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ffyg &t RU 3= & 19T v J%08 & th A gdAN ¢
7. TTOT F¥ IFE—T H sHE Hex 9y aF AFvs @t
( gk : m/s? or ms?)

geffed Ay gfy A%os Rl afaeer @9 & o § A TEHeTeAs aREd
afaAe & Ry = RU I & qeurd v 303 & U A 9T JEH0s A
W HGeAr afeT s |

8. quidr agfea A g8 - el smafed &1 g Aoz & Ul HOT TF
gl (Wehs @ sh)
maﬁrmmmﬁwww“ﬁﬁwm%mwm
# UF TR QA FAT B

9. dWET TEAT f FHR—ITT AGAT T S Mg i ard HOT 0 gl
( o= :mh)

Mﬂmmmmﬁmﬁmﬁﬁmsﬁmmﬂmn
# wF A F WS FFg F W@ T T

10. garer ggfa @t giecaiaRar & o - warr ggfa fr eiecaiaar & o of
HieT &1 g1d HUT TF ey

( v m

;e & g Hor wF W v ggfa B (ReaRar § SR Bied gl 3
WIS arer AeH & o Aer B

froqor 0 1 - 2@ S @ " ofa @Y 7 A1 e 7 W FEr Shar B
Rogur : 2- Aex wiE FHO TF 39N m' ol W T FE_ A S &
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m@r?ﬁtvnma:rm?l g "y fomd Iog s & wawr fFar aar B
ug 39T F0T % P aier e ¥ g & ar i r B

#TIT-2
IR & gFag Goae 51

1, U HR goadA uecd Y 3FR - A IR gouAET gdca i S
foretamd ufa a1 #ew gelr. (9w : kg/m? or Kgm™®)

9 g7 HleX oA B GART 9% @ Helcd § 9O TF TF
Fea 8 3R AR\ o ua Hie @

2. Wigar & sHE - Figar Y s Foyaw via T AR et gl
kg/m® or Kgm™)

freame ufd e #Aex Fdr od AR Y & degar § o R R
T G ForFeT WEe te g8 HeT 8 AW gouAs UE fRaana gl
3. o & SHR—FA H FHS 7T gl | ( FdeR: N)

A a8 91 § SN T TRaTA & A # Th A 9id @ Jhvs

HT cayor 2t &)
1N =1kg. Im/s®

4. T % HEYT F $HE - a7 F IMEOT F 5FE HeX FqeA g
( I : Nm)

=g HieY Rl geg A # g g dol gRT 3cuesd QAT ITEY &
st 3@ foaa gl @, ed 9RY AR gomme oRewer &) @ B, & weead
U HX HT g W F I W@ 8 1N.m =mikg.s?

feoqur —ae & IMEPT Y FFS J@ () F ¥ A AE fodr o Fafe g
Nm g1

5. gaid & 3FE - gag Hr IHS qEHA @9l | (F9F : Pa)
Uhd dg cdid § oY Ud 91 HieX & AT OdE W T84 W 39
BT O Fol Teh #ggel &o S ¢
1Pa=1N/m?or1Nm?

* A L L L
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6.

10.

1.

ol YT Y S - oo aHe 1 s A g Bl
( welrm: MPa or M N/m?)

a8 Y gg wafed g § S Bl gdeT @us & wEed sy
FE I AT T STt W I ag 8 & &, F IRYT FE & 7
A% ¥ AT RY I: W o @ E

s AT Y IFE—ATAF WHAT | SFE URHA Qv g

( 5 : Pa.S)

e qavs Rl gaie o B afaw w@erar § o o @t Ay
N FAGH Hag R FHFT afafaftr o Fgea w1 Afeed a9 I
FEN ¢, TP O WA, ol # A oF e gl <« E, 3
U HeT 9T §e0s & a91 & IR g

1Pa.s = 1Pa1m

1m/s

g wAar B sHEE—Eafdd wWear #r gEE I AR wfd
&g gl (e m%s or mis™)

g WY 9fa AFvs Rl W g7 I w@mar ¢ Sd afow
AT T Uhel Waws ¢ 3R adca ofa o= #Aey e B

1m?=1Pa.ls
1s 1kglm35

qax aad Y 3Eg - dag adrd B ghg e gfa Hex gei (q?haﬁé
N/m). '
e i #AX 9% wod e § S UF Fes 99 gRT 39 AdE,
T HeY FFE 9 G JF 3w gl B, S o Y 3w avg Sed aw
ol &, e B

T, FAT # Fs F oRANT H sHEE - Fo, F1F IR FOUT &
aftAmT i gwE @ @l (FF ¢ )

& UF FgeA g far o ag el g S e e @ @
fer A v Hiex 1 g @ g g1 1J=1N.1m.

afFa, AT vorg 3R ssAffaE & s - ofFa, AR weE

3t Fvaflaw 1 sFE a am FdhE W)

Uy~ 3
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12,

13.

14.

mmﬂmqaﬁ%mﬁwm#waamﬁaw

%9 ¥ 3aig gl &
1W=1J1s.

AT UaEg Hr SHE - WA Wa§ N 3HE w7 Ay gfy aFvg
gl (vl - m¥s ormis™) |

g AR Wi JH03 T U AR & TheacAs FaE U ge
I FT W T AH0g # yared 3T g

EUATAT a5 Y S - geuARET agrd fr Sos FhanmA Ui aavs
2191 (el kg/s or kg.s™)

freanA ufd AFveE a8 gogaet & &Y ve fRelans & UF WIcAS 9dTE
¥ U gU 3oy Fe g Uw Jshvs & fAwfaE @ ).

e Jaa & gs- Rftee wgaw Hr e ua A wia
fratrams grfn (9 : m¥kg)

gd e ufa fratams RN ol @aEer dDe @ Rfise sras @
ST Faas oF 9o HieX 3R gegAE va fReena @l

31T 3
FSAT § HafOd sYcdeel FhIS

Tl &Y FHRE—Tegrdl &Y g&S S 9 Sfoder gl (Tl : JK)
T 9fa &feas Fwar Ft UF T F TE AAT B AT A arel
Tgfd A e A gfg @ T A § S Ue Sfead & PRAR O
nfYE A W gkl §, Weg JF FEE GGl A g kAT
oftade 7

fafree g Ay g - Rfise g B oges S SidfReans

wfeaa gem| [ 9 : J/ (kg.K)].

S@ 9f fhelaA &feast ve fralane & @A@ gegdAT f fafise
Tt § S oF FeaE W AR areifaE JRH W U od &
W I Jod FA 8 Wed I8 o6fF ggfd & FF Iegerauia
qRad= 7 &

FHT aiRar & sFR - 5 uRar #r sHE o Gfa FHead gl
( I : J/K).



[ M I—=vE 3(ii)] WA T AAGH 2 SRR

v,

I g Feaw e wAier avg f I aiar §, Owd & g &
ST FSAT Y AT 3FF AR JIHA P U Hfead dF €al ad
gl

e swRar A sFE- AR FSuRar & s gF 9
freiam Hfeaa aef (g - J/ (kg K)

o vfa frdams Ffeas o @A o] o soaFw o feaanA
%, & Rt FeAmfar §, W o @ & aia A AN 38F
ST TAF ATHH T OF oA aF @ A ¥ ’
T FEAT B FHR- o S A 5E, S gf THeama gl
J/kg) _

S WY e Rl o PR ¥ e T U e & qe A
gftade & vaTaeaR F d9AIA 9l FSAT AFHT 7 FEr S

fafre ot $r sa3- BT 3o 6 g3, @ ufa fRdams gl
( 5 : Jkg)

@ ufa e oF frdamse & wae aeg & Rfse s w

Fea € fEd & S fr wiaks Fav @ ¥

FAT IAFAT Y SFE - FSAT ATASAT Y 3HE, ae ufa e Ffead
grf (o« W/ (m X))

gre gfq e Ffcasr ¥t WaART avq A FAT T §, fFEH Floaw
FSHEIAOE agA 3eal ary &l @A §8gar, foes 3 vaqds &1
AT I AR IR AN F AR A g |WE, & 9T wF awe©
1 fafhror ooeFE 379 AT ¥

1W/mK = 1Wim?
1K/ 1m

IS UTed P FHE - Fol Gelcd H FFS S 9iq G He gy
(e : Jim®)

I 9fd o Ay Rl gd dWiey aRATT G SR gegAe #Y
i #1 397 g &, et RfdRor 39t & S e

FHT & FoFd Helcd o SHIG — FSAT & Foidd Helcd T 1S, dqTE
afy &t e aehh (vl - Wim?)
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arz ufadt #rex, & a9 ey avwd I R gag F1 ISR soed
TIed g St Sfr @%0s UF S B @ ¥ For Hr fafheor FRan 8l

AT 4
e 3R graswca & §IU F oI THS

faga & A AR &g S f gwE - g H A AR QT o H
FHIE Fed gun) (Ul C).

Fora f3gd H g A § N U oI A URT GRT U JEs A A
S ST

1C=1A1s

&ga W uAE B TS - YT TS el Hr THEE Foww 9y uw
#Hrex e | (welE < C/md)

Forrs 9fy et AT TRt FAWT gewEe o1 sefa @ e
gAcd & S U g HieT 3madd @ g HR fSwer uret vk Fos gl

fga voFw A A sHS - RBUa ooFH gdca # gFE Foed 9fd
gar #rex gt (wdiE ; Cim?)

Forrd ufd @t MY a7 R v aica § S oo aFag et
e TR FURd, et & coet & 9fd @9 A 8 & v gorw
& W fagd @ { 3MART g B

faga aare, faga fawm 3R faga vardy @ & s - Rgg dem,
g fsrm IR g Jardy aor f g3 aree gefll (v - V).

alee, U TAIRR & JORaEdt 9 o S are gl dr & U faeg
¥ W famg & T & R A Fer A1 &, F9 = RegH & @9

*f&FT 8101 TF T F SUET @
1V=1W/1A.

B a7 dioar & - g e dear & sFE dee 9t A
gl ( welvr : vim)
diee 9fd Ay faga & # ag dear @ S B awg 7 v goe
fud 9 #RA W 0F FYeA F aF 3o FIA B

1V=1N

im 1C
aga wiay $r srS - g ufay R g e el
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y—

10.

11.

12.

(e : Q)
Rl o (FUsaey) & & Regt & A dgg uy 3w e ®
T &7 gt & AT e Ao F AR R th wEIRR f arr

variRed gict ¥, Stafd Feswey fhdt Rgaass o &1 3uR 7 8
1Q0=1V/1A

UToihed T THE — TTelehed T SHIS WA gl (FehiF : S)
g Rl oTeis 1 aTeiehed & ToraeT giay U A 8.

18=10'=1
Q

R B gTE - TR &Y s 4RE el (e F)
s el duas & sl & g A a7 aitar § S & Foe

faga ot #et W 3TH 0F dee M AT Scoe BIaT §
1F=1C/1V

fagereherar 1 garg - fagaeiaar f s ¥ wfar #frex gl

(s : F/m).

U3 Y X Oy Aean 1 REEe § S o e # g aw A
TAFTFR el & 9fy 797 Aex 87 | v g & afar 2ar &)
WEFHcT & 3HT5 — Wheg FT FHE &0 grl| (9 . H)

gAY Rl & gRUY &1 a8 WRacg & BOA ve vedRr ufa Q30 &
A 4T & UF TACHF T & g § T dlee F 0T agd &

der grar 21

1H=1V.1s
1A

TradMadr H gHg- grasdiear 1 g gl i A el
(TR H/m)

gl wfdy ey e AW derd & gradledr @ N ue @9 AT Eand
& FFad T FogF F T W g ooy F B @, Gudhr dwag
TH HleT A @ AR S vF TN F Whed

THT Folrd IR TR Wahed wodd N gfAc- gEha Fde
3R grahg WNevca W FaFw AT gl (T Wh)

deR q5 GIEHT Folrg ¢ S U W ad 99y H FeA W IR 3
U JFUT H UHRUHF X W HET X Y a e v A 39H 0
dee &1 AT age qor 4aT X
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13.

14.

15.

1Wb=1V.1s

grHa RO HR AT AT Becd T g gEEhE W1 3R
TFAhIT FOIFH Oelcd @Y GRS THAT g (FAE ( T)

AT qF UHFSUIHS Graard WO § S U g M f FaE W
A 9§ fanfad fFr S oA 9 W T §U TR AN F

gmﬁzr FoAFH 3c9eo1 LAl &l
1T = 1Wb/1m?

TR 8T A B THES - grEhg 87 TR f gEn vPum
qiaseT gl (9de cA/morAm™)

tiPaR yfaelie ag ek A 9 oS R aensR Reust
Srgdr o v A Y &), F "ag W T vhPeR ufFg & o @
fFda & 3o B & S Uw 3ided oears & O are$ gRT §40
TN A § S T AR 9T Hel & gar g HR adr 39
faauey Fr 387 o grar g1

ORI Oelcd #7 SHE — ammaﬁrsiﬁréuﬁqwqﬁav‘rﬁma’nﬁl
( 9 : A/m?)

iRoyr wfd a9 de? Rl [WER OEE A 9T gd9cd §, 99 UH
UPOIR Fuwar H URT T 3 AR & @HEded dree T AT
T PR, GFERR § H 4 & uag $r R #, veureAs yaifed
gl 21

T 5
fager gobrr fafdor R v § weg ST S

fafercor dgar #r ge — RafeRtor dgar r 3, T 9fa RIBI B9
(W:Wlsr).

arc wfy VM el dafeeg & RAfdwor faar & o o vy
& U HUT W THRNHAS Ufd & v ae fafeor  weaww 3cafeia
FXaT gl

g a1 A & s - fROa s A H gEg a9 wia
IR 2Rl (udR: Wim?)



