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Science helps us to explore and expand the edges of our knowledge.
At the edge of our knowledge we know some things incompletely.

Imagine walking into a dark room with a tfable.

Its not always enough to know that a table exists in the room.
Before we try to set a box on the table
we need to know the limits of our knowledge.

How many inches exist in the width of the table.
How many feet exist in the distance between table and door.

Where we can say for certain the table exists,
where we can say for certain it doesnt,
and where we are uncertain.

Measurements are how we clearly express
the extent and limits of our knowledge.
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Dimension

Dimension

noun di‘men-sion

. @ measurement in one direction

(such as the distance from the ceiling to the floor in a room)
. a part of something
. one of the factors making up a complete personality or entity

— Webster




Dimension

Before we can measure, we need to
consider the direction or dimension of the
measurement.

The property we are measuring.

We can observe a sample extending in...
» Height
» Width
» Depth

Understanding samples of matter requires
us to consider new dimensions.

» Mass
» Volume
» Color

» Temperature

» These are the some of the dimensions
we measure to empirically describe matter.




Measurement

» A measurement is a quantitative observation.
(How far something extends into a particular dimension.)

» A measurement is an observation of how many
of something exists in that dimension.

» How many inches exist in it’s length.
» How many pounds exist in it’s mass.
» How many degrees exist in it’s temperature.

» For that measurement to mean something we

need to agree on a what we’re counting in . ﬁﬁv o 2 | S—
each dimension. S e ol ~
» One of that something is a unit. \y\‘v‘}): /e,
» Unit means “single” of something. =0
unit unit unit




Measurement

» A measurement is a quantitative observation.
» Quantitative means expressed in humbers.

» Measurements have two parts:

» Factor (the value) — the numeric part
answers: “how many?”

» Label (the unit) — the non-numeric part
answers: “of what?”

value unit 65.7 mPh

\ / 21.5 °C
53 gallons 1,213 feet

the measurement




Units

] 3 » The measurement won’t mean something to anyone else (or to
us a later time) if the size of that unit isn’t the same.

_(:/ . ";:-
- » To share out observations, we need to agree on a standard for ¢
T that unit. i
THE FOOT : .. : £
< o . ’* Units of measurement were originally based on physical
objects.

v

The foot (based on a king’s foot)

v

The cubit (based on a tradesman’s forearm)
The hand (based on the hand)
The stone (based on a stone)

v

v

» Agreeing on the village “stone” is how people became a village.

25 Incbh Guded Gubd

/ , forearm C upit | o-phach
Amman 2 Kapn
6 Kaph Aana éreadtb

= : Kaph (Hebrew)
- 2z Palm (English)

e >




Imperial Units

» Between 1815 and 1914, a period of time called the imperial
century, around 10,000,000 square miles of territory and roughly 400
million people were added to the British Empire.

» Commerce, military, scientific, and other efforts were coordinated
and shared across the empire by agreeing on a single standard of
units.

» The imperial units included
» For mass, pound sterling . VP ST e S

v

For volume, imperial gallon

v

For length, inch ' R RO PENG, -

v

All of which were all based on the standard of a single grain of wheat.
» 1inch = 3 grains long

v

1 British sterling (the coin of the realm)
was made to weigh 32 grains . . "

» 1 ounce = 20 sterling ®

v

1 pound = 12 ounce

v

1 gallon = 8 pounds of wine

» All measurement across that empire came down to figuring out how
many grains of wheat were in a length, weight, or volume.
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Other Unit Standards

Over time those standards were replaced with more
carefully managed units.

England maintained a golden ruler.

France kept the definitive pound under a bell jar.

» But measurement is still finding the number of standard
units in the dimension being considered.

» It’s still about counting how many times the village stone
fits in the thing you’re measuring.
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Exact Measurements

» When we make observations in the lab, we will
try to report our observations quantitatively.

» When you are able to count discreet objects,
your measurements will be exact.

» How many dots on the page? 5 dots.
» How many eggs in the box? 4 eggs.
» How many people in the crowd? 5 people.

» There is no uncertainty in these measurements.
It’s either 4 or 5.

» We can be certain it’s nothing in between.

» Measurements arrived at by counting operations
are exact.




Exact Measurements

» Measurements arrived at by counting operations
are exact.

» Defined measurements are also exact.

» One foot measures 12 inches. Exactly.

» No foot, anywhere in the universe, contains

even slightly more or less than exactly twelve
inches.

» Because that’s how a foot is defined.

12 | ~ '
inches =1 foot 122
Ft
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Precision

Most measurements are not exact.

When we try to determine how many grams or centimeters
are in a penny, there is a limit to how certain we can be
about that measurement.

We could say that width contains...

1) The penny is 30 millimeters wide.

2) The penny is 31 millimeters wide. Increasing .

3) The penny is 31.2 millimeters wide. Precision

4) The penny is 31.2358053 millimeters wide.

Precision is the exactness or detail of a measurement.

Precision is how many digits (figures)
are in the measurement.

(using a ruler pennies measure to be 20 millimeters wide)

Let’s talk about accuracy...
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Accuracy

Our goal is to find measurements we can believe are true.
We trust a number if it can be verified.

Accurate measurements are measurements that can be
reproduced (and in that way verified).

A measurement is accurate if it is consistently reproducible.

Accurate?
1) The penny has 20 millimeters in width.

2) The penny has 25 millimeters in width.

4) The penny has 19.5 millimeters in width.

5) The penny has 19.523789258 millimeters in width.

4
V 3) The penny has 19 millimeters in width.
4

Always record the most precise
measurements that is still accurate.




Taking Measurements

Most measurements are not exact.

Taking measurements means observing
the number of units in the dimension
you’re considering.

Then recording that measurement with
the most precision (detail) you can
offer, while still being accurate
(reproducible).

Most instruments have limits to how

precisely they can offer accurate
measurements.

It’s your job to know your instrument.
We’ll provide some rules to help.

Always record the most precise
measurements that is still accurate.
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Taking Measurements

Most measurements are not exact.

Taking measurements means observing
the number of units in the dimension
you’re considering.

Then recording that measurement with
the most precision (detail) you can
offer, while still being accurate
(reproducible).

Most instruments have limits to how

precisely they can offer accurate
measurements.

It’s your job to know your instrument.
We’ll provide some rules to help.

The instruments you will use will either
be digital or analog.
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Recording Measurements

» For a digital instrument, look for a fluctuating digit.

