_ . APPENDIX A
SEcif,loN A-1. Unéertai_nfy.in.measurenﬁant '

Measurement is the foundation of all experimental sclence. Accordingly, the degres of certainty
about conclusions drawn from .experiments depends -upon thé acouracy ‘and précision of the
measurements made while conducting the experiments, The accuracy of a measurement Indicates the
amount by which It differs from a kriown, true valus; the precision of a measurement Is a measure-of the
"repreducibility” .of the measurement. . Let's .use -an analogy to make thls more Clear. -Suppose we -
_ consider two archers who-are shooting arrows at the targets below. The small clrcles In the canters of the

targets are the bulf's eyes, and the x's mark the points where the archers' arrows have struck the targets.
Nota that archer A shot arfows ail overithe place, Archer B shot arrows which landed very close together,
but not near the bull's eye. .Archer C-shot arrqws very close tpgether too, and they also hit the desired
spot!. Archer B Is precise, but riot accurate; Archer C Is both preclse and accirate, - ArcherA should &ell

. his bow befare he hurts somebodyl - _ .

ey i

" Archef B ‘Archer ¢

Figure A-1
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© = Archer B Is precise bacause he can reproduce his résuits. You Ear_i also think of précislon as a -
reflection of incertalnty. If precisicn Is high, uncertairity Is iow. ‘Since archer B Is precise, the uricartainty
abolit where his arows will hit is small,“ Time aftér time, h& gets the same result. * (Even though hé niay"
never hit the bull's eye.) Archer C'always gets the deslred resiilt. Therefore, hé Is acclrate.. Slnce his -
dceuracy is consistent, he lsalso precise.~Archér Als not precise or dcturats, poor uy. CAm

.7 The sclentific Investigator tries to'be both &ccurate and precise.  However, regardléss of the
exactngss of the measurements, there IS"a degree of uncertainty. This uhcertality may be caused by the
usg: of-Inadequate 'Instruments, *by inexacthess 'in the ‘readings ‘niade by the Tnvestigator, 'or by a
combination -of thesé factors:” It Is customary In reporting sclentific Pisasurements to-include ‘all of the -
figufes kriown with certalnty ahd-oné déiibtiul or estimated figure, - For éxample, the inatric rler shown
below'in Figure A-2 can be read as3.5cm, ~ A

7 8inge the 3 can be read directly from the ruler, It Is known With certalnty. The 0.5 ¢m reading Is an

esfifiate fMade by'the Gbserver and Is only theestimate of the Person-reading the scale. ~Although *

estimated and therefore doubtful, the 0.5 cm Is reported as part of the measurement . The digits knowi
with certainty In any measurement and the first estimated digit are all part of the measurement and are
called significant figures. ' ' : ' :
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Figure A-2

A3 ©1997, AJd. Girondi



It Is important that & person does not report a figure such as 3.58 ¢cm as having been read on the
ruler shown above. Since the 0.5 figure is only an estimate, the next figure (0.08) cannot even be
estimated and, thersfore, a measurement of 3.58 Indicates more Information than is really known.

Slmifarly, a reported reading of 3 cm would convey too liitle information, because the reader would assume’

that the 3 was an estlmate. when tn factltis knoWn with certatnty

A sclentiﬂc measurement should Include all of the Informatlon possible, but not more than can

truthfutty be recorded. Gsnerally speaking, most measurements can be-read to one decimal place beyond - -
the smallest divisions on the scale being read.. Thus, if an instrument Is callbrated so that the closest -
marked.divisions are at Intervals of 1 ¢m (the ones column); readings can usually be made to. the tenths '

column wlth the [ast digit being an estimate, Thue. we read 8. 5 om from the scale tn Flgure A—2

There are two methods for expressing how much uncertainty there ls In a measurement. In the

first- method, the uncertainty Is spaclfically expressed. - -For example, the reading from the scale in Flgure |

A-2 above was 3.5 cm.- We are unsure of the 5. Allwe can say'is that the real valie Is somewhare between
3 and 4. Thus the “real" value could actually fafl into a range which is 0.5 cm above or below the 3.5 em
reading. We would, therefore, say that the uncertainty In the measurement is & 0.5 cm. The
measursment would be expressed as 3.5 cm k 0.5.

