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Anatracr.—An Experiment is describ-
ed In which error estimates associaled

with extrapolated guantities mmay Dea
mauade.
The Chem Slady Teachers Cudide

Pdelellan, 1963, p. 437 sugeeats that
the developinent ol predictive power is
chne af the rewards of scientic activity.
These predictive powers are: repelition,
interpolation, and extrapolation. The
firsl of the Chem Study demonstrations
18 the developmenl of a pressuro-tern-
rerature relatinh and an extrapolation of
the relation to P=0 for an ostimate of
absolute zero [MeClellan, 1983, p. 123].
A further treatment of the data by sta-
tistical metlhods which would give an
estimate ol the errora associaled with
the prezanro-temperature relation would
provide a suitable iutroduetion to «
method of estimating errors. Hrror og-
timates  of quantities obluined from
other phrsicul chemistry experiments
suck as rate constants from slopes or
activilies {rom extrapolaied LMF meas-
urements may then be made.

The most frequently encountered st
tistical frealment of data is that of re-
agression analysis | Hald, 1952, p. 522].
that iz, an analysls which iz used 1o
deteriine 1he asgociation between two
variables in an cxneriment wherce onc
of Lhe variables has little or no error
agsociated with it and whoze values
are pre-determined  when the oXperi-
ments are plauned. Snch an eslimate of
a line on which the daz may lio may
be obtained by the methaod of least
sonares, Thiz iz a method of estimating
the eguation for a line that minimizes
the sum ot 1the sguares of the deviations
from the egtimato. Soeh an estimaie
iz called a rogression line. If lew ob-

servalions ave taken it may be desirahie
Lo assaciate o eerlain degres of con-
fidence with an cztimate of any corror
caleulatad by a lesat sgnares method.
Thig degice of conlidence may be called
a Conlidence Limil, Confidenes Ldimiis
are gomewhat arbifrarvy, but approxi-
mately indiesle how sure we are that
4 troc walve of an obgeorvation  lies
within un indicated range ol error. The
true value here refers to o statistical
value not to an absolute walue. Cen-
eruliy, Confidence Timils are tabulated
in terms of a probabilily P and as a
funetion of & distribution called ¢ which
ig associated with a certain number of
degrees of frendom, I, [or the ohscrva-
tiong, The values of t are related to a
knowi error distribotion and are wsed
to aid in error estimates.

The cquation Tor the pressurctom.
perature relation In the demonstration
may he approximated by the equation
for a strajght linc since the presgure-
temperatnre chunges are obtained at
constant volume. Reecall Lhat Lhe egua-
tion Tor 4 sgtraight lince through two
given points (=, y.p and (%, ¥.) Is:

(}'-_}"1)/(3_}(1_) = (}"2 y‘l),’"’ (Xz_xl) LIJ
regrrangement rields

yoown A lysm b sy (xex) (2)
The  gquantily  (y.—y) / {xX~x,)  corre-
sponds to the slope called b, The sym-
bol P owill represent the pressure (tho
dependent variable) and the symbol T
the temperature {(the indcependoni var-
inhle}.
A snitable experiment
av Lollows:
AL The pressure iz recorded at two ac
curately kunown lemperatures, The
eguation for the straight linc

may }_'rl'[')f’('!t‘.d
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Taple 1—Estimate of abgolute zero and assoviuted crror estimates

A, Two observations. The equalion for | . The pressure ig sazsumed to have an

a slralghl line, ¥ — 7, 4+ [{¥. — F)) errar and a vegression analysis is
A%, — x) ] (x — =), is used 1o performed for the two data points.
caleulale the intercept when the Sinee two points determine a linear
Pressure s Zero. function, there iy ne alatistically
caleulable error in the equalion or
Typical Data: intoreept.
Temperature, *C Pregsure
T = 450 = 155
T.—= . 784 .= &5
Te= 180 4+ L9000/ 1173.50 1

(T — 950}
P —=18.5 | LIRY x 10+ (T — 85.0)
When T is zero, T, —262°C

An esiimale of absolute zero based on the duty in A together with su eslimate
of the derived error is —262°C = O

. Four sets of observations, one obser- | ). Vour sets of observations, gixteen

vation wilhin each set. 10olal observatinng,
! .
Byrnilinl

9500 250 000 ._TFRSb Tamperature T 95,0 — 785
185 154 135 9.5 Prassure L | 9.4
18.5 5.4

i5.6 an

a6

9.6

P = 14125 4 5.2046 x 107 | Regression analysis !
("' — 10.3758) | vields the eqitaliony P — 1%.46% - 5.2044 102
Sfor the prossnve, (4 2.0817)

,,

The inlercept at P =10

Logether an estimate of Lhe The inlereept at P .. 0 ]
arror {at Y5% econfidence together with an estimate ot
limitg} is: the error (at 95% conildence

Hmits) is:
T, -— —3261°C & L4 e —261°0 £ 4




