Types of Error

Every messummen bes some unceraindy, which 15 callsd apevimeatal ermor. Conclusions
o he enpregsed wilh 2 high of @ bow degees of condidemos, Bul never wilh complete camalnty.
Experimenis] ereor |5 clessiied ax either rysiemalic of roesioe.

Sy stemanc Ermor
Sysiemstic error, al=o callsd delerminabe @rmor, aizes Fom 3 Maw in sgeipmenl oF the
desipn of an experimenl. I you conduct the 2xperimenl sgain in sxscily the sme menner, the
o s reproducible. In principle, syslemec aeoe o he Smooversd sl ooacisd, although
Lhis may nol be eamy.

For example, & pH meier thal hes been sisndardized inconmeoly produces 2 SysEmeic or-
rof. Suppome you ink Bisl Ge pH ol the el esed io sanderdive the meler b 700, bl il s
really T.08. Then all your pH readings will be 008 pH unll oo low. When pou read & pH ol
%5, the aciual pH of e smple s 553, This systemalic seror could he derovened by using

Synmmal ary & 3 nsEEm o e cn
b daeoed anid coneced Bax 11 provides
an e Empk om e inonmenl anal s

1 second hullier of Known pH o Lol e metsr,

BOX 3-1

Case Study

Oone (Dy) s an ocxkdiring, corrosive fas hal ems yor lugs and
alll Torme of B IL 1s Pormed nessr the surface of the Esdh by the
aciom of sunBighl on air pollutnis hrgaly dedved from siomobilz
exisgsl The LLE. Bavisamental Peolsclion Agency ssis an 8-h over-
agz Oy llmil of 30 ppb (B0 nl . by woleme) ba sl Regions Sl Dl
Io ms this standsd cea be reguined bo exduce souwces of pollulion
lhal congribele o Oy fommalion. Emor @ orone measeemenl cea

have sarious conssquences for ithe health and economy of 4 reglon.
T moniior cosmpliance, 3 variely of insdrumenis are wed. The

Irestrument in S disgrem pemps s theoagh & cell with & pathlengid
af 15 om. Ukmvinlel mdistion om 5 memosy lamp s parilally

ahzwhed by Oy, The moee Oy In Be alr, Be lss adialion eaches
Lher deleior. Feom the messured abeorhance, the insiniment compuies
0 concenlralion. In rouline use, he operaks only sdjusis the peo
conim, which seix the meler bo resd zem when Oy-res alr s dewa
teough S iretrument. Periodically, e iretrument s secalibolesd
with & =were of known Oy

A sludy of commescisl O monllors fousd thal conlmodled
changes in memidey lsd o rerfensils ermors i (e appares! Oy oo-
ceatralion of feay ke hundredy of pob (o saverd Umes grater
Lhan U On being messunsd). Increasing umidey pmduced sysizm-
allc periiee mTors In soame (ypes of Insbuments and syslemalic
Eepaiive s In oy Insrumenis.

Waler dos nol shearh the ullravioks] wavelsgh measued by he
delecior, = amidily Is il bierfering by ahsoriing. mdiaion. A pes-
ceplive analysis of the protdem led o he hypohesls tal sdwopion
of misine on B inside serfaoe of e messuremend ool changed e
refieciivity of Dl serface. In one iype of lsiumenl, weler ssoahod
Iredde 3 quarts oxll reflecs less light then dry quarte and D inoeesrs
e amounl of Hghl ked by sbacepiion b hisck peinl o e culside of
lhe oell. This sinment peoduces & [wse, Aipk O reading. Anolher
Irsinamenl be & Bghly refiective shaminmem oell ooales] o the ikl
with palpvinylidene Nuorde. Adsoplion of modsiwe on polyvimyll-
dene Nooride reduces ol inksmsl efledSon within e coaling and
Incresses Lhe mdeal mergy resching e deleciorn, piving & false, Iow
O ressfing. These aflecis nessd nol be large. A 0UB% change b lighl
Intensily reaching e delecior comesponds © an Oy chaage of 100
PR Thiz sohullon §0 Lhe probiem wes o Install 2 lengly of wals-

permesble ubing jusl beforr e abswplion cell o equallee G
ey In 2 being measwed and hal wsed io rem e siumen
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Prior i underdsnding the effecl of bumidily oo b messre-
ment, Il was known Dl O moniioes oflen exhisl armlic behavior o
eod, humid days. 11 wes conjeriuned by some poopls el bell of the
resgione: deesmesdl o be ol of compliance wil the O sleadard mighl
aciually havve beon under the legsl limil This emor could Tome expen-
she emedialion messmes when none were equinsd Coaversly,
thiere wene mumors Ssl SHme mscrupulious spening of Oy monlions
weee pwae Mol reming their lsiramenl ol nighl when he hemidey

