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Procedure for Assignments

In WS Notebook:

1. Write your name in the right upper
corner of every front facing page.

2. With each new assignment, write the
date it was assigned on the lef.

3. Write name of assignment along with
the date the assignment was
assigned.

1.e. WS#1: Safety Symbols (8/13/19)
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Meas/Calc

Topic#2

Showing work for a problem:
1) What is the mass of 2.3cm? of aluminum (Al)?
The density of aluminum is 2.70g/cm?.
(a) write formula: d = m/V
(b) create data table for variables:
d = 2.70g/cm?
m=?
V=23cm’
(¢) Solve formula for unknown variable.
m=dxV
(d) Input givens into formula and solve.
m = (2.70g/cm*)(2.3cm’) = 6.21g
(e) Write answer 1n correct significant figures
and correct label. Highlight answer with a
box, circle, or highlighter.
Ans: 6.2g Al




Meas/Calc

Scientific Method

Topic#2
quantitative (numbers and label)
observation

experiment
hypothesis - testable statement - problem

procedine microscopic

define your system (everything else is surroundings)

control
research
variable

macroscopic
analyze data

qualitative (5 senses, no numbers)

theory (best explanation, predictive)

data conclusion model

research



Meas/Calc

Observations Topic#2
Observations ]
. 1. Diiiccl

1. Qualititative . h

o Use your senses - sight, smell, taste, hear s L

i - 2. Indirect
o Ex: clear skies, blue water ) )
i oneed to make an inference using data not
2. Quantrtative
seen

o contains a number and a label (unit)
o Ex. 23nm, 0.0034L 1. Macroscopic
© big enough to see
2. Microsopic
o too small to see

1. Identify as qualitative (a) or quantitative (b).
a. dirty water b. 24m wide c.3.000ngof U d. bluejeans

What is wrong with 7 tall?




Meas/Calc

SI Units Topic#2

- set of standardized units used by scientists (quantity - magnitude, size, or amount).
- length: meters (m)
- standard: length of path traveled by light in a vacuum during a time interval of
1/299.792.458 of a second.
- mass: kilogram (kg)
- standard: the unit of mass equal to the mass of the mternational prototype of the kilogram.
- time: second (s or sec)

- standard: the duration of 9,192,631,770 periods of the radiation corresponding to the
transition between the two hyperfine levels of the ground state of the
cestum-133 atom.

- temperature (K): Kelvin (K =°C + 273.15) (0K absolute zero)
- standard: the fraction 1/273.15 of the thermodynamic temperature of the triple pomt of
water.
- amount of substance: mole (1 mol = 6.022x10?* objects (Avogadro's number))

- standard: the amount of substance of a system which contains as many elementary entities

as there are atoms in 0.012 kilograms of carbon-12.



Meas/Calc

ST Units

ST Prefixes (NTK)
kilo
deci
centi
mill
micro
nano
* Angstrom

>ET B0 ar

Topic#2

1000

1/10

1/100

1/1000

1/1 000 000

1/1 000 000 000

1/10 000 000 000

10°
10!
1072
10
10
10
1 0-10

1km = 1000m
ldm =0.1m
lem =0.0Im
Imm = 0.001m
Iym = 1x10°m
Inm = 1x10°m
I8=1x10"m



Meas/Calc

SI Units Topic#2

Volume: 1 cubic cecimeter

“f liter' 1L ~1dm° -

Derived SI Units (Complex label, cannot be simplified) 1000 cm’ - 1000mL__

- uses two or more SI units to formulate a new unit @:&;
- area SXS m?
Volume:
- volume SXSXS m? 1cm
- density mass per volume g/mL il
- molar mass  grams per mol g/mol
- energy joule J
NTK
1000mL = 1L

lem® = ImL (1000cm® = 1L)

1dm?* =1L (1dm = 10 c¢m; 10cm x 10cm x10cm = 1000cm?)

