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Figure3.6. MEASURING: An Introduction

Measuements & male to aswerquestons such as: How lorg is
this doject? How heavy is it? How much chlorine B thee in this
waer?

In order © make meastements ve reed siteble wnits d measte.
When we @&k the ergth of an dbject, we exped an aswer that will
tel us hav mary millimetres t is from one end d the dject o the
otherend. We reed sme vay © find ait how mary timesa it
quantity, such as a nilimetre, 5 @ntinedin the ergth of a m@r-
ticdar object. Rarely will a wit of lergth go into the ergth of the
objed a whde number of times Almog aways aur ansver will be,
"so mary units dus somefractional part of a urit” If a quantitative
meastement d lergthis  be tusted we nust ke ged care tha
the wnit we chooseis invarialle and siitable for the ak. We nust
also favedevseda nmettod d measung the doject with this urit.

Some mesuements eqlire only a $mple procedure and lttle
equipment The gpaatus may be no nore than a sak marked off
in the deked wits. It is eay to measte the wdth of a alde by
usng a metrestick marked off in cenfimetres and niiimetres The
air emperaure d a roam is fourd by lodking @ a themomeer and
realing he stion of he mecury on the £ak. The presue in an
aubmohile fre is burd by gpying a ire guage b the vale ad
looking at he ak to eadthe pourds d air presue per suae
inchof surface of the ftre.

When the poper instument & azailabe and ued arefly, mary
meastements equire no nore than a ceefu readng d a scak. On
the aher hand most sdenific meastements mvdve daborate
equipment and a@mplicaed tetinque of singit.

If a chemst wants to dernine the anauntof chlorine n a mate
rial, he nay perorm a fairly lergthy sequene of qeaions. He
mustfirst weigh ait a anple of the nateral and ecrd the weight.
The sanple nust ke rreded with a acid that will disolve ait dl of
the dhlorine  Any insduble resdue nust e filtered df to dbtain a
clea solution, and the fiter pgper must e wated carefuly with
exessadd to make sure ha noneof the cliorineis left behird.

It may then ke recessary to adjust the aid concentréion a the
volume of the slution — or both— before adding a £mndreaentto
predpitate tre dhlorine The usid reayentis slver nitrate Enaugh
mustbe alded b predpitate dl the cHorine as hsduble slver chio-
ride This predpitate d silver chloride is spaated fom the aid by
filtering the sippenson througha aucible with a porousbatom

Before ching this, hawever it will be recessary to weigh he au-

cible, making sure ha it is dry. The pedpitate mllectedin the
crucible shauld be wasedwith dstilled waterto remae dl traces
of regent and then ded. The weight of the enpty crucible
stbtrac- ted fom the weight of the cucible and the pedpitate gves
the weight of the dver chloride.

By usingthe aomic weights d silver and clorine, the poporton
of chlorine n the dver choride mdealle an k& detemined The
weight of glver choride predpitate multiplied by this proportion
givesthe weight of chlorine n the pedpitate. This, of course is
also he veight of the cliorinein the aiginal sanple. The weight of
chlorine divided by the veight of the sarple and multipied by 100
gives the percent o chlorine n the samle, hus conpleing the
deermination of dlorine

The Errorsin Measurements

If we congder tha each weighing (sanple, enpty crucible, and au-
cible fdus predpitate) is a measwement we e that three neaswe-
ments & recesary to meaue the anourt of chlorine n the
maerial. This skéch of the analtical procedure reeat tha thee
are sved steps dl of which mustbe fken with gred care.  the
silver dhloride pedpitate is not caefuly wased the dver choride
may be @ontaminded and gpea too teary. If the pedpitate is ot
tranderred conpletdy to the cucible, ®me nay ke lost None of
thesestgs @n k& aried out so ha they are dsdutdy free of
error. For exanple, dnce slver choride is very sightly solubke,
someof the ctoride will not be predpitated. This resits in error.