[ I—&TE 3(ii)] SE & U9 ¢ SR

are ufd @9t Aex v A F AT Fewd g 30 A g, A
UF J9 e FAE A UEEAIcAT &0 A faaa yamw SeR RRegaa
%, W I gt B |

[3R (1) 30 A

3. fafeeor & oS - ARy & s ae gfY g9t HAer wIETs g
(Fchah : Wim? sr)
are gfa a9t Hex WA 0 |ig @ T § A R geifea
% & Ui @ M & 93 R IRTA v are RfFT far B

4. SAfgdgar & gFs- sAfadTar & gEE Fean iy @ HAew @M
(I cd/m?)
Fr3am 9 a9t A R v g A f gAad o WS
AT H yerEER Afadar & Red safada daar 39 @9 @
T HPR ®T H Th Hagal &l

5. SAIfY Tagw & $HE- SAAAT Fowd A FHES TE ogAA g
(I Im)
IAA 9% FAfaRT waaE S e VWA F & uAdor A
Fedon SAfATaT o @ Rege ¥ St o B

1im=1¢d 1sr

6. waIa usica FI S — FEICT Uaca F swE FdFH el (I : Ix)
mma@ﬂmmmmmm%sﬁwaﬁ
ey awd H gag R gAeg faaia &n

11x=1Im/ 1m?

- 5T 6
FAF faftor & qrEg Sgcue g
1. dfgar QA gfeaan) 1 s+ - afkaar @y Wear afeg aa) &
ZHIS TR BN (Wi Bq)

mmmmwammamw@mﬁw

FATAOT AT UF HFAOT T HIAN &
1Bg=1/1s
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FIM™T U & SFE- JaRIT aRrer H g I gl S Tk S
o el & @Aged el (T : Gy)

I 5 v TFelamA # aFg F e A g HIM¥A guw @l @
R armaedy R g g f afda e & S g

Fafr fafHtor daem  uacg TR B
1Gy=1J/1kg

T 7 -
s e 3R e sifadr § wEag o 5

uery @ AT f Aleadl H SFS- gery B A H Aegdr H sEE
Ara gfad g #Hrex @9l (FdF  molim?®)

A gfa o 6l FART aid & Fead § TR Fo JEad vF ua
A & AR Swd ey &1 v A Ruae &

AT S H sHR- AT FoA1 H sFS Fo 9f A @efL (T
J/imol -

a;\a;%ma,'farmmmmmﬁa—g A Fo & s o
o @1 afFT g

AT Tegrdl &Y SHE - HAT e H S Jo 9fd A fead
g1l | (I : Jimol.K)

S wfd A Ffeaw ey O daer gegee ggfa & Aol veerdt
e v Al # S U Fedw F awefiaE adAEe W TF 9 F
O FAT H AN Tod Wl § G g a9 IF GGfa H g
HTFANT aRaTA 7 g3 &l

=

AT FSHT &THAT Y S8 — AT FSAT &THAT 3 SIS o Ui A
Feaa gl (o= J/imol.K)

S 9 A Fewer v A F TERT gl & 1’ Ay e
AT § f9ud UF J& F ey i FSAT A 38S a9 Ifas auHeT
A U Hfeas 1 e a=ar g



[ —'&vs 3(ii)] M 1 TS9A AT

el el
(Frre 14 2RaT)
- S| @eEast & a3, afaror ik
g 3R 81 gdeeat & 3w & g

1. Slgdeeas & A, 9T 3R Tl - qadeas F a7, aRAor #HR
g 3 gl o aef-1 A Rw aw B

oY 1
gdeldsl] & A, 396 IRAT AR ghE

[ddad A | qdeeerd 1 GRAT | qaedas H Uellh
AlH
exa 10"° E
peta 10" P
tera 10 T
iga 10” G
mega 10° M
kilo 10° K -
hecta 107 H
deca 10° da
T deci 107 d
centi 107 c
mMilli 107 m
micro 10° u
nano 107 n |
pico 1077 p
femto 10" f
atto 107 L a
TOsEHIIT

TS Y gs AT & e Tl m €, 39 & gdadaw ¢ s 8
em” @ ST ¥, S F A s gl €1 3@ YeAcEE gad 3 T
TR HATA & IHE Wrd T JT THar g1 SH YFR I/ TF Hed
THES HUTT kg’ %mﬁwmm%aﬂwsﬁmws

%tfm?’quKgm’?rcm Helca &1 T gl
Kg/em® = kg10® m® = 108 kg/m’
sdT R g/cm® = 1000 kg/m®

3uywdn -4
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T sERAl & WY HE wE U S () @ends & gaw
FFS T & q@ 9 F Fg 0T A g o fer qne srea

(@) AT § FH1S & I0TH AT 39 IOTH HT Sclieh q37|

(@) [Eevaw & TdiE 3 & W0 ude & wr §afea e e,
mwmygmammwﬁmmmﬁm
B 38 3 IS S & Ay wAfId B o wear ¢ s 5
IS FdF a1 TF|

et @ FwE @ F—worET A A § v F fav Fsh gRkaAwr sl
s § Hidegswa P snwst 3R 10 3 &1 utds wAer ge |

Tl ~qdeiad JFd Yolid & T Holeal Oidih q§ 3UGRIT axdr §
& g®g & U AT 3Y IOF & W H HCIH gRI HiFeHad fhar
= gl

seid tem =102 m&aar £ 1em®=10°m?* 3R 1em™' = 102 m™

YT ghg K NS ACM—FRd FIFT 3FE F aqOTR A &
fov &aer v & qdcrests @ gt R Sreen MR wgEd qdeeas &
2T AT g

TS

mum. & U 9T nm (nano metre) |

GETAIT IR F AT Jacederh B FANT — W Sd & §d gU 1
CEAT & HT AHh & WY P qEIAH 3T ¢, GeIAE H FHS &
EHNT IUIH IR AUTh K IGAT  TH AE H WY GEIAF AISH
Fr S|

TS

fAeiamer (mg) o fheq At fhaltam® (ukg) & o

FEOT (1) FEAH & TllE -

(F) T (W) TrsT IR A AR B Seen, s & AW e F A
3oy fhed & 3eRT &I 39greT Ay aam g,

(@) Fgausd H T SEer;

(M dw Fest A IwAr IOfAT 7 @, faer wfeaw qF fae (Reg)
& @ sy, #R



[ 9T [1—WErs 3(ii)) R 1 THIA . AR

@ T aimr & afFcaf@Fa & gof 3P 7= & T @ e
3R 3 A W AEG F AT TH TUH TEY A BT AT

(2) ST T AT AFH F TAF DIC JER (TR dX) H e re
ST fe STET RIS T A qGT A\ @ gred AT I g aw wuA
38 37 (SFeee) gem|

TSed

m - #eY

s — HahUs

A - TR

Wb - asR

8.  HTHR P AU — (1) T FIFA Ak H a1 A1 3H{H AR F IOTH
ERT (T &Y Fel ¥ 99 o Y i@ dfadi A @ el T A
IyefRia R a1 Iehdar §;

m. N, N. m, Nm

(2)TE AT AT F AFF & W TF F ITEET FA FHI AT GhIAw
F gf F TFEFT g1 96 HF g W & v v At sl g
Tseid -

TCA HiET & gEwg B AT Fge qF A P @R & Qv N A
@y Nm a1 m.N for@r sweem|

9.  FHISA 1 ARG - (1) ST FIFA FHS N WAl Th g H g8 &
s A FN g Adaaa =@ iR ad oA
Iuefa fFar ST
m/s ATmM AR s" & a0TH A ms' fIEa|
(2)m3qzﬁﬁ?raﬂ#a?f%mp3¢marmaﬁﬁmml
At
kmph,aT Tog@ km/M or km.h™' fardy
(3) et oY gem & 0O gl Y v & 9T H v @ HEE
wfosy NefEd udier) A& aemT AT, 9 a6 gigewar # gaa
¥ fav Fives o afase frr 7w &)

Tserd
mis* AT m.s? forY faed misis @ o
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10.

11.

(4). Sifeear Fr RRufdzar  FHomcaF a1d a1 Frset Fr 3T fmar
e

TS g

mkg/(s> A) Armkg.s A" Tl FRImkg/s’A 7 ford|

IROTAT Hr 3TFeafFa - (1) 3udFa yoiier, U 3R 39S Sad
fordlt sy 1 HfFegerd fBhar S g ol fa @ T S fon 3o
TEATCAT Fed 0.1 3R 1000 & &g ffeaaa g

[aTan

1.2 x 10°N & 12 kN for@r ST gFar £

0.00394m & 3.94 mm @ 31 H&ar &l

1401 Pa # 1.401kPa @1 a1 G&dr &1

3.1x10% & 31ns far@r s g&ar gl
(Z)Wqﬂﬁmmwﬁmﬁﬁvw%@ﬁaﬁﬁ@
AT W [AUR a7 @l #Gl & a0 o & quiess &1 ater foman
S HY ) FF FEAHS Hod 0.1 & 1000 H @A & a6 & &
Fr & gl

(3) I ST H 3RET & a7w13 - iz Jfhcasd = F
Taea & [T Faa Peee &1 waer AT smeen)

et A HfFafFEa -

(1) 81 WX AT & A & g19g T3t F7 FA P w3 & v

el TEam & A 3F F UHAT HF § yUEH A F AU fdeg (31e)
FT g By ST

(2) 3ot 1 T TEAHt F FHE A QAT wd auHed foeg @ g
#h forar sean qer feeg AR srd-faus & 9@ A aeEgl & @i A
Ser ThaT SATTa|

EATd LS|

3211 468.022 82 fa@ 3R

3.211.468.022.82 I7
3.211468.022.82 77 fod|

e e T SRR L T mqm’wnqu [T IR VLT Hlm‘“'



| 9 18 3(ii)] ARG &1 TSIA : TR

AT ey
(e 15 2f@v)

T, ITQRH AT o] SHI3Al & Ty g3 fre ot & fav
ST G

HHT AT AT 55 — (1) T & AT 37T g foreafafad giah
U -

(i) AT S 60 JFUs & S&T AT (WF : min),

(i) TeT S 3600 TWFHUS AT 60 BAT T g (INF : h), 3R

(iiiy f&=T A 86000 WHUS AT 24 ©E T 8191 ( A : d)
TeATg, AT A7 @Y A HATS AT PNRAT FAVS F HFER g

AT HT R HAAA FHS — FAAT BT F AT AT FHE
(i) B S /180 ITF ( I : °) & e gl

(i) BT S /10800 ¥FI= a7 (1/60)° ( Wi :*) & ST grem, 3R

(i) BFHUZ FAY /648000 I AT (1/60) ( Ul ") & STET B

A B ITATT FHIS— (1) HTTH H HefATA FH1S ehieX g
(T 1) BRI e 99 HeX F U gARGT HIET B

N=1dm*=10"m?

(2) AGAA FFN F1ET F AT hex F1 39901 FEF fhar s

GIA HN IAAT FHE — (1) GeHAN B ITAC FHS ol g
(9l o t) 1T 1000 fHhelams & s g9l

(2) &1 & WY g AWl Hagd A RAfd ggeeas g et
“Far, IR " and X" F g fFAT ST FHI
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(R 16 AT
faw s 3R 3TF e

T T v s - B gdegE g dioia For H A 3w
Soldgre alee B ( el eV)

FoFT dlee fAatd & T# aloe & vy @ Jore 9 Rl gelags
T Ao FaAT Bl

1eV=160217733x10"J

AN HEf A R s - el wAr Hefd Hr AR g wehia
aTA] Hefa g1s et (9 @ u)
vIRd TAT] Hefor sHTS ~gFenad UC AT Wigd & 1/12 A F

O BT ¢
1 u=1.660 5402 x 10" kg

AR gl & v AR g - (1) and gl &1 gus AN g
I 3SR ( T« AU)

el B I s I A afieen X @ Rl Aoy gagAe oS
#a@w%ﬁﬁmﬁm@%ﬁﬁmw
397 0.017 202 098 950 2T ufafew & s (R=T) 86 400 3FHR+ FFHUs
& gl

1 AU = 149 600 x 10° m

foqoflt : aRHT g F AU Beg HaUET  ® F THEICHS T E
IETE0I: aRAT g & fAv vgFa Feg ww A UA, gerdiog aF AU 3l
ST 7 AE &

(2) AP gl T gl AW g gREASF gPf (9l : pe)

URAF 98 U &, O W @i sFE &1 W UH WKUS F T

AT g1
1 pc = 206 265 AU = 30857 x 10" m.



[ [1—8&vg 3(ii)] A &1 99T : YR 31

&S FT
(s 17 gfaw)

HERR w9 { T IS
1. @A g & sHE - T AR faee durad A 3w & fav gl
gi$ TR e Bl | wady A 1852 3 Fr g F W

2. WA a9 Y S - WA AR FaAe wue A swaer & e wd
N gHEE A gl Ae ve gHAr e 9fd ger & s’ 39 gl
1 @HEr #ie = (1852 / 3600)-m/s,
g 0.514 444 m/s.

