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This is a lesson covering unit conversion and fractional units.
I will guide you step-by-step.

skskesk

I will be asking you many questions along the way.

Each time I ask a question, you should attempt to answer the question on your own
before you scroll down to view my answer.

KRRk

This is a lesson in the chapter “Scientific notation and units”,
which is the first chapter in the series, “Chemistry, Explained Step by Step”.

But the material in this lesson is also appropriate for the first chapter of a course in physics.

Kk ok

This lesson builds on the material covered in the previous lessons:
Scientific Notation

Scientific Notation on a Calculator

Unit Conversion and Metric Prefixes

You should complete those lessons before working on this lesson.

KRRk



This lesson was written by Freelance-Teacher.

My website is:
http://www.freelance-teacher.com

You can support this project with a monthly pledge at my Patreon page:
https://www.patreon.com/freelanceteacher

Or you can make a one-time donation using the PayPal Donate link at my website.

I have videos available for many topics in chemistry, and other subjects, at my YouTube channel:

https://www.youtube.com/@freelanceteach

You can find a list of all the available scripted lessons, in suggested order, at my website.
You can find a list of all the available videos, in suggested order, at my website.

I offer **tutoring** in chemistry, and a variety of other subjects.
For more information, go to my website.


http://www.freelance-teacher.com/
https://www.youtube.com/@freelanceteach
https://www.patreon.com/freelanceteacher

Let's review a little useful math.

Consider the expression az,

where a, x, and y are any three variables.

How can we rewrite this expression?
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This might not seem too exciting,
but this bit of math will be helpful to us

whenever we are interpreting fractional units.
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Here are some examples of fractional units:
miles/hour

dollars/gallon

gallons/mile

grams/liter (i.e., g/L)

Rule:
Any quantity with fractional units
can be used to construct two conversion ratios.

e sk



For example:
1. Suppose Bob is driving at 50 miles/hour.
Use this information to construct two conversion ratios that apply to Bob.

Kk ok

Remember that we just saw that

for any variables a, x, and y, a§ = ‘;—;

. " . miles 50 miles
We can use this mathematics to rewrite 50 honr 25 1 hour

The full mathematical argument would be:

=0 miles 50 y miles
5 = —
hour 1 hour

50 % miles

1 % hour
50 miles

1 hour

Thus, based on the information that Bob is driving at 50 miles/hour,

we can write two different conversion ratios:

50 miles 1 hour
1 hour and 50 miles

Kk ok



2. Suppose gas costs 4 dollars/gallon.
Use this information to construct two conversion ratios.

KRRk

We know that, for any variables a, x, and y,

I _ 4T
a_ ]

¥ ly

. . . dollars 4 dollars
We can use this mathematics to rewrite 4 gallon as T gallon

The full mathematical argument would be:

4dnt]llars 4 y dollars
gallon 1 gallon

4 x dollars

1 x gallon
4 dollars

1 gallon

Thus, based on the information that gas costs 4 dollars/gallon,

we can write two different conversion ratios:

4 dollars 1 gallon
1 gallon and 4 dollars

ks sk

In mathematics, “per” means “divided by”.

For example,

20 dollars per hour = 20 dollars/hour
40 miles per hour = 40 miles/hour

6 grams per milliliter = 6 grams/mL

KRk ok




3. Suppose my car gets 25 miles per gallon.
Use this information to construct two conversion ratios.

Kk ok

"Per"” means “divided by", so

25 miles per gallon = 25 miles/gallon

We know that, for any variables a, x, and y,

g% = 2z
y Ly

. . . = miles 25 miles
We can use this mathematics to rewrite 25 gallon 25 T gallon

Thus, based on the information that my car gets 25 miles/gallon,

we can write two different conversion ratios:

25 miles 1 gallon
1 gallon and 25 miles

ks sk



4. Suppose a certain food contains 500 calories per serving.
Use this information to construct two conversion ratios.

Kk ok

"Per" means "divided by" so

500 calories per serving = 500 calories/serving

We know that, for any variables a, x, and y,

z _ o

v ly

We can use this mathematics to rewrite
500 calories

SErving
das

500 calories
1 serving

Thus, based on the information that the food contains 500 calories/serving,

we can write two different conversion ratios:
500 calories and 1 serving

1 serving 500 calories
kakok

In your chemistry class you will encounter many quantities with fractional units.