Measurements have three partS' (the one that flickers back and fourth between 5, 6, 7 ...)

. » That’s where you need to estimate!
The part we’re certain is true. y

" ’ o » Everything before that is certain.

The part we're uncertain is true. Everything after that is uncertain.

: , :

One figure that. s uncertain but » Record only your estimate and what is certain.
can be estimated.

» For an analog instrument, look at the divisions.

(analog instruments are things like rulers, thermometers, flasks, etc)

» Each one has a smallest division.

» The place between the smallest divisions is where

8 94329 gramS you need to estimate!

» Everything after that is uncertain.

| » Record only your estimate and what is certain.




Recording Measurements

The parts your are certain of and the

Measurements have three parts: i . .
estimated digit are all significant.

The part we’re certain is true. ,
When making a measurement:

The part we’re uncertain is true.

One figure that’s uncertain but Always record all the significant
can be estimated. digits in your observation.

This includes the estimated digit.

significant | not significant Record:
'+ 8.94329 grams 8.94 grams

9

8 10




21

Recording Measurements

m

=) :
— L

0 1 2 3 4 5 6 7 8 10
Centimeters

(A) 2.cm (I) 2.30 cm

(B) 3cm (J) 2.40 cm

(C) 4 cm (K) 2.35 cm

(D) 2.9 cm (L) 2.350 cm




Recording Measurements

?2cm
llllllIll|lllllllll|llllllIII|IIIIIIIII|IIIIIIIIl|lllllllll|lllIIIIII|IIIIlllll|IIIIIIIII|IIIIIIIII|II
0 1 2 3 4 5 6 7 8 9 10

Centimeters




30

30

30

21.2 C

22.0 C

22.12 C

h O T N

20
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A word about liquids...

Liquids in thin tubes have curved surfaces.
This curve can be up or down.

It’s caused by differences in attraction between the
particles of the liquid and the container.

A meniscus is the curved surface at the top of a
liquid.
When you read the volume of a liquid, the

instrument will be calibrated so that you should read
the apex of that curve.

You should read the volume from eye level (don’t
raise the flask, move your head down to the surface
of the counter).

Concave Convex
meniscus meniscus
Water Mercury

19.82 ml
w
T 70 ml -

62 ml 4

5 )
()

T

b
©

ﬁlKl Il

N
=

i
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Taking Measurements

Most measurements are not exact.

Taking measurements means observing
the number of units in the dimension
you’re considering.

Then recording that measurement with
the most precision (detail) you can
offer, while still being accurate
(reproducible).

Most instruments have limits to how
precisely they can offer accurate
measurements.

It’s your job to know your instrument.
We’ll provide some rules to help.

The instruments you will use will either
be digital or analog.

|
or

120-
1002
80%
602
403
20%

Digital \‘

=50
=40
230
=20
=10

: || =10
= -20




d *58 GRAMS
53279 GRAMS
H2(132 GRAMS
53856 GRAMS

51999 GRAMS

q3756 GRAMS

26

uncertain

can estimate

Weight of my sample is: 1.5782 grams

The other digits are noise
-- they have no significance!
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Representing Measurements

Notebook No. | Paze No. 17

SUBJECT Charles's Lo v Chpm. 01

Continuation from pageno. )6 | ; Date g/10/95

............................................................

Pesuits: The 'tempem'l:ures and syrmge volumes
.rwrded Y] R S, SRR SRS SRR BN SUT R -
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total volume (by addmg 2482 mL 1o vblumé. in
'syrmga'\""':"""'“‘""j""j""j"“j“-’;"'": """
See next page: -
Recorded by Date Read and Understood by Date

M«/ (//fJ

Aol 571935 477%(7

Related work on pages: 13-16

When you take a measurement you know
what part to trust and what part not to.

You know your instrument and how the
measurement was taken.

Science is a collaboration.

» You will need to share your measurements
with others and others will want to share
theirs with you.

It’s important to be clear on the uncertainty
in that measurement when you record it.

» Record only the digits that are significant.

.. and when you read what others recorded.
» Trust only the digits written as significant.

But that’s not always enough.

» There is a problem with zeroes.




23,101,179 FEET

23,059,320 FEET

23,114,371 FEET

23,042,998 FEET

23,032,613 FEET

certain

uncertain

23,000,013 FEET

23,000,011 FEET

23,000,002 FEET

23,000,009 FEET

23,000.001 FEET

certain

uncertain

A Problem with Zeroes

Length of sample A is:

Length of sample B is:

23,000,000 feet

23,000,00+) feet




If you just see the final numbers,
you can’t tell how many zeroes are significant
-- you can’t tell how many zeroes to trust!

oesS

Length of sample A is:

Length of sample C is:

Length of sample B is:

23,000,000 feet

23,000,000 feet

23,000,000 feet

We need some rules to tell us how
many digits to trust.

30




31

What digits to trust.

» When measurements are reported to you there may be ambiguity in whether the
zeroes they contain are part of the measurement or just there to show you where
the decimal point is.

» You need to be skeptical of zeroes.

» Use these rules to decide what digits you can treat as significant in a reported
measurement.

1) All nonzero digits are significant.

2) A zero is significant when it is between nonzero digits.

3) Azero is not significant when it is before the first nonzero
digit.

4) A zero is not significant when it is at the end of a number
without a decimal point. 7/
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What digits “are significant”

1) All nonzero digits are significant.

6.17 °C 46.2 miles per hour
12,213 feet 175 gallons

There is no reason to write down any of those digits if the guy writing them didn't
want to claim he was certain or at least making an estimate of that value.

So we assume any non zero digit is significant.




What digits “are significant”

2) A zero is significant when it is between
nonzero digits.

1.07 °C 50.2 miles per hour
21,003 feet 105 gallons

None of these zeroes are needed to show where the decimal point is. The only
reason to write these zeroes is to show a digit greater than 9 and less than 1.

So we assume a zero is significant when it's between two nonzero digits.

33
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What digits “are significant”

3) A zero is not significant when it is before the
first nonzero digit.

0.07 °C  .052 miles per hour

Zeroes before the first nonzero digit just exist to show us where the
decimal point is. They are not significant to the measurement,
they’re just placeholders.

So we assume a zero is not significant when it's before the first
nonzero digit.
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What digits “are significant”

4) A zero is not significant when it is at the end of
a humber without a decimal point.