3 WeRTer &y giar ded fr =wE-(1) vy Y G e fr @ vingH

grefr1. ( dieh ; A). ToreeH 0.1 aidey & &R Tl
1A = 0.1nm = 10"m

4 o A B SFE - (1) O &F & AOA F AU Ugm IHE v gelr
(& a)
TR 10 #AeY aFars $r ya3it ar @@t w1 elaver g
1 a = dam? = 10°’m?
(2) -8 & A9 & AT gEY g FHRI M
( 9 : ha) '
gFAT 100 A woars A 3 ATt A F ATEA B
1 ha = 1hm? = 10* m?
3) ad a7 PRl Earas R a1 R F WY wgEd
&Y gl

5. AR wilkear 89 & se—AfReT wiAear 87 & g 91 el
( T b)
g7 100 o7 $reteiey & R AfFET wfdear a7 g
1b=102m?

6. TR F o I SHFS — RA & a9 A ghE 97 gl
(g : bar)

R 100 000 Iheil & SO M|
7 AT AIgHUS FHIs - Als argFse g 101 325 urewd g

mmmmmﬁmmmm%ﬁﬁw
AT Al F FT AT W dF W TG F W E
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8 e & FROT (ol & fAAY gehrg- o-aTvrT AR a3 sl & Iwar
& faU T&ca & HWOT ot H {A g A gl
( Ik Gal).
dter 17100 Mex 9fy T AFvs F W B

9 MAfdcs gfaeaw wfFaar & gEr - WAwiFa gfFoaw
wfraan 1 sEs gl geh (wes - Ci)
F{ fordlr sdufeea sg@amgs & a9 Ar € o ufd Qahos faae-t
gEar3.7x 100 ar
1Ci=37x10""Bg &I

10 3TOIET AT T FHS- 3TEIGA AFT HT  FHG Fecdlal gran|
(gdis : R)
T, HTART [T & W 3ToRA A6 g, S U fhdanA
WMW@WﬁW@W?Wﬁ@QWZ%X
107 FoFd T & JFA I aY, Fdfdh T3 Fodd N FUAA arg

& A AT e & q THT A7 R @l
R =2.58x10™ C/kg

11 39T FT IS — 97 HT SFS R 9 ger gl (udie : km/h)
freiefiey wfy der aifoelier e &1 ag a1 & @S9 awg #
THEAcHS afg & Faifed fFar se, g« ag o ¢ # U6 fha#eT
&1 gl a9 H B

12 f39Y A9 & gegA i 3FE - @Iy 719 & gegaa & ghE e
REIBCRIE RS
Fre FAaTE F UY §ART HET & R &1 STHT 3TANET gR, A

mﬂgﬂ@rﬁﬁa: aifofsas o &7 & forw fpar sreem|
1c = 200mg '

13 gegAIA & AW 39T & g - geyAT F AW IuReT Fr s
fFacer geft | (wd @ q)
fFaeer 100 frelaneT & R gem  fded 3eeT, w1 Scureat ik
g IURFAr FATAGT Fr 9 afofsas 99 29 F e har s

1 A R N | W e e I | W ek s MR - RO A TP O RN S F 1 L R ] S R Y < ese ek
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A IR
(Faw 18 2f@v)
faw At aftg @ ew. s

THE FAH | Udh | W, IGRF AN G FHEA F avat A A
(1) erg | erg 1erg=10"J '
(2) dyne dyn 1dyn=10°N
(3) poise P 1 P-1dyns/cm” = 0.1 Pa.s
(4) stokes st 1st=1cm’s=10" m/s
(5) gauss gs 1Gs=10"T
(6) oersted oe 1 Oe = 1000 A/m
Al
(7) maxwell | Mx 1 Mx=10"Wb
(8) stilb sb 1 sb = 1 cd/em® = 10° cd/m®
(9) phot ph 1 ph=101Ix
Fadt T
(Fax 18 &RAT)
AT ugfad & Ol & THE
SHIS B AH W, ITRF A e gohrgdl & Aaeat A
=T
(1) wt 1 fermi=1fm=10"m
(2) A5y 1 torr = 101325 Pa
760
(3) | frarma ®wrdkgf) 1 kgf =9.806 65 N
(4) Fr (cal)’ 1cal=4.1868 J
(5) ABHIA () Tp=1pm=10"m
(6) FHE(X unit) 1 X 3TS = 1.002 = 10 nm Freqar
(N T (st) ™ 1st=1m’
(8) T (y) 1y=1nT=10"T
(9) Y 1y=1ug=10"kg
(10) A 1A= 1ul= 10"

*Og 7 ITHAR F ¢ (AT & 07 R 581 HRISET JoHee, viee

1956).

~ g f3OY g vaw, ol & ot & yffeued F & v

faatfaa &r a5

g AV g $ua AU & AT ygERT oIS M.

Bhyarfn -5
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Ay 3feTeEr
(A= 19 2w
Fgeaqol staw foraais
yfEfeaaan
(opm)
AERYT fAadie
aesifas Raas
vt & wareyr 7 c 299792458 ms’ (fARa)
frata & aReTar Ho 4w x 107 NA™ (fafeaa)
=12.566370614... | 107 NA? B
g & e £o 1uoc? 10 Fm™ (RRaa)
=8.854187817... N
TTATHFETT FT SIS | G 6.67259(85) 10" 128
2 . m3kg-1s-2
Aiw DT h 6.6260755(40) 10> Js 0.60
Yoo diee &, 0/ (o) 4.1356692(12) 10"°eVs 0.30
T (2m) H 1.05457266(63) | 10°%s (6580
v de & h o) 6.5821220(20) 10""%eVs 0.30
SEHIA, (he/G) 2 mp 2.17671(14) | 10%kg 64 D
e 1, 1.61605(10) 10%m 64
himge = (hG/c®)'? _
AT t 5.39056(34) 10%s 64
¢ = (hGic®)'"? )
e grasr f@aams
TE A e 1.60217733(49) 1Lm'“c
e/h 2172417n’:§§é§€(”7§_ 10™ AJ!
TR FE TREAT, ®o 2.06783461(61) | 10™Wb
hize I
SEHae IR aﬁm 2e/h 4.8359767(14) 10 H V!
-
FATEES BT ATl e’/h 3.87404614( ‘175'"*“ 1058
FAETSS B T, ~ TRn 25812.8056(12) “Tfi‘" 10045
h/e*=1/2uEla -
d1g] AT, uB 9. 2740154(31) To 2T o 34

1 A

T YRR T » T‘;mnn; PH At ok o e Y -

i il
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eh/2me
SO AT 5.78838263(52) 10 eVT ~ [ 0.089
_pBAe}
T& H(uB/h 1.39962418(42) 10HzT® [0.30
AT HEArAt H, pB/he 46.686437(14) mTT 0.30
Fefoas # uB/k 0.6717099(57) KT 8.5
eafraeR feeeE ehiamp | AN T5.0507866(17) 107777 ] 0.34
TN areT F pN/ {e} - 1 3.15245166(28) 10%eVT" [0.089
w5 & uNh 7.6225914(23) MHzTT 0.30
oo wEanat & uNihe | 254262281(77) 107m T 10.30
Fafad H pN/k i 3.658246(31) 107 KT 8.5
9A] fAgars
QA TS fradis a 7.29735308(33) 107 0.045
| Vapoce’/h
af ety @ew SIS a’ 137.0359895(61) 0.045
]
Saas
| Reset Rrar@yimeca?ih R- 10973731.534(13) | m~ 0.0012
!géa . R-c | 3.2898419499(39) | 10™Hz 0.0012
5= & Ruhe 2.1798741(13) 10™) . 0.60
eV &, R.hcle} 13.6056981(81) eV 0.30
S ==, a/4TR. 3o 0.529177249(24) 10™®m 0.045
gt ST, eX4Treq, = En 4.3597482(26) 10°J 0.60
2R.hc
in eV Eh/{e} 27.2113961(81) eV 0.30
QRETAR & qRATT h/2me 3.63694807(33) 10“"m?s’  [0.089 |
hime 7.27389614(65) 10"'m’s"  ]0.089
gorergre
I G Me 9.1093897(54) 107" kg 0.59
. 548579903(13) ~ [10"u ]0.023
FFEA dee A meche) | (| 001099906(15) | MeV 100
SAFTA-HAHTA GSUHTA Je[drcd | Me/my 4.83633218(71) 107 1015 ,-
FAF-R oA FAad | Me/my | 5.44617013(11) 10”7 0.020
| GBI GOAAI HWA | MMy | 2.72443707(6) 107 0.020
Lgﬁa’gﬁ? O FUT GeAA Faurd | melmg | 1.37093354(3) 107 0.021
g fAfafese aewr | -eime | -1.75881962(53) 10"Ckg" [ 0.30
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| SAFTE AR geIAA M(e),Me [5.48579903(13) 10"kg/mol | 0.023
FFTeT 90 &4 himee | AC (2.42631058(22) 10m 0.089
AJ21r=aa, = a*/4TR= Ac | 3.86159323(35) 10™°m 0.089

[ fraRfE zawe= B, | fe 2.81794092(38) 10"°m 0.13
o a,

ATHTT T HAHTT, Oe 0.66524616(18) [ 10%°m® 0.27
(8n/3y’ e i ] ,
gFEA qrh mgot | e _i928.47701(31 ) 1079T 0.34
[a’n AT & | Helus 11.001 159 652 T 1x10°
193(10)

[@;ﬁ-ﬂ'{ﬂ' AT 7 Uiy | 1838.282000(37) 0020 |
SAFH TR et ae 1.159652193(10) 107 0.0086
NI pe/ys-1

| A g- T, 2(1+a) e 2.002319304386(20) 1x 107
SAFTA-FITT PP e/l 206.766967(30) 0.15
SAFE-MeN AT He/Hp 658.2106881(66) 0.010
3O 39T

, ——
I GeTAET ey 1.8835327(11) 10%°kg 0.61
0.113428913(17)_ | u 0.15 ]
TAFS aree &, muc{e) 105.658389(34) [Mev 0.32
HITA-SAFRETA GETHA my/me 206.768262(30) 0.15
eyt
A AR Geqe M(u),M, | 1.134289 13(17) 10”kg/mol [ 0.15

e TR 3ot My 4.4904514(15) 10T 0.33
AR A #, uy/Hs 4.84197097(71) 1073 0.15
~fFerTR AT & /N 8.8905981(13) 0.15
T g, e, a, 1.1659230(84) 10° 7.2
@i [uy/(eh/2mu)-1
A g-ded, 2(1+a,) gu - 2.002331846(17) 0.0084
IS TR et | Mol 3.18334547(47) 0.15
Fead

et
RN ZeTA= mp 1.6726231(10) 10%’kg 0.59

-l Ty - Wi .

i "..A....,ww- e “‘QMTW"”H‘“"" T ] R 1+ ul - N 1 -
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G 1 TA9H ;. AGHRM

me———

s —

_ 1.007276470(12) [u 0.012
SaFET e H, myce} 938.27231(28) MeV 0.30
FAA-SFL FEAAA AT | Mp/Me 1836.152701(37) 10.020
g e gemAe smWA | mgm, | 8.8802444(13) —— %15 |
e TARfESE AT e/m, 9.5788309(29) 10"Ckg’”’ 0.30

| drerer e geTAE M(p)Mp | 1.007276470(12) 107%kg/mol | 0.012
SN FETET aie 2ed, | Acp 1.32141002(12) 10 ™m 0.089
himye Acp 2.10308937(19) 10"%m 0.089
Acp/2m .
W grady HEoY ™ 1.41060761(47) 107807 0.34
AT A # T 1.521032202(15) [ 1072 0.010
e AR b/ 2.792847386(63) 0.023 j
g o F e F afa oHzo 25.689(15) 10° i
grahry aferor e

| s aRest, 25°C, 1 -y 7
q%-@a Weler et up 1.41057138(47) [ 10%®JTT [ 0.34 )
(H,0, sph. 25°C) X
T AEAT A W ofee 1.520093129(17) [ 107 0.011
=i A T 4] 2.792775642(6ﬁ o %0.023
ST ot TR AT | Yo 126752.3128(81) | 10T 0.30 —#4_

i L_““yp‘/z?r“"‘ 42.577469(13) WWj
M (H,0, sph. 25°C) | Y o 26751.5255(81) 10%s'T" 0.30
y of2m 42 576375(13) MHzT" 0.30
gl
I eI Mo 1.6749286(10) 107" kg 0.59
1.008664904(14) u 0.014
AT aoe B, mce) 939.56563(28) Mev 0.30
RCTA-SAFCA GRAHA HAad | M/ me | 1838.683662(40) 0.022
RG-S GEAAE ST ma/m, | 1.001378404(9) 0.009
A AoA gea A M(n), M. | 1.008664904(14) 107 kg/mol | 0.014
FYEA FFGCA i ¥ed, | Ao 1.31959110(12) 10" m 0.089
h/m,c
A, of 2T A, B 2.10019445(19) 10" m 0.089
g T 3T Mn 0.96623707(40) 1075 YT 0.41
AR AR A Un /Ms | 1.04187563(25) 107 0.24
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SRR ATerT & Mo /Un | 1.91304275(45) 024
YT Sordel TFESRIRT Hn /e | 1.04066882(25) 10° 0.24
| I\l ) R i
ETA-NeT TFEIhE Mo /M, 1 0.68497934(16) {0.24

b ]

o g | ]
_  gm
| ST ZETET Mg 3.3435860(20)

199902 14lc4) U

[ 2.013553214(24)

1875.61339(57) f“\/le(/'_— N

my = 1112m("*C)

gologTa dlee |, m, c*He}

[
|
931.49432(28) | Mev

'D‘owg—“jo‘.sg‘—“——
T T TToote

3670483014(75) | 10020
11.999007496(6) 0503
O WMo Z013553214(24)  T107 kgimol | 0012 j
0.43307375(15) 1102 JT" 034
IR AT bs Tbs | 0.4669754479(5T) 107 s ._{
FafFam Aaaea d Iz fL;””j"bfsémsé'sﬁ’(za)"" Y —
S S e (b The | 04BN 16 Tooie
Jrqel 3rard | Ha / bp To.aoﬁmzﬁs%n : - “*‘{Wf -
g forarien N L [6.02213367(36) 107 mol’ 059 i
AIY] G A me | 1.6605402(10) 110%kg -

awr gt &, k/he

2 BaaiE F 96485.309(29) | Cmol
AR oo BT Nah £031323(3ET"_" | 10"%smol™ 1 0.089

Nahc 0.11962658(11) | Jm mol” 0.089
AR E I R 8.314510(70) Em* 8.4
Sleegde Padi® RIN, k 1.380658(12) | 102 JK 185 ?
ST Aee H, kife) 8.617385(73)
g H, kh i 2.083674(18)

Ao Iaa (3med A)
RTlp

Vi 22.41410(19)

% 107 eVvK' [84

WLBA

69.50387(59) F’W—#M—
| L/mol l 8.4
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HRA o1 TS : YN

T=27315K
= 101325 Pa

Na/Vim

Ng

2.686763(23)

0% m>

8.5

1 T=273.15K, p=100 kPa

22.71108(19)

L/mol

8.4

i
| Wg-2gs Praat(e
i B

S./R

-1.151693(21)

| 18

[ 5/2 + In {(2rm kT, /h?)"*
| KT4/po}

P T =1k,

| pe = 100 kPa
ps= 101 325 Pa

-1.164856(21)

18

| (r160)k*th°c?