Every time you encounter a quantity with fractional units,
you should say to yourself,
“Aha! I can use this information to construct two conversion ratios.”

From our previous lesson on “Unit conversion and metric prefixes”,
you should already realize how useful conversion ratios can be for solving problems.



Page 2

Unit conversion problems often invalve money,

so on this page we will discuss how to handle monetary amounts for problem-solving purposes.

Menetary amounts are commeonly reported in the form of, say, $52.78 ("fifty-two dollars and seventy-

eight cents”).

For problem-solving purposes, such an amount should be rewritten as "52.78 dollars":
$52.78 = 52.78 dollars

5. Rewrite $961.42 for problem-solving purposes.

Answer:
$961.42 = 961.42 dollars

6. Suppose gasoline is selling for $3.52/gallon.

Rewrite $3.52/gallon for problem-solving purposes.

Answer:
$3.52/gallon = 3.52 dollars/gallon

7. What does 12.46 dollars mean in everyday terms?

12.46 dollars = $12.46

So, 12.46 dollars means 12 dollars and 46 cents.
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The numerator and the denominator of a conversion ratio

provide hypothetical information only.
For example, suppose gasoline costs $4 per gallon.

This information allows you to construct the conversion ratio
4 dollars

1 gallon gasoline *
This ratio tells you that
if you buy 1 gallon of gascline

then you know that the total cost is 4 dollars.

if you buy 2 gallons of gasoline

then you know that the total cost is 8 dollars.

if you buy 3 gallens of gasoline

then you know that the total cost is 12 dollars.
Etc.

It is also possible that you will buy O gallens of gasoline,

in which case the total cost will be O dollars!

This illustrates that the numerator and the denominator of the conversion ratio
4 dollars

1 gallon gasoline

by itself, the conversion ratio cannot tell us how much gascline | actually bought,

provide hypothetical information only;

or what the total cost of the gascline actually was.

The same thing can be said of any conversion ratio:
the numerator and the denominator of a conversion ratio
provide hypothetical information only.

Kk %k



Bob drives at 50 miles per hour.
8. True or false? If false, rewrite the statement so that it is true.

The conversion ratio % tells us that Bob drove for 1 hour.

False.

The numerator and the denominator of a conversion ratic provide hypothetical information only.

50 miles
1 hour

The ratio tells us that

if Bob drove 50 miles,

then we know that Bob drove for 1 hour,

If Bob drove 100 miles,

then we know that Bob drove for 2 hours.

If Bob drove 150 miles,
then we know that Bob drove for 3 hours.

Etc.

But, by itself, the conversion ratio cannot tell us

how long Bob's trip actually lasted.

50 miles

This might seem cbvious when you‘re working with an everyday conversion ratio like hour

But, when students are working with unfamiliar conversion ratios from chemistry,
they often forget
that the numerator and the denominator of a conversion ratio

provide hypothetical information only.
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Im the previous lesson, “Unit conversion and metric prefixes”, we introduced this step-by-step process for
unit conversion:

Begin by writing down the target units, on the right side of the equation,

Write down the starting information, on the left side of your eguation.

Write down one or more conversion ratios, on the left side of the eguation.

AWM=

When the units on the left side of the eguation cancel

so that the remaining units on the left side

match the target units on the right side of the eguation,

you are ready to perform the calculation indicated by the left side of the equation.

9. Copper wire sells for 3 dollars/meter. How many meters of copper wire can you buy for 116 dollars?
Solve using our step-by-step unit conversion process.

