the unit Bl auyad J| 635y huyarll lda Ol duley

kg m? s (the unit of both the physical @>3ly Asbipnall SleSI susg) kg m? 57
quantities action and angular momentum). I Al asldl caspad ae o35 ly (sl
Together with the definitions of the second and hedl coli Lee Tjae 2SI B byyal

the meter this leads to a definition of the unit of

mass expressed in terms of the Planck constant

h.

(el Alyazally Joll) columold Joadl allaill § (651 Asslanl ulaisg DMy dlalisylg ol o LS 2gaad Tlasg
g 5 ol By e slaae¥l oL cLolglly culsally Joaddly ¢isadd! (e LaT e ld>g oy Lee 3y Lo
Ardatlly lall daiall e Ysuio Tyal 0580 o 851l 595

Ol dl 8581 ue 2ands Byalls (e daiay U B gl st aiyad slom] (e Joalls slolall Ty 13 dleg
iopisle M (0 plyesleS1 CanyaiBole] (e gT1 anal
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28- OoSuliud! (10 8,8 alusiuls 955l 98l sual widudl ol e LS -1
Kibble Balance (LIS ¢lies Lidl> Caya3 Lo of cLolg lne plaseialy elidly coldd wdudl ol 2oLl -2

oyl e Tod Loy s Lasd

28- (39Sl (30 8yS aluseialy 9y3lo g3l sue I SULw¥L a2 gl a2l

gl o Adladly Al 28 — oSl wdl 8sle (0 (perfect sphere) Adlia 5,8 4as bl sda § puser ud
Sl @iyl Aa gy Adle 2800 5,501 Jlad uyuss dasg o(Dislocations) <leMss¥lg (voids) o lgz=ally
28-( ¢Sl (Atomic spacing) gl aadl Of G 5,501 s Lpgroes Gl sie s @3 (09 Loz

(2.6) JSA (Al 3B Cdgyme

Sl dd JIA 3S,L0 cps Achim Leistner agwdl :(2.6) S
g9 ey Buolzelly 48 1 035 01 28 08liaed! 3,8 Lazey LBl
953l g
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Oliras Ll Cayas Lo of (Watt balance blg ol plaseicwly lidh culd wilud | a8 oS!
Kibble Balance i€

Bryan (illasadl Jlinall & Kibble balance JuS ¢l (o « SolSng A Sl e B)lee 5o Ly ol
aloc <131 1975 ale delisl ald silly «(2.7) JS& (2016 Jup] 28 § sills 1938 ale alsll Peter Kibble
Olite (55 Ams B Lol oliwe siasg National Physical Laboratory NPL illasall bl losdl sl 3
aadl 8 e ol 1da ysshas @3 udg Kelvin balance (4l ¢lies Laysl Cdyay Lo of Current balance Ll
als 43 @5 g1y (National Institute of Standards and Technology NIST (6 0¥ Lix 193819 sslacld glo gl
Ogalell ¢ 52 13 880y Dl ol wlid! puseiwl o> (NIST-4 Kibble balance sy 2015 ale JolS JSCan

Ai8en plye LSl ayadBole| A6l8a] Jax Lo

ol e e @35 Tl ooy Ay 3,58 e Lol (e 8,58 a9
(Weighing mode) ¢ 3¢l! d>ya -1
(Moving mode) aS,=Jl >0 -2
5yl e Lololl il LS 8l Bjlae Gob o 8yale Al ALK Clas Sy o (309
Loty Olies &yl o L (09« Lolg Il Lyl alall 460, S

((2.7) S

g « Bryan Peter Kibble illaydl Jilinall
S Olines W 8y Lo o Lol Gline
(2016 Jsy5) 28 § 35215 1938 ale sl

tLoly 0lie o ol T o« Lasiy
:(weighing mode) ¢ 39d! dl>ya -1

allls ool a8 4iS (g9lud (3l (Mp) LayladsCounter weight 2uSlas AiS ausg o ddeall o i sl L8
ssalally delslly 5Ly S

lutis clle Job 4 svtboliie cale e Hyarme (3555 A1 <kl A8 e Laolsd 31,11 < (m) 2SI puns o
(Fo =1L Lagloie SacboliiagycS 555 sy s o(B) 48U poliin Lo auls2) ASs () 55 4 s (1)
s s 5l § RS 5ale e Laslas &y <(Fy = m ) ALSI (81 Gl 3931 Slass sl )
(2.8) JSadl minge 9o LS ccali
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mg=I1LB

B

S (o ¥l i B9 Fy =

uadolinag o S 8480IF, =

WS m = mass

Ao ) A3l gsLud g = acceleration due to gravity
SLxS Ll = current

alll el JobL = length of the wire

b Liall 33211 23LSB = magnetic flux density

o0 3l Ay L Ll oy L6 A8ty (L) lladl Jslog (B) (gl liall 3301 23US ulid 2lSka putad st
(1) clleadl Jsbog (B) swaboliall 3ol A30S u5ls ¢ Ll (38,2l A o) Aelaall
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Balance arm
o3sg1 5
Vacuum chamber

ol ol (o AL yao By

Reference mass
s L Al

m

Counter weight
Weighing pan LuSlas 439
")31'91." s

Mo

Mo

Ampere

meter (1)

Interferometer , xJ 3L~
LSty I A8Lad) (ulead
—all

Magnetic Field
io Jl=s

Power supply

Gravimeter
EWE EWIIES (VP PR
g

ot Uil Ll 393 Callly ASIH galas s (o393l Almye) Jo¥1 21 :(2.8) St
Lautboliniag y ST 82l ao 23l 898 Soluds Laics

:(moving mode) 48,2l d> s -2

LS il e Uy S Ll Jundy «(2.9) JSAIL cne 5 LS c¢r 3601 AaS (e S 28, w2y 2oLl s 3
ez il 1 (59500 Lo (S all AL iy Bomls (o Laip¥l UsSH oy (sl a1 SO ot iy (o)
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outlo Ll ) Calll ey (@Sl pgds g eyl ey STl 4556 Jldael @iy o (U) imtans SLiyS
A Aolaeld Ladg cmiadl SL S ) lade 05859 «(v) Laylade Anl 4 yu e Jgrasdl Lol

U=vLB

SH S

S

Semiud | Jby S azdl U =induced voltage

oo liall Jlell a1 Lasyos o1, AN e f5lall Calll de i v = velocity
alll el JobL = length of wire

oLl 3éausll 48LS B = magnetic flux density

Llgll 8usgy dulall (Electrical power) Ly &I all) (o sdgall 4L, ST1 8,06 (goluds ALl sda 39
Bu>gs Awlall ((Electrical power) Lesygs sl Aasl e fHlall alll 4S5 (e Budgall LSS 5)uall ae
2 Aslall 3ag Lol

Mechanical power = Electrical power

mogv=1U

T

i S, 2SI e £Lall Calll AsSmy =
Lsiss LA UK ey Lall Call) A8, dmyds lgall 3Ly SO Lallly =
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Vacuum chamber

eloldl (0 Al yaa By

Velocity drive coil

4 Sl e
{ Jons gl e ol

Weighing pan Ablae 43S
el aaS Al e o (s g

u':.LUj u;’l?ﬁ‘ 1asd
xS

m
0

Electrical Coil

Ao xS s
L

Interferometer 3 3L~
porgedl Al po o L
S Al e s ol
ds 15 Lge Mg gagall LS

b liall JLsL!