Im?*=1000L (1m = 100cm; 100cm x 100cm x 100cm = 1x10°%m> = 1000L
1000




Substance

Wood

Corn oil

Meas/Calc

Topic#2
Density " 4
(g/em?) mass - amount of matter m object
07 volume - space object occupies
- weight - gravity's affect on mass
density - ratio of mass to volume
e d=m/V
1.00 Memorize:
- dra2o=1.00g/mL or 1.00g/cn?®
1.26
1.34
1.38
8.8
13.6



Meas/Calc

Density Topic#H2 m :
Formula for Density ,
d=m/V d V |
2. A sample of aluminum metal has a mass of 8.4g. The volume of the sample is 3.1¢cm?. Calculate
the density of aluminum. (Ans: 2.7g/cm?®)

:f’v_—. RS A LQJO/Cmq

2)em?

3. Given a density of 13.6g/cm’, what is the volume of a sample of liquid mercury that has a mass
of 76.2g? (Ans: 5.60cm?) Unk

é NT 0 )
;l'-'\’_v-f%..l:.a;g/<:m-5 = M V= 60,em

T —

d

m= 162, alye:
D 762 -
3

V= )3.(06/6"\




Meas/Calc

Density Topic#2
m

Formula for Density

d=m/V dlv

4. (OYO) Ice has a density of 0.90g/cm’. Calculate the mass of 234.2cm? of ice. (Ans: 210g)



Meas/Calc

Density Topic#2 Formula for Density m

Starter Density d=m'V

1. Calculate the mass of copper in grams (dc, = 8.94g/cm?) with the same d V
volume as 100.0grams of gold (da, = 19.31g/cm?). (Ans: 46.30g)

2. Liquid mercury has a density of 13.546g/mL.. What is the volume of a 151.89g sample?
(Ans: 11.213mL)

3. A spherical ball bearing has a radius of 8.50 mm and a mass of 2.315 g. What 1s the density of the
ball bearing? (in g/cm*)? The formula for volume of a sphere is V = (4/3)tr’.  (Ans: 0.900g/cm?®)



Meas/Calc

Dimensional Analysis Topic#2
Converting one unit (label) to another unit (label) using dimensional analysis and factors.
A conversion factor 1s an equivalency between two units (lables). 1.e. 10cm = 1dm

Topic#2 MeasCalc Sample WS#1: Dimensional Analysis * -puwdammhﬂ rdd-.'msh:p

5. Length (/eoomm = j6g cm= ;4 dm=_| m) bedween e +wo wnitfs,
@ cm=0230m (Nooem: lm ) LML o, 100ce
100 em m
o
13041 Ilwf;m -3 cm
(b) 345 cm = mm ( lem = IOtrm)

i‘ﬁf——i’%’ = [ 3450 mm




Meas/Calc

Dimensional Analysis Topic#2
Converting one unit (label) to another unit (label) using dimensional analysis and factors.
A conversion factor 1s an equivalency between two units (lables). 1.e. 10cm = 1dm

A
lnm = l\l 0 m
B e

5. Length (1.2 mm = joe cm= ;0 dm=_1 m)
ipap? bxs

©__ dm=89m (10dm=1m)

1 z |m
)64 j [¥i0' nm
.?i...j--”—‘-‘ ]ﬂ‘\m :l@ |00 cm = Im
-1
(d) 760nm = __cm ( luoqnm'- 100 cm ) 760 #10 ) P
7.0nm | rosas 760 %105 740510 Tn 7440 7Cm

TR 'lg',oooono fn.j

fl \xzo"‘yfh



Meas/Calc

Dimensional Analysis Topic#2

Converting one unit (label) to another unit (label) using dimensional analysis and factors.
A conversion factor 1s an equivalency between two units (lables). 1.e. 10cm = 1dm

5. (0YO) (e)323mL=_ L (Ans: 0.323L)

10.05cm = m (Ans: 1.005x10°cm
(f) __Hm( )



Meas/Calc
Topic#2

Dimensional Analysis

Multi-Step Unit Conversion Problem (Time’
6. How many seconds i an hour? (Ans: 3600sec)

Guw Nk
1 he t0s= 1 mn
(dmin= | hr

Sil_\ig'; | e |(,Om-/n ] 6Os

fe

T | Lonthr



Meas/Calc

Dimensional Analysis Topic#2
7. (0OYO) How many seconds in a day? (Ans: 86,400sec; 8.64x10"sec)



