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Math Skills Toolbox

• Units of measurement
> S.I. Units
> Conversions

• Uncertainty in measurements
> Significant figures

• Scientific notation
• Rearranging and solving equations
• Organizing your work (GRASS)

Measurement

Scientific Measurement

Physics is a branch of science that deals with the behaviour and 
properties of the universe. It is the study of matter and energy, 
and involves measurable quantities of all sorts and sizes. 

Every number you deal with in physics means something 
important. Even if you didn't perform the measurement yourself, 
you must assume that someone, somewhere did a measurement 
to produce that number. This means that all numbers require a 
meaningful unit of measurement, and you must account for the 
accuracy with which it was measured in your calculations.
 
A measurement is quantity that has both a number and a unit. 
In some cases, it may also require a direction (if it's a vector).

Example:

measurements

The units typically used in the sciences are those of the 
International System of Measurements (SI Units)

Scientific Measurement

Unit Conversions

Unit Conversions
Dimensional Analysis is all about canceling units ‐ "boxes" or 
"building a bridge"

Conversion factors are ratios (fractions) of equivalent 
measurements ‐ the metric scale provided on the top of your 
formula sheet shows some conversion factors.

Example of Unit Conversions:  
1 dollar = 4 quarters = 10 dimes = 20 nickels (all equivalent)

1 year = 365 days 
1 day = 24 hours
1 hour = 60 minutes  1 HOUR     (small number, larger unit)
1 minute = 60 seconds        60 min
1 m = 100 cm
1km = 1000 m

Conv. Factor Rules

Metric System Conversions

Steps to follow:

1) Write down what you are given, including units.

2) Set up a ratio (fraction) beside it. Put in the units first so that 
they cancel out properly (top & bottom).

3) Your conversion factor (numbers) will depend on what units 
you start  & end with. Check your metric scale to see how many 
places you must jump. "There are 102cm in 1 m"

4) Think logically. For example, km are a larger unit than cm. A 
large number of cm will equal a small number of km. 
(Remember that positive exponents make large numbers & 
negative exponents make tiny decimals)

Metric Conversion Factors

Metric System Conversions

Ex 1: Convert 6.5 km to m

Ex 3: Convert 1.0 Mg to cg

Ex 2: Convert 2.3 ng to mg

Ex 4: Convert 47 cm to km
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Conv. Factor Rules

Unit Conversions
Some units are composite, and made of more than one kind of 
unit, while some are not metric (sets of 10), like the units used to 
measure time... 

Ex 1: Mrs Logan turned 30 in October. How many seconds old 
was she on  her birthday?

Ex 2: Physicists prefer to measure velocity in meters per second 
(SI Units). Convert 50 km/h into m/s.

Uncertainty in measurements\

Scientific Measurement
Every measurement is an estimate ‐ our certainty depends on 
how well we use the tool, and the precision of the tool itself.

For example, you can get a more accurate measurement if you 
use a tool that is divided into smaller units, but the final decimal 
place you record is still always a guess. 

Uncertainty in Math

Math cannot magically make your final answer more precise than 
any of the original measurements you used... so as a general rule, 
make sure your answer's precision matches the least precise 
measurement that you put into the math...

There are two main rules:

RULE 1:
When adding and subtracting,  match your answer to the original 
measurement that had the fewest decimal places.

Ex: 12.65 m + 0.306 m ‐ 9.1 m =

Carrying Uncertainty through Calculations

Sig Figs

All digits in a standard number are significant (need to be 
counted) EXCEPT leading zeros.

How many sig figs?
24.7 m 0.006702 m 43.00 g

1.010 s 300 mg 3.00 x 102 

Ex: (12.65 m)(0.306 m) =

RULE 2:
When multiplying and dividing, match your answer to the 
original measurement that had the fewest significant figures.

Carrying Uncertainty through Calculations

Sci Not

Scientific Notation
Sometimes we need to write HUGE numbers or TEENY numbers 
but we're only allowed a certain number of significant figures...

Examples: 
• the velocity of a car (110 km/h)
• the distance to the nearest galaxy (2,900,000 ly)
• the radius of a hydrogen atom (0.000000000053 m)

Bulky numbers like this can be hard to deal with, so a system called 
Scientific Notation was created to make them shorter and easier 
to handle. The normal version is called Standard Form.

