
Quiz Solution

Using the significant digit and rounding rules what is?

Calculator = 4.70367 (no rounding off until end)
Calculator = 4.70349 (rounding at add/subt ops only)

Calculator = 4.82759 (rounding every chance)

Correct = 4.7 

(2.5 + 4.110)! ! ! (23.45" 1.2234)! 30.

(2.0009" 1.32)! 4.3234X103



Practice
Use the factor-label (dimensional analysis) 
technique to carry out the following conversions:

1)   3.44 X 102 m3 to ft3

2)   10.35 nm to one thousands of an inch

3)   105˚F to ˚C

4)   1 ton (2000 lbs) to metric ton (1000 kg)

5)   How many seconds in 365 days?



Rounding Numbers

When rounding numbers in a multi-step 
calculation:

1.  Round off all addition or subtraction 
operations nested within a calculation.

2.  All subsequent multiplications and/or 
divisions carry the calculation to the end 
and round the answer. 



% As A Conversion Factor
The composition and components of a mixture 
are very often expressed as a percentage.  It 
relates mass (or volume) of a component to 
mass (or volume) of a mixture.

% Mass =
parts substance A

100 parts of sample

Examples: If we say seawater consists of 18.65% NaCl by mass it means:

18.65 parts NaCl

100 parts seawater

The parts can be any unit (g,kg,lbs) so long as they are mass units and
consistent.

Gasoline containing 10.5 % ethanol by mass means :
10.5 grams ethanol

100 grams gasoline



Concept Map Problem Solving 

Density

Mass

Volume

% w/w

% v/v

Geometric 
Shapes

Specific 
Gravity

Use factor-label method 
to track units.

To do so you will need 
to know the metric 
system prefixes,
derived units and 
English units.



Simple Conversion Problem

1.45  For a fighter jet to take off from the 
deck of an aircraft carrier, it must reach a 
speed of 62 m/s.  Calculate this speed in 
miles per hour.

MPH =
62 m

sec
!

!
60 sec

1 min

"
!

!
60 min

1 hr

"
!

!
1 km

103 m

"
!

!
1 mi

1.609 km

"
= 140mph



Specific Gravity

Specific Gravity is the ratio of density of a 
substance compared to water at 25˚C 
(Density of Water (25˚C) =1.000 g/cm3).

Specific Gravity =
Density Substance g/mL3

Density Water g/mL3

Specific Gravity =
Density Substance g/mL3

1.000 g/mL3



The total volume of sea-water is 1.5 X 1021 L.  assume 
that sea-water contains 3.1% sodium chloride by mass 
and its density is 1.03 g/mL.  Calculate the total mass of 
NaCl in kilograms and in tons (1 ton =2000 lbs, 1 lb  = 
453.6 grams).

= 1.5!1021 L sw !
!

103 mL sw

1 L sw

"
!

!
1.03 g sw

ml sw

"
!

!
3.1 g NaCl

100 g sw

"
!

!
1 kg NaCl

103 g NaCl

"
= 4.8 ! 1019 kgNaCl

Tons = 4.79!1019kg

!
1 lb NaCl

.4536 kg NaCl

"
!

!
1 ton NaCl

2000 lb NaCl

"
= 5.3!1016 tons

We use density and volume of seawater to calculate the mass of seawater.  
Then, use \% w/w of NaCl in seawater to convert from mass of seawater to 
mass of NaCl in seawater.  Understanding what density is and what \% w/w is 
critical to solving the "difficult problems".



The LD50 of a drug is the dose that would be lethal for 50% of 
a population.  The LD50 of aspirin in rats is 1,750,000 

micrograms of  aspirin per kilogram of rat body weight.  
Calculate the number of 325 mg aspirin tablets it would take 

to achieve the same dosage in a 70 kilogram human.

mg aspirin =
1, 750, 000 ug asp

kg wt
!

!
103 mg asp

106 ug asp

"
!

!
70 kg wt

1 human

"
= 122500 mg

number of 325 mg asp tablets = mg aspirin!
!

1 tablet

325 mg aspirin

"

number of 325 mg asp tablets = 122500 mg aspirin!
!

1 tablet

325 mg aspirin

"
= 376.9 tablets

= 400 tablets (rounded to 1 SF as dictated by the ambiguous 70 kg)



Better Problem
What is the diameter of the moon in kilometers if the 
moon has a mass of 7.4 X 1022 kg and its’ density is 
3.3 g/cm3? 

V ol Moon (km) = 7.4×1022 Kg ×
(

103 g

1 Kg

)
×

(
1 cm3 moon

3.3 g moon

)
×

(
1 m

100 cm

)3

×
(

1 km

103 m

)3

= 2.24 × 1010 km3

V olume Moon =
4
3

! r3

V ol = 2.2424× 1010 km3 =
4
3

! r3

r (km) =
(

(2.24× 1010 km3)× 3
4 !

)1
3 = 1.749× 103 km

Diameter Moon = r + r = 2r = 2× 1.749× 103km

Diameter Moon = 3.498× 103 km = 3.5× 103km



Combining our Skills
Automotive battery acid consists of 40.% sulfuric 
acid (H2SO4) and 60.% water (H2O) by mass.  The 
specific gravity is 1.31.  Calculate the mass of pure 
H2SO4 in 105 ml of battery acid.

Mass H2SO4 = 105 mL!
!

1.31 g ba

1 mL ba

"
!

