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An clectrode with 2 Up smulier Ban & sngle cefl allows us (0 measees neurolmasmitier
molocules ceieased by 2 aerve cell @ resporse 10 3 chemical simulus. We call the electonde
3 mamcelecirode becawse s active fogion has dimensions of asnometers (10 ¥ meters)
Nesrotransmitier molecules eieased from ooe vesicle (2 small compasriment) of 2 nerve cell
mwum,:mmm«lmcmmwymum
curreal messuoed in plocampeness (M0 T amperss) for & period of milliseconds
(10 ¥ sconds). This clapler discusees units thal descride chemical and pyskal measire-
ments of objects ranging in sta from soms fo galaties.

For radabibly, wa s 3 Spacm 20T avary
third degit on oithar side of the dodimal poine
Commas 2% 10t g, DOCU i SOMe oS
of the word 3 comima has he Sme meaning
= 3 docimal poine. Eamples:

Spoad of Bgoc: 200792 450 my's

AvOgAIT's Numder €00 1 79 x 10 mol ™

1-1 St units

curoeransmities mezeirements (lleteale the need fof palls of measurement coveriag @any

onders of mapeliade (powers of 10) In mage. This chapler fatroduces those wails and
reviews chemicl concenirations, solution peepantion, stoichiomedry, and landamentals of
Uirasions.

BB st units

ST mmits of measurement, used by solentids around the workd, desive (heir mme from e
Freach Systéme /afersational o' Uelids. Fuadonenial aells (base units) from which all others
are dertved are lisied & Tabie 1-1. Standards of denpth, mass, aad lme ane Be meler (m),
kiopram (kg), #ad secoad (s), respecthely. ‘Thmperatooe is measured & bedvier (K), amount
of stbstance in moler (@ol), and clcinic cument & anperes (A).
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MBLE +1 Fundamestal 51 umits

Cuantity Unlt isymbsl

Lehinfian

Length meler )
Mam kilogmam {kg)

Time i (5

Edeciric cumant mmpere (A

Tmpenae kzlvin (K)

[aminous slesity ardeda (o)
Aumaonni of spbslance e (ol

Flaoe mngle railian (rad)
Solid mgle sieradian {sr}

One mesker is e dlistance |ight irvels in 3 VcmIm durig s of & second

Ome: kilogram is the mass of e Pidr slioy prolotype kilogram made in 1385 2nd kepl
mdder an inerl almosphes: 3l Sévnes, France. This object has been emoved from its

kactive enclosers oaly & 1890, 1948, and 1992 o welph secondary steadants kep in
saversl couniies. Uafortoaslaly, the mass of the prolotype kiloprsm can change siouly
over ime by chemical reacton with the almospiess of [rom mechankcsl wese Wk In
peograss will cplace the protceype kilseram with & seandard besed on

properties of nature Sl can be measered within an wcertainty of 1 part (s 10%, See
I Robiason, “Welghly Matisrs” Sciealiic American, December 2006, p.102.

(One second is the duation of 9 192 631 770 periods of Be radkation conspoading ko 3
cesiain almmc wensiton of " Cs,

One ampere of curreal produces & foece of 2% 10 newloas per meler of leagth when
maincained & two sralght, perallel conduckors of sfiniis leagth and aealigibe cross
sertion, separsied By 1 meker in 1 vausm

“Tempesature is delined such Sl the iriple point of waler (s which solid, Bquid, snd
paseous waler are i aquilbiium) is 273 16 K, and the iemperatme of ahsoluie 20 (s 0 K.
Candela Is 3 measeee of luminows siessity visiblz o Bie buman eye

Onz mole Is the aumber of parlicles equal io he mmber of sioms & exscly W02 kg of
V3 (approximaiely 6022 = 107,
These we o mdlans b s cede

These are 4 demadians i w pher

Preszial® i AR PaT ol aRac 1 pasl (T =
1 K. The pesser of the STMOsphem &
approcimamly 100 o P