5.67051(19)

10°%Wm*K*

ggen Ao Faaies

21hc?

C1

3.7417749(22)

10 "Wm?

0.60

ga Rt fradres,
he/i

C2

0.01438769(12)

mK

8.4

s faryas Ras
raars

2.897756(24)

10”mK

8.4

b = Amacd =
C2/4.96511423...

Fg 3O F e aRume Fg gHieg R ST ¥ Fgge gEeh
AN N & FHgE WefRia § 3R Refer ot @y Ao ¥ vEeg
SN & A & | ARY AT, g = yp + Yo, TITHT FANYE |
" AT WA HR A IR F RAWRE FF A et S = S, + 3/2 RhA

— RIn(p/po) + 3/2 RIn (T/K) gRT & =y &)

et S
("= 20 2f@v)

& et & vy el sodr 1 3T R STeem-
1. YePIETE SEAAT (&) I AN VeREd & AN B InaaE g Yeheen
w&erar * 20°C 9T AT 1S, ﬁm%g;ama?ﬁmﬁmﬁw,m
AT W AT T YeREe F WAAT F I § TNF %Vol ¥l
(@) s 3R TodEa & FHaor A T R VeREa) ygear fRAT &
T gouAA @ Twor # siafie vewed ¥ GoAA T AT &) D "%

ZETAT" ’s‘;
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3T @ yFATHT F @9 3R VoplEd & T & Udcd F &I e GEY
& T Healodrg Cepgaaicl TR wfgd towgafafd W F=sd
fawiiver §0 22 @wy g
2. Tt Y HORAT FEAW —(F) e #Forar gar - [t sr &
Wl wery &y eae A sren I, {fRfds wwR & @ g grr A
I O19 & IR & @M TEIT 81 BT F T8 &9l B9 & fohal &
A Afta e @ R g s g waula B o & Raw worar
el a0 H faAer FORar AFTH Fd WS & Feama X REuE w)
JeaRisgrr R @0 9 @y @ s

(@) &R+ A a1 fawsl  #oRar gear -~ Fnula Rufds éns &
orat, foeh weres For 136° B, W FAand # eTged WR oA o &
AT a0l & il o190 & qeaT ahe gRT 9797 T e o oo HeEeT
&l R MRIAZ FoRdr a0 & sl FoRar AFHFT @2 F Feadsd dR
FHMUT T Hra e RAwifker G0 10 ggaFa v rwsh

(1) Thas FORT HEAT - FB Bl o T F 64N F W o g7man
Y O g1 STer § HR R S EaA 9R a9 aTa® ol S §, 8 #
TES A e gie @ HPEST weT Bl USed B YA W USAd HoNd
FEA TAA 7 AFaA B FORAT Hielehlehd TS & Hcd0A HR 3EATA T
yeaurserg fawiver 0 11 @y gl

ZHl YR Thdel C AR 9 Todd FoRdl FE&AT 9dle) H TFad 38T &aRar
HAADIRd & Teava 3HR FFNGA W FAASHT FO 12 F19] Fhr Fmeady|

3. I & ot F fagae S 3 F EUROT & yAaary ReAfaf@a @
TR A J S U GgFd RAT S wHA -

fBah fowm ar A= $r mmaw (0s)

(®) T3l form Il & aYer & gewde erT Fagae g & afaeraar g
3o ey o= & F gegidcdl & v arda Ads R_ARST (1S 7324-
1974)) 98 TF YgFd g1, o o e (afs so faamen) @ Rt
HIUS FraSerT HaT6=T UHT e3aidsl IR A8t T T

(@) U el 7 9 e B Anr FEfefEa w9 F ofenRg & 0
g -
Jarsgr Al A FT100° S foeg IR amsEe™ 198 (a7 p-
546.2271 mmaed) # g W F giaw sy g wfawiad weei
@H‘p'mm‘rﬁﬁsﬁm’élaaagg@awﬁmih#r#a’raﬁzoo.ooo




[ AP 1—BEv 3(ii)] I & TIUH : THTHRYY

mm TFS ¥ e @ &, S 20.00°C & & aTHERT 9 @ AT B SR
st e @ eva % 9fd 100.000 cm™ g FHE & fAdia A A aw
26. 0160 TITH B
FFE H 26.0160 IMH & gedAA  26.000 IH F S § TG TE
¥ 20°C & AUHIA 3R 50 gfaerd i mafais 3gar W 101325 I
F A g W ag # 8000 kg/m’ & ©eicd H ¢ gRT Y A e AT 8,
T § A B "eAcd 1.2 kg/m® g
4. INTHT AT - T AN F FUAA W TATA ged oA GdA &
IR GIftd arsg gF @ 3 TS W 9 A [QuEe S asd & adias
aTSY T F I F1 S AT F T & YF Tedq F &9 A Aoy B
T )
5. ph I 3T O # PGS WA Alegan F HAANH FHT TS
g forgsr amar 10 §)
TSRO
Us 0.14 AF gEoiFale 3ed oig H 107° AT & g3 aT
degar gl 3R 3T ph A 1.4 &) 36 96R 0.001 AT gEIFANG 3FA
e J 107 Jra &Y g8 39+ g9 IR 3FF ph AT 3 §I -
(W1 | g=g T-9(6)/2010 W]
THY FFhs, TR Fra
MINISTRY OF CONSUMER AFFAIRS, FOOD AND PUBLIC DISTRIBUTION
(Department of Consumer Affairs)
“NOTIFICATION

New Delhi, the 31st January, 2011
S.0. 211(E).—In exercise of the powers conferred by sub-section (1) read

with clauses (a), (b), (d) and (e) of sub-section (2) of section 52 of the Legal
Metrology 'Act, 2009 (1 of 2010), the Central Government hereby makes the
following rules, namely:-
CHAPTER 1
PRELIMINARY
1. Short title and commencement-{1) These rules may be called the Legal
Metrology (National Standards) Rules, 2011.

(2) They shall come into force on the 1% day of April, 2011.

Bhyann -6
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2. Definitions- In these rules, unless the context otherwise requires:-

(a) “"Act” means the Legal Metrology Act, 2009 (1 of 2010);

(b) “co-efficient” means those parameters without physical dimension or
ratios of &wantities of the same kind, which are necessary for particular

measurements or for characterising properties of substances or mixtures of certain

substances;

ILLUSTRATION: Degree of alcoholic strength, percentage of Sugar and

hardness of materiais, are examples of co-efficients.

(c) “derived units” means units, expressed algebraically in terms of base
units, or in terms of base and supplementary units of weights or measures, by
means of mathematical symbols of multipiication or division, or both.

Explanation I.- Derived units having special names and symbols (such as
'Newton', with symbol 'N') may, by themselves, be used to express other derived
units in a simpler way than in terms of the base units of weights and measures.

Explanation II.- The values of dimensionless quantities (such as, refractive
index, specific gravity, relative permeability or relative permittivity) are expressed
by numbers. In such cases the correéponding unit shall be the ratio of the
relevant two units and may be expressed by a number;

(d) “General Conference on Weights and Measures” means the conference
General des Poids et Mesures established under the Metre Convention to which
India acceded in 1957,

(e) “International Bu'reau of Weights and Measures” means the Bureau
International des Poids et Mesures established under the Convention du Metre, at
Sevres in France;

(f) “International Organisation of Legal Metrology” means the Organisation

Internationale de Metrologie Legate established under the Convention Instituant
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Une Organisation Internationale de Metrologie Legale in 1955 to which India
acceded in 1956;

(g) "International prototype of the kilogram” means the prototype sanctioned -
by the First General Conference on Weights and Measures held in Paris in 1889

and deposited at the International Bureau of Weights and measures;

(h) “International System of Units” of weights and measures means 'Le
System International d 'Units', with the international abbreviation 'SI', established
by the General Conference on Weights and Measures; Explanation.-'SI' is divided
into three classes of units, namely:-

(i) base units, and

(i) derived units; and

(iii) supplementary units;

(i) “permitted units” means the units which though not part of the SI, are
recognised and permitted by the General Conference on Weights and Measures for
general use along with SI units;

() “physical constants” means those constants which express the value of
physical invariant in a given system of units and these constants include-

(i) those which correlate two or more physical quantities to express a
physical phenomenon in quantitative terms independent of any material
properties; for example, gravitational constant, velocity of light etc.

(ii) those which correlate the microscopic properties of elementary
particles (atoms, molecules étc.) to the corresponding microscopic properties; for
example; Avogadro constant, Faraday constant etc.

(ili) those conversion factors used to express the same parameter in
terms of independently defined units for example, the conversion factor relating

the astronomical unit of parsec to the metre and atomic mass unit to kilogram.
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(iv) those which describe the material properties of pure substances, for
example, thermal conductivity, specific resistance, etc;

(k) “Schedule” means the Schedule appended to these rules;

(I) "SI prefix” means the name and symbol of a prefix used for forming
decimal muitiples and sub-multipies of SI units, and of such other units as are
permitted subject to any exception or modification by the General Conference on
Weights and Measures or the International Organisation of Legal Metrology, or
both, to be used along with the SI units;

(m) “special units” mean units, outside, the SI which are ordinarily used in
specialised fields of scientific research and the values of those units expressed in
SI units can only be obtained by experiment, and are, therefore, not known
exactly.

Explanation: The value of electron voit (the unit of energy) depends
upon the experimentally detgrmined value of the charge of an electron;

(n} “supplementary units” mean the units of weight or meésure which have
been specified as such by the General Conference on Weights and Measures.

Explanation: Supplementary units may be used to form derived units;

(o) “symbol” means a letter or a group of letters written or combined in the
specified manner for the convenient representation of a unit or a group of units;

(p) “temporarily accepted units” means the unit of weight of measure which
have been recognised for the time being by the General Conference of weights

and measures for use along with SI units.
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CHAPTER II -
UNITS OF WEIGHT OR MEASURE
3. Units of Weight or Measure to be based on metric system
(1) Every unit of weight or measure shall be based on the units of the metric
systems.
(2) For the purpose of sub-rule (1)
(a) the international system of units as recommended by General
Conference on weights and measures, and
(b) such additional units as may be recommended by the International
Organisation of Legal Metrology,

shall be the units of metric systems.

4. (1) Base units of Length- The base unit of length shall be the metre.

(2) The "metre” is the length equal to 1650763.73 wavelength in vacuum of
the radiation corresponding to the transition between the levels 2p;q and 5ds of

the krypton-86 atom.

5. (1) Base units of Mass- The Base unit of mass shall be the kilogram.
(2) The “kilogram” is the unit of mass; equal to the mass of international

prototype of kilogram.

6. (1) Base unit of time- The base unit of time shall be the second.
(2) The “second” is the duration of 9 192 631 770 periods of radiation
corresponding to the transition between the two hyperfine levels of the ground

state of the caesium-133 atom.
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7. (1) The base unit of electric current - The base.unit of electric current
shall be the ampere.

(2) The “ampere” is that constant current which if maintained in two straight
parallel conductors of infinite length of negligible circular cross-section, and placed
one metre apart in vacuum, would produce between these conductors a force

equal to 2x10” newton per metre of length.

8. (1) Base unit of thermodynamic temperature- The Base unit of
thermodynamic temperature shall be the kelvin,

(2) The “kelvin” is the fraction 1/273.16 of the thermodynamic temperature
of triple point of water.

(3) The Kelvin shall also be used for expressing the interval or difference of
temperature,

(4) Zero degree Celsius corresponds to 273.15 kelvin.

(5) The degree Celsius may also be used for expressing the interval or

difference of temperature, unit degree Celsius being equal to unit Kelvin.

9. (1) Base unit of luminous intensity.- The base unit of luminous intensity
shall be the candela.

(2) The “candela” is the luminous intensity, in the perpendicular direction, of
a surface of 1/600,000 square metre of a black body at the temperature of

freezing platinum under a pressure of 101 325 newtons per square metre.
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10. (1) Base unit of amount of substance.- The base unit of amount of
substance shall be the mole.

(2) The "mole” is the amount of substance of a system which contains as many
elementary entities as there are atoms in 0.012 kilogram of carbon 12.

(3) When the mole is used, the elementary entities shall invariably be specified
and may be atoms, molecules, ions, electrons, other particles, or specified groups

of such particles.

11. Rules of Construction.- In these rules, wherever the expression 'weight’
has been used as symbolising the quantity of matter, such expression shall be

construed as representing mass.

12. Supplementary Units.- The units defined and specified in the First
Schedule shall be the supplementary units and the symbol assigned to each such

units in that Schedule shall be the symbol of that unit.

13. Derived units.- The units defined and specified in the Second Schedule
shall be derived units and the symbol assigned to each such unit in that Schedule
shall be the syrhbol of that unit and no other units shall be used for the entities
specified in the Second Schedule except for the purpose of scientific or

technological research.

14. Decimal multiples and sub-multiples of units.- (1) Decimal multiples

and sub-multiples of base, supplementary, derived or other units shall be formed,
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unless otherwise specified, by using either the fuli name, or symbol of the SI-prefix
specified in the Third Schedule.
(2) The Sl-prefixes shall be used in the manner specified in the Third

Schedule,

15. Permitted units.- (1) The units specified in the Fourth Schedule may
be used along with the SI units, subject to éuch limitations as are specified in that
Schedule.

(2) The multiples and sub—multiples of the units of time and plane angle
specified in the Fourth Schedule shall be formed only in the manner specified in

the Schedule.

16. Special units.-(1) The units specified in the Fifth Schedule shall be used in
such manner that their values may be expressed in terms of such SI units or
combination of SI units, as may be appropriate.

(2) The multiples and sub-multiptes of the units specified in the Fifth
Schedule shall be formed with the help of SI prefixes specified in the Third

'Schedule.

17. Temporarily accepted units.- The unit of weight or measure specified in
the Sixth Schedule may also be used, subject to the condition that the Central
Government shall, at least once in every ten years after the commencement of
these rules, review the need, or otherwise, for the continvance for general use of

such units;
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Provided that such review may be undertaken earlier by the Central
Government either on its own motion or on the basis of a recommendation made
by the General Conference on Weights and Measures, or the International

Organisation of Legal Metroiogy.