Answer:

5116 will buy 38.7 meters of copper wire.
Solution:

1. Begin by writing the target units, on the right side of the eguation.

For this problem, the target units are meters:

= 7 meters

2. Write the starting information, on the left side of the eguation.

For this problem, the starting informaticn is 116 daollars:

116 dollars = = 7 meters copper wire

3. Write down one or more conversion ratios, on the left side of the equation.

The starting information has units of: dollars

The target units are: meters

We would like to find a conversion ratio that connects dollars with meters.



We're told that the price of copper wire is 3 doellars/meter.

We know that any quantity with fractional units, such as 3 dollars/meter,

can be used to construct two conversion ratios.
Bdcﬂlars __ 3 dollars
m

- lm

So we can write the following conversion ratios:

4 dollacs 1 m copper wire
1 m copper wire and 3 dollars

Which version of the conversion ratio should we use to solve this problem?

We want to cancel the units of “dollars” in the starting information.

In order to do that, we need to use a conversion ratio with “dollars” in the denominator, rather than in the

numeratar.
So we write:
116 dollars x LREEELREE — 9 m copper wire

4. The units of “dollars” will cancel diagonally:

116 delars = % = 7 m copper wire

For unit conversion problems, you sheould always use “slashes” as shown above,

to indicate the units that you have canceled.

Our slashes above indicate that the only units remaining on the left side of the equation are "meters”,

which matches the target units on the right side of the equation.
This signals us that wea're ready to perform the calculation on the left side of the equation.

Multiplying by 1 does not affect the result,

50 we can disregard the 1.

The remaining calculation is:
116 =+ 3

This calculation can be performed in one step on your calculator:
116 + 3 = 38.7

After canceling units on the left side of the eguation,
the only remaining units on the left side were meters;
so our result is 38.7 meters.



The complete unit conversion eguation is:

116 _delars x m—fz&% = | 38.7 m copper wire

Please notice, the answer is not “38.7"
Your answer must include units.

The correct answer is: 38.7 meters of copper wire.

$116 will buy 38.7 meters of copper wire.

Does our answer make sense?

3 dollars
1 meter *

From the conversion ratio we know that
if we had 3 dollars to spend,

then we could buy 1 meter of wire.

We have much more than 3 dollars to spend (3116),

s0 we expect that we can buy much more than 1 meter.

And indeed, our answer (38.7 meters) was a lot bigger than 1 meter,

S0, yes, our answer does make sense.

Rule:
If the target unit is a non-fractional unit,

then the starting information should also have a non-fractional unit.

This rule is how we knew, in the previous problem
to treat $116 as the starting information,

rather than treating $3/meter as the starting information.

Our target units {meters of copper wire) are non-fractional,
50, based on the Rule we just learned,

we expect that the starting information should also have non-fractional units.

Kk %k

In later chapters, we will see that, in chemistry, it is often crucial to write down not just the unit (e.g.,
meters), but also the _substance_ (e.g., copper wire).

So, when solving unit conversion problems, you should start getting in the habit of writing down not
just the unit but also the substance.

That’s the reason that in the above solution we wrote the units as “m copper wire” rather than simply as

[13 »

mr.
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10. A jewelry supplier sells pure silver for $0.85 per gram.

If a silversmith purchases 2.4 kilograms of pure silver, how much will the silver cost?

Answer:
2.4 kilograms of pure silver will cost $2,000.

Solution:

Starting information: 2.4 kilograms silver

Target units: dollars

In the previous lesson, "Unit conversion and metric prefixes”,

we learned how to draw a “flowchart” to show how to convert from one unit to another, or vice versa.

We don't know any single conversion ratio that will convert directly from kilograms silver into dollars,

so let's construct a flowchart to link kilograms silver with dollars.

We're told that the price of pure silver is $0.85 per gram,

which we know means $0.85/gram.
For problem-solving purposes we can rewrite $0.85/gram as 0.85 dollars/gram.