15 higher produced lower Oy readings e nexl day, ey redocing
ihe mumber of days when & egion is deemad cul of complisnoe

L3 Typas of Enoe




WS T T STENTII TN

1. AnghyTn 3 known Smple, st 253
cenified relarn mansrial sour method
Skl ropdeD i kNt e (5o
Boe 14-1 for an mampie}

1 anakyn blank mplos ining no
anak e being sought i you olsan= 3
THNUIER: P, yOul mahiod responis o
T oy Du imiand. Sason &-1 disn.smo
difarem kinds of Blanks.

3 uss difaran: ana kol mahods 1
eIt TH S quamiy. f e do nm
agma, tham & emu in one (o mo) of e
i

4. Roeing! b experimen: Diflarm people
in Sanl [Ebornvies a1 demic
samples by th Sme o diforent mehoss.

Disgmaman bapond ha esimaed Gadam
TN i Sy RMEL Q7.

Random aroe cnnat ba alminmsd, bt i
gt b o] by 3 DFar G posiman

Peecision: raprodutitiliy

ACCup - T 00 The “mrtht

Anvncariny o =007 mL maans the,
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Another sysiemalic seror aises Crom an unceBbmisd el The manoficuners ileranoe
For m Class A 50-ml. bured Is 0.05 ml.. When you hink you have delivered 29.43 ml, the
el volume ool be smywhens from 29038 bo 2948 mil. and sl be wilhi iolemace. Ooe way
o oowmect for s envne of hi bype i lo ooasinact & calbmlion curee, sech a5 el b Figene 3.3,
by e procedun on page 4%, To do Sus, deliver dicilied waler from e bured o a fask and
waiph Il Defierming the volume of walsr [rom iis mass by using Tebe 2-7. Fipeee 2-3 el
o apply & comeclion [eckor of —0.03 mil. © he meseed valee of 2943 mi.. The aciual
wolnme delivernd ik 2943 - (W3 = M40 ml.

A kzy Fealure of syslemalic eemor s hal B i repeoducible. For the bueel just discussed, the
o s always —(L03 mi. when S bured resding s 2943 mi. Sysiemac eoor may Aways
be posithve in some reglons ed always nzgalive in olhers. With cere end clevemess, you cea
defecl and oomect § Sysemalic s

Random Error

Ieamddom error, also calizd Indeterminale error, acses from uncontrodled (ed maybe
unounimilable) wariibis b e meswemenl Rmdom sny his an ejual chance of being
positive or egallee. L s slweys presend sd ceanol be correcied. There IS random enor
associaled with eading & soule. DilTerenl peaple reading the scale In Figure 3-1 repor 1 mage
of values reesealing their subjsciive inlsrpolalion bebeeen the markings. One penon eading
e same Insbrumenl seversd Hmes mighl epod svenl dfleenl cesdings. Anolher madam
aor mesulx nom eleciricel noise in o esinmenl Positive end negalive fuciuations oo

wilh approtimalely squal [requency and camol be complesly slimimisd.

Precissn and ACCuracy

Precision describes the meproducibility of 2 resall 17 pou measure & quaniiy seversl limes and
e values aree Closely with one another, your measuremenl is precise. 17 Ge values vary
widely, your mesmsrement Is ool precise. Accuracy describes how close @ messmned velue is
o e “inee”™ value. I o known sisadand & avallable, socumncy Is how Close your value 1S @
e knowa value.

The LS. Nalions] Lresuie of Sinderds md Tochnology nd asional slandands lihoralo-
rizs I ey oouniries el corified relerence malerisls (called Shoadoed Refereace
Materialy b the LS., such as clinkcel end envimnmenlsl sandsnds sad engineering malerials
s you cam use i lesi the socuracy of your analylical procedures.’ The quantity of analyl
i & mference malerial is cerifisd—wilh painsisking cene—io lie i 0 siled rage.