The second method of expressing uncertainty involves the use of the proper number of
significant figures when expressing the measurement. In this method, the amount of uncertainty Is not
expressed. Instead, the column’in which the uncertainty exists Is Implied. For example, when we write the
measurement as 3.5 cm, the reader will assume that the fast significant figure (the 5} Is an estimate. The
reader then undetstands that the uncertalnty is In the fenths column. The reader understands-that the
amount of uncertainty e at least +.0.1, but It could be more (such as + 0.2 or & 0.3, efc.). This method of
expressing uncertalnty Is not as specific, but It Is a lot more convenlent. -

In measurements that have been reported correctly, all nonzero numbers are always slgglflcgnt
figures. A zero may or may not be a significant figure. Why is that, and how can was tell whather a zero is
significant or. not?. First, we should try to establish if the zero in question Is serving merely to determine or

Iocate a declmal polnt When 4 zero serves as a determlner or indlcator of a decimal point {that is, If it - -

eerves asa “place holder” ) 0t Is NOT consldered to be a signiﬂcant ﬂgure ‘For example, conslder the -. -

flgures showh below _In Figure A-3, note that the arow is located between 10,000 and 20, 000. As'we. -
read the scale we are’, therefore, sure that the first dlg[t Inthe measurement should be ail. This Is notan, - -

estimate, and it is not, therefore. the final slig fig. Now, we estimate that the second digit mtght bep 2. So
we read 12,000 as the locatlon of the arrow. - Since the 2 js.an estimate, it-Is the final significant digit in the

measurement We can read no more digits from the scale. However, in order to put the decimal In the
proper location we need some place holders. Zeros are used for that purpose; but, these zeros will not be . -
read o esttmgted from the scale. They are NOT significant. They serve merely as place holders, Lookat -

F!gure A-4. Note that we can be ‘stire that the arrow |s located between 10,000 and 10,001 on the scale,

This, we are sure that the first dtglt should be a 1, and we are sure that the next four digits shouid be .. :

zeros. (We read them from the scale.) Since the arrow appears to be about half way between the two
values, we-estimatethat the measurement should be tead as 10,000.5. .The 5, however, |s an estimate

and Is, . therefore the final sig flg The zeros In this case, are. not merely place holders They are._.,-;----

slgnlﬂcantl . e

10,000 20,000 30,000 40,000
I ] 1. |

+

- Figure A-3
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~ 10,000 _ _ + _ 10,001

Flgure A-4

The foliowing 4 rulas shotid be ohserved in determlnlng whether adigltls a slgniﬂcant ﬁgure You will be -
expected to know these rules! _

1. Ncnzero dights are always s!gnlflcant.

2. "Leading zeros" (zerog which appear in the front portien of a number) are never significant.  For
example, the niymber 0, 0038 has two "sigfigs." The zeros are used to Jocate the decimal point. We often -
pute zero to the left of the decimal In numbers whlch have a value less than one. It Is not signlﬂcant

3. "Tragpecl Zeros” (zeros which appear between slgnlﬁcant dlglts In anumher) are always slgnlﬂcant “For
. example, the numbers 0.0304 and 203 bolh have three slg flgs white the number 800006 has six sig

fgs‘r

4, _'T_:gllmg_zems: (zeros at the end cf a number) may or may not be slgnlflcant They are slgnlflcant only lf
the, deolmel point Is expressed If the declmat-Is’ understood (not showing), .the tralling zeros are not
slgnlﬁcant -This,. ,the numbers 1900 -and ;16.00 both contaln four slg figs since the_decimal point is
expressed (showlng) In both cases. However, in a number with an understood decimal point, the final-
zeros are just used to locate the decimal point and are NOT significant. Thus, the number 16,000 has two
slg flgs (the 6 Is uncertaln). . If we express the decimal, 16000., the final zero Is the uncertain digit and the
number fow hasfive sig f‘gs (Sometimes y whena number ends with several 26ros, the last significantone
has & bar c\.'er it. For example, If the second zero In 16, 000 had a bar over [t, the number would then,_ _

conteln4slgfigs) Ll P o CE

: When performing arithmetic calculations Involving measured values, we must express our results
so that they contaln only the number of significant figures justified by the uncertalnty of the orlginal
measurements. Thus, It is frequently necessary fo round off numbers 50 thet a result does not appear to

be more certaln than the original measurements.-
The following rules should be carefully observed when 'roundlng offa measurement' ;

a. When the cllgit dropped !s Jess than 5, the precedlng diglt remalns unchanged far example B 3734. '
when expressed to three slg Yigs becomes 8. 37 A T T

i When the digit dropped Is 5 or more, the precedlng digit is Increased by 1; for example. 3.6287
expressed to three sig figs becomes 3.63. . ,