We know that any quantity with fractional units, such as 0.8B5 dollars/gram,

can be rewritten like so:

0.85 dollars __ 085 dollars
) Eram 1 gram

So we can write the following conversion ratios:
(.85 dollars 1 g silver

1 g silver and 085 dollars
From what we learned in the lesson “Unit conversion and metric prefixes” we can write these two
conversion ratios between kilograms silver and grams silver:
iy £ silver and 1 kg silver

1 kg silver 1P g silver
The connecting link between the first pair of conversion ratios and the second pair is grams silver,
because grams silver appears in both pairs of conversion ratios.

We can use that connecting link to draw the following flowchart.

i g sllve 025 dollazs
STARTING Trare Sl PARGET
INFO i . ¥ gsj]vcr i » UNITS
kg silver dollars

Motice that we've labeled the starting information and target units in our flowchart.

To save space in our flowchart, we have written only one possible conversion ratio above each arrow.
But you need to keep in mind that each conversion ratio can be flipped to give an alternative ratio.



It will be your job to determine which form of each conversion ratio is appropriate for this particular
problem; don’t assume that the form we’ve written in the flowchart is the form we need for the unit
conversion equation.

Kk ok

Mow we're ready to perform the unit conversion.

1. Begin by writing the target units, on the right side of the eguation.

= 7 dollars
2. Write the starting information, on the left side of the egusation.
2.4 kg silver x = 7 dollars

3. Write down one or more conversion ratios, on the left side of the eguation.

The flowchart tells us that the first step in converting from kilegrams silver into dollars

is to write 2 conversion ratio that will convert from kilograms silver into grams silver:

10° g silver

24_@% . m *

= 7 dollars

For this first conversion ratio, how did we know whether to use

10¢ g silver 1 kg silver
1 kg silver 1 g silver

Well, we want to cancel kg silver from the starting information,
so we need the first conversion ratio to contain kg silver in the denominator.
This indicates that the correct conversion ratio to use is

1 g silver
1 kg silver *

As shown by our “slashes” our first conversion ratio allows us to cancel kg silver.

As shown by our slashes, the remaining unit on the left side of the equation is g silver.

This does not yet match our target units on the right (dollars),
so we're not ready yet to perform the calculation.

Instead, we need to write down another conversion ratio.

Our flowchart tells us that the next step is to write down a second conversion ratio,

to convert from grams silver to dollars:

10? gsilver  0.85 dollars

— 7
T kgeitver © Lgsiver . dollars

2.4 kg sitver x

For the second conversion ratio, how do we know whether 1o use

0.85 dollars or 1 g silver
1 g silver (.85 dollars



Well, we want to cancel grams silver from the numerater of the first conversion ratio,
so we need the second conversion ratio to contain grams silver in the denominator,

This indicates that the correct conversion ratio to use is

(.85 dollars
1 gsilver *

4. As shown by our slashes, the units of grams silver will cancel diagonally.

When performing unit conversions,

always use slashes 1o indicate your cancellations.

After canceling all possible units on the left side of our equation,
our slashes indicate that the only remaining units cn the left side are dollars,
which matches our target units on the right side of the eguation.
This indicates that we are now ready to perform our calculation.

10 gsilver .85 dollars

2.4 kg silver
AR X kg eitver 1 gsiver

= 7 dollars

Dividing by 1 doesn’'t change the result,
so we can disregard the 1's on the left side of the equation.

The remaining calculation is:

2.4 % 10° = 0.85

You can perform this calculation in one step on your calculator:

2.4 x 107 x 0.85 = 2000

I've rounded the initial result of 2040 to two digits to match the two significant digits in the given

information.

The only units remaining on the left side of the eguation are dollars,

so our result is 2000 dollars.

o 10° gsilver  0.85 dollars
2.4 kg silver — [2000 doll
kesilver x e~ 1 gamsiver

Our answer is:

2.4 kilograms of pure silver will cost $2,000. |

Kk ok

For this problem, how did we know that
the starting information was 2.4 kg silver,
rather than $0.85/gram?

Rule:
If the target unit is a non-fractional unit,



then the starting information should also have a non-fractional unit.

This rule is how we knew, in the previous problem
to treat 2.4 kg silver as the starting information,
rather than treating $0.85/gram as the starting information.