Evidenly a measwement & subjed to mary sources of eror, some
of which may make the meauement t® large, while ahers may
tend to nake the meauement t@ gnall It is the am of the
experimenterto keg thesesaurces @ error & snall as sdble.
They ama be educed o zero. Thusin this a any meastng
procedure, the Bk remans to try to find ait how lamge a eror
thee may ke. For this reasn, information alout the urces o
error in measwements $ indispensale.

In order © dedde which ane d two materals contans he hrger
amourt of chloring we reed aaurae measwvements If the difer
encein chlorine onent ketween the naterals is snall and he
meastement 5 dbjed to lamge eror, the wong nateral may be
sdeded & the e having the hrgeranourt of chlorine Thee dso
may be an #emdive pocedire br detemining dlorine ©nent
How can we know which procedure b the nore acaurae wnlessthe
ermors in the meauing favebeen caefuly studied?

Repoducedwith permnisgon from Experimentaion and Measiremat by W J1 Youden pp. 8-10.
Copyright 1962, B85 by the NationalSdene Teaches Asodation,

1742 Connedicut Avenie NW, Wasington, DC. 20009

Youden desribes a pocedire br measung dilorine onent Wha are the dmilarities and e dfferencesbeween this
daa-basedinvesigatirg and the me descibed in Figure 34. SAMPLING: How Pols ae Conduced?

Wasameaauring indrumentusel in the nvestgatonsdescibed in Figure 34. SAMPLING: How Pols ae Conducted?
o If Yesidenify it and @mpare it briefly with the types ¢ measung instuments metibned ty Youden

o if No briefly jusify yourarswer

Youden dsaussesneasuremet aror in the bd three @ragaphs dove. Are thee stuaionsin which meastement eror

can ke eliminated? Explain briefly.

[4 Youden sgs in his fifth paragaph: He nud firstwegh aut a ampk....; is thee a orregponding population?

o if Yesdescibe t briefly;

o if No jusify yourarswerand eplain whether the word samplds beingusel corredly in the shtisticalsense
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Small Differencesin Measurements

The detedbn of small differenceswith repect © ome poperty
is a najar problem n cien@ and industly. Two o more @mpanies
may submit sanples ¢ a matefal to prospedive purchaes. Natu-
raly the purchaes will wantfirst d all to make aure ha the qudity
of the matefal they kuy meds tar recquirements Seandly, they will

wantto sled the best ratefal, otherthings, sich as ost beingequd.

When we huy a @ld objed tha is daed b be ¥4 caratsfine this
mears tha the gld shaild consttute #/24 d the weight. We acoept
this daim becaue we know tha various dficial agedesocasonally
take sppdmers for cheamical angfsis to \erify the gld content

An inacaurae nettod d analysis may lead b an eroneous
conduson. Assuming tha the eror is in the edinique ad rot
someconstnt @ror in the €aks @ chemicaé wsed the chenical
anaysis is gudly likely to be bo high as tis to be bo low If all
the items were exactly 14 carats,then chemical angdis would showv
haf of them to be telow the pecified gold content Thusan aticle
that is atudly 14 caratsfine might be unjusty rejected or an aticle
bdow the equired conent may be mistakery accepted. A little
thought will shav tha if the eror in the anajlsis is large, the manu-
facturerof the aticle muwst nmake the @ld contentconsderably more
than ¥/24 b ensureacepanceof nealy al the items ested

There ae wo ways aoundthis dlemma. The nmandacturer may
puposdy increas¢he gold contentatovethe ecified leve. This is
an epersive lution and the randacturer mustpass a this in-
creasd oost Altemdively the mriesconcenedmay agree pon a
certan permissble toerance or depature fom the pecified gold
content Inasnudh as he gld contentcamat be deteminedwith-
out someuneertanty, it appeas rasnale to make dlowane for
this urcertanty. How large a tlerance shalld be ®t? This will
degpend pimaily on the aauracy o the chemical angdis. The
pant is tha, besides the poblem d devising a mettod fr the
anaysis of gold aricles, thee is he eudly important problem d
determining the ®urces of eror and the &e of the eror o the
mehod d analsis. This is a earrrent problem d measwement
regadess of the materal or phenomenn keingmeasted

There may ke ©me who éd tha small differencesare inimpor-
tant becauw, br exanple, he @ld aricle will give acepable F
vice evan if it is slighlty below14 arats. But smdl differencesnay
be mportant for a umber of reagns. If one vaiiety of whed yields
justonepercentmoregran than amthervariety, the dfferencemay
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be wimportant to a mall farmer But adledup r the whde o
the United Sates this gnall difference would mean & leastten
million morebushds of whed to feed a bingry world.

