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EXPERIMENTAL ERROR

The resuits are back from the lab:
John Smith is pregnant.
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Some labomory emors am mone obwlous (han olbess, bul there & emor assoclaled with every
megserement. Thene is no way Lo messure the “true” vadee of anyding. The best we cin &
i 2 chemical amalysis Is o cardully apply & lachnique Bt experience tells us is ralisbie
Repetiion of coe method of measzrement sevend times (ells us Be precision (rproducibil-
ity) of (he measwement. If e reulls of measwing the same quantity by dffesnt methods
agree wilh one anoier, thea we become coafident that the fesulls are accurafe, which means
Bey are near the “nae” value

Significam figuses: minsmem numbar of

Gt rogud 10 Bpoess 3 vake it sl
DOKLON wihout 0% of precision

L1 Smificnr Rgeres

uppose thal you delermine the density of 2 mineral by messuring Its muass (4,635 *© 0.002g)
and volume (1.13 = 005 ml.) Densfty s mass per unkt volume: 4.635 /.13 ml. =
4.101 8 g/mi.. The uncerainges in messurd mass and volume ae ©(L.002 § aad = 0.05 =i bat

what i the uncevtaingy In the comyputed density? And how masy significant figeres oud be
used for G density? This chapler discsses e propegation of wcertainty b lsb calculations.

Significant Figures

The numbey of signiticant Sgures is the mindmum number of digits neaded i wrile 3 ghven
value i scientiiic nolation without ks of peecision. The rumber 142.7 has four significant
Dgures, heceuse It can he wrilten 1427 x 10°. 1f you wrile 1.4270 X 107, you imply that you
know the value of the digit afier 7, which Is not @i case fo B number 142.7. The number
1.427 0 x 107 has five significant Sgures
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Larmb Spacironic 20 spectrepheicmater, Poroert
‘trmmitanay b liness soske snd sbecrbancs

1 egrthr scae

SigniECIN T bakw are boid:
1€ OMOE Q06 QED

I Erpoiation: Examans al radings m o
raares marh of he deanc et 5Eh
e s

_@l".l ig LT 1] 0E 0Ll O 1]

The aumber 6,302 x 10 has four significent fgures, Because all four Sgils e neos-
sy, Wou oould welle the ssme number a5 0LO00 D06 302, winich sl has Jusl frar sinificenl
Bgures. The revte o the lefl of the & are menely bolding decimal pleces. The number 92 5010
= mmibiguous. 1L could mean any of the Following:

0.3 x 1t 1 signibceni figures

9350 % 10° 4 signiticant Aguees

92500 % WF % signiicant Agures
"o should wrlie one of e three numbers above, lsiesd of 92 500, o dicele how many
Bgures are aciually knirem.

Femes ane sinincant when ey occur (1] in e middie of @ number o {25 o Ge ead of 2
mumber on e riphl-hand side of & decimal poinl

The lasl signincant $§E (farthed o the dght) oo messuned quealiy Qheys hex some
mxocialed uncersingy. The minimom uncerisaly is ©1 b 0 lasl digh. The scale of a
Specimnic 20 specimpiolomeler 15 dawa in Figwee 3-1. The nzedle b e Byune appeans
be ol @ ahsorbanor of (2% We sy thal this nomber has thee dgnificenl Baunes hecmme
e numibers I ead 3 s comiplelely ceriain and the number 4 i5an slimale The value mighl
e remd 0333 of 00235 by other paople. The pavoonl irsnsmitlance i near 58,3 Because the
frans mitance scale s smalksr than S sheorbance scale o Uals poinl, (ere is mfe uncerainiy
i e sl digh of ransmilance. A reseonable esimaie of unoerisinly mighl be 53.3 = L2
There are Cheee dgnificenl figwes in e number 383,

When mading e soale of any spparahe, iry o eslimale o the sesres leath of @ Svision
n & H-mll. burel, which |5 gradualed 1o {0 ml, nead he level b the nessesl 001 ml- B a
ruler calibreied b millimedess, simale disances o the neseesl 0.1 mm