18. Units which should be progressively discontinued.- (1) Subject to sub-
rule (2), the centimetre or gram or second units specified in the Seventh Scheduie,
and the units of weights and measures specified in the Eighth Schedule (being
units outside the SI), shall not ordinarily be used except for the purpose of
scientific and technological research and no such unit shail ordinarily be used for
the purpose of imparting education.

(2) The use of the units specified in the Seventh Schedule or, as the cas‘e
may be, in the Eighth Schedule, shall not be used in any field except in the field of
scientific and technological research.

(3) While using the units specified in the Seventh Schedule, or, as the case
may be, the Eighth Schedule for the purpose of scientific and technological
research, such units shall be used only with the corresponding symbols specified in

the Schedules aforesaid.
19. Physical constants.- The physical constants specified in the Ninth Schedule

and their corresponding numerical values shall be used for all purposes except for

the purpose of research connected with the determination of their values.

34y afn - 2
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20. Coefficient and symbol.- (1) Coefficients include the terms defined and
specified in the Tenth Schedule; the symbol assigned to any such coefficient in
that Schedule shall be the symbol of such coefficient.

(2) Ordinarily, the coefficient and their respective symbols specified in
the Tenth Schedule shall be used:

Provided that any coefficient which is not specified in the Tenth Schedule
but which corresponds to any coefficient specified in that Schedule, may be used
for a period of five years from the commencement of these rules:

Provided further where any new coefficient added in the Tenth
Schedule, any coefficient corresponding to the coefficient so added may be used
for a period of five years from the date of addition of such coefficient.

(3) On the expiry of the period of aforesaid five years, the use of
coefficient and their respective symbols as specified in the Tenth Schedule shall be
compulsory

Explanation- In the case of a coefficient the use of which is permissibie
under any of the provisos to sub-rule (2), the symbol, if any, attached to such
coefficient may also be used for the same period for which the corresponding

coefficient is permitted to be used.

21. Formation of new units.- No new unit or weight or measure shall be
formed or used except for the purpose of scientific and technological research,

without the previous approval of the Central Government.
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CHAPTER 111

NATIONAL STANDARDS

22, National prototypes.- (1) The Central Government shall, for the purpose of
deriving the value of kilogram, eause to be prepared a nationa! prototype of the
kilogram and shall cause its accuracy to be certified by the International Bureau of

Weights and Measures equivalent to the international prototype of kilogram and

shall thereupon deposit the same in the custody of the National Physical

Laboratory, New Delhi.

(2} The Central Government shall, for the purpose of deriving the— vatue of
metre, cause to be prepared a national prototype of the metre and shall cause its
accuracy to be certified by the International Bureau of Weights and Measures and
shall thereupon deposit the same in the custody of the National Physical

Laboratory, New Delhi.

23. Custody, maintenance, etc. of national standards of weights and
measures.- (1) The work relating to the realisation, establishment, custody,
maintenance, determination, reproduction and updating of national standards of
weights and measures shall, on the commencement of these rules, be the
responsibility of the National Physical Laboratory.

(2} The Central Government may call for such reports from, or issue such
directions to, the Nationat Physical Laboratory as it may think fit, in relation to all

ot any of the matters specified in sub-rule (1).
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24. Realisation and establishment of the national standards of weights
and measures baseg on SI units.-(1) The National Physical Laboratory shall
discharge the responsibility of realising and establishing the national standards of
weights and measures on the basis of recommendations made from time to time,
by the General Conference on Weights and Measures or the International
QOrganisation of Legal Metrology, as the case may be.

(2) The standards of weights and measures, so realised and established,
shall be self-consistent.

(3) For the purpose of establishing the national stanldards for the base units
other than of mass, the Nationa! Physical Labaratory shali--

(a) prepare or cause to be prepared such obiects or equipments, or
reproduce such phenomena, or both, as may be necessary for the purpose; and
(b) determine or cause fo be determined the value of the national

standards as recommended by the General Conference on Weights and Measures
and inter compare them, or cause to be inter compared, with the corresponding
international standards

(4) For the purpose of deriving the value of the kilogram, the National
Physical Laboratory shall arrange the periodical determination of the value of the
national prototype of the kilogram and the value of which is so determined, shall
be the national standards of mass.

(5) For the purpose of establishing the national standards for the derived
and supplementary units the National Physical Laboratory shall prepare such
standards, or objects or equipments, or both and determine periodically their value

and accuracy in relation to the national standards of base units.
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25. Custody and maintenance of prototype standards.-(1) The national
prototype of the kilogram and other standards, equipments and objects shali
remain in the custody of the National Physical Laboratory, New Delhi.

(2) The national prototype of the kilogram and every other national
standard, standard equipments and objects shall be maintained and realised
periodically in accordance with such instructions as the General Conference on
Weights and Measures or the International Organisation of Legal etrology or any
organisation constituted by either of them may issue from time to time.

{3) Where no instructions have been issued by the International Organisation
referred to in sub-rule (2), any Consultative Committee constituted may compile
instructions for the proper maintenance of national prototype, national standards,
standards equipments and objects.

(4) The National Physical Laboratory shall arrange, where necessary, to have
the national prototype and national standards of physical measurements realised
and established in accordance with the recommendations of the General
Conference on Weights and Measures and to get them calibrated on inter
compared with reference to the appropriate international standards of physical
measurements at periodical interval of not more than ten years.

(5) The value of the national prototype and other national standards shall be
the value determined by the National Physical Laboratory or assigned by the
National Physical Laboratory on the basis of the technical information provided by

the International Bureau of Weights and Measures and the National Physical
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Laboratory shall publish such values periodically but in any case at least once in
every five years.
(6) The value determined in accordance with sub-rule (5) shall be deemed to

represent the higher obtainable accuracy of such value in the country.

CHAPTER 1V
REFERENCE, SECONDARY AND WORKING STANDARDS
26. Reference Standard.- The expression “reference standard” means set of
standard weight or measure which is made or manufactured by or on behalf of the

Central Government for the verification of any secondary standard.

27. Secondary Standard.- The expression “secondary standard” means set of
standard weight or measure which is made or manufactured by or on behalf of the
Central Government or State Government for the verification of any working

standard.

28. Working Standard.- The expression “working standard” means set of
standard weight or measure which is made or manufactured by or on behalf of the
Central Government or State Government for the verification of any standard
weight or measure, other than national prototype, reference standard or

secondary standards.

29. Standards which are to be fabricated by the Mint.- Unless otherwise

specified by the Central Government, all the reference, secondary and working
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standards of mass and length and secondary and working standards of capacity
shall be fabricated by the Metrological Wing of the Government of India Mint in

Mumbat,

30. Places where reference, secondary and working standards be kept.-

(1) There shall be established by the Central Government, at such places as
it may think fit, Reference Standard Laboratories for maintaining such reference,
secondary and working standards as may be needed by the éentral Government
for the purpose of the Act.

(2) The Indian Institute of Legal Metrology or any other Laboratory specified
by the Central Government for this purpose may also maintain such reference,
secondary and working standards, as may be necessary, for their functioning as a
Metrological Laboratory of the level of a Reference Standard Laboratory.

(3) The Government of India Mint at Mumbai may also maintain such
reference, secondary and working standards as may be necessary for carrying out

the work referred to in rule 29.

31. Period and manner of verification of reference, secondary and
working standards-

(1) Every reference standard shall be verified and certified in terms of the
National Standards by the National Physical Laboratory, at an interval not
exceeding three years:

Provided that in the case of length measures ;uch interval shall not exceed

five years,
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(2) Every secondary standard shall be verified against the appropriate
reference standard by the Reference Standard Laboratory, at an interval not
exceeding two years.

(3)' Every working standard shall be verified against the appropriate
secondary standard, by any of the laboratories where secondary standards are

maintained, at an interval not exceeding one year.

32. Maintenance of Reference, Secondary and Working Standards.- Every
reference standard, every secondary standard and every working standard,
irrespective of the place where they are kept, shall be maintained as far as
practicable in accordance with the guidelines issued by the National Physical

Laboratory from time to time.

33. Repeal and savings.- (1) The Standards of Weights and Measures (National
Standards) Rules, 1988 (herein under referred to as the said rules) are hereby
repealed. |

Provided that such repeal shall not affect:

{a) the previous operations of the said rules or anything donhe or omitted to be
done or suffered therein; or

{b) any right, privilege, obligatlon or liability acquired, accrued or incurred under
the said rules; or

(c) any penalty, forfeiture or punishment incurred in respect of any offence

committed against the said rules; or
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(d) any investigation, legal proceedings or remedy in respect of any such right,
privilege, obligation, liability, penalty, forfeiture or punishment as aforesaid.

And any such investigation, legal proceedings or remedy may be instituted,
continued or enforced and any such penalty, forfeiture or punishment may be
imposed as if the said rules had not been rescinded.

(2) Notwithstanding such repeal anything done -or any action taken or purported to
have been done or taken including approval of letter, exemption granted, fees
collected, any adjudication, enquiry or investigation commenced, license and
registration of manufacturers, dealers, importers of weights and measu:es, or
show cause notice, decision, determination, approval, authorisation issued, given
or done under the said rules shall if in force at the commencement of the said
rules continue to be in force and have effect as if issued, given or done under the
corresponding provisions of these rules.

(3) The provisions of these rules shall apply to any appiication made to the
Central Government or as the case may be the State Government under the said
rules for licence, registration of manufacturers, importers, dealers, repairers of
weights and measures pending at the commencement of these rules and to any
proceedings consequent thereon and to any registration granted in pursuance
thereof,

(4) Any legal proceeding pending in any court under the said rules at the
commencement of these rules may be continued in that court as if thesé rutes had

not been framed.
(5) Any appeal preferred to the Central Government or as the case may be the

State Government under the said rules and pending shall be deemed to have been

made under the corresponding provisions of these rules,

By wxn—3
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THE FIRST SCHEDULE
(See rule 12)
Supplementary Units and their symbols
1. Unit of plane angle- The unit of plain angle shall be the radian. (symbal: rad)
The radian is the plane angle between two radii of a circle which cutoff, on the

circumference, an arc equal in length to the radius.
2. Unit of solid angle- The unit of solid angle shall be the steradian. (symbol: sr)

The steradian is the solid angle which, having its vertex in the centre of a sphere,
cuts off an area of the surface of the sphere equat to that of a square with sides of

length equal to the radius of the sphere.

THE SECOND SCHEDULE
(See rule 13)
Derived Units and Their Symbols
Partl
Derived Unit in relation to Space and Time
1. Unit of Area: The unit of area shall be the square metre. (Symbol: m?)

The square metre is the area of a square with sides of one metre each.

2. Unit of Volume: The unit of volume shall be the cubic metre. (Symbol: m?)

* The cubic metre is the volume of a cube with sides of one metre each.

3. Unit of frequency: The unit of frequency shall be the hertz. (Symbol: Hz)
The hertz is the frequency of a periodic phenomenon, the period of which is one
second.

1Hz= 1/1s.
4. Unit of angular velocity: The unit of angular velocity shall be the radian per

second. (Symbol: rad/s)
The radian per second is the angular velocity of a body, rotating around the fixed
axis, which rotates through one radian in one second, when set in uniform

rotation.
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5. Unit of angular acceleration: The unit of angular acceleration shall be the radian
per second square. {Symboi: rad/s®)

The radian per second squared is the angular acceleration of a body, rotating
around the fixed axis, which when set in uniform varying rotation, changes angular

velocity at the rate of one radian per second in one second.
6. Unit of speed and velocity: The unit of speed and velocity shall be the metre per

second. {Symbol: m/s or ms™)
The metre per second is the velocity (speed) of a body, in motion which traverse a

distance of one metre in one second when set in uniform motion.

7. Unit of acceleration: The unit of acceleration shall be the metre per second
squared. {Symbol: m/s? or ms?)

The metre per second squared is the acceleration of a body in motion which, when
set in uniformly varying motion, changes its velocity at the rate of one metre per

second in one second.

8. Unit of rotational frequency: The unit of rotational frequency shall be the
second raised to the power minus one. (Symbol: s™)
The second raised to the power minus one is the rotational frequency of a uniform

rotatory movement which produces one complete revolution in one second.

9. Unit of wave number: The unit of wave number shafl be the metre raised to the

power minus one. (Symbol: m™)

The metre raised to the power minus one is the number of waves of a
monochromatic radiation which can be accommodated, in the direction of its

propagation, in a length equat to one metre.

10. Unit of vergency of optical system: The unit of vergency of optical system shall
be the metre raised to the power minus one. (Symbol: m™)
The metre raised to the power minus one is the vergency of an optical system,the

focal distance of which is one metre in a medium having refractive index of unit.
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Note 1: This unit is also called ‘per metre’ or ‘dioptre’.

Note 2: The metre raised to the power minus one symbol m™ is the unit of wave

number as well as that of vergency of optical system. The context in which the

said unit is used will indicate whether the unit relates to the wave number or

vergency of optical system.

B ek i | PO |

PART N
Derived Units in Relation of Mechanics

Unit of density and mass density — The unit of density and mass
density shall be the kilogram per cubic metre. (Symbol: kg/m® or Kgm™)
The kilogram per cubic metre Is the density or mass density of a
homogenous body having a mass of one kilogram and a volume of one
cubic metre.

Unit of concentration - The unit of concentration shall be the kilogram
per cubic metre (Symbol: kg/m® or Kgm™)

The kilogram per cubic metre is the concentration of a homogenous
solution having a total volume of one cubic metre and containing a
mass of one kilogram of the given substance.

Unit of force — The unit of force shall be the newton (Symbol: N)

The newton is the force which gives to a mass of one kilogram an
acceleration of one metre per second squared.

1N =1kg. tm/s?

Unit of moment of force — The unit of moment of force shall be the
newton metre.

(Symbol, Nm)

The newton metre is the moment of force produced in a body by a
force of one newton acting at a perpendicular distance of one metre
from the fixed axis around which the body turns.

1N.m=m?kg.s?

Note: The unit of moment of force shall not be written as joule (J)
because it is Nm.