Somdimes a mall differencehastremendos ientfic conequen
ces. Qur amosphere is daut 80 percent nirogen. Chemsts can
remae he xygen carban doxide and noigure. At one tme the
resdud gas was blievedto consst sdely of nitrogen. Trere is a
interesing chamical, anmonium ritrite, NH,NO,. This cemical
can ke prepaedin a \ery pue orm. When heted ammonium
nitrite cecompaoses to gve nitrogen (N,) and vater (H,0). Now
pure ritrogen, whether dotainedfrom ar or by the deornpasition of
NH,NO,, shauld hare identcal chemical and lyscal properies In
1890, a Bitish sdenist, Lord Rayldégh, undetook a sudy in which
he ompared nitrogen dbtainedfrom the air wth nitrogen releasd
by heding anmonium nitrite. He wantedto conpare the desities
of the two gses; ha is, her weights per wnit volume He dd this
by filling a hulb of carefuly detemined voume with each gas n
turn under standa condtions: sea levé presue d 0° cdsius. The
weight of the hulb when full minus its veight when the nrogen was
extaused @vethe weight of the ntrogen. Ore measwement @ the
weight of amospheric nitrogen gave2.3001 gams Ancaher neas
uranent & nitrogen from ammonium nitrite cave 2.29849grans.
The dfference 0.01122, is snall Lord Rayldgh wasfaced with a
probdem was he diferencemeastement @ror or was hee a eal
differencein the desitie® On the ads of eisting chemical know-
ledye hee $auld have been no dfferencein dersities Seved addi-
tional meastements vere mace with each cas and Lord Rayleégh
conduded that his dtawere crvincng evidencethat he dseved
smd differencein dersities vas h excess d the eperimentalerror
of measwement andhelefore actudly existed.

There row aose he ntriguing scientfic problem d finding a
resm for the doseved dfferencein dersity. Further study finally
led Lord Rayldagh to believe tha the ntrogen from the air ontained
somehithero unknovn gas ¢ gase tha were heaveer tran ntrogen,
and which hadnat been remared by the meas uisedto remae the
otherknown gase. Roceedhg on tis asumption, he ®on isdated
the gasmuselementargon Then bllowedthe dsoovey of the whde
famiy of the are gse, the gistenceof which hadnat even been
swspeded. The gnall differencein dersities, caefuly evaluaed @
nat acadentl, led b a sientfic discovay of majar importance

Repoducedwith permisgon from Experimentaion and Measiremat by W J Youden pp. 4-15.
Copyright 1962, B85 by the National Sdence Teaches Asdation,

1742 Connedicut Avenie NW, Wadington, DC. 20009

What gep(s) dd Lord Rayldgh take b assess he «ze of the eror in his measung poces®
@ How gererdly usdul are the nattefg you haveidentified in Lord Rayldghs work for dealng with meastement eror?

What dbes Youden s are the Ikely conequene) d excessve meastement eror in databasedinvesigatirg?

Identfy a stuation, invdving measung weghtin a bboraory, whee an mportant small differencearises? Explain briefly.
® \What would be he practical problem(§ asodatedwith a snall differencelike this?

41 What dbes Youcen ndicde & the dstindion between imprecsion andinaccuracyin a measung poces® Indicae eplicitly

where Youcen meribns this dstindion.

How dd Lord Raylégh dedice ttat agon isheavig than ntrogen?

(6] What fador(9 would make it consderably easer for us, f we were to leped Lord Rayldéghs work now than t was br hm

late in the nheeenth century?
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