When imeasurements are added or subtracted, the resuits of the calculations should be rounded off te the
column conhtaining the Ieftmost uncertain diglt, For exafiple, - "

ADD SUBTRACT
286cm 287.56 ¢
- 327.33 cm 764 g

211169 — (211.29)

5891212 em -

6247.142 cm —> (6247.1 cm)

In the addition prablem, since 28.6 contains the leftmost uncertain diglt (the 6 in the tenths column),
6247.142 is rounded off to 6247.1. In the subtraction problem, since the 76.4 contains the leftmost
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uncertain digit (the 4 In the tenths column}, 211,16 Is rounded off to 211.2.

When measured values are multiplied or divided, count the number of sig figs in each meaeurement. The
one which has the [#ast number. of slg figs detennlnes how many slg flgs will appear In the answer.

Example: 28 cm X 47280m = 132,384 cm2 = 130 000 cm2 (rounded)

Since 28 contalns two sl figs and 4728 contains 4 sig figs, the answer must be rounded to two sig figs
which would be 130,000, Sincé the zeros In 130,000 only Indicate the posiiion of the deolmal polnt they
are not sig figs. 130,000 cm2 contalns only two slg figs. -

Here are a couple of rules to rerember:

1. When experimental quantitles (measurements) are multipﬁed or divided, the result is rounded lo the e
sama humber of s!g ﬂgs as the measurement whlch contalns rhe Ieast number of slg ﬂgs ' .

2, When expeﬂmental quantities (measumments) are added or subtracted the uncerraln dlglt In the result
must be In the same co!umn as the leftmost unceﬂaln diglt !n the oﬁglnal measunemenls

Thls sounds confuslng 80 look at the addltlon problem llustrated on page A-5. The 6 Is the'-"-*
uncertaln diglt in 28.8 and [t Is In the tenths colurnn. The second 3 Is the uncertain digit In 327.33 and itIs
- in the hundredths column. The sedond 2 Is uncertain In'5891.212 and It Is: iy the thousandth colimn.“Of - -
the three uncértain -digits, the leftmost one Is the 6 n°28.6. 8o, the answer- should be rounded to'the
tenths coluimn and becomes 62471 Do you now see why the answer to ‘the subtractlon problam l -
rounded off tothe tenths column‘?

When dolng a problem which’ Involves both multipllcatlon (or dlvlslon) AND additlon “(or®
ubtraotlon) you should round to the correct number of slg figs only-when swltchlng from multlpllcatlon (or" o
divislon) to addition (of subtrattion). Thus, you should nét round off any Intermediate resuilts whlle you are o
Just multiplylng and/or dividing or when you are just adding and/or subtracting. .

For example. try to solve the problem below wlth your calculator. -

1113 em X 43cm X 811 cm Sl g
5 00en X 100 om 4.5(:m sl-:.li.3_2cm = Pem .. s

The bast way to handle this calculation is to do all the multiplicaticn and division and then comectly round
the result using the proper rule. Then, do all the addition and subtraction and round that result to.the
correct number of slg figs ising the proper rale. Finally, the two calculatlons ©an be. comblined and .
rounded to obtain the final tesult. The correct answer to the problem Is 21 crfi wheh rfonnded properly

seorlon A-2. Problems

Préblem 1. Underline any digiis In the following measureménts which ere,l;lOT significant, ..

a. 2.4421 ¢m h. 42.0040 m 0. 7080.0040 mg
b. 200.41 m 1.3000 mm p. 0.8 mg
c.3.00L 1.5.300 g q. 674 L.

d. 0.10004 cm3 k. 00.0050050 mL r. 4000200,080 m
e. 0.0020 m2 1. 240 kg s. 767003 cm

f, 00.0030030 m m. 23,600.010 cm t, 97600 g

9. 108,080 cm ‘n. 0.0060 mL _ . u. 8740. mg
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Problem 2. Express answers to the following using the cotrect number of sig figs, Check your answers.
You may be surprised )

a.3.14mX3m =
b.4.688m/2.0m =
c.3.4m+2.11m+0.8001 m =
d. (4.811 m)(3.1 m)5m) =
e. (3.4 m)8.22 m)/3.2m =
f.(6.68m2/22m)~34m+788m =
g. (342m2/21m)(2442m/210m)(6566m/214m)+4532m
.-"‘h 34,8772 ¢m + 043 o =
L (3452m)(201m)—"
J. 457.8865 mL /3 mL-=
k. 8899 -2.886 g =
L (459+1249)/20.g=
m. (23 800 m)(2 m) =