21,000 feet 100 gallons

Zeroes at the end of the number could go either way. They could have been measured
or they could just be placeholders. We don’t know, we can’t trust them.

So we assume a zero at the end of a number is not significant, UNLESS...




What digits “are significant”

4) A zero is not significant when it is at the end of
a humber without a decimal point.

1.00 °C 52.0 miles per hour
100. gallons

If the zeroes are not needed as placeholders or the decimal point wasn’t needed, the
guy must have written it for a reason — the zeroes must be significant.

So we assume a zero at the end of a number is significant, if there is a decimal.

36
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Scientific Notation

» Some values we want to record are very large or very small.
» Adrop of water contains 1,500,000,000,000,000,000,000 particles of water.
» A particle of neon has a width of 0.000 000 007 0 cm.

» Standard notation works by representing multiples of 10 or tenths in a
value as zeroes.

» Either on the right or left of the decimal point.

» Another method for representing these values is scientific notation.

» Scientific notation keeps track of how many 10’s or tenths exist using
exponents.

» (any number raised to a power, means it’s multiple by itself that many times)

100,000. = 1x10x10x10x10x10 = 10°
five zeroes ¥ M - 10 to the fifth
five “x 10’s” 4




Scientific Notation

» Some values we want to record are very large or very small.
» Adrop of water contains 1,500,000,000,000,000,000,000 particles of water.
» A particle of neon has a width of 0.000 000 007 0 cm.

standard notation 27,000,000
2,700,000 x 10
270,000 x 10 x 10
27,000 x 10 x 10 x 10
2.7 x 10 x 10 x 10 x 10 x 10 x 10 x 10

S—

——

seven “x 10’s”

[soientific notation 27 X 107]




Scientific Notation

» Some values we want to record are very large or very small.
» Adrop of water contains 1.5 x10%" particles of water.
» A particle of neon has a width of 0.000 000 007 0 cm.

- -1
standard notation 000092 0.1 =10

.00092 x 10!
.0092 x 10! x 10!
.092 x 10! x 107! x 10!
9.2 x 10t x 10! x 107! x 10! x 107!

S—— —
—~—

five “x 0.1°s”

[soientific notaton 9.2 X 10-5]




Scientific Notation

» Some values we want to record are very large or very small.
» Adrop of water contains 1.5 x10%" particles of water.
» A particle of neon has a width of 7.0 x10% cm.

» Values expressed in scientific notation have three parts:
» Sign
» Significand
» The decimal is always placed after the first non-zero digit.

» Exponential

» But this is not an equation, it’s a single value (more on that coming up).

_ exponential term
sign

| !

~4.70 x107% mL

significand T

(or decimal term or mantissa)

In scientific notation all zeroes in the
significant are necessatrily significant.

Scientific notation expresses
significant figures with more clarity.




v

v

v

Scientific Notation

Some values we want to record are very large or very small.
A drop of water contains 1.5 x10%" particles of water.
A particle of neon has a width of 7.0 x10° cm.

To convert between standard notation and scientific notation:

» Move the decimal point in the original number so that it is located
after the first nonzero digit.

» Follow the new number by a multiplication sign and 10 with an
exponent (power).

» The exponent is equal to the number of places that the decimal
point was shifted.

0.053 mL —> 5.3 x10°2 mL
320 grams —> 3.2 x10° grams




Scientific Notation

= Move the decimal point in the original number so that it is located after the first nonzero digit.
= Follow the new number by a multiplication sign and 10 with an exponent (power).
= The exponent is equal to the number of places that the decimal point was shifted.

0.017 °C — 1.7 x10° °C
12,213 feet —— 1.2213 x10* feet
2100 gallons — 2.1 x103 gallons

210.0 mph —— 2.100 x10% mph
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A simple scientific calculator is best.

Graphing calculators are bad
— they are expensive, hard to use
and will trip you up on an exam.

Don’t buy one. If you already
have one and know how to use it

well, it's acceptable.

Must do scientific

notation.
(must have an EE or E or Exp key)

[on Amazon

Best choice:
a simple calculator with
. . o . CAUTION:
Iog and SCIentIfIC notation keyS Chem lab calculators are like boxers,
- HP 20s (275 or 42s also good) they don’t stay pretty for long.
Cell phones/PDAs - Texas Inst TI-30Xa (least expensive) Do not spend big money on any calculator,

are not acceptable it might take an acid bath tomorrow!



category

Categories

Consumer Electronics
Calculators
More ¥
Postal Stamps
Other US Stamp Covers
More w
Collectibles
Other Engineering Collectibles
More w
Home & Garden
Lawnmower Parts & Accessories

More w»

See all categories

Type see all
Brand see all
Size see all
Power Source see all
Condition see all
New (127)
Used (435)

Not Specified (28)

Price

S to$ “

hp 20s All Categories ~| m .

Related: hp 20s calculator hp32sii hp27s hp22s hp32s  hpcalculator hp33s hp 35s calculator hp 32si... | Include descriptio

All Listings | Auction = Buy It Now Sort: Best Match ~ View:

hp 20s 660 listings ¥ Follow this search

NEwLISTNG Hewlett Packard HP 20s Scientific Calculator

$24.50

Buy It Now

HP Hewlett Packard 20 S 20S Scientific Calculator with hp slip case

$16.49 4d 20 left (Sunday, 10AM)
2 bids
Free shipping

HP Hewlett Packard 20 S 20S Scientific Calculator with hp slip case

$14.32 6d 22h left (Tuesday, 12PM)
1 bid
Free shipping
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Entering Scientific Notation

There is one key on your calculator for entering
scientific notation.

It will have one of these symbols on it:

E, EE, Exp, or x10%

There are other keys that look similar, but do
something different! Don’t use these keys:

10% or y*

You may need to use the 2nd function key or an
equivalent key if the symbol appears above the
key rather than on it.

= ) ™ ™
tve L sin J cos l van |
OMme 6 =
ODO
 STO_




Entering Scientific Notation

» There is one key on your calculator for entering
scientific notation.

» It will have one of these symbols on it:

E, EE, Exp, or x10%

» There are other keys that look similar, but do
something different! Don’t use these keys:

10X or y*

» You may need to use the 2nd function key or an

equivalent key if the symbol appears above the
key rather than on it.

48
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Checking your calculator

Enter 2.5 x 104 into your calculator.

» To do this type “2.5 E 4” and then hit enter or
equals. Look at the result.