Gravimeter
ool Sl
Al

Magnetic Field
BUS b lide Jleo

e ooy il ey po comitand] Uy SO szl il G (38 Aon o) 250 1 2(2.9) St
PORRER T IS (EHES AT
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1(2) 5 (1) Walall ¢y ild Ayl G Al L 9 B o) Gy

28 = L 3)
v
szl e (3) alall A lo Bole| (Sasg
1U
m=1v 4
gv

(il Ay Sl szl oot Aailly SLadl Galid IDs (0 L 3L Al 480 LiSas Aoyl s
Anglaag ! (358 M5 oo 5Lall oled () Say 4318 2,80 luolid ooy .0 59 ) a3 3o ¥l ALl A8 ym09
UZ

m=-— .. 5)

_Rgv

<Josephson Junctions Ogudijga Doy (e Auduw al il (Soy 518 23,85 das,lay Ly SO ! olidly
e (2.11) JSCadlg (2.10) JsCadl e 9o LS

h
u==1 (6)
2e
Ogudig> Doy saen = number of Josephson junctions
¢y <oli h =Plank constant
Ogudigr Uiy § puseiudl Ly &I 5Ll 55,5 f = frequency
4Jo¥l L sll e = elementary charge
Haay Zd-téj
Weak link
I
— <U> SLS Jao gl 338 Jim 90
Supper conductor /: E )
I
| E—
O g j92 ko 9 (po sedn 2(2.11) S O g j92> s 9:(2.10) JSCi
ol ks (5) Walall 8 (6) Wslall assanss
n? h2 f2
2elRon (7)
e“Rgv
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&> Quantum Hall effect o831 Jg 5l slas plaseiul (Sas 8 385 JSau Aaglall wlialy

o= Ichannel
UHan
w e?
o=—— ..
h

O =Hall conductance Jga 4lioge
| channel = Channel current sLat) Ls
U par = Hall voltage Jsa 248
h =Plank constant ¢y col

e =elementary charge 4 Jo¥| Ll

W =filling factor ¢ JL| Jolas

w=1,2734,5,6§6,..

. s

Jie (integer number) pizios suc éi 350 ol (W) e JU Jalal (Sass

Jb of (W) e U Jolal (Sas LS cinteger quantum Hall effect deoeiall slaeU &SI Jga Al (g

W ______

= 3'5'7’5'5’9’13’
R=-
o
h
R=—" L
n?hf?w
b 4gv .....

Jie (fractional number) §,u& suc éi

fractional quantum Hall effect &, Sl slaed (S s nilis (oasg
018 Il ulimsll uslan (p Ay S Auslall o o

ol e (8) Wakally ssaills

ol iz (7) Aolall 8 (9) Walall pasganig

(10)

gy Loyl caenl I alll &S,> uLat interferometer ;i 5L posiug Gi8s JSho deyudl olidly
plasials 3dle 2805 Boume (uliall GlSe & Ao M1 23l olid camy oS oAyl LB JLdlsg a3l ol

285l @ 3n3latl ulid B3 ¥ Jlie (2.12) JSad! cng «Gravimeter
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Aodletl old 33T usY Jlie :(212) JSa

Gravimeter s ,¥|

el e ild AT Ao sl gy 7 L1 el 0l 0y 39 Jalad (&1g cair buoyancy slgl 3 USW galall 548 ¢ LIl Cdug
ol opo A2 ya0 48,2 U515 03l dlec

Ararll alinall colstll polal e 8yad Ao ¥ 2nilally 2o yudly HLally GLySI) amll lusg of Easg
Golun ol o LST1 L8 JWdlig AV, o guinadl 5,08 801 3516 JLAn 53,39 (C) ¢ gl A g (h) Dy ol

20 M AV,
1kg =~ 14755214 x 10 —
c
Al Aslpall colettl AN (5T LasyaT ol s lSU Jasy Lo ga9
ool § SISO Juaaddl Ty 01 NIST 4 Kibble ¢yl 89yl e oty oyld Gardzed! JSCAD1 (2.13) JSad! one
@ Busluald ASs Ley 3435 OIS 5 2017 ale § Osalddl § o 32 13 J) My cols olidy o138 02015 ale
okl oy yaisale)

NIST 4 Kibble e :(2.13) US4

a2 LS By iy e Sale] 50l
Lol SU Joudl 350l 5 (e Byl pute JLlly el ols gag nds colty ale gl Ly -1
Al Jalgally Luiys 3 bsinl
L s LSL Jo3 leak Aoldl (393 RS By vty Aumiiell clenlly Limglg ALl talae cxSas -2
o ilosl b2 LU Labuakid Ao lnll (195 Aadll Lisasd 2ol Loge (U3 6f puias ISl ol -3
o sl lutias S BLe o kel ke ol st duel s e JUrll piisn Los o J)
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Sl da o1 Y cply29,800 0.1 85l idie lihyls a1y S puiuad oo Creied] (Satis sl ol 3 -4
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(2L21) o g

2.3.3

Jl il ((mean solar day) o wgill (quaddl a5l cya 1/86 400 Ll e Logud (Asli)l e
(438560 Lo IS (3 Aelis 24 Lopialls (goluny Jasogill (quadidl ool O aay ) Sl oot
ehatll g ¢headl HLae¥l cnay dab @J aaill s o iy a8 lulall o ¥) 3,50 60 22,85 US @9
Agllall A8 §udoes Caspadl Ida (e (S ¥ 4l YLl o2y
Columbia LuwglsS dasle § dwry olS gddlg Isidor Rabi lunall o—wdg ll oL (1945 ale §
atomic beam magnetic _£u5 1930 ‘al_:_ 3 Laygh dgazl Ladgacl w el C\jél_, University
.resonance

elally o130 aeolall ladl ya3l) (L8 (o (A5l Bug slael 031948 ale &
Jal cre oYL (NIST) ZLLS.:).QS’\ Sliolgal] glogll casll ald (Rabi 4uas aluseiwlig 1949 ale 3
Cipais i ccesium clock resonance pgupud! 55,5 olidl 1 Jol peias NIST =leST11952 ele 8
(1.21) JSad 8 2akly NBS-1 T o

(JW) gl e Al iy uslally o300 Aol dimlll 5,8 01956 ale (3

p3all LI (15518 e 1900 alall Al giue¥ disedl (30 1/ 31556 925.974 7 (e Bylee p il

Sl cd il 12 Aelud! ¢ pige

“The second is the fraction 1/31 556 925.974 7 of the tropical year for 1900 January 0 at 12 hours
ephemeris time.”

sl el ) ccaspatll 1da (e 285lLally (utylally o300 e goladl aladl 1a35l) a5 (1960 ale

1952 ale (International Astronomical Union) Jodl (S1a1 slesSU el alall g Leza¥ oy, e

