
Nature of Measurement

MeasurementMeasurement -- quantitativequantitative observationobservation consistingconsisting
ofof 2 2 partsparts

PartPart 1 1 -- numbernumber
PartPart 2 2 -- scalescale ((unitunit))

ExamplesExamples::
2020 gramsgrams

6.63 6.63 ×× 1010−−3434 JouleJoule secondsseconds



International System
(SI)

BasedBased on on metricmetric system system andand unitsunits
derivedderived fromfrom metricmetric system.system.



The Fundamental SI Units

Physical Quantity Name Abbreviation

Mass kilogram kg

Length meter m

Time second s

Temperature Kelvin K

Electric Current Ampere A

Amount of Substance mole mol

Luminous Intensity candela cd



SI prefixes

Prefix Symbol Multiplier Exponential notation

exa- E 1,000,000,000,000,000,000 1018

1015

1012

109

106

103

102

101

10-1

10-2

10-3

10-6

10-9

10-12

10-15

10-18

peta- P 1,000,000,000,000,000

tera- T 1,000,000,000,000

giga- G 1,000,000,000

mega- M 1,000,000

kilo- k 1,000

hecto- h 100

deca- da 10

deci- d 0.1

centi- c 0.01

milli- m 0.001

micro- µ 0.000 001

nano- n 0.000 000 001

pico- p 0.000 000 000 001

femto- f 0.000 000 000 000 001

atto- a 0.000 000 000 000 000 001



Uncertainty in Measurement

A A digitdigit thatthat mustmust be be estimatedestimated isis
calledcalled uncertainuncertain.  A .  A measurementmeasurement
alwaysalways hashas somesome degreedegree ofof
uncertaintyuncertainty..



Precision and Accuracy

AccuracyAccuracy refersrefers to to thethe agreementagreement ofof a a 
particularparticular valuevalue withwith thethe truetrue valuevalue..

PrecisionPrecision refersrefers to to thethe degreedegree ofof
agreementagreement amongamong severalseveral elementselements ofof
thethe same same quantityquantity..



Precision and Accuracy

Neither precize nor accurate Precize but not accurate Both precize and accurate



Types of Error

RandomRandom ErrorError ((IndeterminateIndeterminate ErrorError) ) --
measurementmeasurement hashas anan equalequal probabilityprobability ofof
beingbeing highhigh oror lowlow..

SystematicSystematic ErrorError ((DeterminateDeterminate ErrorError) ) --
OccursOccurs inin thethe same same directiondirection eacheach time time 
((highhigh oror lowlow), ), oftenoften resultingresulting fromfrom poorpoor
techniquetechnique..



Rules for Counting Significant
Figures - Overview

1.1. NonzeroNonzero integersintegers

2.2. ZerosZeros

-- leadingleading zeroszeros

-- captivecaptive zeroszeros

-- trailingtrailing zeroszeros

3.3. ExactExact numbersnumbers



Rules for Counting Significant
Figures - Details

NonzeroNonzero integersintegers alwaysalways countcount as as 
significantsignificant figuresfigures..

34563456 hashas

44 sigsig figsfigs..



Rules for Counting Significant
Figures - Details

ZerosZeros
-- LeadingLeading zeroszeros do not do not countcount as as 

significantsignificant figuresfigures..

0.04860.0486 hashas

33 sigsig figsfigs..



Rules for Counting Significant
Figures - Details

ZerosZeros
-- CaptiveCaptive zeroszeros alwaysalways countcount asas

significantsignificant figuresfigures..

16.07 16.07 hashas

44 sigsig figsfigs..



Rules for Counting Significant
Figures - Details

ZerosZeros
-- TrailingTrailing zeroszeros areare significantsignificant onlyonly

ifif thethe numbernumber containscontains a a decimaldecimal
point.point.

9.3009.300 hashas

44 sigsig figsfigs..



Rules for Counting Significant
Figures - Details

ExactExact numbersnumbers havehave anan infiniteinfinite numbernumber
ofof significantsignificant figuresfigures..

11 inchinch =  =  2.542.54 cm, cm, exactlyexactly



Rules for Significant Figures in
Mathematical Operations

MultiplicationMultiplication andand DivisionDivision:: # # sigsig figsfigs
inin thethe resultresult equalsequals thethe numbernumber inin thethe
leastleast preciseprecise measurementmeasurement usedused inin thethe
calculationcalculation..

6.38 6.38 ×× 2.0  =2.0  =

12.76 12.76 →→ 13 (2 13 (2 sigsig figsfigs))



Rules for Significant Figures in
Mathematical Operations

AdditionAddition andand SubtractionSubtraction:: # # sigsig figsfigs inin
thethe resultresult equalsequals thethe numbernumber ofof decimaldecimal
placesplaces inin thethe leastleast preciseprecise measurementmeasurement..

6.8 + 11.934 =6.8 + 11.934 =

22.4896 22.4896 →→ 22.5 (3 22.5 (3 sigsig figsfigs))



Dimensional Analysis

ProperProper useuse ofof ““unitunit factorsfactors” ” leadsleads to to properproper
unitsunits inin youryour answeranswer..

OK
mile

:
.1 0 62137
1

kilometer
0.62137 mile kilometer

=

NOT OK:
1 kilometer

0.62137 mile
1 mile

0.62137 kilometer
=



Volume
01_06

100
90
80
70
60
50
40
30
20
10

100-mL graduated
cylinder

250-mL volumetric flask50-mL buret25-mL pipet

Calibration mark
indicates 25-mL
volume

0
1
2
3
4

45
46
47
48
49
50

mL

mL

Valve (stopcock)
controls the liquid 
flow

Calibration mark
indicates 250-mL
volume

01_08

0

10

20

30

40

50

mL

Buret

22.2 mL

Read volume at the bottom of the liquid curve



Temperature

CelsiusCelsius scalescale == °°CC
KelvinKelvin scalescale =   K=   K

FahrenheitFahrenheit scalescale == °°FF



Temperature

01_10

180
Fahrenheit
degrees

Boiling
point
of water

32°F

212°F

Freezing
point
of water

Fahrenheit

100
Celsius
degrees

Celsius

273.15 K

233.15 K

373.15 K

Kelvin

 -40°F

100
kelvins

0°C

100°C

-40°C

T T

T T
F

5 C

K C

F C

= +

= ×
°
°

+ °

27315

9
32

.

F



Density

DensityDensity isis thethe massmass ofof substancesubstance per per unitunit

volumevolume ofof thethe substancesubstance::

density  =   
mass

volume
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