You did it right if your your calculator responds:
25000 or 2.5E4 or 2.5 4

You made a mistake if your calculator responds:

250000 or 2.5E50r 2.5°

» You typed “2.5x 10 E 4”
— that adds an extra 10, which shouldn’t be there.

» Do not use the multiplication key when you’re entering
scientific notation.

» You’re putting in a single value, not an equation.
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x2 ¥w 10* X,y LOG SxSy % Xr %CHGYr Z- mpb
I3 eX LN y* 1/x o+
A B c D E

+P +R HYP T ASIN DEG ACOS RAD ATAN GRD PRGM RTN

STO RCL SIN Ccos TAN R/S

SWAP CLPRGM 3 FIX SCI ENG ALL

LOAD
INPUT +/- ( ) @
V x<sy? A x=0? FP

GTO LBL ABS RND P
XEQ

8 9

Iy? Ixy
DEC BIN +HR +HMS - DEG +RAD

5 6

rx

«/y Cnys SHOW Pn,r  LAST n!

0

CLRG CLZ




Checking your calculator

» Divide 20.8 by 5x103 with your calculator.

» To do this type “20.8 + 5E3” and then hit enter or
equals. Look at the result.

» You did it right if your your calculator responds:

0.00416 or 4.16E-3
» You made a mistake if your calculator responds:

4,160

» You used the wrong key. 20.8
» You wanted to do this: —3 =
5%10

20.8

x10° =

» You told your calculator to do this:

There is only one key that works for scientific notation!
50

ﬂf PACKARD

20S SCIENTIFIC

x2 % 10%¥3,y LOG SxSy o ap %CHGYr Z-mpb

X 1 +
= Cc y 0 /x E - F
+P=+R HYP T ASIN DEG ACOS RAD ATAN GRD PRGM RTN
STO RCL SIN COoS TAN R/S

SWAP CLPRGM 3 FIX SCI ENG ALL

LOAD
INPUT e g ) @
FP

V xsy? A x=0? ABS RND P

GTO LBL
XEQ

8 9

Iy? Ixy
DEC BIN +HR +HMS - DEG +RAD

5 6

rx

2

=/y Cnyr SHOW Pn,r  LAST n! CLRG CLZ
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Checking your calculator

Divide 1 by 3 with your calculator.

To do this type “1 + 3” and then hit enter or equals.
Look at the result.

You’re good if your your calculator responds:

0.3333333333333
If you get less than a full screen of 3’s or:

1/3

» Your calculator is in the wrong mode.

» Your calculator is set to display values in a way
that will cause you to loose data and get wrong answers

on an exam.
» Ask me how to fix this!

ﬂf PACKARD

20S SCIENTIFIC

x2 ¥w 10* X,y LOG SxSy % Xr %CHGYr Z- mpb

w, e, W
A B c D /x 13 F
+P +R HYP T ASIN DEG ACOS RAD ATAN GRD PRGM RTN

STO RCL SIN Ccos TAN R/S

SWAP CLPRGM 3 FIX SCI ENG ALL

LOAD
INPUT =l ) @
FP

V xsy? A x=0? ABS RND P

GTO LBL
XEQ

8 9

Iy? Ixy
DEC BIN +HR +HMS - DEG +RAD

5 6 X

-| +gal

2 3

=/y Cnyr SHOW Pn,r  LAST n! CLRG CLZ

0




Rounding off the Noise

Your calculator doesn’t know if the number you
entered is exact or a measurement with finite
significant figures — there’s no way of telling the
calculator.

The calculator assumes everything is exact, it
assumes the 10 you typed is exactly 10 with
infinite significant figures. Not 10 or 10.0 or
10.0000.

So the calculator often reports extra digits that we
know cannot be trusted.

It is necessary to drop these extra digits so as to
express the answer to the correct number of
significant figures.

When digits are dropped, the value of the last
digit retained is estimated by a process known as
rounding off numbers.

[ () Jorsiait

{23456,189;
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Rounding Off the Estimated Digit

» Rule 1. When the first digit after those you want to
retain is 0,1,2,3 or 4 — that digit and all others to its
right are dropped. The last digit retained is not
changed.

» Rule 2. When the first digit after those you want to
retain is 5, 6, 7, 8 or 9 — that digit and all others to

its right are dropped. The last digit retained is
increased by 1.
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Rounding Off the Estimated Digit

» Rule 1. When the first digit after those you want to retain is 0,1,2,3 or 4 — that digit and all others to
its right are dropped. The last digit retained is not changed.

» Rule 2. When the first digit after those you want to retain is 5, 6, 7, 8 or 9 — that digit and all others
to its right are dropped. The last digit retained is increased by 1.

round to 3 significant figures

0.017534 —> 0.0175
12,213 —— 12200 or 1.22 x10*
12,257 — 12300 or 1.23 x10*

92.168246 ——> 92.2 or 9.22 x10!
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Rounding Off the Estimated Digit

» Rule 1. When the first digit after those you want to retain is 0,1,2,3 or 4 — that digit and all others to
its right are dropped. The last digit retained is not changed.

» Rule 2. When the first digit after those you want to retain is 5, 6, 7, 8 or 9 — that digit and all others
to its right are dropped. The last digit retained is increased by 1.

round to 3 significant figures

100.235 — = 100. vV

82,035 — 8@) or 8@0.

Sometimes the only way to

show the correct sig figs is with 8.20 x10% v

scientific notation.




So where do we round off?

to keep our sig figs accurate

» Multiplication & Division

» The answer must contain the same
number of significant figures as in the

measurement that has the least number
of significant figures.

| x &2 5 G 3%9

» Addition & Subtraction

» The results of an addition or a

subtraction must be expressed to the

same precision as the least precise
measurement.

same thing said another way:

» The result must be rounded to the
= o 523,18 same number of decimal places as the
value with the fewest decimal places.
7 Y42 % G265 Yye > o~
o o2
2%  2s 5 2519( Yz
kT
I+ x%2 x6,3 = 44982 e
S -+
/= »%5")(/03/ (=65
= < S.z 4 +&—
has different rules than
) 4
56
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So where do we round off?

to keep our sig figs accurate

» Compound Operations

» If the equation has both multiplication/division and also has addition/

subtraction carefully follow the order of operations from basic
Algebra:

» Rule 1: First perform any calculations inside parentheses.

» Anything above or below a fraction bar is always in parenthesis.
» Anything raised to a power is always in parenthesis.

Rule 2: Next perform all multiplications and divisions,
working from left to right.