A measurement mighl be rependucide, bul weong, 17y made & mislke pepaing 2
=itk for 2 Uiralios, you migl do & series of epmdecible Siations bul repor s incomecd
esull hecaue the conceatration of Be Uirating, solulkn was ool wissd you inleaded. b his
s, eCkskm b5 pood el soourscy IS poor. Coavarsely, K is possibie io make poordy repo-
ducibiz mesurements dusiered sround e oomect value. o this cese, procision & poor bul
socuracy i goad An idesl procedene |5 boll precis: and sooemle.

Auoowery |5 defined & pemmess ko e “inee™ value. Tnue s o quoles because somebody
musi mezae e “true” value, and there @5 o assocliled with every measuemenl The
“irue” value & besl oblained By an experienced persoa using & well-lesied procodene. 0L s
desirable b dest the resull By using diffiereal procedens, because sysiemalic smor could lead

o poor apreemenl between medhads. Good sgreemenl smong seveml melhads alfonds ux
confidence, bul newer peoof, Sisd resulis ane accunle

Absohste and Relaty e UNCEMaINTy
Alsolwie uncertainty oxpreses B mapi of woersinty sssocsled wilh & messsement. If
e exBmaded unceriainty by resding a culaled bured 1s =002 mi we sy Gl 002 ml &
e sheniule unceriainty eoncisied wilh the reading.

Relstlve unceriainly comparss e size of the ahsolule woenainty with e see of il
mocialsd meanwemenl The edsive uncerainty of o el esding of 1235 * 002 ml. sa
dimensionless quotioal:

Retaitve et unceriainty
EnCerTaley: !_n:lﬂntd'm-mmt

0.0Z mi.

ETETT R




The pescent relalive wncerainty is simply
Percent izive Peocenl relalive unceriainty = 100  peisSve mcerainly (-3
wACETiZiNy:

= 100 x QN2 = 0.2%

If L absolule unceriainty in reading & Burel is cmsiand 3l =002 ml. the peeoel elalive
ncerisaty 5 0.3% for & volume of 10 ml. sd 01% for o voleme of 2 mi.

m Propagation of Uncertainty from Random Error®

Wi can wsually esdmale or measwr the random emor esnated with & messunement, such os
the leagth of & objact or the (=mperaiwe of 2 soluSca. Uncerisinly mighi be bhased oa how
wedl we can read B instrumesnt o on gur experiance with 1 paricular method. If possible, m-
cevtainly will be expressed as e sioadont devistion of e meae of 3 cogfideace inierval,
which we discuss in Chaptar 4. This secion applies oaly o mndom eeror. We 1ssume thal sys-
izmalic ercoy has been delacied and comecied

For most experiments, we nead i porform edihmelic aperalions on sevaral sumbers, each
of which has & rindom oy, The most Bkely enceriainty & Se eesull Is nol the sum of indi-
vidual ervors, hecause some of them are Biely o be posilive s some negalhve. We expect
some cancd ko ol &

Addion and Subtracton
Suppose you wish o perfoem the Tollowing arihmetic, b witlch the experimental uoerisin-
lies, desigmaied &), &2, and &, ore ghen in perenliees.
176 { 03] — 2y
+ 1.E% { 00T} 4— &2
— D53 (00T a2y
A& Teygl
The arithmelic sswer Is 306, Bu whal Is the uncerainty esncisind with this sl

For addion end smshirmclion, S uncerisnly in he answer |5 oblsieed From e abrolse
sacerioiefier of b individesl eme as Tollows:

= UEI*‘E‘I‘E i3

o [he sum b Fuaion 14, we can wile

i34

Uincemainly in aadifios
and awracing:

g = WilmE) + (002)* + O2F = 00,

The abeciulr uncerisiaty ¢p & 004, and we expeess (he arewer as 306 = (04, Although
there |s only one significent Agure inthe uncenmingy, we wole il initlally e 0.0, with e
Nzl By nificnd Mgune mbscripled. We relain onz or miore insignificant Agumes (o svd
Introdhscing sound-oll aneoes ko kiler caloululions Srough the aumises 0.04;. The ksignaiicanl
Nigure was mibsoripled ko remind us where the ksl sigificst Gyure swould be when we
conclude the culculalions.

