10 Measuring density

... of aliquid
[ T ] 2 Fillcylinder and measure
—| 1) Measure mass of _ volume of iquid
—| empty cylinder Jolume = 5.3 i
- 97.3S i —
| mods T .
_ j /;@ 3) Measure masss of filled cylinder
5 /4@ mass = | 30,5 9
— % 7_.
= D
4) Subtract to find mass of liquid o) Density = mass liquid / volume liquid
— 7.3 4 Dens 7~ 2S.3 wmL
,LO —
17 9 = , 3 \ S/ML




o ..of an object
3) Put object into cylinder, record new

volume

\/OK,UVV\-Q ~ L6 VV\L

1) Measure mass
of object

mags = 7.7¢ 9

2) Partially fill cylinder 4) Subftract o find volume of object

= om

E with liquid, record volume. Qé' é L
2| velome = 2.0 ml _ 25wl
IZ/ 5) Density = mass object / volume object
ﬁ N Vo - 9.7% 9
- sty T .6 ml

= 6.l 3/mL




Converting from one unit to another

We will use the method of dimensional analysis, sometimes called the factor-label method.
... or, the "drag and drop" method!

Dimensional analysis uses conversion factors fo change between one unit and another

What's a conversion factor? A simple equality.

vamp\e




Conversion factors in metric

In the metric system, conversion factors between units may always be made from
the metric prefixes!
3
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So
ZIRLI S e
o = 10 base. umit.
kL = \DBL
e = 10°s




Convert 15.75 m fom

Y
CMm=]10 "m

Cn
|5.7s/>< -
|

Z11S)S em

How do we actually USE a conversion factor?

X
Similar to...
If X =2, then
L
> a

1$.75 /[€8)-2 . onTI-83

X This fraction equals on'e, so mulfiplying by it does not change the VALUE of
the numibber, only its UNITS!

Convert 0.01893 kgto g
3

|0
0.01%93 %X%—g

—
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|<9': |O:g9

€.924 |

DRAG AND DROP

- Drag the part of the factor that
contains the unit you want to get
rid of (cancel ouf) fo the
BOTTOM.

- Then, drag the other half of the
factor to the TOP
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Convert 14500mgtokg 9 0§ 9777

-2 .
4500 myy 1O f’x/Kf ‘=|O‘w§/<j
9 iy "9

When you make factors
9. 3 I ~ in metric, remember that
Convert 0.147 cm™to m (m =10 m the base you put on
= 72 each side of the factor
CANNOT already have its

-1 -
=S
O‘ILI7C/;,,ZX |0 m e L m 1\\.”7&/0 m?‘ own exponent!
C /f\ Cn
When converting squared (like areq) or cubed (like volume) units, remember to use each
factor two or three tfimes - o cancel out each "copy’ of the unit:
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*H / M =<7 (Frequenry)
88100 kHz o MHz K= 107 M

WMH2= b H2
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Convert 38.47 in to m, assuming 2.54 cm_=21 in

2 CU ¢p = ih Cm = 10 m

2.k 0
)
R Ux e '097\

Convert 12.48 km 1o in _ 2 3
7. SHtm T In Cm=IDm Kim < 10

1D (\h .
2% sy 1O 4491300
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Accuracy and Precision

- two related concepts that you must understand when working with measured numbers!

e

Accuracy

Precision
- how close a measured number is to the
CORRECT (c?r ‘frue’) value of what you - how close a SET of measured numbers
are measuring are to EACH OTHER
-"Is it right?" - "Can | reproduce this?"

- checked by repeated measurements
- checked by comparing measurements
against a STANDARD (a substance or
object with known properties)




More on precison

Every measurement contains some amount of ERROR, or sone 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? _ .
Form Yo X% om

1 em -

How long is the green line?

Write your answer on the card, then pass the card up to the front!



2 Our classroom experiment: Results

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

Value # students
N n Overall average
.6 Sz 1624666667 cm [vwrovndal )
163 4
62 (.. (T00)em)

CERTAIN DIGITS: Appear in nearly all repeats of
the measurement

UNCERTAIN DIGITS: Vary.. Variation caused by
estimation or other sources of random error.

?) O meolfu st MCf\*'S
When reading measurements from a scale, record all CERTAIN digits

and one UNCERTAIN (or estimated) digit.

When using a digital device, record all the displayed digits.
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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
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We estimated the last digitf, It's
uncertain

These digits were obtained in all
measurements. They are certain