Rule 3: Lastly, perform all additions and subtractions,
working from left to right.

Ex 1: Ex 2: 4,424
(53.6+79.4)x1.503 = 17.9-15.7

{
(536 + Py x 1.503 s A T v
£ 17.9-153 z.2
el In% B % 503 /25,0,’
- 199, 899 5. = 201009
— e
=199 | —at

+&-

has different rules than




Problem:

The following are measured numbers.
What is the product of 190.6 and 2.3?

+a-

has different rules than

X&=+

Solution

Lfsff. ZS.&.
96,6 x 2.2

f

L5528

Camnee
joep 2k olropflese

= YYD or /;/'/7/’(/02'7




Problem:

The following are measured numbers.
What is the sum of 125.17, 129 and 52.2?

+a-

has different rules than

X&=+

Solution




Problem:

The following are measured numbers. Calculate LOILED 114 I8

3.825

+a-

has different rules than

X&=+

Solution

-

=¥ Rl BT 0% 2
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Systeme International (SI) Units

» Imperial Units are based on halves. Our math is based on tenths.
» The standards of imperial units are physical objects.

» To improve on this standard of units, another unit system was
developed.

» The Sl system was launched in 1960 as the result of an initiative
that started in 1948.

» The Sl system has seven base units as it’s standard.
» meter (length)
» kilogram (mass)
» second (time)
» kelvin (temperature)
» mol (count)
» ampere (current)

» candela (brightness)

» Six of these seven units are based on physical constants — so no
“village” stone is required.

» The Kg is the one exception. A standard Kilogram is still maintained
in Paris France (as of 2015).

62

SX

International System of Units




Base Units of SI

The Sl (system international) system provides units for just
about everything we measure. All those units are built on just
seven fundamental (base) units — standard units.

Meter : The meter is the length of the path travelled by light in vacuum

/ \ during a time interval of 1/299 792 458 of a second.

Kilogram : The kilogram is the unit of mass; it is equal to the mass of the
international prototype of the kilogram.

kilogram (kg)
Mass Second : The second is the duration of 9 192 631 770 periods of the

) radiation corresponding to the transition between the two hyperfine
Time second (S) levels of the ground state of the cesium 133 atom.

Kelvin : The kelvin, unit of thermodynamic temperature, is the fraction
\Tem perature kelvin (K) / 1/273.16 of the thermodynamic temperature of the triple point of water.

Mole : The mole is the amount of substance of a system which contains

C Count mole (m0|)> as many elementary entities as there are atoms in 0.012 kilogram of
carbon 12; its symbol is “mol.”

(A) Ampere : The ampere is that constant current which, if maintained in
two straight parallel conductors of infinite length, of negligible circular
cross-section, and placed 1 meter apart in vacuum, would produce

i h f 2x10-7 f
Bnghtness candela (Cd) {aee:;'vtﬁen these conductors a force equal to 2 x 10-7 newton per meter o

Current ampere

Candela : The candela is the luminous intensity, in a given direction, of a

source that emits monochromatic radiation of frequency 540 x 1012 hertz --“-"(ln
and that has a radiant intensity in that direction of 1/683 watt per P %
steradian. r :

For Exam #1 you are responsible for the first four: m, kg, s, and K
Moles will be introduced later.
We won't be making use of the other two.
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S| Prefixes

kilo means “x1000” or “x103” micro means “x10¢” milli means “x10-3”

1kg= 1x1000¢g =1000g 1pus=1x10°s=10%s 1Tmm=1x103m=103m

2 kg = 2x1000g =2000g 7.3pus=7.3x100s=7.3x10°s 2.43 x10°> mm = 2.43 x10° x103 m
=2.43x102m

» There are twenty prefixes in the S| system to allow scaling the base units.

» ASI prefix is a unit prefix that precedes a basic unit of measure to indicate
a decadic (x10) multiple or fraction of the unit.

» Each prefix has a unique symbol that is prepended to the unit symbol.
» For example:

» The prefix kilo- may be added to gram to indicate multiplication by one
thousand; one kilogram is equal to one thousand grams.

» The prefix milli- may be added to metre to indicate division by one thousand;
one millimetre is equal to one thousandth of a metre.
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S| Prefixes

» You are responsible for knowing prefixes Giga through Femto and being able to
convert between them.

kilo means “x1000” or “x103” micro means “x10¢” milli means “x10-3”
1kg= 1x1000g=1000g 1pus=1x10°s=10%s 1Tmm=1x103m=103m
2 kg = 2x1000g =2000g 7.3pus=7.3x100s=7.3x10°s 2.43 x10°> mm = 2.43 x10° x103 m
=2.43x10?m
exa E x 1,000,000,000,000,000,000 x 1018
peta P x 1,000,000,000,000,000 x 101
te'ra T x 1,000,000,000,000 X 10192 Mega & micrO
giga G x 1,000,000,000 x 10
mega M x 1,000,000 x 106 «— are both
kilo k | x1,000 x 103 six (3+3)
deci d x 0.1 x 101
centi C x 0.01 x 102
milli m x 0.001 x 1073
micro U x 0.000001 x 106 -
nano n x 0.000000001 x 107 ';*'S.i?
pico p x 0.000000000001 x 1012 1|. ‘f)"h';'? \\\\’\\§,r‘m
femto f x 0.000000000000001 x 1013 . E‘ “\”""“n
atto a x 0.000000000000000001 x 1018 fifteen ‘.‘.\m\ \z\‘“ \
femto B
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Derived SI Units

» With only seven standard units we can measure

2 —
properties in thousands of physical dimensions. Tme=1mx1m
» One reason for this is we can derive new units from the . Tm -
those seven standard units. A
» For example:
» There is no standard unit of measure for area. S 1 m2
—
» We derive the unit meter squared (m?) from the standard unit
meter (m).
» We don’t need a village stone to compare meter squared units Y
to, because we can build our own from a perfect meter.
: 1 km
SI derived unit
area square meter m? ;Ec 1 km2
volume cubic meter m3 =
speed, velocity meter per second m/s
acceleration meter per second squared m/s2
wave number reciprocal meter m!
mass density kilogram per cubic meter kg/m3
specific volume cubic meter per kilogram m’/kg
current density ampere per square meter A/m?
magnetic field strength ampere per meter A/m
amount-of-substance concentration mole per cubic meter mol/m>
luminance candela per square meter cd/m?
mass fraction kilogram per kilogram. which mav be represented bv the number 1 ke/ke =1
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Derived SI Units

» Volume uses derived units.