!
40 g H2SO4

100 g ba

"
= 55 g H2SO4

Use specific gravity (ratio of density of sulfuric to that of water) to 
find the density of sulfuric acid.  Don’t forget the meaning of % 
mass.



Another one
The substances listed below are water 
clear liquids.  You have been asked to 
identify an unknown liquid that is 
known to be one of the liquids.  You 
transfer 3.50 mL sample of the 
unknown into a beaker.  The empty 
beaker had a mass of 12.20 g, and the 
beaker containing the sample weighed 
14.96 g. 

Liquid Density

Glycerol 1.2613

Ethylene
Glycol

1.1088

Ethanol 0.7893

Acetic 
acid

1.0492

Water 0.9997

Need to calculate density from the

data provided in the problem.

Density =
mass

volume
=

?
3.50 mL

=
14.96 g ! 12.20 g

3.50 mL
= 0.7885 g/mL

It has to be ethanol!



Example
  A graduated cylinder is filled to the 15.0 ml mark with 

H2O.  It is weighed on balance and gives a mass reading of 
27.35 g.  An object made of Ag is placed in the cylinder 
and it is completely submerged.  As a result, the water 
level rises to read 18.3 ml.  When reweighed the cylinder 
with water and Ag sample has a mass of 62.00 g.  What is 
the density of silver?

Density =
mass g

volume ml

The volume change due to the displacement of water (Archimedes Principle)
in the graduated cylinder is just the di!erence in the readings of the graduated
cylinder before and after adding the Ag to the cylinder with water. 18.3 ml -
15.0 ml = 3.3 ml.

The mass is also found by the di!erence before and after adding the piece
of silver. Mass = 62.00 g - 27.35 g = 34.65 g

Thus;

Density =
34.65 g

3.3 ml
= 10.5g/ml = 10g/ml



Temperature Conversions

!C =
5
9
(!F ! 32)

!F =
!
!C

9
5

"
+ 32

  Kelvin is the SI unit for temperature.  To 
convert from ˚C to Kelvin memorize:

Kelvin = !C + 273.15



Temperature 

0˚C

100˚C 180˚F*

0˚F

5˚C = 9˚F* is an equality and conversion factor between 
Celsius and the modified Fahrenheit scale with the proper 
0.  This is how the temperature equations are derived.

FahrenheitFahrenheit*Celsius



Temperature Problem

Venus, the second 
closest planet to the sun 
has a surface 
temperature of 7.3 X 
102 K.  What is this 
temperature in ˚C and 
˚F?

K = 273.15 + ˚C
˚ C = 7.3 X 102 K - 273.15 K =  456.85˚C = 460˚C (2SF)

˚F = {˚C (9˚F/5˚C)} + 32˚F
˚F = {456.85˚C (9˚F/5˚C)} + 32˚F = 854.33˚F = 850˚F (2SF)



Practice

Radio waves travel at the speed of light which 
is 3.0 X 108 m/sec.  If you were to broadcast a 
question to an astronaut on the mood, which is 
239,000 miles from earth what is the minimum 
time both in minutes and seconds that you 
would have to wait to receive a reply?

T ime =
distance

speed
=

239, 000 mi

3.0! 108 m/sec
! 1.609 km

1mi
! 103 m

1 km
= 1.3 s

T ime =
distance

speed
=

239, 000 !!mi

3.0! 108 ""m/sec
! 1.609 !!km

1!!mi
! 103 ""m

1 !!km
= 1.3 sec



Better Problem
Copper has a density of 8.96 g/
cm3.  An ingot of Cu with of mass 
of 126 lb is drawn into wire with a 
diameter of 9.50 mm.  How many 
meters of wire can be produced 
from the ingot?

Mass Ingot in grams = 126 lb! 453.6 g

1 lb
= 5.715! 104g

This problem connects mass--density--volume of a cylinder to length given the diameter of the 

cylinder (wire in the problem).  First convert mass to grams so units are all consistent.  Then 

convert the mass using the density to volume.  Finally volume to length via volume of a cylinder. 

V olumeCu =
Mass Cu

Density Cu
=

5.715! 104 g Cu

8.96 g Cu/cm3 Cu
= 6.378! 103 cm3 Cu

V olume Cylinder = !r2 ! length

Length =
V olume

! r2
=

6.378! 103 cm3

! (0.950 cm/2)2
= 9.00! 103 cm = 90.0 m



Better Problem

A furniture factory needs 31.5 ft2 
of fabric to upholster one chair.  
Its Dutch cloth supplier send the 
fabric in bolts of exactly 200 m2.  
What is the maximum number of 
chairs that can be upholstered 
by 3 bolts of fabric?



Better Problem

Aluminum (Al) is a lightweight metal with a 
density of 2.70 g/cm3.  What is aluminum’s 
density in kg/m3?

Density (kg/m3) =? = 2.70
g

cm3
! 1 kg Al

1000 g Al
!

!
100 cm

1 m

"3

Density (kg/m3) =? = 2.70 !!!g Al

!!cm3
!

!
1 kg Al

1000 !!!g Al

"
!

!
106 !!cm3

1 m3

"
= 2.70! 103 kg/m3



Better Problem

The earth has a mass of ~5.98 X 
1024 kg and a diameter of 1.276 
X 107 m.  What is the 
approximate density of earth?

Density =
Mass

V olume
=

5.98! 1024kg

?

V olume =
4
3
!r3 =

4
3
!(

d

2
)3 = 1.0878! 1021m3

Density =
Mass

V olume
=

5.98! 1024kg

1.0878! 1021m3
= 5.50! 103kg/m3