Meas/Calc

Dimensional Analysis Topic#2
Dernved Conversion Factors
1 >nd Di . ] 3rd Di .
100ecm=1m 100ecm=1m
cm’=_ m? emP=
Topic#2 MeasCalc Sample WS#1: Derived Conversion Factor:
8. How many cm?® in 8489mm??
G VA ————”-‘;K 2 Unk
3 =
1487 mm (10 waf= & em)® —

3
I nib mm = em

Sowve; %‘l??mp(s ‘ }f_fﬁ-—— :
| (gl




Meas/Calc

Dimensional Analysis Topic#2

Converting Complex Units

9. Convert 5.87m/s to km/hr. (Ans: 21.1km/hr)

Gww Nt Unik
531 m/s JXIDB m = | Kkm _;2_]___[____ Km/hr
3LOD 5 = | he

Sewe: 53706 | 1n_| 3005 > ¥

5 | hm)Bry{l | he



Meas/Calc

Dimensional Analysis Topic#2

10. (OYO) Convert 0.0712kg/m’ to g per cm?. (Ans: 7.1x107g/cm?)



Meas/Calc

Dimensional Analysis Topic#2
11. Using density as a conversion factor, determine the volume of 56.2g of aluminum.
(da1=2.70g/cm?) (Ans: 20.8cm?)
Gun NT K Onk
Gy A 4204 = lem?

d,, -
[-2-7oy 2
Solve: SL.ZXAI ) em? s
Cm
- 2704 rb 3 cm Af)




Meas/Calc
Topic#2

Dimensional Analysis

Di ional Analvsis S

1. Convert 1x10° mm to meters.

2. Convert 0.0093 [ km to mm.

3. How many square centimeters in 85 dm’?
4. How many mm?® in 45¢cm’?




Meas/Calc

Accuracy vs Precision Topic#2 - s
(Cale) Jp\ 460 3/om
|
(Aeed dgy ~ 9.70 3 fem
High Accuracy Low Accuracy High Accuracy Low Accuracy
High Precision High Precision Low Precision Low Precision

Precision - getting the same value for a measurement multiple times
e.g. - Rick used a scale to measure the mass of a beaker three times: 100.2 g, 100.1g,
and 100.2. His measurements were precise.
Accuracy - close to the real value of the measurement
e.g - The real value of the beaker was 100.1g. So, Rick's measurement was accurate.



Meas/Calc
Accuracy vs Precision Topic#2

Accuracy and Precision

Trial #1 1.00g 0.99g 1.00g ¥
Trial #2 A 0.93g 1.05g 0.87¢
Trial #3 B 094s 0935 0.958 T

Accepted value 1s 0.93¢g

Topic#2 MeasCalc S le WS#2: A 1 Precisi
1. Using the chart above, which of the three trials is the most precise? Accurate? Precise and accurate?

X .\ ™



Meas/Calc

Percent Error Topic#2

All measurements have error. Scientists collect data for analysis. During analysis, error 1s taken
mto account by calculating the uncertainty. When data is known, scientists can show the error in
their measurement with percent error.

% error = actual (known) value - experimental value x 100%

actual (known) value

Topic#2 MeasCalc Sample WS#2: Percent Exrror

2. A student measures the mass and volume of a substance and calculates its density as 1.40g/mL.
The correct, or accepted, value of the density 1s 1.30g/mL. What is the percent error of the

student’s measurement? (Ans: -7.7%) Unw ,
@-ﬁ-’ Nre i Y ecrof: -1.7%
experimental © 190 9 /nt % cceor = £ x1007
&CCt‘oh-‘: 11304 /mL Ney

£ .
130490,y [T
e 70



Meas/Calc

Percent Error Topic#2

All measurements have error. Scientists collect data for analysis. During analysis, error 1s taken
mto account by calculating the uncertainty. When data is known, scientists can show the error in
their measurement with percent error.

% error = actual (known) value - experimental value x 100%

actual (known) value
3. (OYO) A volume is measured experimentally as 4.06mL. What is the percent error, given the
correct value 1s 4.15mL? (Ans: 2.2% )



Meas/Calc

Percent Error Topic#2

All measurements have error. Scientists collect data for analysis. During analysis, error 1s taken
mto account by calculating the uncertainty. When data is known, scientists can show the error in
their measurement with percent error.