LU &l BAAN (yo Bolat ) A48l @3 1964 ple «uplally o133 ,dee Gl aladl a5l @

Al 3Ty Juadl Caspad Guazs 3 ABlall o (asias O s 532 9l )3 Jlaw

JLan! (e aata o 3600 o) casyaddl o (ueplally o500 Adoudl lll calel 1964 sle 99

(cesium 133 pguiad! 8,00 2Sy )y dam M ALl (s F=3, M=0 9 F=4, M =0 gusradl m o9 AT

3558 770 631192 9 Zagall 41 JABY 1da 33,5 Ol Aumyls salian o Lple Jtsidl aeg (133)

sl e Al syl Caspaidl 51,8) 03 1968-1967 ale ¢ ualally o3o3 ,—die L a35ll 3

:Jud)

g (s (9 AST) JLET (e solao glaio] 593 9,192,631,770 ot yoLid | 031 (2 sagLI”

"133 a gl ! 8yt das )kl Wl (0 Gasdme

S,y A8Me L i « pguiand] 8500 (adadl ool (e iatad (1967 ale Layly3] @3 &1 26l o Lasy

bl @39 International Atomic Time (TAI) ;a3 195 653 (olibio slma) J) ALl 2y wad (4S04l
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TALY Gaspasd Jeadl Aaylio awsel | dealall wilzll o0

plaid a sl alusi 1 sl (43U 1975 ale «ulally ¢l3oW die uoliedl aladl yassll -
cdigll o 831 e “Coordinated Universal Time” (UTC) " g—wliall Joudl 8l (sl gl
cdoll coyanlly TAL Joudl (65l pa3llg 33,5 sulas edsetuceld ;395 gy ¢(523!,]) B3>) alalJl
Gl el ol ey gillg mean solar time Lo gill qouaidl gl o ((UTC) gssliall Jgol
ol wlane 3 Ligils Tal doluiul azay gl civil time

Ciyai of e STl @5 1997 ale (CIPM) Lusslally o3t Aoud] 2imll aaaill s Laa¥l D5 -
08 yaim Byl Axys (deg (ground state)deax Ul Ldl> (8 aguad! 8,5 J| ada 4Ll

& e 51y «(CGPM) usslalls (13590 ¢ 9,—diadly ooslll aladl o33l ,31 2018 pedss 16 fley -
Slasgll g 42l 0 Balely Jells a1 « el cplye oSl caspai Bole] (Ludyay gy
casyladdl s Jeadl @i oF (e Bl Aadall el daiyeg it 4asylay daiad! &l

2019 g3le 20 (pe Tay!

:JU gl e cya3ll B cdoyad o i dleg
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Quantity : Time ool eS|
Unit : The second acldl gl

Symbol : s & eyl
Itis defined by taking the fixed numerical value ALl Lode Aagd AT DI e sl Gyl

of the cesium frequency AV, the unperturbed Sl Jlaxl sad 9192631770 Hz Layluadse
ground-state hyperfine transition frequency of posradl 5,0 4yl all pe Al Alelt 2

the cesium 133 atom, to be 9 192 631 770 Hz=s" tu> AV, 133
when expressed in the unit Hz, which is equal
tos™.
This definition implies the exact relation I 4580l ANl asyatdl Lia eyt
Av.,=9192631770Hz. AV, =9192631770 Hz
Inverting this relation gives an expression for oo Aslild lass ij.aj LeusSe wie Jaad (&ly
the unit second in terms of the defining Ave, colidl Jos
constant AVCS:
1Hz = AVcs
9192631770
Or 9
" 9192631770
S Avc,

The effect of this definition is that the second is laylade  bue  golud  agldl ols ddey
equal to the duration of 9192 631 770 periods Jas allal) g laddl e 545 9192631770

of the radiation corresponding to the transition 2 Aol D) e 381 AL Gygis O

between the two hyperfine levels of the 133 pganad! 8,40 &yla sl
unperturbed ground state of the '**Cs atom. Ol s Laall e 8,400 J) 8,Lal cuadss

The reference to an unperturbed atom is iy 4l (SI) @lasgld Joudl allasdl cayypas
intended to make it clear that the definition of Jlxe sl il ¥ & Wazall agypadl 5,3 )
the Sl second is based on an isolated cesium BATES (PR {POFES FAPD. By L PP P
atom that is unperturbed by any external field,

such as ambient black-body radiation.

Aalie o8 I a3l (eliad Lol il @3 G B32¥) (any (2.14) ST (g
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(NIST7) 3e e 11993 ale

Mﬂ%@ﬂ&»lj@u‘a}mh

1949 ‘aL:.
(Ammonia resonator) L g ¥l ¢\l
s 300 S0 5| 9265 6 J e Uasey

‘3‘93}4«.”

(NIST F1) &l 11999 ale

L O gula oy piee JST B> |9 2l & Jurde Uasey
(Optical clock) & padl delud! i

B O by O M JST Bl 983 & Jurdie Uasey

daliss lAd M5 el elidd Lalaseiwl @3 I 5l Lam one (2.14) Ss

64




(aea¥1) LS Ll 3usg

234

g +ée gl (International Electrical Congress) LS Joudl sles¥l & L | JM5 (109 1893 ale &
@39 «(International ohm) 191 g¥1g (International ampere) Jgdl ¥l Jusg Jlso) @3 « 52185
1908 ale il 3 Joudl § Loxa¥ dasalys Lople 3ottt

sdea Jlasiuls (1933 ale ¢ unlalls Gl3sll el aladl 135kl sod dole &ty 3929 (30 wi )l e
aladl yassll 3 ¥ o3lssl on o a0 I ol ¥ «(absolute units) Zallhe cilusgy Adoll cilusgll
(J) sl e Gy 5Ll 8ugS el By (a5 1 1948 ale ulally o563 sl
aadag (Hle ¥ Johag ol gies rresdisma (Al—ioga § 20 13]G II) ezl HLadl 2lI5 9o edl”
Oigws 2 X 107 g5lud 893 cnluogll (s ol § 1padl § ulg e &bl (e Lasingg e $3510
" do e SO

el el @345 1946 ale ¥ aill 3 3925Lls (Byall Bumg e JIl (MKS) pimzsdl o
@5 0,8l e 605 1928 ale ¢ uaslally (s l3o0 awalall alall a5l 8 oye 4 @3 g1 < (newton)
ATIX107 H/m)) 5,45 Logrine 5l aies (permeability of vacuum) § 1,all 3 4,30l 4as8 ot

& wie il (CGPM) yusslally o153 s g ,—diadly (ool aladl a35L1 31 2018 yadgi 16 fyluy
Slasl) ez Lely o Balely ol «ally « puadly «ple gl Cinpad Bole] (Liypiy sy
caybadll s Joadl o2 O (e cBaad ! Bpapdadl il Il AaSyeg dudlats Asylay Aaud| dulud]
2019 g3le 20 (pe Tay!