Tiz find the percend pzlsdve unceriainly & the sum of Fqualion 3-4, we iz

Percenl relalive uncerainly = H.x. 100 = 1.1%
s
The unceriainly, 004, 15 1,% of the resull, 3.06. The subsaripl 3 in 1.,% b= ool significanl.
11 i =ensibie 10 drop the nsignifianl Agoes now and cxpres Ge fosd resull as
106(=0uey  (absolule unceriainky)
106 (1%} (relalive unceriainly

Uncertainty in & Buret Reading

The volume delivensd by a Burel |5 the difference: beiween [nal sod Bl readings. T
the uncerisinly i cach resding is £0U02 ml., whal is e uncer@inly in the wolome
delivered?

14 Propagation of Lncoriaty from Eandom Evod

M e 1453 3 SOLMIL bl SESign yout SIILN
10 FaGuira 2040 miL of REgeT 3 prode 3
sl ralahd uncamaimy of W1 -L05k

IN 3 @ravimaric arakyss, plan oo vl anough
PrRCipicm for 3 0w PG unCanaimy. o
weRighing procision & =03 mg. 3 100 mg
PrECipicm [as 3 M § wighing emon of
0.%% and 2 300-mg precipicGie has an
uncergiey of D%

RS MOAERLION Of e [TpuEsons
thial yu will @ncoummar deal with @rdom
BT, oL SR S Our goal & Shways
10 MG SyRamalic Emr

For addinien and suliGion, o alsaun

For addinon and subtecion, s sbesdus
ulCR2iy. Reaties uRCEMEIMDy QN 56 found
at tha &nd of tha Gl Gon



O Mulplismion and Oesion, s p=Imn
i uMCETGETy

dwiad REEin ong or mond &1

PalES wiE] yOw N Eneshsd youl ammin
aiul 2ron. Than rwind 10 e CHmME Mumb
I hgis. vWhan SOeng Imam i RS i
il kiop 3l digits withoul munding

o Mulplicmion and deision, us pLmn
Hatie 0 unCENGETy: A b0l uNCAEimy S0
a fiownd = the end of the Qiculaton.

Selution Suppose thal the Insl resding 15 0.05 (002 mi. and the Anal resding is
17.88 {+041Z) mi. The volume deliversd i e diffsrence:

17.88 { +0.02)

— [ { 002

1783 {te) o= VOO + 0027 = iy ~ 003

Eegandliss of 1 inllis] md il esdiags, § (he moenisialy n cacooe i 0002 ml, the
uncerizinty b vodeme delivernsd | * 0003 mi.

Test ¥ourself Whal would he the uncerizinty & volume delivered B the unceriainty i
Each reading were 0003 mULT (Aarwers =000 mil)

Multiplication and Drision
For multiplication sad division, fisl cooverl sl uecersialies inio peroeal sxlsfive unozriin-
Ses Then caloulsie the ermr of e product or quotient s iollows:

E“"ﬁ.,,,“f'wm Bey, = VIBaT + (Bl + (Rl a8

For exsmple, consides the ollowing operalkne:

176 (003} x 139 (002) _ .
0.5 | =0U02) =AM

Pl conver, sheclule unceainlizs Inko pesceal ref sl unceraindes.
L.76 (X17%) x 139 (X10%) _

0% (= 3.,%) =3
Then find the percenl relalive uacorisialy of the s by using BqueSion 3-6.
Se, = Vila) + (10 + (307 = 4%

The answer Is 56 {T46%).
T coaverl ssiive uncertanly kio absolie uncerainty, ind 4.0% of e mswer.

49% X 56y = Mg % 56 = 03
The answer Is 5.6y {00 2,). Finally, drop e insigniicsl digils.
J&(r02)  (absolule uncerainly)
S&{E4%) relalive wrersiniy )
The depominalor of G ongingl problam, (U9, Bmis te arewer o bwo digis
Mixed Dperatons
Now coasider 5 compulsiion confining subiraction and division:

[1.76 (+0.03) — 0.9 ( £0.02))
1.89 { £0L.02)

=6l x 7

Pl wink out e difference in the numealorn, iy ahsolule encerisinbies. Thus,
L% {003 — 0% 02y = 117 (£0hidg)

e N (00T -+ (002) = 03,

Then comverl Inlo perceal relalive uncerainges. This,

L7 (=003 117 (23,%)
130 (£0.02) 189 (t1,%)

becme Vi3, %) + (1, %0 = 1%

= Dl { T125%)

CHAPTER § Expomimannal Emor