% error = actual (known) value - experimental value x 100%

actual (known) value
3. (OYO) A volume is measured experimentally as 4.06mL. What is the percent error, given the
correct value 1s 4.15mL? (Ans: 2.2% )



Meas/Calc

Significant Figures Topic#2

for appearance only
placeholders only

3900270
significant
9024000 9024000.0
ambiguous significant

Significant figures represent the precision and accuracy of a measurement and a calculated
measurement. Scientists must represent their data correctly using significant figures. All non-zero
numbers are significant. So, we only need to determine when a zero 1s significant.

- all zeros between numbers are significant (567 809; 6 sig figs)

- when a decimal IS present all numbers at the END of the number are significant

(12 300.00; 7 sig figs).
- When Decimal IS NOT present, zeros at end are NOT significant (12 00; 3 sig figs)
- zeros at the BEGINNING are never significant 0.0000123; 3 sig figs)

Topic#2 MeasCalc Sample WS#2: Significant Figures
4. (a) 28.0g (b) 3440.cm (¢)910m (d) 0.046 04 (e) 0.006 700kg



Meas/Calc

Significant Figures - Rounding Topic#2

Rounding in Chemistry

We round like math for numbers <4 and >6. Scientists round 5 differently. When rounding always
round to the EVEN value when deciding on a 5, 50, 500, 5000, etc.

] 5]5 L6
Topic#2 MeasCalc Sample WS#2: Roundingzl3
5. (a) 0.105 to hundreth (b) 1.28 to the tenth :
q S o J.Ltss [
() 103 to the tens ) 1.038F5 to thousandth
1060 |.039 1.033[5 &

1,03%



Meas/Calc

Significant Figures - Calculations Topic#2
Start Here Per 5/6 Monday 8/27

How do you decide the number of significant figures are m your calculated unknown?

Like a team, your unknown can only reflect the least accurate of your data points (given). For
example, find the average of 2.2987g, 2.29¢g, 2.3g, and 2.299¢g. Your answer can only have 2 sig
figs because the data point (given) 2.3g has only 2 sig figs.

Topic#2 MeasCalc Sample WS#2: Sienificant Figures in Calculation:

Carry out the following calculations. Express each answer to the correct number of significant figures
6.(a) 5.44m —2.6103m (Ans: 2.83m)

(b) 2.4%/mL X hS.SQZmL (Ans: 38g) 2, s5f >

@ £ uveo ¢b) 37.}%? (%ﬁxw
LoD
282197

) (Qé’?)m}




Meas/Calc
Significant Figures - Calculations Topic#2

How do you decide the number of significant figures are i your calculated unknown?

Like a team, your unknown can only reflect the least accurate of your data pomts (given). For
example, find the average of 2.2987¢g, 2.29¢, 2 3g, and 2.299¢g. Your answer can only have 2 sig
figs because the data point (given) 2.3g has only 2 sig figs.

7. (0OYO) What is the sum of 2.009g and 0.05681g? (Ans: 2.066g)

8. (OYO) Calculate the area of a crystal surface that measures 1.34um by 0.7488 um. (Aps: 1.00pm



Meas/Calc

Significant Figures - Calculations Topic#2

How do you decide the number of significant figures are m your calculated unknown?
Like a team, your unknown can only reflect the least accurate of your data points (given). For
example, find the average of 2.2987g, 2.29g, 2.3g, and 2.299g. Your answer can only have 2 sig
figs because the data point (given) 2.3g has only 2 sig figs.
9. Polycarbonate plastic has a density of 1:2g/cm?. A photo frame is constructed from two Q>7E)mm
sheets of polycarbonate. Each sheet measures 28cm by 220m What is the mass of the photo
frame? (Ans: 440g) 2

Guyn N Tk Un k
d=l.2y/em3 V= L ¥ xh e 3
15h“+5@30mm (030:#:) h= 2(0.30cm
Ae d8em 30‘\"3 \/= @Scm)(ilcﬂb(o LOc.yD