Scale of the Universe Applet

Ex 1:  2,900,000 ly =

Ex 2:  0.000000000053 m = 

SF to Sci Not

To compress a standard number into scientific notation
• Move the decimal to the right/left until you only have 1 digit before 
the decimal.
• Count the number of places you had to move the decimal. This 
number is the exponent in your power of 10.
• >If you had a large number and moved the decimal left, use a 
positive exponent.
• >If you had a small number and moved the decimal right, use a 
negative exponent.

Try it! Convert each to Scientific Notation with only 3 sig figs:

Ex 1: 842,700,164 s = 

Ex 2: 0.00060347 km =

Scientific Notation

http://htwins.net/scale2/
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Sci Not to SF

To expand a number from scientific notation to standard form
• Check the exponent in your power of 10. It tells you the 
number of places you must move the decimal point.

 >If the exponent is negative, your number is small and the 
decimal must move left.
 >If the exponent is positive, your number is big and the 
decimal must move right.

Scientific Notation

Try it! Convert each back to Standard Form:

Ex 1: 7.63 x 106 g = 

Ex 2: 9.221 x 10‐8 km =

Rearranging Equ

Rearranging Equations
Use BEDMAS backwards to "undo" 
everything that's being done to 
the variable you want to isolate.

Ex 1: Solve for m in y= mx + b

Ex 2: Solve for a in vf = vi + at

Ex 3: Solve for vi in d = (vf + vi)t
   2

GRASS

Problem Solving using GRASS
Given
Required
Artwork/Analysis
Solution/Sig. Figs
Statement

Ex: Find the volume of a box 
that has a length of 30.0 cm, 
a height of 10.0 cm, and a 
depth of 5.0cm.
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Figure 3.5 Significant Figures
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1m10 20 30 40 50 60 70 80 90


1m10 20 30 40 50 60 70 80 90


1m


a


b


c


Measured length = 0.6 m


Measured length = 0.61 m


Measured length = 0.607 m
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Sample Problem 3.7 


©
 P


ea
rs


on
 E


du
ca


tio
n,


In
c.


,p
ub


lis
hi


ng
 a


s 
Pe


ar
so


n 
Pr


en
tic


e 
Ha


ll.
Al


l r
ig


ht
s 


re
se


rv
ed


.


35


Practice Problems


Practice Problems


SAMPLE PROBLEM 3.7


Converting Between Metric Units
Express 750 dg in grams.


Analyze List the knowns and the unknown.


Knowns
• mass � 750 dg
• 1 g � 10 dg


Unknown
• mass � ? g


The desired conversion is decigrams ¡ grams. Using the expres-
sion relating the units, 10 dg � 1 g, multiply the given mass by the
proper conversion factor.


Calculate Solve for the unknown.
The correct conversion factor is shown below.


Note that the known unit is in the denominator and the unknown unit
is in the numerator.


Evaluate Does the result make sense?
Because the unit gram represents a larger mass than the unit
decigram, it makes sense that the number of grams is less than the
given number of decigrams. The unit of the known (dg) cancels, and
the answer has the correct unit (g). The answer also has the correct
number of significant figures.


1 g
10 dg


750 dg �
1 g


10 dg � 75 g


32.  Using tables from this chap-
ter, convert the following.
a.  0.044 km to meters
b.  4.6 mg to grams
c.  0.107 g to centigrams


33.  Convert the following.
a. 15 cm3 to liters
b. 7.38 g to kilograms
c. 6.7 s to milliseconds
d. 94.5 g to micrograms
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Sample Problem 3.5 
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Practice Problems


Practice Problems


SAMPLE PROBLEM 3.5


Using Dimensional Analysis
How many seconds are in a workday that lasts exactly eight hours?


Analyze List the knowns and the unknown.


Knowns
• time worked � 8 h
• 1 hour � 60 min
• 1 minute � 60 s
Unknown
• seconds worked � ? s


The first conversion factor must be written with the unit hours in the
denominator. The second conversion factor must be written with the
unit minutes in the denominator. This will provide the desired unit
(seconds) in the answer.


Calculate Solve for the unknown.
Start with the known, 8 hours. Use the first relationship (1 hour �


60 minutes) to write a conversion factor that expresses 8 hours as
minutes. The unit hours must be in the denominator so that the
known unit will cancel. Then use the second conversion factor to
change the unit minutes into the unit seconds. This conversion factor
must have the unit minutes in the denominator. The two conversion
factors can be used together in a simple overall calculation.