» A unit of volume is a cubic meter (m3)
» There is no golden cubic meter.
» We don’t need one.

» We have a perfect reference for a meter, we can always derive make that
golden 1 m3 by considering a box that is exactly 1 meter on each side.

Im

A e e

m i}';i"" §¥ a
g e



Named Derived SI Units

» Twenty two of the derived S| units have

itk been named and given their own symbols.

radian (@ rad - mm’=10®) . T
i @ o : 220 » Sl units not capitalized.

o &l . . .
::zon :z s - » The first letter in their symbols are

5 m-Kg-s o . o .
m— oa N2 s capitalized, only if the unit was named
joule J N-m mPkg's2 after person.
watt w Jis m?kg-s™
coulomb C s'A
volt v WA m2kg-s oA » Example:
farad F Cnv m'2-kg'1 s*A?
ohm ") VIA m2kg-s A2 1 ].
siemens S ANV m2kg'-s>A2 1 heer = 1 HZ = 1 S =—
weber Wb Vs m2-kg-s'2-A’1 S
tesla T Wb/m? kg'sZA"
henry H Wb/A m2-kg-s2-A2
degree Celsius °C - K
lumen Im cd-sr © m2m2.cd = cd , .
- > e T T I'll let you know which of
S Bq ) 1 these units you will be responsible
gray Gy Jikg 2.2 for as we encounter them.
sievert Sv Jlkg m?-s2
katal kat s:mol
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RUBBING
ALCOHOL

CANOLA
OIL

WATER

DISH
SOAP

MILK

MAPLE
SYRUP

CORN
SYRUP

HONEY

WOOD

DIE

STEEL
NUT

Density

» Density is an intensive physical property of a
substance.

» It’s a measure of how “crowded” mass is in that
substance.

» Density is defined as the mass of the substance
divided by it’s volume.

é )

mass
d =
volume
\_ )

» Density is related to buoyancy, less dense
substances will float on more dense substances.

» The units of density are derived units:
» The density of solids is given in units of g/cm3.
» The density of liquids is usually reported in g/mL.
» We have no instrument for measuring
density, it’s value is calculated

from measurements of other
properties. o
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Measuring by Difference

Iron pyrite and gold have many similar properties, but gold has a remarkably unique

density.
drys, = 4.80 crgn3 d,, =19.30 623

During the gold rush, prospectors would identify gold by it’s density.

They would measure the mass and volume of a nugget, then divide them to find the
objects density.

Mass was easy to measure, they’d just set the nugget on a scale.

For the volume of a solid it’s easiest to measure volume using the “difference method”

» Measure your container (water in this case)
» Add the thing you want to know about
» Measure again and take the difference

In the lab, you’ll use difference method for the volume of solids.

Some of the substances you’re measure will be liquids or powders, you can’t set them
on a scale like a gold nugget.

You’ll use a beaker and the difference method to get the mass of substances for your
experiments.

Z?‘,’?JCS beakar + S?rple
e A beaker 2lone

&1 A SPrple é’/cwe




Density Calculation

Gold has a density of 19.3 g/cm3. A nugget weights 63.88 grams. If you put the
nugget in 20.00 ml of water the volume rises to 23.31 ml, what is it’s density?

Is the rock gold?
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Converting Measurements

We’ll take measurements in one set of units
and later need them in another.

It might just be simpler to consider then on a
different scale.

For example, we may measure a sample in
inches and then want to know how many feet
are contained in the length of that sample.

» If a length is 38 inches, how many feet is it?

Intuitively you know how to do this:

But this justification is insufficient for a
science class.

You need to provide more than the “answer”
you need to expose the details of your
justification so we can share your confidence
in that answer.

In this way we can “know” that answer, the
same way you do.

8

.

38 inches

B'v\i\‘\‘\‘

N
ﬁ \\__
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Using a conversion factor.

» How many feet are there in 906 inches?

?;/g/'/?@‘féés j-?-%-* = ”75;’6-/‘/\5“/;03:
A
FOL incless = FO0L ta + 1
| S
- C?Oé‘h/\' “,’2—_;
i T
7550




Conversion Factors

» Conversion factors are a tool for “trading” units.

» They can be used to convert a measurement, in one
set of units, into a measurement of that same
quantity, but in another set of units.

» Using conversion factors exposes the relationship by
which you link those units and the math by which
you process that conversion.

» Conversion factors are based on equivalences.

» There are different ways we can determine an
equivalence.

» How we determine the equivalence determines how
many significant figures exist in the conversion factor.

» Measurement (has finite significant figures)
4 Counting (has infinite significant figures)
» Definitions (has infinite significant figures)

» Proofs (depends on what we use to prove it)

» The conversion factors we build are equal to unity.

78

an equivalence

|2, ches = | A

7 e hees [ 4 ,L
| 2. Inche : 1= tncho 2
T
g '2 l‘nf‘/'pg

one conversion factor

|2 \nches | &+

L6t &
1neh

Ve = |

another conversion factor
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Converting Between Systems

» There is usually no defined link between different unit
systems.

» To bridge different systems someone literally has to
measure one unit of the old system in the new system.

» For example:

» Akilogram measures 2.2 lbs (2 significant figures).
» A quart measures 0.946 L (3 significant figures).

» One important exception is the conversion between an
inch and a centimeter.

» In 1959 we got tired of that limitation and the entire
imperial system of length measurement was redefined.

» As of 1959, and inch is defined to be 2.54 cm (exactly).

1in. Inches
||||’||||i‘|||‘|||| ||\||||‘\‘|‘\||

1 2 3 4
|
|
|

5 6
il

25.4 mm Centimeters

1 2

il

i 4 7 8 9 10 1

b
!
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Conversion Factor: 1 kg = 2.2 lbs (measured)

» How many kg are in 92.7 lbs?

kg

2l s = Y2003426 ka

25 2l e
= HEilka [/

T ———

» How many lbs are in 178 kg?

| Bl g » S Zlos
2 T > 36 bs




Liters

» The Sl unit of volume is the derived unit m3.

» The liter (L) is not an SI unit, but is a very useful unit for
liquid volumes.

» A liter is defined as equal to 1/1000th of a cubic meter.

» On the laboratory scale it’s more convenient to work with
1/1000th of a liter, a milliliter (mL).

» Most of our measuring tools will be calibrated for
milliliters (mL).

