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Figure 6.4. MEASURING: Three Examplesfrom Physcs

Much ingenuty and labour hasbeen epen-
ded on neaswement ¢ the valies of physcal
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hase been macke, a citical appaisal of the d#éa is
neeed b pck a‘bestvalue br the cngant and
to st sene Imit for the uncetanty (or ‘error)
of this value The nmajar theme d this Fgure is
that nuch mae can ke tne by eperimentes
than ha been donein the g to assst bath the
experimenterand he citical appase in their
tasks,particularly with regard o the prope evat
udion of irmcairecy (.e., sysemaic eror).

——0——— Adans, D41

Newcorb, 895 —O0———
——0—— Hinks, B01
+0+4 Noteboom, 1921
F——>0—- SpencerJores, D28
—0— SpencerJores, D31

—0o— Witt, 1933

——0— Brouwwver 1950
[ Rabe, 1950
® Millstore Hil, 1958

o1 Jodrell Bark, 1959
to4 ST.L., 1960
@ Jodrell Bark, 1961
® Cal Tech, 1961

0 Soviets, 1961

Measuement eror is wsudly consdered to
be te ret resut of sevad components

@ imprecsion: variation anong reped resuts

with no celiberde darge in he gpaaus a

T T T T T T T T T T T
149.2 149.3 1494 149.5 1496 1497 1498 1499 1500 1501 150.2

Kilometres x10°

(b) The Speed of Light

#6.7

934

procedire Miles/second
e inaccuracy (or syseemadic aror) 186 320 2 22 23 24 2

- as®dated with the theory of the méhod Cutmg‘(y_{ ust 16 RU

of meastement; Thomas GBHo—G |

- resllting from the gpaatus or dosever oS usH G '
Impredsion can ke reduced ad quantified by re- o8 M METHOD CODES

p_ i y o N y Au—0—G CR Cavity Resnato
pdition and averaying and is wsudly minor; the pureie | G: Geodmeter d Bergstrand
roe o inacauracy is gpaenty undeesimated Essen i Ccr WY icrovave Iteferomeer
as llustraed n the hree dagrans at he ight. Frogrome oM R Raoot e
e Diagam @) ows he eslts from 15 deter SwHoH G Sh_Shoran

minaionsof the atonomical wit — the aer swi Froame Py~ Wi s

age dastancebdween the eath and the sin; SWAH;ufjj G

the cente of each drcle () gives the best SwWiHo—G

(point) estmae from the elevantinvesiga- COUNTRY CODES srotsn|

tion, and the tars (—) indicae tre invesiga- Au - Austrda Us G

, . . . G.B: Gred Britain U.St ISh

tors’ assessent @ the Imits d error in their Sw. Swecen Ust o 6

values. Eadh bar is lakelled with tle rames US  United Sates Flormant 'R

of the nvestigabr(9 and the ga of their 299 789 0 a 92 03 94 95 96 97

report of the wak.

Diagam @) hows the eslis from 24 deter

mindionsof the gead d light, usingthe same onventons &
in diagram @), exept tha for nondaboraory measwements,
the cauntry rather than the mvestigabr(9 is gven; in addition,
a ode for the expaimental mehad for the detemindion
appeas d the ight-hand end beach eror bar The stides
cover a period d abaut 30 yeas and the eslts are adered
acordng to the valie dtained

Diagiam €) hows the eslts from a Ganadan deermnination
of the acelerdion due ¢ gavity & Ottava. The method in-
volved iIming te dop of a wle in a evacuded ube; reslis
were reportedfor 32 dops of each of two equdly carefully
calbraied ules Each st d resits is shown & a histagram,
the rumbers within the kars béng the g two diits d the
meastements €g., ‘06 repreents 80.6106 cm/seé). The
cirde and bar wndereach histggram represent the gerage+
onestandad deviation of he 2 values.

REFERENCE: Youden WJ: Enduring Values,
Tedinamerics 14(19: 1-11 1972).
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A notewothy fedure d the eslts in diagram @) is tha eac investigabrs ‘best value lesouside the imits reportedby
his mmedate predecer, and the gudion is rot grealy improved even if the rargesof the eror bars ae omnsderedingead
of the pint esimates; tis siggesttheseinvesigabrs  not have reliable information atout their saurces d inacaurecy. In
diagam (), the valuesare gpreadove a rarge of 35 km/seond yet haf the daimedermors ae well unde 0.5 km/seond
suggesing tha individud investigabrs ae wnable to ®t ralistic imits of error for their reportedvalues. In diagram €), degpite
the equdly careful calibration of he two ules, hey dealy leadto different esuts, providing s with a dimpse of how inaccu-
racy is mnneded with ®me m@rt of the gpaatus. The bssn is ha an esental repongbility of al experimentes is to ty
to quantify this and ohertypes of inacaurecy. As dsausse below by carrying aut an experiment n a poperly desgned
mamer inaccuarcy from dfferent ®urces @an ke esimated effciertly (.e,, without having b make an &cessve number d
meastement$ and expeimentaly (.e., withoutrdying merely on ‘pge’ esimaes basedon expertjudgemeny.