Unit of Pressure — The unit of pressure shall be the Pascal {Symbol:
Pa)

The Pascal 1s the pressure which, acting on piane surface of one
square metre exerts on that area a total force of one newton.
1Pa=1N/m’or1Nm?

Unit of tensite strength — The unit of tensile strength shall be Mega
Pascal. (Symbol; MPa or M N/m?)
The tensile strength is the highest force, when applied normal to the
cross-section of a test piece which it can withstand, divided by the
original area of the cross section.

Unit of dynamic viscosity — The unit of dynamic viscosity shall be the
Pascal second. (Symbol: F’a.S)
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The Pascal second is the dynamic viscosity of a homogenous liquid in
which the straight and uniform movement of a plane surface of one
square metre produces a retarding force of one newton, when there is
a velocity difference of one metre per second between two parallel

planes separated by one metre.
1Pas = 1Paim
1mfs

Unit of kinematic viscosity — The unit of kinematic viscosity shall be the
square metre per second.(Symbol: m%s or m%s™)

The square metre per second is the kinematic viscosity of a liquid
which has a dynamic viscosity of one Pascal second and a density of
one kilogram per cubic metre.

1m?=1Pa.ls

15 1kg/m®

Unit of surface tension — The unit of surface tension shall be the
newton per metre. (Symbol: N/m}).

The newton per metre is the surface tension produced when a force of
one newton acts over a length of one metre on the surface of a liquid
separating that liquid from the material surrounding it.

Unit of work, energy and quantity of heat — The unit of energy, work
and quantity of heat shall be the joule. (Symbol: J}

The joule is the work done when the point of application of one newton
moves a distance of one metre in the direction of the force.
1J=1N"1m.

Unit of power, radiant flux and heat flux — The unit of power, radiant
flux and heat flux shall be the watt. (Symbol: W)

The watt is the power of an energy system in which one joule of energy
is uniformly transferred in one second.

1TW=1J1s.

Unit of valume flow — The unit of volume flow shall be cubic metre per
second. (Symbol: m%s or m*s™)

The cubic metre per second is the volume delivered by the uniform
discharge of one cubic metre traversing the given cross-section in one
second.

Unit of mass flow — The unit of mass flow shall be the kilogram per
second. (Symbol: kg/s or kg.s™)

The kilogram per second is the mass delivered by the uniform
discharge of a mass of one kilogram traversing the given cross-section
in one second.

Unit of specific volume — The unit of specific volume shall be the cubic
metre per kilogram. (Symbol: m%kg)

The cubic metre per kilogram is the specific volume of a homogenous
body having a volume of one cubic metre and a mass of one kilogram.
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PART Il

Derived Units in Relation to Heat

Unit of entropy — The unit of entropy shall be the joule per kelvin.
(Symbol: J/K)

The joule per kelvin is the increase of entropy of a system receiving a
quantity of heat equal to one joule at the constant thermodynamic
temperature of one kelvin, provided that no irreversible change takes
place in the system.

Unit of specific entropy - The unit of specific entropy shall be the joule
per kilogram kelvin. [Symbol: J/ (kg.K}].

The joule per kilogram kelvin is the specific entropy of a system of
homogenous mass of one kilogram receiving a quantity of heat equal
to one joule at the constant thermodynamic temperature of one kelvin,
provided that no irreversible change takes place in the system.

Unit of heat capacity — The unit of heat capacity shall be the joule per
kelvin. (Symbol: J/K).

The joule per kelvin is the heat capacity of a homogenous body in
which a quantity of heat equal to one joule produces an increase of one
kelvin in the thermodynamic temperature.

Unit of specific heat capacity — The unit of specific heat capacity shall
be the joule per kilogram kelvin. [Symbol: J/ (kg.K)].

The joule per kilogram kelvin is the specific heat capacity of a
homogenous body having a mass of one kilogram in which quantity of
heat equal to one joule produces an increase of one kelvin in the
thermodynamic temperature.

Unit of latent heat - The unit of latent heat shall be the joule per
kilogram. (Symbol: J/kg)

The joule per kilogram is the heat exchanged by one kg of substance
to change from one phase to another at the temperature of its changing
phase.

Unit of specific energy ~ The unit of specific energy shall be the joule
per kilogram. (Symbol: J/kg)

The joule per kilogram is the specific energy of a system of
homogenous mass of one kilogram having the internal energy of one
Joule.

Unit of thermal conductivity — The unit of thermal conductivity shall be
the watt per metre kelvin. [Symbol: W/ (m.K)}]
The watt per metre kelvin is the thermal conductivity of a homogenous
body in which a difference of one kelvin in the thermodynamic
temperature produces a radiant flux of one watt between two paraliel
planes, each having an area of one square metre, placed one metre
apart.

1 WimK= 1 W/m’

1K/ 1m

PR N S C b el S I R ATIEAE | ™



{9 [—8&vE 3(ii) } R FT THYT @ ALY

——

8.

et p—

Unit of energy density — The unlt of energy density shali be the joule
per cubic metre. (Symbo!: J/m%)

The joule per cubic metre is the energy density of a system of
homogenous mass of volume one cubic metre and having the radiant
energy of one jouie.

Unit of heat flux density — The umt of heat flux density shall be the watt
per square metre. (Symbol: W/m?)

The watt per square metre is heat flux density of a surface of one
square metre in area radiating out energy at the rate of one joule per
second.

PART IV
Derived units in relation of Electricity and Magnetism

Unit of quantity of electricity and electric charge — The unit of quantity
of electricity and electric charge shall be the coulomb. (Symbol: C).

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

1C=1A"1s

Unit of electric charge density — The unit of electric charge density shall
be the coulomb per cubic metre. (Symbol: C/m?)

The coulomb per cubic metre is the electric charge density of a
homogenous mass or system of volume one cubic metre and having a
charge of one coutomb.

Unit of electric flux density — The unit of electric flux density shall be
coulomb per square metre. (Symbol: C/m?)
The coulomb per square metre is the electric flux density when a
condenser, having plates of infinite area/size, parallef to each other, is
charged, in vacuum, with a quantity of electricity equal to one coulomb
per one square metre of area of the plates.

Unit of electric tension, electric potential and electromotive force — The
unit of electric tension, electric potential and electromotive force shall
be the volt. (Symboal; V).

The volt is the potential difference between two points of a conducting
wire carrying a constant current of one ampere, when the power
dissipated between these points is equal to one watt.

TV=1W/1A

Unit of electric field strength ~ The unit of electric field strength shall be
the volt per metre. (Symbol: V/m)
The volt per metre is the electric fietld strength of an electric field which
produces a force equal to one newton in a body charge with a quantity
of electricity equal to one coulomb.

1V= 1N

tm 1C
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11.

12.

Unit of electric resistance — The unit of electric resistance shall be the
ohm.

(Symbol: ()

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

10=1V/1A

Unit of conductance — The unit of conductance shall be the siemens.
(Symbol: S)

The siemens is the conductance of a conductor having a resistance of
one ohm.
18=10Q"=1
0

Unit of capacitance — The unit of capacitance shail be the farad.
{(Symbal: F)

The farad is the capacitance between the conductors of a capacitor
across which there appears a potential difference of one volt when it is
charged by a quantity of electricity of one coulomb.

1F=1C/1V

Unit of permittivity — The unit of permittivity shall be farad per metre.
(Symbol: F/m).

The farad per metre is the permittivity of the medium which gives a
capacitance of one farad per square metre of area of two parallel
plates separated by a distance of one metre.

Unit of inductance — The unit of inductance shall be the henry.
(Symbol: H)
The henry is the inductance of a closed circuit in which an
electromotive force of one voit is produced when the electric current in
the circuit varies uniformly at the rate of one ampere per second.
1H=1V.1s
1A

Unit of permeability — The unit of permeability shall be the henry per
metre. (Symbol. H/m)

The henry per metre is the permeability of a material surrounded by a
single turn of flat sheet conductor including an area of one square
metre and length one metre which gives an inductance of one henry.

Unit of magnetic flux and flux of magnetic induction ~ The unit of
magnetic flux and flux of magnetic induction shall be the weber.
(Symbol: Wb)

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

1TWb=1V.1s
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14.

15.

Unit of magnetic induction and magnetic flux density - The unit of
magnetic induction and magnetic fiux density shall be the tesla.
(Symbol: T)

The tesla is the uniform magnetic induction which, distributed evenly
over a surface of one square metre, produces a total magnetic flux of
one weber while passing over the surface. :

1T = Wb/ 1m?

Unit of magnetic field strength — The unit of magnetic field strength
shall be the ampere per metre. (Symbol: A/m or Am™)

The ampere per metre is the magnetic field strength produced in
vacuum along the surface of a circular cylinder with a circumference of
one metre, by a current of intensity of one ampere, maintained in a
straight conductor of infinite length, of negligible circular cross-section,
which forms the axis of the said cylinder.

Unit of current density — The unit of current density shall be the ampere
per square metre. (Symbol: A/m?)

The ampere per square metre is the current density in a linear
conductor when a current of intensity one ampere flows uniformly
through a cross-section of the conductor equal to one square metre,
perpendicular to the direction of flow of the

current,

PART V
Derived Units in Relation to Electromagnetic Radiation and Light

Unit of radiant intensity — The unit of radiant intensity shall be the watt
per steradian. (Symbol: Wisr).

The watt per steradian is the radiant intensity of a point source
uniformly emitting a radiant flux of one watt within a solid angle of one
steradian.

Unit of irradiance — The unit of irradiance shall be the watt per square
metre. (Symbol: Wim?)

The watt per square metre is the irradiance produced by a radiant fiux
of one watt, distributed uniformly over an element having a surface of
one square metre.

[See also (1) above)

Unit of radiance - The unit of radiance shall be the watt per square
metre steradian. (Symbol: wWim?2.sr)

The watt per square metre steradian is the radiance of a source
radiating one watt per steradian per square metre of projected area.

Unit of luminance — The unit of luminance shall be the candela per
square metre. (Symbol: cdim?)

34y oxdn ~9-
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The candela per sguare metre is the luminance perpendicular to the
plane surface of one square metre of a source, the luminous intensity
of which perpendicular to this source is one candela.

Unit of luminous flux - The unit of luminous flux shall be the lumen.
(Symbol: Im)

The fumen is the luminous flux emitted in a solid angle of one steradian
by a uniform point source having a luminous intensity of one candela.
1im=1cd 1sr

Unit of ifluminance — The unit of illuminance shall be the lux. (Symbol:
Ix)

The lux is the illuminance produced by a luminous flux of one lumen,
uniformly distributed over a surface of area one square metre.

1= 1Im/ 1m?

PART VI
Derived Unit in Relation to ionizing Radiations

Unit of activity (radioactivity) — The unit of activity (of a radioactive
source) shall be the becqueral. (Symbol-Bg)

The becqueral is the activity of a radioactive source in which ane
transformation or one transition takes place in one second

1Bg=1/1s '

Unit of absorbed dose — The unit of absarbed dose shall be gray which
is equivalent to one joule per kilogram. {Symbol: Gy)

The gray is the dose absorbed in an element of substance of mass one
kilogram to which an energy of one joule is communicated by an
onizing radiation, having a constant density of radiant flux,
1Gy=1J4/1kg

PART Vil
Derived Units in Relation to Physical Chemistry and Molecular
Physics

Unit of concentration (of amount of substance}) — The unit of
concentration (of amount of substance) shall be the mole per cubic
metre. (Symbot: molim?)

The mole per cubic metre is the concentration of a homogenaus
solution having a total volume of one cubic metre and containing one
mole of the given substance.

Unit of molar energy — The unit of molar energy shall be the joule per
mote. (Symbol: J/mol)

The joule per mole is the molar energy of one mole of substance
having the energy of one joule.
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Unit of moiar entropy - The-unit of molar entropy shall be the joule per
mole kelvin. (Symbol: J/mol.K)

The joule per mole kelvin is the motar entropy of a system of
homogenous mass having a substance equal to one mole receiving a
quantity of heat equal to one joule at the constant thermodynamic
temperature of one kelvin provided that no irreversible change takes
place in the system.

Unit of molar heat capacity — The unit of molar heat capacity shall be
the joule per mole kelvin. (Symbo!: J/mol.K)

The joule per mole kelvin is the rnolar heat capacity of a homogenous
body having an amount of substance equal to one moie, in which a
guantity of heat equat to one joule produces an incriease of one kelvin
in the thermodynamic temperature.

THE THIRD SCHEDULE
(See rule 14)
NAMES, MAGNITUDES AND SYMBOLS OF SI PREFIXES
AND PRINCIPLES OF USE: OF SI PREFIXES

Names, Magnitudes and Symbolis of Si Prefixes — The names of
prefixes, their magnitudes and symbcis shall be as given in Table 1

TABLE 1
Names of Prefixes, their Magnitudes and Symbols

Name of Prefix | Magnitude ot Prefix Symibol of Prefix
exa 10'° - E
peta 107> p
tera 10" T
giga 10° G
mega 10% M
kilo 10° k
hecta 10° h
deca 10" da
deci - 10" d
centi 107 c
mitli 10 m
micro 10° y
nano 107 n
pico 10" p
femnto 10" f
atto 10°7° a

Explanation: The unit of length is metre with symbol m: after adding a
prefix ¢’ for centt we get “cm” as new unit symbol. This can be raised to
a positive exponent 3 to give the unit of volume. Simifarly this can be
combined with another unit say ‘kg' and by giving it negative exponent
3 to indicate density in kg per cm”.
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Kg/cm?® = kg/ 10° m® = 10% kg/m?®
Similarly g/cm® = 1000 kg/m®

Symbol how to be combined with units — {(a) The symbol of the prefix
shall be placed before the unit symbol without any intermediary space
or dot.

{b) The combination shait form the symbol of the multipie and sub-
mulitiple of the

unit.

(c) The symbol for the prefix shall be considered to be combined with
the symbol of the unit to which it is directly linked together, forming a
new unit symbol, which can be combined with other unit symbols to
form composite unit symbols.