- mL
=) )
ml
100 e
T | ~5
—» _
— 10 - J
| i_’éﬁw - 7]
=2 | *
= =l |
== s
=1 ]
(=104 100mL EK
=1 0 |
~IEEC el
é
Graduated Volumetric Buret Pipet Syringe

82 cylinder flask

Im

Im

1m’ =1000 L

by Definition

ImL=10"L

by Definition
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Conversion Factor: 1 cm? = 1 mL (exact)

» A milliliter (mL) is exactly equal to 1 cm?

3
» That’s not a definition, it’s determined by a proof. 1 cm = 1 ml— (exactly)
» We justify it with algebra. justified by Proof

» You are responsible for knowing this equivalence.

. . a mathematical proof
» It will come in handy when we need to convert ( e

3 _ 3
between those units. , lem™ =1cm
. . C= ].O _ 1 (10—2 )3
» You may need to prove (build) other conversion = m
factors as we go along. =1(102)° (m)®
=1(107°) (m)®
3
1 m® =1000 L 10
justified by Definition ] 3 =107 x 107 m’
EENEEEEN m=10" 3
3 3 EEEEEEEE =107 x1L
Ilm> =10" L [ T[T T
lecm® =1mL

10°m’ =1L

I“i" 1§¥; :

- ’ » "
A 10 cm cube contains ! \\tlo“m
1000 1 cm cubes. B‘\“i\"'\ h\ \3



Temperature

» Managing temperature measurements uses a different kind of

conversion.
» Celsius and Kelvin are different (but related) measurements. 373K T T —100°C T 1
» It’s a long story, we’ll talk about it more in a future chapter. w o 0
[ N ttS L
» 1 degree Celsius is the same size as 1 degree Kelvin g I g T
— but they have a different zero value. 2 M 2 |
» To convert to Kelvin %0 1 ) %0 I
add 273.15 to the Celsius temperature. 310K—g_ g —37.0C s
» To convert to Celsius = 1t = I
subtract 273.15 from the Kelvin temperature. l I l T
273 K 1 0°C —mj —
: I x
‘.
248,20 K estD
( \ 3 Kelvin scale Celsius scale
o 233 . ( «6- ( CRLE
oo 2g [EF) e Bl o
v eV (558 :

Wiz S K et = 26l B¢ (29.-‘\




Conversions You are Responsible For

Length 2.54 cm = 1 inch (exact)
Mass 1 kg = 2.2 lbs (not exact)
. 60 sec = 1 min; 60 min = 1 hr; 24 hr = 1 day;
Time 365 day = 1 year (all exact)
Temperature K temp = add 273.15to °C temp (not exact)
(I won’t ask you about fahrenheit)
Count (coming soon)
Volume 1 cm3 =1 mL (exact)
giga G x 1,000,000,000 x 10°
mega M x 1,000,000 x 108 .
: Mega & micro
kilo k x 1,000 x 103
: are both
deci d x 0.1 x 107 .
centi C x 0.01 x 102 SIX (3+3)
milli m x 0.001 x 1073
micro u x 0.000001 x 106
nano n x 0.000000001 x 10
pico p x 0.000000000001 x 10-12
femto f x 0.000000000000001 s fifteen

femto



Measurement

» Dimension ... .> » Conversion
» Quantifying Properties » Conversion Factors
» Unit Standards

» Imperial Units

» Within a dimension
» Scaling a measurement
» Bridging unit systems
Between dimensions

» Jumping dimensions

» Taking Measurements

» Exact Numbers

» Instrumentation
» Precision & Accuracy

» Dimensional Analysis

. » Linking conversion factors
. unit
Representation » Justifying a claimed equivalence
» Value
» Significance & Uncertainty

» Recording & Interpreting

» Scientific Notation

» Calculator Use

» Unit
» Seven S| Standard Units } .
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{ 7 8 9 10 1

» Density

1
it

1 271 3 4 5 6
IIIIIMIII;I‘IHI’|’|HII|

2.54 cm
25.4 mm Centimeters

86



87

Intensive Properties as Conversion Factors

» Intensive properties like density can often be

used to relate extensive properties of a sample
(in this case mass and volume).

» The ratio of two extensive properties can be
used to determine an intensive property of a
substance.

» These conversion factors are the results of

measurements, so they will have finite
significant figures.

» A gold ring weighs 2.4 grams, what is it’s
volume? (the density of gold is 19.3 g/cm3)

2 5 = ' Z e =
L/KS (7,%% O | 73623 Q
7 (’.( ; z g — e

04 iZ CVY)B /

covmmiSr——

(’
e ——

ema—

m = 2.4 grams

d=19.3 g/cm?
v="7mL
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1
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Answers aren’t enough...

» When we ask you a question on an exam or homework,
we rarely want only an answer.
» Answers are easy...
» Four, true, 17.3 m, 27 gallons...

» We want knowledge. Knowledge is something that we
believe is a true answer, because it can be justified.

» ... and we will expect you to justify the answers that
you offer as knowledge... not just toss us a guess.

» Dimensional Analysis is a tool for exposing and
expressing linked dimensions.

» It’s a way to see how the different dimensions of a
problem or substance relate to each other.

» It’s accomplished by linking conversion factors concisely
and clearly to move an observation between different
dimensions of measure.

» It’s a way of exposing and sharing your reasoning, your
justification, so others can share it.

» It’s a way of offering a proof of knowledge.

89

10meters » 60 sees 600 meters

1 secs 1 min 1 min

600 meters y 60 mins 36,000 meters

1 min 1 hour 1 hour

36,000 meters lkm  36km

X -
1 hour 1000 smeterss 1 hour

90 11| 5280 feet | 1 hour
hour [ 1 | 3600 sec

. ——
conversion conversion
miles—ft  hour—sec
{exact) {exact)

= 132 ft/sec = 1.3 x 10% ft/sec
2 sig figs
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Dimensional Analysis

» How many seconds are there in a century?

3}2 '—K’A\,’\Q/\ 5?%,16@

an Answer

Knowledge being shared

Qenrny =2 Yer —> ol = hr => pia —> Sec.

100 yezan  BLSolrys ZYhs LOwin  LOsa

-

' Qev\"\‘\ﬁfr y | C?r\*»?/ I)/r' g 75\/7 . ——'/Aﬁ . /m?/l

o2 sl P 2l el oﬁs&r o OAS'S.