Supmsewe ae cocenedwith quantifying threesaurces ¢ measung inaccurecy in the déermination of he aceleraion
due b gavity: the cabraion of he wle which the dé& in dagram €) owerleaf ;m page 67 aldress], and theiming dock and
the resdud presue in the ube which thesedaa  notaddresy Derotethe two rules byR, andR,, two docksby A andB
and two pesuesby P andB; then he samenumber d meastements(64 as h dagam €) should be nade wmprising 16
with each of the bllowing four corrbinatbnsof the hiree surces of inacaurecy (rule, dock, presue): () RAR (2 RBB (3
R,BR (4 R,AB. The ompaism of rules & then nace by omparing (1) +(2) with (3) +(4); the @mpaism is fair in tha it
is not contaminaded with dock ar presue inacauracy and, beingbasedon dl 64 measwements, $ of the samepredsion as br
the datain diagram €). Further the ejuivalent @mparism o clocks now comes fom (D) +(4) vs(2) +(3) and ha of presues
from () +(3) vs(2) +(4).

The bass of the eperimentaldesgn descibed in the peceihg paragiaph, in whichthe sameanourt of datayields esse-
tially three tmes as nuch information & dagram €), is the sysiemdic changing d more than one factor at a imein different e-
peimentalruns This is @ntrary to mostpeles intuition, whichingead gnedly lead to he neficientpradice of charging
only ane factor at a time  For exanple, f the burruns are hsedon (1) RAR (2 R,AR (3 RBR (4 RAR, only half the
daa ae wsedin making each comparism, resilting in an @predabe lossof sersitivity. Anather dsadvantge of he thame
onevariabe & atimeapproac is tha a smple average of hesefour combinatonsdoesnot give equd weight to the aterra-
tives Thesematers illustrae important sttisticalprindples data geneated acading to a pope experimental design ae
usualy more informative andeager to analyse.

In his conduding paragiaphs Youcen s&s: What sans nostinteresing to me is ha when meauring a fhyscal congant usudly
no dargesare mack in the vaiales, or & mostin ore or wo, as in he Gtava sudy Equdly dea is the fad tha when amther
invesigabr makes lis dfort, every conponent in the meauing ysem b dharged Reliane is ajain placed pon calibration and vaious
corredbns. Nothing is cone akout the fad tha the esits obtaned by dfferent nvestgabrs dsagee a gea deal nore than waild be
expeded n view of the papa’ esimaes of g/semdic eror usedby the nvesigabrs. It gpopeas © be an # or nonesitudion. Everything
ges chargedin anather laboraory. Almog nothing getschargedwithin a Bloraory. This makes t imposéble to sngle aut and meaue the
sarrees ¢ measung nacauracy. The epert faced with fiding a kest valie is egdly in the dak. His role is more ke the man yidging
animak at a ourty fair than ha of a <ientst. And it would be so ag/ to improve m this gate d affairs.

In the dsaus$on on page & overkaf tiken fom Youden, threesoucesof meastng inacaurecy ae nmenfoned. What ae they/?
® Forwhat surces, othe thanmeasting, do dda becme nacaurae?

Diagiam () preents the esuts of a «edle wllection of seriousattenpts to meaue the peed d light. From the infor-
mation in he dagiam,exgain briefly wha do you mndude éaut
o the ‘bestvalue 6r point esimate); e the imits d error d this esimae.

In diagram () overkaf o page 67, the B valueshasedon he godmeter nettod ode ‘G) are preadappoximatedy uni-
formly overthe whde rarge of he 24 values,and the iree $ioran('Sh) resilts are4th, 19th and 22nd in order d magni
tude Wha conduson do yau drav about inacauracy asodatedwith the theay of thesetwo mehods of measudng he
speed 6 light?

In diagram €) owerleaf o page 6/, explain briefly why the diferencein the aerayesof the two etsof 32 meastements $
morelikely due b inaccuracythan toimprecsion.

In light of the dagiams overkaf m page 67 and the diaus$on above wha reasor(s) do yau infer for tre fad that different
invesigabrs dsagee ly more, ®mdimesfar more than her claimederors?
® \What b you mndude éaut ‘pgpe’ esimaes of inacauracy basedon expertjudgemen? Explain briefly.

6 Explain briefly the meamig d the bllowing sataments, viichocair in the ®mndand hird paragaphs abwee:
e theconpaisonis fair in that it is not contaminated with clock @ presure inaccuracy,
o a smple avgage d these bur conbinations des not give egud weghtto the aternatives

Explain wha Youcen ha in mind in his @nduding gatement: Andit would be so asy to imgrove on his date of dfairs
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