Errors how fo be avoided -~ To avoid errors in calcutations, all
quantities shall be expressed in S| units, and powers of 10 shall be
used.

Exponents — An exponent affixed to a symbol containing a prefix
indicates that the muitiple or sub-muitiple of the unit is raised to the
power expressed by the exponent.

ILLUSTRATION

1em=10°mgives 1 cm® = 10%m>and 1 cm™ = 10° m”’

Compound units how to be formed — Only ane prefix shait be used in
forming the muitiples of a compound unit, and compound prefixes shall
not be used.

ILLUSTRATION

Write nm (nano metre), instead of mum.

Use of prefixes with unit mass — Notwithstanding that the base unit of
mass contains a prefix, names of decimal multipies or sub-muttiples of
the unit of mass shall be formed by attaching prefixes to the word
gram.

ILLUSTRATION

Write milligram (mg) but not micro kilogram (pkg).

Frinting: (1) Symbois of units -

(a) Shall be printed in roman (upright) type irrespective of the type used
in the rest of the text;

{b) Shall remain unaltered in the plural;

{c) Shall be written, without a final full stop (period) uniess the context
otherwise requires; and

(d) shall be placed after the complete numerical value in the expression
for a quantity, leaving a space between the numerical value and the
unit,

(2) The symbof for units of weight or measure shall be printed in lower

case lefters except that the first letter shall be printed in upper case
when the name of the unit is derived from a proper name.

| e s ———— Yo b 4 ALy LA RN S LA L
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10.

ILLUSTRATION
m - metre

s - second

A - Ampere

Wb - weber

Multiplication of units — (1) When a compound unit is formed by
multiplication of two or more units, the muitiplication may be indicated
in one of the following ways:

m, N, N.m, Nm

{(2) In using a symbol of a unit of weight or measure which coincides
with the symbol for a prefix, special care shall be taken to avoid
confusion.

ILLUSTRATION

The unit ‘newton metre' shall be written Nm or m.N to avoid confusion
with mN, the milfinewton.

Division of Units — (1). When a compound is formed by dividing one
unit by another the division shall be indicated in one of the following
ways: -

m/s or by writing the product of m and s™ as ms™

(2). The fetter p shali not be used to denote division.
ILLUSTRATION

Do not write kmph, write km/h or km.h’’

(3). In no case shall more than one solidus {oblique stroke) on the
same line be included in such a combination uniess a parenthesis is
inserted to avoid ambiguity:

ILLUSTRATION

Write m/s? or m.s? but not m/s/s/

(4). In compiicated cases, negative powers or parenthesis shall be
used.

ILLUSTRATION

Write m.kg/(s>.A) or m.kg.s A" but not m kg/s’A

Expression of results — (1) The appropriate integral multiple and sub-
multiple {o which a unit is 1o be expressed shali be selected in such a
manner that the numerical value to be expressed is between 0.1 and
1000

ILLUSTRATION

1.2 x 10°N may be written as 12 kN

0.00 394 m may be written as 3.94 mm

1401 Pa may be written as 1.401 kPa

31x 10"%s may be written as 31 ns

(2) In a table of values for the same quantity or in a discussion of such
values within a given context the same integral multiple or sub-muittiple
of a unit may be used for all items, even when some of the numerical
values may be outside the range of 0.1 to 1000.

(3) For the purpose of expression of dimensions in mechanical
engineering drawings only the millimetre shatl be used.
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Expression of Numbers -

(1) To express numbers in connection with units of weights and
measures, the dot shall be used to separate the integral part of
numbers from the decimal part.

(2) Numbers shall be divided in groups of three starting from the
decimal point in order to facilitate regarding and neither dots nor
commas shall be inserted in the space between such group of
numbers.

ILLUSTRATION

Write 3211 468.022 82

Not 3.211.468.022.82

or 3,211,468.022.82

THE FOURTH SCHEDULE \
(See rule 15)
Units Permitted to be used with base, Supplementary or Derived
Units

Permitted units of fime — (1) The permitted units in relation to time shall
be as follows, namely: -

(i) the minute, equal to 80 second (Symbol: min),

(iiy the hour, equal to 3600 seconds or 60 minutes (Symbol: h), and

(i) the day, equal to 86,000 seconds or 24 hours (Symbol: d)

The week, month and year shall correspond to the saka Calendar or
the Gregorian calendar.

Permitted units of pfane angle - The permitted units in relation to plane
angle shail be as follows, namely: -

(1) The degree, equal to /180 radian (Symbol: °),

(i) The minute, equal to /10800 radian or (1/60) ° (Symbol: ‘_), and

(i) The second equal to /648000 radian or {1/60) (Symbol: ).

Permitfed unit of volume — (1) The permitted unit of volume shall be
litre (Symbotl: 1). The litre shall be equal to one thousand part of the
cubic metre.

11=1dm*=103m?
{2) The litre shall not be used for work involving precise
measurements.

Permitted unit of mass - (1) The permitted unit of mass shali be the
tonne. (Symbol: t). The tonne shall be equal to 1000 kilograms.

(2) Only the prefixes “kilo”, “mega”, "giga” and “tera” specified in the
Third Schedule may be used with the tonne.

THE FIFTH SCHEDULE
(See Ruie 16}
Special Units and their Symbols

Special unit of energy -The special unit of energy acquired by an
electron shall be the electron volt. (Symbol: eV) _
The electron volt is the energy acquired by an electron in passing
through a potential difference of one volt in vacuum.

16V =160217733x10"J
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Special unif of atomic mass- The special unit of mass of an atom shall
be unified atomic mass unit. {Symbal. u)

The unified atomic mass unit is equal to the fraction 1/12 of the mass of
an atom of the nucleus '*C

1 u= 16605402 x 107 kg

Special units of stellar distance — (1) The first special unit of stellar
distance shali be the astronomical unit. (Symboi: AU)

The astronomical unit of distance is the length of the radius of the
unperturbed circular orbit of a body of negligible mass moving round
the Sun with a sidereal angular velocity of 0.017 202 098 950 radian
per day of 86 400 ephemeris seconds.

1 AU = 149 600 x 10° m

Note: The symbol for stellar distance is not internationally uniform, for
example the symbo! used for stellar distance is UA in France, AU in
England and AE in Germany:.

{2) The second special unit of stellar distance shall be parsec. (Symbol:
pc)

The parsec is the distance at which one astronomical unit subtends an
angle of one second of arc.

1 pc = 206 265 AU = 30857 x 10" m

THE SIXTH SCHEDULE
(See Rule 17)
Temporarily accepted Units

Unit of nautical distance - The unit of distance for use in marine and
aerial navigation shall be the nautical mile is equal to a distance of
1852 metres.

Unit of nautical velocity - The unit of naufical vefocity for use in marine
and aerial navigation shall be the knot. The knot is the velocity equal to
one nautical mile per hour.

1 kont = (1852 / 3600) m/s, i.e. 0.514 444 m/s.

Unit of wavelength of light-(1)The unit of wavelength of light shall be
the angstrom. (Symbol: A). The angstrom is equal to 0.1 nanometre.
1A =0.1nm = 10"m

Unit of land measurement — (1) The first unit for measurement of land
area shall be the 'are’ (Symbol . a)

The ‘are’ is the area of a square with sides of length 10 metres.

1 a = dam? = 10°m?

(2) The second unit for measurement of land area shall be hectare.
(Symbol: ha) The hectare is the area of a square with sides of length
100 metres.

1 ha = 1hm?=10*m

{3) The prefixes specified in the Third Schedule shall not be used Wlth
the ‘are’ or hectare.
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13.

Unit of nuclear cross-section -The unit of nuclear cross-section shall be
the barn. (Symbal: b) The barn is the nuclear cross-section area equal
to 100 sqzuarg ferntometres.

1b=10%m

Unit of pressure of fluid - The unit of pressure of fluid shall be the bar
(Symbol: bar)
The bar shall be equal to 100 000 pascals.

Unit of standard atmosphere - The unit of standard atmosphere shall
be 101 325 pascals.

The standard atmosphere is the pressure exerted by air at mean sea
level under the standard conditions specified by the General
Conference on Weights and Measures.

Special unit for acceleration due fo gravity - The speciai unit for
acceleration due to gravity for use in geodesey and geophysics shall
be the gal. (Symbol: Gal).

The gal is equal to 1/100 metre per second square,

Unit of activity of radio-nucfides - The unit of activity of radio-nuclides
shall be the curie. (Symboi: Ci)

The curie is the quantity of any radioactive nuclide in which the number
of disintegrations per second is 3.7x 10"% or

1Ci=3.7x10""8Bq

Unit of exposure dose - The unit of exposure dose shall be the
roentgen. (Symbol: R}

The roentgen is the exposure dose of an ionizing radiation which can
produce in a quantity of air having a mass of one kilogram, ions of the
same sign carrying a totai charge 2.58 x 10™ coulomb, the density of
energy flux being the same throughout the quantity of air taken.

R = 2.58x10™ C/kg

Unit of velocity - The unit of velocity shali be kilometre per hour.
(Symbol: km/h) The kilometre per hour is the veiocity of a body in
motion which when set”in & uniform traverses a distance of one
kilometre in one hour.

Unit of mass of special value - The unit of mass of special value shall
be the caret. (Symbol: ¢)

The caret is equal to five thousandth part of the kilogram. It shail be
used for commercial transactions in diamonds, pearls and precious
stones. -

1c = 200mg

Unit of mass for special use - The unit of mass for special use shall be
the quintal. (Symbol: q)
The quintal is equal to 100 kilograms. The guintal may be used in targe
commercial transactions in food grain, farm produce and other
consumer commodities,
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THE SEVENTH SCHEDULE
(See rule 18)
C.G.S units with special names

Name of Unit Symbol ] Value in terms of base, supplemertary or denived I'
unit |
() erg erg jerg= 107 ]
[(2) dyne dyn 1dyn=10"1 !
(3) poise P 1P- 1dynsfcm =0.1Pas I
~(4) stokes st 1st=1cms=10" m’/s 1
| (5) gauss Gs (1Gs=10"T
| (6) oersted Oe 1 Oe = 1000 A/m
| ] 4m ]
(7} maxwell Mx 1 Mx = 10° Wb ;
| (8) stilb sb 1sb = 1 cdfcm? = 10* cd/m? L
. (9) phot ph 1ph=101x ]

THE EIGHT SCHEDULE
(See rule 18)
Units outside the International System

] Name of Unit Value in terms of base, supplementary or
L derived units -
| __femi 1 fermi=1fm=10"m
torr 1 torr = 101325 Pa
R N 760 S
; kilogram-forcetkgf) |  1kgf=9.80665N
(4) calorie (cal} tcai=4.18684
(5) micron (u) Tp=1um=10"m
(6) | X unit |~ 1 Xuntt =1.002 = 10° nm approximately
A7y i stere(sty | 1st=1m
L(8) gamma (y) o Iy=anT=- "_0 T
| (9) Y '_ 1y=1ug=10" kg

0y, A A= =100

*is value is that of the “IT' calorie (5‘“' International Conference on

Properties of Steam, London, 1956},

** This special unit was empioyed to express wavelengths of X-rays.

*** This special unit was used to measure firewood.

34y ain~- 10
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THE NINTH SCHEDULE
(See Rule 19)
Important Physical Constants

| Quantity Symbol Value Units Relative

Uncertainty

| (ppm)

j GENERAL CONSTANTS

i Universal Constants

_speed of light in vacuum c | 299792458 [ ms’ | (exact)

- permeability of vacuum Ho —Tm—r x 107 | NA? l (exact)

| | =12.566370614.. 107 NA™

' permittivity of vacuum £, Lﬂpoc 10" Fm' (exact)

| | =8.854187817....

' Newtonian constant of - G 1 6.67259(85) 10° 128

! ravitation m l;g 's? i

. Planck constant h | 6.6260755(40) 10™"Js ]0,60

| in electron volts, h / {e} | 4.1356692(12) [ 107%Vs 030

| h/(2m) 1.05457266(63) 10%s 0.60

 in electron volts h / {e 6.5821220(20) 10"%eVs 0.30

| Planck mass, mp 2.17671(14) 107kg 64

| (he/G)'™ o

| Planck length 1.61605(10) 10°m 64

' himye = (hG/c’) e I ]
" Planck tlme 2 5.39056(34) 10%s 64

fe=(hG/e)'™” 1

ELECTROMAGNETIC CONSTANTS

_elementary charge (e 160217733(49) [ 10°C 0.30
! | e/h | 2.41798836(72) 110" AJ 0.30
' Magnetic flux guantum, | ®o : r2.06783461(61) - 107"Wb 0.30
. h/2e 5 - -
| Josephson frequency- | 2e/h | 4.8359767(14) 4\ 10H VT [ 030

volt oltage ratio e '

juantized Hall conductance | e/h 3.87404614(17) T‘o5s 1 0.045 ]

J quant!zed Hall resistance, Ry 25812.8056(12) Q '0.045
{ he?=1/2u,Ela ]
i Bohr magneton, 9.2740154(31) F1024T! 0.34
jehi2me S R
| in electron volts, 5.78838263(52) 107 eVT 0.089
| uBre} |
| in hertz uB/h [1.39962418(42) 110 HZTT 10.30
| in wavenumbers, yB/hc | 46.686437(14) i m'T’ 0.30
L in kelvins, PB/k 0.6717099(57) KT 185
_nuclear magneton, eh2mp | N |50507866(17) ‘10“JTT 1034
_inelecton volts, uN/{e} | 13.15245166(28) | 10 e\fT’ 10089 |
Jinhertz, yN/h ) 7 6225914(23) | MHzT 0.30
|inwavenumbers, uN/he | 12.54262281(77)  [10°m’T Lo—a’g ]
Lin kelvins, UN/K 3.658246(31) H0KT! 85
- ATOMIC CONSTANTS ]

o= 1 R T S T
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"fine-structure constant, [a 7.29735308(33) 1107 0.045

Valoce?/h |
inverse  fine-structure a’ 137.0359895(61) 0.045
[ constant

. Rydbe 29 constant, R. 10973731.534(13) m’ 0.0012
 Yameca/h ]