 JU gl e Uy ST Ll oty i yal o3 udd dylesg
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Quantity : electric current S eS|
Unit : The ampere Al gl

Symbol : A (I eyl
Itis defined by taking the fixed numerical value Wl Loe Aad AT M e ¥l oy

of the elementary charge e to be 1.602 176 634 1602176634 x 107" La,luie e 2do¥| e idd
x 107" when expressed in the unit C, which is AV, IM5 (0o 208l 8,39 C=As Egs (C

equal to A s, where the second is defined in

terms of AV,
This definition implies the exact relation EEFERT| T P -V L R RV-WO -2
e=1.602176634x 10" As e=1.602176634x10"As

Inverting this relation gives an exact expression ) Pl Lé_da \ju.su“ LeuSKe dis Ula_:_s é"\.llj
for the unit ampere in terms of the defining AV, gecylgill I

constants eand AV,

14=( ° )st
1.602 176 634 x 10-1°
Which is equal to Sobud 1y
1
1A= A
(9192 631 770)(1.602 176 634 x 10-19)  ¢s¢

~ 6.789 687 x 108Av e

The effect of this definition is that one ampere G9and UL LSO 5Ll sa el (ol dules
is the electric current corresponding to the flow K oadyl axs 1/(1.602176634 x 107"°)
of Al
1/(1.602 176 634 x 107") elementary charges

per second.
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(alSd1) uSealina gaidl 8y ol dnys B g

2.3.5

triple point of ¢Lall 433l dlaaill o) 4 48l 03 1948 ole cunlally o130 alddl aladl a3l (3
093 Azys (e Lele Jgiamdl oSy G ells o el 280 4yly> Anzmy dads ellac) e 5,008 water
s 4253 0.0100 (g9lay $55b! Byl (wlidia 3 yaiall ol e Blas¥ @3 uad Uil Ax Sy . 1l
Ay (oled l9al Bylal auzer g (&1 Jlaall ol e LIS (2.15) JSiad) Gty o Lald 23D Ayl
Ll 21 Byl ymedl Ay e Tolazel 3yl

“degree " oge—ul s Az Bussll 5Ll @5 1948 ale «unlally 3o awlall aladl as5ll 8
(“degree centigrade”, “centesimal degree”, : 2 (8|l 4>y 4o fds elo—ul M (y o Celsius”
“degree Celsius”)

4Salipagantd] Byl Aoy oludia ciyad @3 1954 ale ¢ uaslally ¢ l5oM —dlall aladl yassll
Al A wlw] 8adiS e Lol A 8,1yl Ay 5l | @lawlgs thermodynamic temperature scale
(°K) Lajays Degree Kelvin)) (428 42,5 273.16 (g9lud

4l (e gyleall gozdl lasiall Caad @3 1954 ale unlalls 3o ;alall aladl a35ll 3

1 standard atmosphere =1 013 250 dynes per square centimeter

101325 N/m? g9l Lo (s
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Triple point of water 10,000
Measure well 1.000F
P |
¥ 100 - -
M e
& e® :
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01 -
B |
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Temperature °C)

Aoy e olaze! Byl yodl dmmys (ulid ool Bylal pueiud &) jlaall el e LD 2(2.15 JSad|
Q) abaaall e Lalasell 3 ) +Lel) 4351 55),2)1

(K) Lajasg “kelvin” 3ussll 51,8] 3 :1968-1967 ale « uaslally o136 ,de el alall o33l 3 -
s 338 (e atl] Lagolazin! o2, Leeuds 50, llg Busdl 0lg ¢ AuSolipogonddl 8y pll Ay sy
ol e QRIS s 35 Byl
Bylyoedl &zys 0 1/ 273.16 S5l a9 4uSalinogo il Byl yoed| &ys (ulid Buog g 102 lSIN"
el A Aadil! 3 Saliys g pdll

AhaaiS (Tg=27315 K) e Ll cams 81,0 &y ) sLiaddly Byl el Ay gy il el cataay -
(Celsius temperature) o g—ud—w 8yl y> dzyy e Ll dazed 8,15 A2y (e G801 el @3 cBiaz o
Golud ugiadsn Ay Hlada 0] Less (7€) 51 () Lajazs degrees Celsius " uguualus Aoys" Lrag9
By (e eatd) 3lazms (19681967 ale « Lutalally o363 ,—dee I aladl yassll ,31 Uaé ((al)
doadl (bl § dausi il clasgdl Lea a0 ugu—ad o Ay (01 LeS  Lago s Bylyad) il
Lzl Lualsedl dimgall (3 359 LeS International Temperature Scale of 1990 (ITS-90) 8,1yl =l yd
1989 ale ((CIPM) usslallg 13930 2udgll

& i g ((CGPM) uslally (51303 (5 g dially (uolaadl aladl yassll ,81 2018 adss 16 sl -
Sl aaz A2l o Bolely (Jslly a9 « sadly calye sl Cayyai Bolel (Luiyay glwyd
caplatll sl deall o o e Aaad! Zuapdadl calgtlly Aagreg 2 uilato dasykay daedl 2l
22019 43l 20 (pe Torml

i Wl gl (e &Sealinad] 815! Ao Bumng iy pad 03 wdd dule
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Quantity : thermodynamic uSolndl 8yl dys dasd!

Unit : temperature V-1V | I dusgll
Symbol :  The kelvin 1 I eyl
K

Itis defined by taking the fixed numerical value Wl Aode dad JT I e 0ol Caypay
of the Boltzmann constant k to be 1.380 649 x 1.380649 x 1072 K™ Lalude k olojlgs ol

1072 when expressed in the unit ) K™, which is ple ekl Bymg  J KT = kg m? 572 K &

equal to kg m* s K™, where the kilogram, AVe, 5c gh I e 2ty Allg
meter and second are defined in terms of h, c
and Av..
This definition implies the exact relation LA Al Caypasdl L ety
k=1.380649 x10% kg m?s 2 K™ k=1.380649 x 1023 kg m?s 2 K™
Inverting this relation gives an exact expression oo el lads Thmi LwSe e Joad Jly
for the kelvin in terms of the defining constants Avish gk cglstdl I
k hand AV,
K= (%) X 10723kg m? s—2

Which is equal to Solud (s

. 1.380 649 x 10~23 h Avg,

(6.626 070 15 x 1073%)(9 192 631 770) K

Avs

h
~ 2.266 6653

The effect of this definition is that one kelvin is Bl dAays (3 sl golun (IS L8 dule
equal to the change of thermodynamic KT 4y oedl 28Ual puas ] 635 ) auSolind)
temperature that results in a change of thermal 1.380649 x 1072 | uday

energy k7by 1.380 649 x 107 ).
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(Jo1) 5oll) AeaS uumg

2.3.6

-pl2" 9 “gram-atom” "8y3-al,2" die Slmmg aluzi sl @3 o leasSU sl (il gall BLAIST day

alasgll edd o cusy 2l LS, Ly, oliall LS i ogt ell3g “gram-molecule” "s g5

daa> 3 2 3l (molecular weight) sui=dl ¢ 39819 (atomic weight) (6ddl ¢ 5slLs 8,—dlis 48N

@l e v Lea¥l 3asl gy cOnzenSIN 50 (33971 (o Blaiwun «(relative masses) duwd JiS oY

16 Glua

(mass L3I Callall alawlsy (isotopes of oxygen) camuSodl yillas uad cuslpall g Uatwl ol aa

cdiad)) (any ae (nlaasSIl a8 uad iUl sia usY 16 Leydll ls—aiasg cspectrometer)

e JSA5 Aaerzma Slaill oda O Slaels (189 17916 slaall Laidsed Aaidll (i o —sminty

Aagdall 3 eS|

International Union of &acdawlly d,laull slinall Joodl slees¥l cny GLas¥! @3 ¢1960-1959 ale 3

International Union of &acdasllyd,laill ¢ LaySU alall sL=s¥1g Pure and Applied Physics (IUPAP)

ol slae! e BLasyl @ Eoo A lgadl sl J i 2—=3 e Pure and Applied Chemistry (IUPAC)

LS @31 93 (99, S pdasd (p—udd) 4y ) ALSD) g ()1 0 3el) e all pasdl) (650 ¢3!