W= 22 cm ﬁjﬁ% " qq}3.523 =



Meas/Calc

Scientific Notation Topic#2
. . 13. Dividing/Multiplying Scientific Nogatlon
11. Operations Involvmg Exponents a. 6.02x10%= 6.6% . ¢

8. (8= g1 = \[ypae - 29 3.00x10° 300 1p"
b 81/3_ 3" " 81 = 6 "’
s -2

b. 6.02x10% x 3.00x10% =

.73/74: o < ,_
) 70x7% 7= % (c.62% 3.06) x (1%’ xm”)
¢ v
d6x62= 7% (= ¢ 13,06 X jo7= "
1.80L % /0"
12. Conygrting Numbers to Scientific Notatlon VPSR .= .
2.918,000, 000 : ing/Subtracting Scientific Notation
- JGHESUD 1 oa. 2.98x10%+6.78x10' +5.02 =
2.8
i 6. 7

]
2 29.9x/0"+ G.IBX' + 0.F0LNID

s 37.0‘91; o' = 3L1x 0
Z[3x0
b.1.58x102 - 4.99x10" + 9.78x10°=

~‘I73l'i7-xz\ N
- LSE%0° - 41X ™ 4 g.qIjXD

yse 7 -7
b. 0.000 000 2918 2.‘“?)“0



Meas/Calc

Proportions Topic#2
Direct vs. Inverse Proportion StandblecrRn e syt
direct - quotient of variables equals a constant (k = m/V)
- density

Inverse - product between variables equals a constant (kK =PV)
- gas pressure and volume



Meas/Calc

Direct Proportions Topic#2 i
y =My + m = ‘/3_' y,
T X,
AL Roremples o Lean™ ¥2-%
140 " T T 3
// Sampl ber Mass {g) | Vol (mL] X ” |5> 55 5
130 / 1 5.00 0.443 ] l .3 e 493
2 15.0 1.33 “.3 13. 5-0.
i 100 3 24.0 212 ) l-3 —_—
I ~EHHHA LR | W UL~ a
a0 ,-'( 6 &0 717 ”‘3 e Sl
| //' 7 95.0 841 l’-3 m o OPC
" 4 8 o1 | soa ‘ il. 3
20 7 9 142 126 ” 3
Pf 10 153 135 L ;
0 ﬂ : : ' ' l . 3
. 1] 2 4 \,';l“mr ‘;h !1’: 12 14 l l 3
Topic#2 MeasCale Sample WS#2: Proportion: *

15. Using the above graph and data table, answer the following questions.

a. Using the above data for lead, calculate the density for each of the data points. Calculate the
average value for the densities.

b. Pick two data points and find the slope of the line.
c. Compare the average densities to the slope of the line.



Inverse Proportions

Meas/Calc
Topic#2

Pressure-Volume Data for Nitrogen v

@ Constant Temperature
Volume(em?)

Pressure(kPa)
100 500
150 333
200 250
250 200
300 166
350 143
400 125
450 110

PxV
S¢p00
49,950
SoJooo
50,600

(a)

1/P

(b)




Meas/Calc
Topic#2

Temperature
273.15
Formulas: 273 +°C = K and °F = (1.8)°C + 32

Temperature - 1s the average kinetic energy of all the parts m a sample of matter. For science,

temperature 1s measured in Celsus or Kelvin. Increments: 1°C = 1K
Lff//dr\\\\‘

Topic#2 MeasCalc Sample WS#2: Temperaturs 0
J5°¢

16. Convert the followmg temperatures

2.30°C=303K b °C=323K ¢ 986°F=__ °C d. °F = 100°C
K=*C+273 = K-273 or-(1.8)C+32 ©°F: 1.8 +32
K= 304273 % . 323-273 o 35 = | 2(100)*32
: = C: F72< o
.303K -'-'SO' OC.- . !‘g ._._2]'2 F
C- 98.6-32
3

itE 3¢



Temperature

Air molecules collide with thermometer,
their energy is transferred to mercury inside

c“l . L?‘SES’:(;IIG“C wnn « More kinetic

« Energy
Airmolecules .
move slower
in cold air
mercury
doesn’t
rise

Molecules
move rapidly
Inwarm

air causing
'@ mercury

torise

Meas/Calc

Topic#2
373.15— 100=gp =100  212—p=

=370 s =
- w0 200
= 260 : -190
E £80 -180
=350 B -170
5340 =70 - 160
E ;60 -150
£330 £ =190
E =50 -130
=320 = 120
E =40 =
=310 s 100
= =30 =%
=300 - 80
= =20 =10
=20 z - 60
5 =10 2
=280 z 3401