Evaluate Does the result make sense?
The answer has the desired unit (seconds). Since the second is a small
unit of time, you should expect a large number of seconds in 8 hours.
Before you do the actual arithmetic, it is a good idea to make sure that
the units cancel and that the numerator and denominator of each
conversion factor are equal to each other. The answer is exact since the
given measurement and each of the conversion factors is exact.


� 2.8800 � 104 s


 8 h � 60 min
1 h � 60 s


1 min � 28,800 s


28.  How many minutes are there 
in exactly one week?


29.  How many seconds are in 
exactly a 40-hour work week?
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Figure 3.2  Accuracy and Precision
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Good accuracy
Good precision


Poor accuracy
Good precision


Poor accuracy
Poor precision


a b c
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Sample Problem 3.6 
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Practice Problems


Practice Problems


Using Dimensional Analysis
The directions for an experiment ask each student to measure 1.84 g of
copper (Cu) wire. The only copper wire available is a spool with a mass
of 50.0 g. How many students can do the experiment before the copper
runs out?


Analyze List the knowns and the unknown.


Knowns
• mass of copper available � 50.0 g Cu


• each student needs 1.84 grams of copper, or .


Unknown
• number of students � ?


From the known mass of copper, calculate the number of students that
can do the experiment by using the appropriate conversion factor. The
desired conversion is mass of copper  ¡ number of students.


Calculate Solve for the unknown.


Because students is the desired unit for the answer, the conversion
factor should be written with students in the numerator. Multiply the
mass of copper by the conversion factor.


Note that because students cannot be fractional, the result is shown
rounded down to a whole number.


Evaluate Does the result make sense?


The unit of the answer (students) is the one desired. The number of
students (27) seems to be a reasonable answer. You can make an
approximate calculation using the following conversion factor.


Multiplying the above conversion factor by 50 g Cu gives the approxi-
mate answer of 25 students, which is close to the calculated answer.


1.84 g Cu
student


50.0 g Cu � 1 student
1.84 g Cu � 27.174 students � 27 students


1 student
2 g Cu


30.  An experiment requires that 
each student use an 8.5-cm 
length of magnesium ribbon. 
How many students can do 
the experiment if there is a 
570-cm length of magnesium 
ribbon available?


31. A 1.00-degree increase on the 
Celsius scale is equivalent to a 
1.80-degree increase on the 
Fahrenheit scale. If a tempera-
ture increases by 48.0°C, what 
is the corresponding tempera-
ture increase on the Fahren-
heit scale?


SAMPLE PROBLEM 3.6
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Sample Problem 3.9 
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Practice Problems


Practice Problems


SAMPLE PROBLEM 3.9


Converting Ratios of Units
The mass per unit volume of a substance is a property called density.
The density of manganese, a metallic element, is 7.21 g/cm3. What is the
density of manganese expressed in units kg/m3?


Analyze List the knowns and the unknown.


Knowns
• density of manganese � 7.21 g/cm3


• 103 g � 1 kg
• 106 cm3 � 1 m3


Unknown
• density manganese � ? kg/m3


The desired conversion is g/cm3 ¡ kg/m3. The mass unit in the
numerator must be changed from grams to kilograms: g ¡ kg.
In the denominator, the volume unit must be changed from cubic
centimeters to cubic meters: cm3 ¡ m3. Note that the relationship
between cm3 and m3 was determined from the relationship
between cm and m. Cubing the relationship 102 cm � 1 m yields
(102 cm)3 � (1 m)3, or 106 cm3 � 1 m3.


Calculate Solve for the unknown.


Evaluate Does the result make sense?


Because the physical size of the volume unit m3 is so much larger than
cm3 (106 times), the calculated value of the density should be larger
than the given value even though the mass unit is also larger (103


times). The units cancel, the conversion factors are correct, and the
answer has the correct ratio of units.


7.21 g
1 cm3 �


1 kg
103 g


�
106 cm3


1 m3 � 7.21 � 103 kg/m3


36.  Gold has a density of 
19.3 g/cm3. What is the 
density in kilograms per 
cubic meter?


37.  There are 7.0 � 106 red blood 
cells (RBC) in 1.0 mm3 of 
blood. How many red blood 
cells are in 1.0 L of blood?
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