¢! (unified scale) usgll liall e Josamdl 05100 Loy a1l 12 g9luy 12 (Mass number)

URTIEWH EWORT ERRT I < e

o> (carbon 12, 12C) 12 9,831 aasd aylall ATl spusety clldg 3ol 4eS Bus g dyises 4y 108

Lajass «(mole) Jsll 2 35lll ZeaS 5y ¢)lg <3S 0.012 ol Al sda lusel e Joll Glas¥l o3

(mol)"Jsa’

A Adgndl wlalaill e 71581 (e oling (CIPM) (uslally ¢3l3030 ddgud) delll cusls (1967 ale

Alall ya35ll e LS 39 1969 ale dyle 4830ally cJyell casyall Lin sllack (ISO 3 1UPC 3 IUPAP

(J) gl e (1971 ple uaalally 3o e al I

Sl sae golud @I ado¥l SligShI (o sue goio Anglain 3 BsLhl deS ga JokI -1
A2 099,81 a5 (10 3€0.012 Laylude S § 839> oL

Bylee SligSUl o (1955 O (Sasg couas O cazmy Adg¥I SligSAI old Jobl plusiwl e -2
sda Jie oy Badsme Slegazma ol 5y el of alig ASI) of gl of ( LSy ol culyd oo
Sle gozxldl

@ pasiadl 12 095,81 abas &lyd o) paall (oo 4l uslally o350 Adgadl daelll =581 1980 ale

[(ground state) aa>,Ll L=l 39 (rest) LS Lug ((unbound atoms) 8,> Al> § 2 (Joll casyai

& i g ((CGPM) uslally (513930 5 g —dieally uslaadl aladl sl ,81 2018 padss 16 sl

Sl arazr Al im Balely cJslly « a0l « puadlly olye g LSO Cinyad Balel (L aiphs sl oy

el s eadl s o e Bl Bl g1l sy Al 2 Ty Al 2

2019 g3ls 20 (po Tuml
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W g=dl e BoU AuoS B g duyal @3 Ui dele

Quantity amount of substance
Unit The mole
Symbol mol

solll 4S eS|
Jel! NN
Jse a5l

One mole contains exactly 6.02214076 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 7, of a system is a measure of
the number of specified elementary entities. An
elementary entity may be an atom, a molecule,
an ion, an electron, any other particle or
specified group of particles.

This definition implies the exact relation

N,y =6.022 140 76 x 10% mol™

Inverting this relation gives an exact expression

for the mole in terms of the defining constant

Na:

(6.022 140 76 x 10%3)

Lally @slay sae de aslsll bl goin,
2 3,01 1da ol LS 6.02214076 x 107
Lociie Ny ¢ 9530981 g lid A lid) Apauall 2oyal)
953lzs8] sue (g g Busgy die pm
Adel SULS suat wlide P plad Solll 4eS )
9 &3> 91 B3 e Bylee 055 18 (allg Bous
Aegeme ol ,31 mrua ¢l o 09 A ol Ol
RN PUPES | RV XN ESN

L) 28Madl casyatdl s ceisty

N, = 6.02214076 x 10% mol™

oo Joell (s Tuad LwSe wie Joad (&l
Nj cold! I

1 mole =

The effect of this definition is that the mole is
the amount of substance of a system that
contains 6.022 140 76 x 10% specified

elementary entities.

Ny
e iz allas 3 3ol Hlude ga Joll Lo dles
Bodze Adsl BLLS 6.02214076 x 1023
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Ot 13l U8 caadl piad LeS il (o (¥ bass Jsad (G At gt G| 2ad Jiay

(360 Nm -830 NM) (s ady (90 sl 13 Al Liing (S 7 190l (e Bylee 4l e 6 il Cyay -

oo Ayl Aaa &1 8ol Gl e Aomslidl 8 Ls¥ 0 Bye Jo¥ 2yl (Bud=i 031860 ale 3 -
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A8Las) a8l 03 s (B iyl Buad Ldos guia By sl A b Aol Jol 915 1909 ale
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new candle 8uuzll Aaeal) Casyad 51,8] 31948 ale  unlally oo bl aladl ja33ll (3 -
e 1946 ale uulally ol5oW Adgadl Aazelll 51,8 (e oLy U39 new lumen dyaell ceslll Casyady

:JWl gl
brightness of the full radiator (e8I aall 8,L) ey (3] :(8: LYl 5 Bu>g) Suyzell Zac i) -1

200 sl JSI B daed 09w (60) $slud (Ml oz 8yl Ay e

gl luminous flux Jgall 38udll sa :(Jeuall 33uxll susg) wyazdl el aiyaT @i & -2
niform ¢ La 231 uilnta i s s 2l (Gboliall) Zeucsl) Al3)l 3y 3
By buslg Aacd g9lud luminous intensity 3:Ls| 5.4 41 « point source
new "Byl Aaaidl" Bugll i @3 1968-1967 « uslally ¢ 15o3) ;e il aladl sassdl 3 -
:JW o=l de cidpe Ao ccandela "ahauall” 1) candle
1/600 000 x> s black body 35wl g ¢ye < g0 slmily (liall e Lyl 5ui p :alyaiall”
Sy Ao IS (39 101 325 oylude Ladisg () dazmi Byl A s e cpape Se
iy 239 alyuial) s Casyad (05 0301979 ale unlally GHe —die ualudl e35ll & -
i) g gl eoumld o1 HLeall o lig Al Busg 3udmes 3 lpased] o eSOl ladasy|
9] ol e lid Ao Lol ooty Asiall B>y Badonts o g1y GegTgall Jlre § (29l
I gzl e el
5ylida 3355 dl 2ol Jolall galof cilela il 93 junal cnan olaxsl § (Bl Buds (o Ayuiall”
Mol JSI Loty 1/ 683 (golud slms ¥l a3 § g lak) Bus 4l « 35,0 210x540
& wie iy (CGPM) yusslally o153 s g ,—diadly ool aladl a35L1 131 2018 yadgs 16 fyliy -
Sl sl e 2ely oo Balely «Jolly ally « sadlly oyt LSl Canyad Bale] (L udydy glwyd
cinylatll s Joadl o O (e el Aadadl gty Ala g Audlate Lashoy Aaad) sl
2019 g5l 20 (ye fuy!