3. indlcate how many slg ﬂgs are present In each of the followlng

RS

a 6Mm  _____ | 40003.m ——————
b.dom [ ____. . JkO000ibom ..
“ o 058 m e . 408.0m —
d 609m  _____ m. 20000m - _____
e 3040m  _____ n 200130m  _____
fUB009m C o, 20000m° T ____
" g. 3564.20m ___ p. 0.050440m ___._ )
h. 0.042m  _____ q. 5744 m —_—
| 55600m _____ r. 99100 m e T L D

4. When a number s converted into exponential form, only significant figures (digits) are used. Keepling
thls in mind, express the followlng In sclentiflc notation. o

e, 60401 -

a. 381 cm
b. 80462 kg f o.oéé;ibq g ;
c. 0.0055 g g.'3-00 mL
d. 101000 mm h. 0.52 kg

: It Is important to emphasize that significant figures only exlst in measurements Therefore the
rules regarding significant figures only apply when you are working with measﬂrements ‘At this point you

need to-learn that there are three particular cases in whlch the rules regarding slgnlﬂcant fguras do not .

apply.

Flrst, the rutes do not apply when yoll are working with pure ‘numbers. So, f‘or'e'xér'nple. if we were to

multiply 5 times 45, the answer would be: 5 X 45= 225. These are pure numbers, they 'dd not have units. .

Since they are not measurements, we do not round the answer using the rules for significant figures.
AT ©1897, A.J. Glrondi



However, if we muitiply 5 om X 45 cm then the rules for sig figs do apply and the answer would be:
5 om X 45 om = 225 cm?2 = 200 cm?2 (rounded)

Second, the rules do not apply when you are dealing with definftions that relate units of measure wlthfn
the same system - stch as the metric system. For example, look at the problem below and talculate the

answer.
1L

434.5mL X m— = L

This problem Involves muiltiplication and division. Therefore, we count the number of sig ﬂgs In"each of
the measurements. The only measurement In the problem Is 434.5 mL. The ratio of 1L/1000mL is a
definltion. Even though this ratio Includes numbers with units, 1 liter Is equal to 1000 L by definitlon.
‘Therefore, we look only at 434.5 mL. Seeing that it contains 4 sig figs, we rourd the answer to four slg
figs. If a ratlo i3 used which changes units [n one system of measurement to an ecuivalent measure in
another system of measurement, then the rules do apply. For example, calculate the answer to the
problem below. , ‘

1,00 pound

454 grams

The ratio In the problem above converts pounds (English system) into grams (metric system)
Measurements actually had to be made to determine this relationship, so the rules apply here. You cannot
change pourids Into grams by definition since they belong to different systems. : Following the ruls for
multiplication and division, the answer Is rounded to 3 sig figs.

676d4g X = ???pounds

Third, the rules for significant ﬂgures tdo not apply to "counts, " because "counts” are not measurements
For example, In the problem below, calculate the number of dozens of eggs we can obtain from 155 eggs

B064 egps X EEO—ZEE = ??? dozens

12 ¢ eggs

8064 eggs Is a "count.” There is no uncertalnty. It means exact]y 8064 eggs Similarly, there ars exactly
12 eygs in a dozen. No measuring Instrumsnt Is needed here. thus these cannot be meesurements The
rules for slg figs do not apply. The answer Is 672 dozens, -

SECTION A-3. Answers to Problems

1. -aA.24421em - - h/42,0040 m j o. 7050 0940 mg
b. 200.4% m L3000 mm p. 0.8 mg ‘
c.3.00L , [.5.300g . q. 674 L
d. 0.10004 cm?3 k.00.0060050 mL. . 4000200.080 m
£.0.0020 m2 : I 240 kg s. 767003 cm
f. 000030030 m m. 23,000,010 cm t. 97600 g
g. 108,090 cm n. 0. ooao mL u. 8740. mg

2a9m2b23mc63md?0mae 98mf75mg123mh3501cmi694m2]200; -
kBBSg,IBSg.m 500{30m2 , o , -

333b202d363f496h2|3]5k314m1n505p5q4r3

4. a.3.81 X102 cm; b. 8.0462 X 104kg; ¢. 55X 103 g; d. 1.01 X 105 mm, e. 604X103L
f3400X10'39, g SX‘IU?mL h. 52)(10-1 kg :
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