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More on precison

Every measurement contains some amount of ERROR, or some amount of
deviation from the frue value of what is being measured.,

RANDOM ERROR is the variability in a measurement that cannot be traced
back to a single cause. Random errors cause measurements to fluctuate
around the true value, but can be averaged out given enough measurements.

When reporfing measurements, we want to indicate how much random error
we think is present. How?

An experiment ... °

1 em -

How long is the green line?

For this experiment, measure the line and record your answer in the form: X.XX cm
(In other words, measure to the nearest 0.01 cm)

Write your answer on the card, then pass the card up to the front!
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Our classroom experiment: Results

After throwing away obvious mistakes in reading the scale, we had:

value 4 students .61 61S cm : unrounded average
Overall average

1,62 H
.63 £ .0
.63 3 L\ \ cm
Certain.
| .64 \ Little to no
variation
expected.
Same almost
every fime

Q fobul measure meats

When reading measurements from a scale, record all CERTAIN digits
and one UNCERTAIN (or estimated) digit.
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Significant figures

SIGNIFICANT FIGURES are a way to indicate the amount of uncertainty in a
mMmeasurement.

The significant figures in a measurement are all of the CERTAIN DIGITS plus
one and only one UNCERTAIN (or estimated) DIGIT

E»cowv\‘a\e‘-
F(om owv C\agﬁfoom €¥()Qr'rvn€m+/

1.63, o

We estimated the last digit, It's
uncertain

These digits were obtained in all
measurements. They are certain

THIS MEASUREMENT HAS "THREE SIGNIFICANT FIGURES"!




o Determining significant figures

When you read a measurement that someone has written using the significant figures
convention, you can tell how precisely that measurement was made.

4/ aeprom'w a%'e vn (Ler +on-’h +7

ll/{’?@ \(ﬁ iU,OO\ﬁ

This was measured to the nearest +/- 0.001 g
The last digit is always UNCERTAIN (or estimated)

Q_ @ YW\ s j—W\ Some olher e amples

3,1()7é\9 “j:o,ooolj

uncertain digit

T 0,0l A
%7,1@ L lfj /2_/7-%1’") + 0.lm
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A small problem

The number ZERO has several uses. It may be a measured number, but it may also
e a mere "placeholder’ that wasn't measured at all!

So how do we tell a measured zero from a placeholder? There are a few ways:

1: BEGINNING ZEROS: Beginning zeros are NEVER considered

significant.
(150 o anobherway of wribiy )

ONS 9 0.15 4

\ ~__This zero merely indicates that there is a

decimal point coming up!

0.00S|~ (1.5em )
These zeros are placeholders. They'll disappear

if you change the UNITS of this number!

8 IOOO_‘G'}' h\p\

None of these zeros are considered significant
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2: END ZEROS are sometimes considered significant. They are
significant if
- there is a WRITTEN decimal point in the number
- there is another written indicator that the zero is
significant. Usually this is a line drawn over or under the last zero that is
significant! ‘/awro;.‘.m.ire untertainty

This zero IS considered significant. There's a written decimal.

9’_@] v T loowm
L

These zeros ARE NOT considered significant (no written decimal,
and no other indication that the zeros are significant)

T 1004

099
These zeros are noft significant.

This zero IS significant. [t's marked.

' 450
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How many significant figures are there in each of these measurements?

76.070g 0 .00\ 85000. mm 71 sy 0.001030 kg ¥ 0, 6pepo) i
S | | W J
S decimal point g
15().00029i(5).:9001j 0.10s to.2lg

17000000 mg * |,206000m
2

—

120000 km = 100 Ky 1350ms T 1oms
4 3

(Number of significant figures is indicated in RED below each measurement. Significant
digits are UNDERLINED.)

(Approximate uncertainty in each of these measurements is indicated in GREEN after
each one.)
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Calculations with measurements

When you calculate something using measured numbers, you should try to make
sure the ANSWER reflects the quality of the data used to make the calculation.

An ANSWER is only as good as the POOREST measurement that went info finding that
answer!

14,206 Xq
15472 Kq

1.0 Kq

+ 0222 w5 o
= Round so that there's only one uncertain digit

170.748 Ky in the answer!

How should we report this answer? How much uncertainty is in this answer?