:JU gomid] e BeLs¥l Bk By cdoyad o i deleg
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Quantity : luminous intensity selio¥l Bud ¢ aesJ
Unit : The candela aball gl
Symbol : o NE R eyl

is the SI unit of luminous intensity in a given conae slmil (§ 8L Bud Busy (2 Abuall

direction. It is defined by taking the fixed e a8 Al Loue Aaud d51 IS o0 Byaiy

numerical value of the luminous efficacy of ‘zgab-i glaid (683 Im W Layluas (Key) 3:Lis]

monochromatic radiation of frequency 540 x Cu> (540 x 10" Hz 835,35 (39l
10" Hz, K 4, to be 683 when expressed in the ImW ' =cdsrw™’
unitIm W™, which is equal to cd sr W™, or cd sr =cdsrkg' m™?s’®

kg™ m™ s, where the kilogram, meter and 9Csh I (e Aslilly Ally ol oSl sz
second are defined in terms of h, c and AV_.. Av,
This definition implies the exact relation A ABMall oy panll i (resaty
Kq=683cdsrkg'm™?s? Kq4=683cdsrkg'm?s?
for monochromatic radiation of frequency vV = V=540 x 10" Hz 523,35 0slll ol g Laiid

540 x 1012 Hz. Inverting this relation gives an oo sl (a,8s Tl Lase wie Jaad iy
exact expression for the candela in terms of the Ave, 5 h o Kg zalstll I
defining constants A4, /and Av.,
ch
lcd = (—) kg m?s—3sr~1

683
Which is equal to Sobud 1y

1
¢d = (6626 070 15 x 10-3)(9 192 631 770)2 683\ Ves) 1 Kea

~ 2.614 830 X 1010 (Ave)2 h K,y

The effect of this definition is that one candela slil (§ 3eLs¥) Bud (2 duall o8 diley
is the luminous intensity, in a given direction, of 540 x 10" 653,5 yg ! égbi glad el (nase
a source that emits monochromatic radiation of 1/683 Laylade slmi¥l lda 35 lad| 28LS g Hz
frequency 540 x 10"* Hz and has a radiant W/sr
intensity in that direction of (1/683) W/sr.
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1058 ALl Sl g1 plotiiel e el 2aEEL] St 2.4

LUl Biazall Lajgeyg Awlwldl cilusgll ladé aust wd G Aar adl lusglly oleaS (2.2) Jgumd! (e
Gl Buetall Lajgeys oluaSTl o s Lol Aozl ALY ¢ Lutalally 13630 aladl 1as5ll Lay3T LaS cAdys I
G 2339 LeS (g8 Sl gl i Aol canyladl Lol unlally cula ol guald 2 yadl Aalaill L, 81 LaS dyall
83)l5d1 a8 Lal Ledlyaais (OIML D2:1999) dsgilall Lizsdg Aald Aol dalaill e 5y0Liall (2) 03, 2asds ]!

Aagsll sda § aidl @8; Jiezd Jouzll lda

Aobadl) Sl ol e Bk AaLAL Sl ol Ganed Alial (2.2) Jouzd)

224 doLud | saeSTI
Quantity: Area 2 e 13 ol
Unit: square meter 2o 30l
Symbol: m?

The square meter is the area of a square of side 1 meter.

225 ozl a1
Quantity: Volume LGP PRI RN |
Unit: cubic meter a3l
Symbol: m?

The cubic meter is the volume of a cube of side 1 meter.

2.2.8 dgl ! e yuud ! :aas
Quantity: Angular velocity aul JSS olsly sdus gl
Unit: radian per second &\aly 2 ]!
Symbol: rad/s

The radian per second is the angular velocity of a body that rotates

uniformly about a fixed axis through 1 radian in 1 second.

229 913! gsludd! 4ol
Quantity: Angular acceleration sl JSI olasly i
Unit: radian per second squared dasye
Symbol: rad/s? 2&\aly < 300

The radian per second squared is the angular acceleration of a body,
rotating about a fixed axis with uniform acceleration, whose angular

velocity changes by 1 radian per second in 1 second.

76




2.2.10 Ayl 1AaSI
Quantity: Velocity aul U A B gl
Unit: meter per second ‘:\? 30l
Symbol: m/s

The meter per second is the velocity of a point that moves through 1

meter in 1 second with uniform motion.

2.2.11 goludd! ;4 oS
Quantity: Acceleration A o 46l JST 5o B ol
Unit: meter per second squared 2&\a < el

Symbol: m/s?
The meter per second squared is the acceleration of a body, animated
by a uniformly varied movement whose velocity varies in 1 second by

1 meter per second.

2.3.2

Quantity: Lineic mass, linear density.

Unit: kilogram per meter

Symbol: kg/m

The kilogram per meter is the lineic mass of a homogeneous body of

uniform section having a mass of 1 kilogram and a length of 1 meter.

Adaell ABLSI sAaST
o IS ply LS Bty
P\ 2 30!

2.3.3

Quantity: Areic mass, surface density.

Unit: kilogram per square meter

Symbol: kg/m?

The kilogram per square meter is the areic mass of a homogeneous
body of uniform thickness having a mass of 1 kilogram and an area of

1 square meter.

Aol 1 25 aSI
o JST al kg i B ol
2

2\eS 15050

234

Quantity: Density (mass density)

Unit: kilogram per cubic meter

Symbol: kg/m?

The kilogram per cubic meter is the density of a homogeneous body

having a mass of 1 kilogram and a volume of 1 cubic meter.

43L5S) 43LasT sa oSl

(s
Ao U o2 5 1S Bus sl
—aSs

Pisaa
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2.3.9

Quantity: Kinematic viscosity

Unit: meter squared per second

Symbol: m*/s

The meter squared per second is the kinematic viscosity of a fluid
whose dynamic viscosity is 1 pascal second and whose density is 1
kilogram per cubic

meter.

FSTPRSTTIEWe!
3 S pt o e 38
‘5\2? ZJ.A)-”

2.3.12

Quantity: Volume flow rate

Unit: cubic meter per second

Symbol: m?/s

The cubic meter per second is the volume flow rate such that a
substance having a volume of 1 cubic meter passes through the cross

section considered in 1 second.

il Juoae st e S
—

4

4l ST caa s Bk ol
&\3? 'J.A)-”

2.313

Quantity: Mass flow rate

Unit: kilogram per second

Symbol: kg/s

The kilogram per second is the mass flow rate of a uniform flow such
that a substance having a mass of 1 kilogram passes through the cross

section considered in a time of 1 second.

Tkg/s=1kg/1s

LU PRt P REPREP|
4l JST 12548 i)
S\AS a1

2.5.11

Quantity: Magnetomotive force

Unit: ampere

Symbol: A

The magnetomotive force of 1 ampere is caused along any closed
curve that passes once around an electric conductor through which an

electric current of 1 ampere is passing.

Aadlotl 5gatl A oSl
Ao lial|

Py B gl
12 30,1
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2.5.12

Quantity: Magnetic field strength

Unit: ampere per meter

Symbol: A/m

The ampere per meter is the strength of the magnetic field produced in
vacuum along the circumference of a circle of 1 meterin circumference
by an electric current of 1 ampere, maintained in a straight conductor
of infinite length, of negligible circular cross section, forming the axis

of the circle mentioned.

Jlall Bud ay o S
PRI

S S el B ol
f'\i :}nﬂ'

2.7.3

Quantity: Luminance

Unit: candela per square meter

Symbol: cd/m?

The candela per square meter is the luminance perpendicular to the
plane surface of 1 square meter of a source of which the luminous

intensity perpendicular to that surface is 1 candela.