'in_hertz, R.C 3.2898419499(39) | 10'°Hz 0.0012
“in_joules, Rehc 2.1798741(13) 10 0.60
.in eV, R.hcl{e} 13.6056981(81) eV 0.30
| Bohr radius, a/41TR.. a, 0.529177245(24) 10 m | 0.045
| Hartree energy, e*/4meqa, = | En 4.3597482(26) 1084 0.60

2R.hc 5

in eVENEey T T T272113961(81) eV 0.30
__qugfjitx_r_n_cﬁhc@y_@mmiﬁ@g 1363694807(33) [ 10°m°s' 10.089 |
- Ihm _?#a@gm@‘__;wﬁé 10,089
L - ELECTRON
!‘ electron mass Me 9.1093897(54) 1077 kg 0.59
. IR 5.48579903(13)  110°u 0.023
_in electron volts, m.c*/e} j_ 0.51099906(15) 1 MeV 0.30
_electron-muon mass ratio | me/m 4.83633218(71) | 10° 0.15 ]
_electron-proton mass ratio | me/m, 5.44617013(11)  [10° 0.020
- electron-deuteron  mass | m./my 2.72443707(6) 10% 0.020

'_ratio

electron—a-pamcle mass | me/mq 1.37093354(3) 10° 0.021

ratlo

electron 0 specific charge | -e/m. | -1.75881962(53) 10 "Ckg’ 0.30

“electron molar mass | M(e),Me | 548579903(13) 107kg/mol | 0.023

Compton wavelength, Ac 2.42631058(22) 107 m 0.089

_himec

AJ2T=aa, = a’/4TR= A 13.86159323(35) Lﬁﬂm 0.089
. classncal electron radius, | re 2.81794092(38) , 10"m 0.13

a’ a, F

Thoméaﬁ ~ cross-section, | Ge 0.66524616(18) "“'072%'2 027

(@m’e S S R S

_electron magnetic moment | e | 928.47701(31) 10_@]__ 0.34

in Bohar magnetons He/Ug 1001 159 652 | 1 x107

e _1193(10) L

m 1 nuclear magnetons Mefby | 1838.282000(37) | 0.020

“electron magnetic moment | a. 1.159652193(10) 1107 0.0086

_anomaly, yelus-1_ N N S R

_electron g-factor, 2(1+ae)  |ge | 2.002319304386(20) . 1x10°

electron-muon magnetic Be/by 206.766967(30) ' - 0.15

_momentrato ¢+ S L

“electron-proton magnetic Me/Hp 658.2106881(66) ( 0.010
_momentratio i S S

“muonmass W,jmpm , %1 8835327(11) ' 10%kg [ 0.61
A 10113428913(17) . u 0.15

_in electron volts, mucie} 105.658389(34) ~ MeV 0.32
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“ muon-electron mass ratio J{ my/me
muon molar mass M(u).M,
_muon magnetic moment J,Pu |
in Bohr magnetons | ufps
_nnuclear magnetons  Tu/un |
L muon magnetsc moment ay

“muon gqugr__,z(i ﬁa_m__, )
muon-proton  magnetic
moment rat|0

7 mp,;u

_proton mass____

P

i
ﬁ
- %
-k

~ 1206.768262(30)

1134289 13(17)
| 4.4904514(15)
4.84137097(71)
8.8905981(13)

| 1.1659230(84)

~12002331846(17)

| 3.18334547(47)

i
"PROTON
| 1.6726231(10

)
] 1.007276470(12)

in efectron volts, m,c’Ae}

- 1938.27231(28)

1836.152701(37)

- 8.8802444(13)

I 9.5788309(29)

t 1.007276470(12)
1.32141002(12)

2.10308937(19)

.

—#—1 41060761(47)

1521032202(15) ':

2.792847386(63)

. 25 689(15)

1. 5209931 29(1 7)

26752.2128(81)

proton - electron mass ratao_ <r_npf{n_e__ o
_proton-muon mass ratio | mg/my,

. proton specuﬂc charge _efm,
_proton molar mass FMLp_)kMp
proton ‘Compton Acp

: wavelength, n/mec Acp
Aeplzw L

. proton magnetic moment _ [,

l @ Bohrmagnetons i yple
L}g nuclear magnetons [ polin

' diamagnetic  shielding oHzo
icorrection for protons in

| pure water spherical
|saﬁge 25°C, 1 -po/ty o
, shielded proton moment (U p
(HZO sph.25°cy |
"in Bohar magne tons o fug
erlnuclear magnetons ) N

| proton gyromagnetic ratio | yp

L o lve2m
- uncorrected (H20, sph. Y p
28%C)
e lyem 4
b

& neutron mass

| in electron voits, m,c*/{e}
neutron -electron mass ratic | m,/me

42.577469(13)
26751.5255(81)

142.576375(13)

NEUTRON

141057138(47)

2.792775642(64)

i

015 ]
10"*kg/moal O 15 |
10271 033 B
10t |o15 ]

S Thes T

107 ﬂ7.2 |

N R

o “f 00084 |

1015 :

| |

e _ _j

e e o

%'9_1‘59 S

MeV ]

—

10Ckg’ oz

10 %kg/mal | 0012 B
10m To 089
107m | 0.089

1.001378404(9)

; 1.31959110(12)

neutron proton mass ra_trgm my/my
Lp_g_tgrgn molarmass | M(n), M,
" neutron Compton Ae,
_wavelength, himac
y——-—.—_f ——_——— —_——
| AC\ n/ 2TT AC! n
!'___““—*_‘——“f %

peutrg_rl magnetic moment
Lin Bohr magnetons

0.96623707(40)

81)  10%T7T
l MHzT
581) 10T
576375(17 ;MHET'7 B
107 kg 059
1. 008664904(14l ~__su _ loota
Mev 030
1838 683662(40) | 0022 1
.001378404(9) 10009
ﬁ 008664904(14) 107 kg/mol | 0.014 _|
10 m 0.089 |
2_1001944§gg)f:"m:_ 10™m (0089 ‘l
10T o4t j
1.04187563(25) ' 10°  |024 |
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| in nuclear magnetons Un /un | 1.91304275(45) | :lggiﬁ___*ﬁ

| neutron-electron magnetic | pn / e ﬁ 04066882(25) 107 0.24
momentratio w_‘_i_ N R S

' neutron-proton magnetic |y, /p, | 0.68497934(16) m 1 0.24

| moment ratio I ‘ R L o

' DEUTRERON

_deuteron mass | my | 3.3435860(20 10 vg 1059

B i | 2.013553214(24) ~ 10012

linelectron mass, mgc®{e} | 1187561339(57) | MeV 1030 ]

I deuteron-efectron mass { Mg/ Mg 3670.483014(75) 7 | 0.020

_ratio ‘ - |

' deuteron-proton mass def My # 1 .999007496(6) , } 0.003
ratio \

“deuteron molar mass | M(d), My | 2.013553214(24) | 107 kg/mol | 0.012

__deuteron magnetic moment | g 0.43307375(15) 1026 JTT 034 N
in Bohr magnetons [ ug /ps | 0.4669754479(91) BELEE 0.019 _

_innuclear magnetons ' yg /un | 0.857438230(24) __T_ 10028
deutron-electron magnetic pd ! Me ‘ 0.4664345460(91) 107 0.019
_momentrato _L,,_,,,.-,-_____J, _____ o 1
deutron-proton magnetic AT T 03070122035(51) 0.017 B

_moment ratio | | |

| t
PHYSICO-CHEMICAL CONSTANTS

‘_@pgadro constant  [Na L  [6.02213367(36) 10 mol" [0.59 i
~atomic mass constant ) My | 1.6605402(10) T‘l 0?7 kg J

my=112m(*C) R I e

i‘, electron volts, m, cje} L l 931@@2_ 28)__ ) __M_el o

_Faraday constant Ff_f_'_f 196485.309(29) | (Cmol’

~molar Planck constant Nah | 3.99031323(36) 10 ™Jsmofl

: NAhc | 0.11962658(11) | Jm mol”

- molar gas constant _[8314510(70) | Jmol'K”

_Boltznann constant R/N, | - [1.380658(12) 1023J KT | ]
in electrokr;hvotts kie} T_ o gg;gg?gg?gg o 18T05VT<T - 3
_in hertz - L 1 IR z o
_in wavenumbers, kihc }, . 16950387(59) m'K' 84
molar volume (ideal gas), Vi ‘ 22.41410(19) L/mol {
RT/p | ‘
T=273.15K ] ‘- |

‘p=101325P2 | | .
~Loschmidt constant, [ e Jr2.6867’63(23) 10T m® JFB 5 ]
NaNw B R S o I
T=273.15K, p=100 kPa_ Tvm [22 71108 (19) L/mol J[8.4 |
Sackur‘TéWe constant {s | T 1151693(21) _* '_"*""*i'f g
(abso1ute entropy i . ' i |
' constant) N L R D
B2+ In {(2rmokT AT -1.164856(21) 18 %

i kT?’fPO} ‘ !

T=1k, : i

_Pe =100 kPa_

U
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| Stefan-Boltzmann constant, | o 5.67051(19) T 10Pwm K [ 34

(eOkN S N
first radiation constant ct 3.7417749(22) 10™Wm? | 0.60
2he? - .

. second radiation constant, | c; 0.01438769(12) mk 8.4

chelkk L

| Wien displacement law b 2.897756(24) 10°mK 8.4 ‘-

| constant,

(po=101325Pa [ T p—— -

b= Amaxl = \ 4‘
C,/4.96511423... :

" The scalar magnitude of the neutron moment is listed here. The neutron
magnetic dipole is directed oppositely to that of the proton, and corresponds
to the dipole associated with a spinning negative charge distribution. The
vector sum g = Mp + M, iS approximately satisfied.

" The entropy of an ideal monoatomic gas of relative atomic weight A, is given
by S = S, + 3/2 RhA, — RIn(p/p,) + 3/2 Rin (T/K)

THE TENTH SCHEDULE
(See Rule 20)

The following co-efficients shall be used for the purpose of these rules: -

1. Alcoholic strength - (a) The “aicoholic strength by volume” of a mixture of
water and alcohol is the ratio of the volume of alcohol, measured at 20°C,
contained in the mixture to the total volume of the mixture measured at the
same temperature. The symbol is “%Vol".

(b) The “alcoholic strength by mass” of a mixture of water and aicohol is the
ratio of the mass of alcohol contained in the mixture to the total mass of the
mixture. The symbol is "%mass”.

For the purpose of the inter-relation between these two strengths and
between the density of the aqueous solution of alcohol, the International
Recommendation No. 22 on Alcoholometry, together with the International
Alccholometric Tables, shall be used.

2. Hardness numbers for materials — (a) Brineli Hardness Number — A
number related to the size of the permanent impression made by a ball
indenter of specified size, pressed into the surface of the material under a
specified load. The surface area of the impression is determined from the
average measured diameter of the rim of the impression and from the ball
diameter. In reporting Brineil hardness number, the International
Recommendation No. 9, on Verification and Calibration of Brinell Hardness
Standards Blocks, shall be used.

(L) Diamond Pyramid or Vickers Hardness Number — A number obtained by
dividing the load in kilograms applied to a square-based pyramidal diamond
indenter having included face angles of 136° by the surface area of the
impression calculated from the measured diagonal of the impression. In
reporting diamond pyramid hardness, the International Recommendation No.
10, on Verification and Calibration of Vickers Hardness Standards Blocks,
shall be used.

(c) Rockwell Hardness Number — A number derived from net increase in
depth of impression as the load on an indenter is increased from a fixed
minimum load to high load and then returned to the minimum load. In
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reporting Rockweil hardness number on Rockwell B scale, the internationai
Recommendation No. 11, on Verification and Calibration of Rockwell B
Hardness Standardised Blocks, shall be used.

Similarly, in reporting Rockwell hardness number on Rockwell C scale,
the International Recommendation No. 12, on Verification and Calibration of
Rockwell C Hardness Standardised Blocks, shall be used.

3. For the purpose of determining the sugar content present in the sugar
solutions e1ther of the two following coefficients may be used. Degree Brix or
sugar degree (°S):-

{(a) Degree Brix is the percentage of sucrose present by mass in the sugar
solution. In reporting the degree Brix, Indian Standard specification for Brix
hydrometers: (iS: 7324-1974) shall be used, till such time, the Director of
Legal Metrology or the international Organisation of Legal Metrology prepares
such document.

(b) Sugar degree on the international sugar scale is defined as follows.:-

The 100° S point of the International Sugar Scale is fixed by the optical
rotation 'y’ undergone by the polarized light of the green line of the mercury
isotope 198 (p-546.2271 mm in vacuum). When passing through a 200.000

mm length of sucrose solution in pure water, kept at a temperature of

20.00°C, and containing 26.0160 g, weighed in a vacuum of pure sucrose per
100.000 cm? of solution ‘normal’ sugar solution.

A mass of 26.0160 g of sucrose corresponds to 26.000 g when thlS
sucrose is weighed in air by means of weights with a density of 8000 kg/m? in
air, at a standard pressure of 101325 Pascal, at a temperature of 20°C and a
retative humidity of 50%, the density of this air therefore being 1.2 kg/m®.

4. Relative Humidity — It is the ratio of the actual vapour pressure of water
vapours present in air at the temperature of measurement of the saturation
vapour pressure over a plane liquid water surface at the same temperature.
This is expressed as a pure number as percentage.

5. ph is the logarithm to the base 10 of the inverse of the hydrogen ion
concentration in a dilute ioni¢ solution.

Explanation:

A 0.04 molar hydrochlonc acid solution will have hydrogen ion
concentration of 107* mol and its ph value is 1.4. Similarly, 0.001 mol
hydrochioric acid solution will have the hydrogen ion concentration of 10°° mol
and its ph value is 3.

[F. No. WM-9(6)/2010-Pt ]
RAKESH KACKER, Addl. Secy.

Prirvted by the‘ Manager, Government of' India Press, Ring Road, VMayapun‘. New D&hﬁ Ih-(iﬁd-m' 7
and Publishied by the Controller of Pubtications, Dethi-f 10054,