170 77Ky

¢ If you add an uncertain number to either a certain or an uncertain
number, then the result is uncertain!

< If you add certain numbers together, the result is certain!



For addition and subtraction, round FINAL ANSWERS to the same number of decimal
places as the measurement with the fewest decimal places. This will give an answer
that indicates the proper amount of uncertainty.

For multiplication and division, round FINAL ANSWERS to the same number of

SIGNIFICANT FIGURES as the measurement with the fewest SIGNIFICANT
FIGURES!

H 3
15.62 ¥ 0.0667 X 35.0 64)6489
How should we report this answer?
36,8
i 27 S

25.4 %0,00023 % 15201 = 0.08§804242

How should we report this answer?

0.0%9




A few more math with significant figures examples:

Placeholder zeros, even

9 L
15%47 Y 11 X 0.98l7é - | B\% Yoy, S8 |60000 though they aren't

SIGNIFICANT, still need

<
(1.6t ) to be included, so we know
how big the number is!
G
DENSITY r 7
147 3 CALCULATION |U.,706% ¢
2432 721wl
OQZ —_
+ 1116 = 9
569167 = G.UH962L9€D Y
| L
\ 2 691, , S It

To improve (make more precise) this
calculated density, we must improve the
poorest measurement. We must use

a more precise device to measure the
VOLUME (which only has two

significant figures in this example)!




34

Exact Numbers

- Some numbers do not have any uncertainty. In other words, they weren't measured!
1) Numbers that were determined by COUNTING!

How many blocks are to the left?
) A [ Q}(ﬂ‘-&"l \7 Li ‘ /

2) Numbers that arise from DEFINITIONS, often involving relationships between

units
12—'\“ = ﬂ,?é ' .
2 *Al\me'\’r\(, P(‘e('&‘k(’,ﬁ

Kwm =10 m are exuct.’

- Treat exact numbers as if they have INFINITE significant figures!




» Example

You'll need fto round the answer to the right number of significant figures!
Convert 4.45 m to in, assuming that 2.54 cm = 1in *

Cim = |O§—Ln\ 'l.SL‘i om 2 1 n
CAm 1 (n

H,US sy ———— X = 175.196€504 n
0 "X .54 oA
[
2 o o0
Round the answer so that it has three —_ I 75 ;./z.
SIGNIFICANT FIGURES, just like you

do with any other multiplication/division
using measurements!

>‘tAn inch is defined as EXACITLY 2.54 cm !

When merely converting the units of a measurement, you almost always have the
same number of significant figures in the answer as you did in the original

measurement. (EXCEPTION: Temperature conversions, since they involve addition and
subfraction)



* Scientific Notation

-a way to represent large and small numiers Focwm

S

o
-a way to indicate significant figures ON, ONOVON .o ] 0,

(always ONE nonzero digit before
the decimal)

3.6 lObl b llx/(y’r5
| Vv\fg MmLlenf
an \ ‘—\_‘ l
S,EXID%!O\H()WD é'llxl_gxloxﬁ
OR on
36000 0.0062]
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Scientific notation removes the need for placeholder zeros, and that's good when you're dealing
with very large and very small numbers!

H.—?D NS \D~é — O.00000470

Scientific notation indicates significant figures without extra decimal points or lines. All numbers
in front of the power of fen are significant!

2900 = 3.70x/0°

To write a number in scientific notation, move the decimal point so that it is behind the first nonzero
number. The power of fen will be the number of places you moved the decimal. If the number is
less than 1, the power of ten is negative. If it's greater than one, the power of ten is positive.

HOO()
80,65

VA VA Ay
b{

7,68*10”3 | Lpo v 10
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5
638000000000

Big
number!

L{/r)_-o *10?\6

00000 60008.04,20Smal

number!
\63%000 j [o.006004 2.0 \
Using scientific notation on a calculator: LI | 10 X (D ~b
6.38x 10 enter:
on a TI-8x: HO EE| (-) | b
enfer ! -
caleulabor displays:
6.%%|Ee - .
g :S, 0.2 € 6
Caleula bor displays: e
M eun§
_ Ihic E means / -G
65 8 \:5 5 ) IX IO é’[