Baalad! 25 gelall ALl

ol 551 2SI
20 e JSI &y id 5]l
2“:\.\3 : 30,

Quantity: Refractive index (")
Unit: (the number) one

Symbol: 1

LSOV ol 1S
REAPY CRUEENE PN
(48d Bale piug) 1: 3wl

Quantity: Luminous efficiency

Unit: lumen per watt

Symbol: Im/W

It is the ratio between the luminous flux and the electrical power

consumption.

5;‘.{4}” 5¢LA'SZZL1.QSJ|
blg JT (ragd ius gl
9\ed 30,0
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Quantity: wave number (") Sl ol sue 14T

Unit: 1 per meter S JSI1 80

Symbol: 1/m ?\1 30yl
74-49‘:':!‘)}4).”3 elau¥ ol 3 daid | Q‘.\#j—" 2.5

0390 Adgad) delll Lz, 8T a1 casylandl 51,80« ueslally 1300 aaladl aladl ya35l) L8 1948 ale -
Sld>g ;a_;).du‘.c odso ‘é"\.‘\ 4SS wL_{.&J\ Sldsg gy —hs iy cwld &é“‘-”ﬁ <1946 ‘aLc &“L._'L&lb
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Aol 390 y0lg slowdll 3 danad | &lusodf (2.3) Jouzd!

2.2.2

Quantity: Plane angle

Unit: radian

Symbol: rad

The radian is the plane angle between two radii of
a circle which cut off on the circumference an arc
equal in length to the radius.

1rad=1m/m="1

Lgiud | Aol saesdl

Olaly Bus ol

31y 540!

A O Byg el Lgtwdl Lolll (2 Lol
ol sl Izl oo Lugd (olakagy 8315 ylad
Syl ylas Caas

2.2.3

Quantity: Solid angle

Unit: steradian

Symbol: sr

The steradian is the solid angle of a cone which,
having its vertex in the center of a sphere, cuts off
an area of the surface of the sphere equal to that
of a square with sides of length equal to the radius
of the sphere.

1sr=1m?/m?=1

Heazel] 2311 s

Ol i :u ol

i3]l

@ 4y iy bogyiel Aaszell Aol 2 (ol i)
(6513 5,501 5. s (yo ALuas plaiisg 18,5 50
S0 5lad Caimi Gyl dalis Jobo mrse A Lus
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227
Quantity: Frequency
Unit: hertz

Symbol: Hz

The hertz is the frequency of a periodic

phenomenon, the period of which is 1 second.

23 ST

Y-SR

32150l

Byalls 53,5 ol wng 03l (olid By 5o 555l
Bslg sl M5 (Buslg8,L e

I Lyeudl classill sue e Blee gd a3l Lal

THz=1/s Sl asls
235 5ol eS|
Quantity: Force Crig B o
Unit: Newton (") RESYS]

Symbol: N LSl AlS e cads 13) (1 89811 g (yigu!
The newton is the force which gives to a mass of 1 | s 1 6ylude gylud J) diliosgl e elS 1 Layluda
kilogram an acceleration of 1 meter per second, Axpe aals 8
per second.

1N=1kgm/s*

2.3.7 KPS PRZY 95 [ Rr PP |

Quantity: Pressure, stress

Unit: Pascal (%)

Symbol: Pa

The pascal is the uniform pressure that, when
actingon a plane surface of 1 square meter, exerts
perpendicularly to that surface a total force of 1
newton.

It is also the uniform stress that, when acting on a

plane surface of 1 square meter, exerts on that

surface a total force of 1 newton.

1Pa=1N/m?
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2.3.10

Quantity: Work, energy, quantity of heat
Unit: joule ()

Symbol: )

The joule is the work done when the point of
application of 1 newton moves a distance of 1
meter in the direction of the force.

1)=1N.m
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2.3.11

Quantity: Energy flow rate, heat flow rate,
power

Unit: watt (%)

Symbol: W

The watt is the power which in 1 second gives rise
to energy of 1 joule.

1W=1)/s
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Note of 2.4.1
of

interval

Quantity:

temperatu re.

temperatu re,

Unit: Degree Celsius

Symbol: °C

In addition to the thermodynamic temperature
(symbol T), expressed in kelvins, use is also made
of Celsius temperature (symbol t) defined by the
equation: t = T — T, where T, = 273.15 K by
definition.

To express Celsius temperature, the unit “degree
Celsius” (°C) which is equal to the unit “kelvin” is
used; in this case, “degree Celsius” is a special
name used in place of “kelvin”. An interval or
difference of Celsius temperature can, however,
be expressed in kelvins as well as in degrees

Celsius. (")
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25.2

Quantity: Quantity of electricity, electric
charge

Unit: coulomb (?)

Symbol: C

The coulomb is the quantity of electricity carried
in 1 second by a current of 1 ampere.

1C=1As
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2.5.3

ectric potential, electric tension, electromotive
force
Unit: volt (")
Symbol: V
The volt is the potential difference between two
points of a conducting wire carrying a constant
current of 1 ampere, when the power dissipated

between these points is equal to 1 watt.

1TV=1W/A
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2.5.5

Quantity: Electric resistance

Unit: ohm (%)

Symbol: Q

The ohm is the electrical resistance between two
points of a conductor when a constant potential
difference of 1 volt, applied to these points,
produces in the conductor a current of 1 ampere,
the conductor not being the seat of any

electromotive force.

1Q=1V/A
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2.5.6

Quantity: Conductance

Unit: siemens (3)

Symbol: S

The siemens is the conductance of a conductor

having an electrical resistance of 1 ohm.

15=1/Q
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25.7

Quantity: Electric capacitance

Unit: farad (")

Symbol: F

The farad is the capacitance of a capacitor
between the plates of which there appears a
potential difference of 1 volt when itis charged by
a quantity of electricity of 1 coulomb.

1F=1C/V
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2.5.8

Quantity: Inductance

Unit: henry (%)

Symbol: H

The henry is the inductance of a closed circuit in
which an electromotive force of 1 voltis produced
when the electric current in the circuit varies
uniformly at the rate of 1 ampere per second.

TH=1Vs/A
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2.5.9

Quantity: Magnetic flux

Unit: weber (3)

Symbol: Wb

The weber is the magnetic flux which, linking a
circuit of one turn, would produce in it an
electromotive force of 1 volt, if it were reduced to
zero at a uniform rate in 1 second.

TWb=1V.s
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2.5.10

Quantity: Magnetic flux density, magnetic
induction

Unit: tesla

Symbol: T

The tesla is the magnetic flux density produced

within a surface of 1 square meter by a uniform

il /pboLiall gouall a8LiS 14 eS|
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magnetic flux of 1 weber perpendicular to this b
surface.

1T=1Wb/m?

2.6.2 ezl Joladl boléd :auesI

Quantity: Catalytic activity

Unit: katal (")

Symbol: kat

2.6.2.1

The katal is the activity of a catalyst which causes
a catalyzed conversion rate of one mole of
substrate per second.

2.6.2.2 It is recommended that when the katal is
used, the measurand be specified by reference to
the measurement procedure; the measurement
procedure must identify the indicator reaction.

1 kat=1 mol /s

Note:

According to Resolution 12 of the 27st CGPM,
1999°, This derived unit can be used Especially for

the fields of medicine and biochemistry.