= < ,43)@00/ O Srcandc

:.moq seconds 7

———

{ 42/1;\.07 = 100 yez2

2¢5 deys ~ lyee

(0(27 = 24 houms.
LOwin 5 \ )ﬂou/'
(QOSPOQAC{S = lm;"\

<




Dimensional Analysis

» Understanding how the properties of substances m = 3.1 lbs
relate within and across dimensions allows
chemists to make useful predictions.

» Dimensional Analysis let’s us explore those
relationship and share the knowledge that analysis

=7k
produces. m &

o . . m = ? grams
» With dimensional analysis we can

» move measurements between units systems, in the
same dimension:

d=19.3 g/cm’

» lbs = kg (with the measurement 1 kg = 2.2 bs)
» scale measurements within a unit system:
» kg = g (with the definition k = 103)

v=7?cm?’

» predict the extent of related properties in different
dimensions:

» g = cm? (if | have the value of the property density)

91
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Dimensional Analysis

» How many nm are there in 0.24 km?
4+ you can link multiple factors

L ,og - | n m + for unit conversions always go
: ' _ 4 through the base unit
4 ’ o — 2% >x /O nm
9.24 Km | & wn | ,,0"? w 7 / 4+ conversion factors within a unit
system are defined
A
Z s P PpriTig Z s,

» A suitcase weights 32.4 lbs, what is the weight in grams?

| kg e Tox a R 4 ,& 4+ conversion between unit
R likw » — I o 4 327 7_//,6'”::!0 : systems are usually
=3 A | k g : 6 53/ measurements — watch the

z significant figures!
¥ R zsd, od oS Z2sd.

» A pure gold pendent has a mass of 32.5 grams, what is it’s volume in mL?

4+ intensive properties are conversion factors
4+ conversion factors are reversible

Lond My | 4 ‘
ZZ,G'%AU 19,30 Ay £ e e 1 L2201 =/ /,éd’m/-/%/

lem®

3@.(, l-/g‘.(" oosi. : 35a\»

§""\""'h\'"" \""4



Gold Rings

The price of gold is $48.91 per gram. How much would you have to spend to make seven rings that each use 0.0153 L of gold?
Gold has a density of 19.3 g/mL.

93



Gold Rings

The price of gold is $48.91 per gram. How much would you have to spend to make seven rings that each use 0.0153 L of gold?
Gold has a density of 19.3 g/mL.
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(e )

( 3 solve )

( 4 check )




Gold Rings

The price of gold is $48.91 per gram. How much would you have to spend to make seven rings that each use 0.0153 L of gold?
Gold has a density of 19.3 g/mL.

( r“vg: O,O/ggL .........................................................................................................................
/ML h lq’ %j . Qv’ggL [ L 1913 S . #98/9/

j, Mg / Tf‘_— C 5T L — e 7 =
[l = 10> L q 107l | me )

= #1004 7373

= */0/000

= /;? (b/»«/of /

——
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Glass Statue

Glass has a density of 2.6 g/cm3. What’s the weight in kg of a glass statue that has a volume of 42.3 in3?

96

(e )

( 3 solve )

( 4 check )




Glass Statue

Glass has a density of 2.6 g/cm3. What’s the weight in kg of a glass statue that has a volume of 0.0423 m3?
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s %5
: p @ mﬁ-)c,m @W\ —> o —>%~> KS
L > & m (-/("O_‘TQ"
Zf@ %:\ ~ (Qkp} - B % % N N E e E N N RN e e N N RN e N e N N R NN N e N N NN N e NN RN EE NN EEEEEEE RN EEEEEEE RN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEs

(\6m\2 : ngzmlg
(C/m% - o > i el © ((OQ)§&”35
| cm > Aol n’
32 lem™ 26 I g
©.0425m™ « 1 T3 i B, T8l<q
EEL ol s, -«Zgi C},@;ﬁ,
- /:/"/Oz’kjf/




Faces in the crowd

A Blackjack shoe holds 8 decks of cards. If a casino has 92 gross of Blackjack shoes, how many royal cards (face cards) are in
those shoes? (hint: a gross is a way of counting large numbers of things, there are 144 singles in a gross)

; —, clecle —> soit > ’Cf“e@ ‘ *
: O\oss = shoe — cleele —
2 & [ ot :
4 ssivs = (ol
Boleclss ™ [ SL\GQ ) (‘%&/ <hse_ Z Al p- L ,7/‘;:“;@ 2 rgaes
; ,;; S S = :
) E | O M E q L S 2 = e L ""”“ -.‘»‘ ‘“‘) & — /-/,?’ﬁﬁ” ______—-—-—-[ 5 k;l +
B 3 Sl lﬂm..,.a | Shox | Seck S
= :
2 o =0 s’: o ’»,_(,

= |, 2%, 808 &reeces

e ——————

e ———— ; (D : — < .
| LZFH 08 x0T Smeeq /

: -:l"—'-/—_—n_———_ \
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Weighing an Iceberg
The volume of an iceberg can be estimated as 7,695 cubic feet. What is it’s mass in kg?

(hint: 1 ft = 12 inches; 1 inch = 2.54 cm; and the density of ice is 0.917 g/cm3)

- o @ @ ®
: 2z L2 = > \<¢
—— —eemsemn —
: g'xs -——-> LA P C v > i \3
| ettt et ee e eeeeeeeeeeeeeteeeeeeeeeteeeeeeeeeee et et eeeeeeeee e et e aeeaineeeeares,
’( F'L - , 2 ,/ Ve s < :
. @ R o ) Ll & "
. p— : (S\J’ oy !g‘ 1A ’ }/10% - —2,"‘"’ /C,tf
/A =~ TS CP 7 ~ - -5
W, - X \ °
~ ( | | @ i \ ( A ) ( { :.x\\ ) N P )
. = (O 2 - , -
2 ' I { 5 A "
'L‘ ™ /;, ‘N ' ' A }ﬁ:rf"‘_) 5 2
- !‘"'" i 3
O 7 /# o Whadd
-
o [ 2830 & O 3 .
02 | R e ' — : 119 B12,°
:7;0,(7( = ¢ ; (12 1 Y™ s
([7/_.,\ O@S'g a@s& CY
il -
-
mvww’w“,_)‘
. R -.Tv ——
24,



Measurement

» Dimension ... .> » Conversion
» Quantifying Properties » Conversion Factors
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2.54 cm
25.4 mm Centimeters



Questions?

1
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