- e =lzo ==

273.15 Z om0 0 E || g
s =-10 -20
= 260 E ey
=250 £20 =0
= = --10
o—! ! -273.156 ~45!i.(s7—6 -
Kelvin Celsius Fahrenheit

el

Water boils
at sea level

)

a

\

Body temperature //|  |\|
96.6°F 37 C *{J\ A r‘\“}
iy

) H
dv
Water freezes

at sea level

Absolute zero — all
molecular motion STOPS



Meas/Calc

Density Lab Topic#2

Note: (Volume Through Water Displacement)

When using a graduated cylinder to determine volume of an object through water displacement, tip the
graduated cylinder about 45° (from upright position) and then insert the rectangular prism or cubes so they
GENTLY slide to the bottom of the graduated cylinder. When starting a NEW volume measurement, pou
out the water and start anew. For each new trial, start with a DIFFERING volume of initial water, but th
water should still COMPLETELY cover the object when place in water (submerged)

Note: Volume through Measuring Length, Width, and Heigh:

Depending on the number of trials you have decided to do, you will need the same number of independent

volume calculations. To do this use the following example:

1. Using a ruler or caliper, silently measure the length, width, and height (or three sides of the cube).

. Write your individual measurements on a small piece of paper.

. Depending on the number of trials, a new lab member measures the /, w, and / (or sides of a cube) and

writes his’her data on a small sheet of paper.

4. When all of the volume measurements for each trial have been measured, then each lab member silently
calculates the volume from his’her measurements.

5. The lab team now has independent volume calculations for the number of trials indicated in the
procedure.

W N



Density Lab Topic#2

¢ Brainstorm within your groups on procedure
® Collaborate - agree on duties

® One typed report per group

® Conclusion - done AFTER the lat

Question: What is the density of an object?
1. Write a lab procedure.
a. What data do you need to collect?
b. What materials do you need?
¢c. Develop two methods of finding the
volume of your object.
d. How many trials do you want to
perform? Be reasonable.
2. Be as specific as possible where another
lab group could follow your procedure
and fmish the lab.

Meas/Calc

Format
1. Name of Lab

W N

wn A

. Objective

. Materials needed

. Procedure

. Data table (2; one for data and one for

calculations
a. calculate density
b. calculate percent error

. Calculations (leave space in your

document).Hand write very NEAT or
use the equation editor in Word. Show
work for calculated volumes and density.

. Conclusion - reflect on any

parts you would change to
better the lab. Comment on
the percent error and how
you can use this to better
your lab.



Meas/Calc

Density Lab Topic#2

Report
Title: Some Students are Very Dense.

Objective or Question: The teacher will determine the density of a student.

Materials:
one student
extremely large graduated cylinder (industrial scale)
water
electronic scale

Data Table:
Data (mass and volume) Calculations (density and percent error)

Calculations:

Conclusion:



Meas/Calc

Density Lab Topic#2
Water displacement: Vi- Vi = Vpject
Report (where Vi is initial volume and V; is the final volume (after the object is added))
Data Tables:
Data (Mass/Volume) Calculations (Volume/Density)
Volume
Water Displacement Caliper Density
Mass (mL) (or Ruler) Vovgect Vovject -
Trial ) 7 7 il (water) | ccatperruen | (Water) | (sides)
- o Trial | (mL) | (cm® | g/mL | g/em?
#1 w= #1
I=
h= #2
#2 w=
l= #3
h =
#3 w=
l=




Density Lab
Report
Data Table:

% error = |actual - average density| x 100%
actual

Meas/Calc

Topic#2

Calculations (Average Density/ Percent Error)

Volume | Average
.g % Error
Method | Density
‘Water ~%
Displacement ~g/mL
Caliper
or ~g/em® ~%

Ruler