Thes |5 uncerainty o any meerares qualiy, even i the messring irebmmenl has o dig-
Eal readoul el does nol Nuciuale. When & digiiel pH meler Indicales o pH ol 3.51, Deee Ix
uncerizinly in e $igil 1 (end maybe even in e SR 5. By conlmsl, inegors e exedl To
lculaie the avesge beighl of fmr people, pou wonld divide the um of haiphis (which 152
meamred quaniy with some uncerainty) by the bieger 4. Thve ane eacly 4 people, nol
4,000 = (02 peapie!

m Significant Figures in Arithmetic
e e TS B Ty Jigils ko peisim in Use answer aller you ke performad ithmelic
operalions with your defs. Rounding ssould ooly be done on Be fas) e (nol slermedl-
a2 resplix), b mid socumulsling roend-oll smos
addition and Subtradion
II the members (o he sdded or subirscied have equsl sumbers of diglis, the arewer poss fo e
same decimal place a5 in any of the individusl sumbers:

1.362 x 107

+ 3110 = 10*
4473 % 107

The number of sgnificenl Bgures In e e may exceed or be bess Dhan tal in e
origing dals
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R L) 7.26 % 104
+ &TH - &6 x 10"

13073 057 % 104

Ithe numibess heing added do nol Beve he seme mmber of significanl fpures, we o
limiled by the least cerain one. For example, e moloculsr mass of Ko is Enowa only Lo
(hee Ehisd decimal place, because we know e alomic mesx ol Kr fooaly e decimel places:

B3 (F)
+ 13¥ELT (F)
i BV (K}
120,794 BG4
Bt e
The pumber 121,794 B 4 should be roaundad do 121,795 a5 G Bl answer.

Whiesn pounding off, kook &8 oll the diglis hepoad (he | place desied. b e poecading
exumple, e Jipis 306 4 Nz beyond the lexd synifical decimal place. Becsuse Bis number
Is morz than hallway i the nexl higher digil, we round fhe 4 up (o 5 (thal (s, we mund up bo
121.7%5 Inskead of down o 1217540 17 e Inskgnificant Npees woe less Dan hallway, we
would round down. For example, 12174 3 §s mandad o 121,794,

In th spacisl case where (e member i 2uacily halfway, roend io Be resed e digil
mu:&umuw&,wnmmymmq‘mmqmrumm
lna_ul]llhmn!,uu,ldﬂxm ¥ becomes 142 x 10", The mumber 1.425 01 x 10°*
would become 1.43 = 107, » hecause 301 s more than hallway io Ge sexl digh The miio-
ule for mounding Lo an 2ven digd is G avold sysiematically increasing o decreasing resulls
Uemugh successive mousd-off eno. Hell the round-ofls will be up and hell down,

In B sidilion or sublacion of aumbers aapraseed Ba scientifc nolition, sl sumbess
Should il he expressesd with he SEmE axponsil:

1632 x WP 1632 ® 10
+4107 WP =+ QMIO0T X0
+ 09ad x I0f +084 X IT #.Hf'

s

The sum 11.513 07 % 107 is ounded do 11,51 10" hecsuse e mumber 384 x 107 limils
e o bwo decimad places. wien sl numbers uteqlunduu:ﬂ;l::-:f]l:l’.

Multiplicanion and Dwis:on
In multipiication and drvision, we are normally lmied io the number of digiis containad in
the mamber with the fewes! sipaifican: Bzums:

1% % - 43179 = 107 &)
% 178 36 X" 24820
530 % 10 16 xI® 140

“The: poswes o 1) o no influence on the aumber of gues thal shoukd be melined The secion

s fhe real rule for sipeificenl Ngues oo pege 5% cxplaing why I & easomble (o Eeep an
Hhﬂﬂﬂhkﬂrﬂﬂ!ﬂd’kmﬂﬂlﬂ I. The middie product sbove could be

exprssd & 153 % 10 * insdead af 1.6 % 10 ‘hlﬁﬁmm:lmﬂkfﬂﬂ
shon of e facior 3.6 in Ge mullipl oo,

Loganthms and Antloganithms
I = 10, then we sy thal g s the hase 10 legarithm of &

Lopariihm of & a=1" memsiml lgx=a 30
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