“Tabde 1-Z lisis some quantilizs ol sre defined in 2rms of e lundsmeaisl qualilies. For

example, f4re & messured in Aswioer (N}, presseoe in paacaly (Pa), and esergy in joates (1),
each of which can be expressad in lenms of leagih, lime, and mess.

using Prefuces as mulupliers

Rniheyr hon using =xponenial aolalion, we ofien pse prefixes [nom Table 1-3 oexpness larps
of smadl quenbilies. As wn exemple, momider the pressune of ooone $04) G e mpper almo-
sphere {Flgane 1-1) Owone is imporissl becamse & absrhs oliaviole madistion from e mn
el damages mey orgenismes md causes skin cancer. Fach spring, & preal deal of ooone dis-
appeas from e Aslseciic simlosghere, thereby crealing whel i mlled o oeme “hole.” The
openiag of Chaples 17 discusos: the chemisiry hahing ihis proces.

Al s alisnde of 1.7 % 10" melers above the Fah's srfsce, the peessure of oeone
mﬂhﬂrﬂurﬂdﬂlpﬂﬂ&&]?&lﬂﬁmmmmmm
Thble 1.3 We customasily e prefines for every thisd powes of ken {10, 10 i,

RBLE 2 Skderwed umits with spedal names

Exprossion in Expression in
lerm= of flerms of
{uantity Uil Symbaol other units &1 by units
Fregquency hertx Hz Lis
e newinn H m-
Fregaine pascal Pa Mim? ﬁm:u.-ﬁ
Enesyy, work, quaity of heal joule ] N-m - ks’
Frwer, radimal fux wall W Iis o - kpis?
Cuantity of eleciricity, elecinic chane conlamb C - A
Electric polenilal, polenlisl diffenence, saciromolive fece woll v WiA o’ - kpis - &)
Elaciric resisisnce phim ] Wik -’ tigr::? A
Eleciric cipaciiance famd F o - A'im® - kg)
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10°, 10%, s 50 ony. The mmber 1.7 = 10° m s more s 107 moand less han §0° @ so
we 2 2 multiple of 107 m (= kilomeiess, km):

1.?x1ﬂ‘nx$= 17 km
I

The nember 0,019 Pa Is more than 10 Pa and less Ben 10° Pa, 5o we use 2 mulliple of
1077 Pa (= milipascals, mPu):

1
Q%A X ] = 19 mfs

o P
Figme 1-1 & lbeled with km on the vaxis and mPa o B r-anis. The y-axis ol 5 grph is
callzd e ordisabe and Be r-axis is called e shecken.

IUis @ Fabkous ides bo wrile unis heside each npmber in 2 caloulasion s o oo ident-
cal miis in e aumesalor end desnminaion. This paciion enaes Sel yo know S el for
o arewer 1 pou balend to celonlle pressure and your sswer comes il with wails ol San
pascals (Mt o ket im - 5% o ofher unis of force/ares), Bhen you have made & mistke.

Comveming Between UMNS
Alhowzh 51 15 ihe inlzmafionally scoepled s ysism of messwement b science, olher wils ane
encoealeszd. Uselul comversion Facion are fowd i Table 1-8. For example, common noa-51

TABLE 14 Conversion factors
[

Cantity Uinik Symbail 51 equivalent®
Yoilume Hiier L a0 'm’
malkkesr ml. o m?
Lengih angsirom A 10" m
inch in. 5075 4 m
MmEs pound Ih #0453 592 3T kg
melzic ton ] 00 kg
Foroe e dya 0N
Fressme b har £10° Py
aimosphere gm 1 325 Fa
aimosphere gm £1.003 25 bar
oo (= 1 mm Hg} Tar 1333 R
poundin * psi f BT Fa
Energy arg ey 10"
larivon voll 1 1603 176437 = 10 9]
aloie, Bermochemical ol 54184 ]
Cakwie (with 3 capital ©3 Cal o] 0o = 4184 KD
Birilish dermal il Bin 11m506 T
Powar horpeer T4E. 00 W
Temperainre  cenligrade (= Celsis) T £ — 37115
Fateznhell o SLH(K - IS + 32
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