JiS :5us gl

S 2 3yl

35 e i gl izl Jalall L4 5 -1
Al IS aelasll 8ol oy Jgo 8yl de 7oz

g @y OF IS B gl o |t sl e 7y -2
ooleall Ayl Llasy IS (e & wolall 2SI
a8 Jelandl Led sy oof camy (&

:alasdla

@l alall sl (e paliall 12 3, 51,4l Lady

sda (318 1999 ale « uaslally ¢)l3o0 ¢y g ,—dally

& ool IS Lol a8y 232 il 5l

Al aglally Zogamdl ¢ LasSI ¥ e

87

21 CGPM, 1999




2.7.4

Quantity: Luminous flux

Unit: lumen

Symbol: Im

The lumen is the luminous flux emitted in a unit
solid angle of 1 steradian by a uniform point
source having a luminous intensity of 1 candela.

1lm=1cd.sr
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Quantity: llluminance Sod :Bus o]l
Unit: lux < 5
Symbol: Ix ol d g2 (S5 Ll

The lux is the illuminance of a surface receiving a
luminous flux of 1 lumen, uniformly distributed
over 1 square meter of the surface.

11x=1Im/m?
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2.8.1

Quantity: Activity (of a radioactive source)
Unit: Becquerel (")

Symbol: Bq

The becquerel is the activity of a radioactive
source in which the quotient of the expectation
value of a number of spontaneous nuclear
transitions or isomeric transitions and the time
interval in which these transitions take place

tends to the limit 1/s.
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1Bq=1/s Bl
2.8.2 Lo, SJ1 cdaial | de poedl saasd)
Quantity: Absorbed dose, kerma & Bl
Unit: gray (%) £ 1l

Symbol: Gy

The gray is the absorbed dose or the kerma in an
element of matter of 1 kilogram mass to which the
energy of 1 joule is imparted by ionizing
radiations (absorbed dose), orin which the sum of
the initial kinetic energies of 1 joule is liberated by
charged ionizing particles (kerma), each under a
condition of constant energy fluence.

1Gy=1]J/kg
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2.8.3 (?) aeptl BIa eI

Quantity: Dose equivalent ot 2Bt |
Unit: sievert (') RSV
Symbol: Sv i § ae,mll B8 wlid Busg 9o iya wl

The sievertis the dose equivalentin an element of | Lajlude 48ls (3l g dlly cpl e oS 1 4liS 29150
tissue of 1 kilogram mass to which the energy of 1 | il Jalae 13 doge clela &) aha lgy Joo 1
joule is imparted by ionizing radiations whose i slad] 3805 cumig 1oylude (slai]
value of the quality factor, which weights the | (zslsudl ) all Busg ga il ol 51 (Gansg
absorbed dose for the biological effectiveness of | ¢ La i) dus a5 el (2 odgud| mewddly 3ls !

the charged particles producing the absorbed pl oS I Jo> golumg ¢ cnpll
dose, is 1 and whose energy fluence is constant. alasde
1Sv=1)/kg Liatall Ze ol oy ol (S5l e el 3150e
Note: Jobas @ & odoed! meuddl (10 Lian Aads e
The dose equivalent, H, is the product of Qand D Akl ells 3 sl il

ata point in tissue, where Dis the absorbed dose
and Qis the quality factor at that point, thus H=Q
-D(ICRU Report 51, 1993).

16" CGPM, 1979
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J
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Coulomb

C

Pascal

Becquerel
Bq

Steradian

sr

£ (°C) =T (K)-273.15

Degree

Celsius
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Aols j5ay9 awLlebjg\s@m 23949 Lajlowl @Jb EVE S A QLANEAN | 2.6

slauls Aatdoe lusg e ($9ixd Lajgayg Laglal (allg Aaiad) olusglly culeaSl dlial (2.4) Jgaz!l cne
(utsallg (313000 alad) a5l Lay8T LaS A lalllg Al ol cluodl 1) 8L A sols- 3549
laolgall doyall dadail) L, 8T LS dyall 25U Buciall Lajge)ys sleaS sda ¢lawl dam Al 28L 230
Aol Aakaill ye 3yalall (2) 8 Aadsll 3 oy LeS (qd Slus]l sl Aol Caylaall Lol . uslally
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2.3.6 Bgall aye :dasd
Quantity: Moment of force S Oigu ihus gl
Unit: Newton X meter 0t el

Symbol: N.m

The moment of a force about a point is equal to the vector product of
any radius vector from this pointto a point on the line of action of the
force, and the force.

1N.m =1 kg.m?/s?

2.3.8 4So ol | Ao g 31 eSS
Quantity: Dynamic viscosity auli JE Wb 3ol
Unit: pascal second EAPEEORN |

Symbol: Pa.s

The pascal second is the dynamic viscosity of a homogeneous fluid in
which the velocity varies uniformly in a direction normal to that of the
flow with a variation of 1 meter per second over a distance of 1 meter,

and in which there is a shear stress of 1 pascal.

2.4.2 Hog 0N 401
Quantity: Entropy (") oalS ST Jgo 8ol
Unit: joule per kelvin A\z < a1
Symbol: J/K

Thejoule perkelvinis the increase in the entropy of a system receiving
a quantity of heat of 1 joule at the constant thermodynamic

temperature of 1 kelvin, provided that no irreversible change takes

place in the system.
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243

Quantity: specific heat capacity (")

Unit: joule per kilogram kelvin

Symbol: J/(kg.K)

The joule per kilogram kelvin is the specific heat capacity of a
homogeneous body at constant pressure or constant volume having
a mass of 1 kilogram in which the addition of a quantity of heat of 1

joule produces a rise in temperature of 1 kelvin.
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Quantity: Thermal conductivity (?)

Unit: watt per meter kelvin

Symbol: W/(m.K)

The watt per meter kelvin is the thermal conductivity of a
homogeneous body in which a difference of temperature of 1 kelvin
between two parallel planes having a surface of 1 square meter and
which are 1 meter apart produces a heat flow rate of 1 watt between

these planes.

2yl im gL s2a
il e JSI Lol 1ol
(a0 30511

2.5.4

Quantity: Electric field strength

Unit: volt per meter

Symbol: V/m

The volt per meter is the strength of the electric field which exercises

aforce of 1 newton on a body charged with a quantity of electricity of

S Ll 5 2SI
S JSI ol gd B ol

1 coulomb.
1V/m=1N/C
2.71 tLaJo}N B 1 4eST|

Quantity: Radiant intensity (%)

Unit: watt per steradian

Symbol: W/sr

The watt per steradian is the radiant intensity of a point source
emitting uniformly a radiant flux of 1 watt in a solid angle of 1

steradian.
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2.8.4 o2y aesT)

Quantity: Exposure S gt S B g
Unit: coulomb per kilogram plyegls
Symbol: C/kg AS\JS 2 30,1

The coulomb per kilogram is the exposure of a photonic ionizing
radiation that can produce, in a quantity of air of 1 kilogram mass, ions
of one sign carrying a total electric charge of 1 coulomb when all the
electrons (negatrons and positrons) liberated by photons in the air are
completely stopped in air, the energy fluence being uniform in the

quantity of air.
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