Our target units (dollars) are non-fractional,
so, based on the Rule,
we expect that the starting information should also have non-fractional units.

Kk ok

In later chapters, we will see that, in chemistry, it is often crucial to write down not just the unit (e.g.,
grams or kilograms), but also the _substance_ (e.g., silver).

So, when solving unit conversion problems, you should start getting in the habit of writing down not
just the unit but also the substance.

That’s the reason that in the above solution we wrote the units as “g silver” and “kg silver” rather than
simply as “g” and “kg”.
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8. Bob drives at 65 miles per hour. His car gets 35 miles per gallon. The cost of gas is $4.10 per gallon.

How many hours can Bob drive for $45 worth of gas?

Answer:
$45 of gas will allow Bob to drive for 5.9 hours.

Solution:

The rule is that
if the target unit is a non-fractional unit,

then the starting information should also have a non-fractional unit.

35 miles/gallon and 4.10 dollars/gallon both have fractional units,

while 45 dollars has nen-fractional units.

So, based on the Rule, the starting information is 45 dollars,

rather than 35 miles/gallon or 4.10 dollars/gallon.

Starting information: 45 dollars

Target units: hours

We don't know any single conversicn ratio that will convert directly from dollars into hours,

so let’s construct a flowchart to link dollars with hours.

From the problem statement we can write these ratios:

dollars _ 4.10 dollars
4.10 gallon — 1 gellon
5 miles __ 35 miles
gallon — 1 gallon
miles __ 65 miles
EE"]:u::‘u.r 1 hour

What are the "connecting links" between these ratios?
“Gallons” appears in two different ratios, so that's a connecting link.

“Miles” appears in two different ratios, so that's a connecting link.

We can use those connecting links to draw the following flowchart:

STARTING Shiet ESE g TARGET
INFO » gallons +—— miles + 1t UNITS
dollars hours

Motice that wa've labeled the starting information and target units in our flowchart.

To save space in our flowchart, we have written only one possible conversion ratio above each arrow.
But you need to keep in mind that each conversion ratio can be flipped to give an alternative ratio.



It will be your job to determine which form of each conversion ratio is appropriate for this particular
problem; don’t assume that the form we’ve written in the flowchart is the form we need for the unit
conversion equation.

Now we’re ready to perform the unit conversion.

1. Begin by writing the target units, on the right side of the eguation.
= ? hours
2. Write the starting information, on the left side of the eguation.
45 dollars = = 7 hours

3. Write down one or more conversion ratios, on the left side of the equation.
The flowchart gives us the sequence dollars < gallons -+ miles -+ hours:
1 gallom 35 miles 1 hour
- 4 -
4.10 deHars 1 gallon 65 miles

45 deltars x = ? hours

Why do we write the first conversion ratic as

1 gallon 4.10 dollars o
4.10 dollars rather than as 1 gallon

The reascn is that we want to cancel the units of dollars in the starting information,

so we need our first conversion ratio to have daollars in the denominator.

Why do we write the second conversion ratic as

35 miles pather than as L&akon 7
1 gallon 35 miles

The reascn is that we want to cancel the units of gallens in the numerator of the first conversion ratio,

so we need our second conversion ratio to have gallons in the denominator.

Why do we write the third conversion ratio as

1 hour 65 miles o

&E ol rather t-ha]:l as Thomr *
The reascn is that we want to cancel the units of miles in the numerater of the second conversion ratio,

so we need our third conversion ratic to have miles in the denominator.

4. As shown by our slashes, the units of deollars, gallons, and miles cancel diagonally.
The only units remaining on the left side are hours, which matches cur target units on the right.
So we are ready to calculate.

Multiplying or dividing by 1 doesn't change the result,

so we can disregard the 1's.

The remaining calculation is:

45 + 4.10 = 35 - 65

You can perform this calculation in one step on your calculator;

45+ 4.10 x 35 - 65 =5.9

After all cur cancellations, the only units remaining on the left side of the equation are hours.

So our result is 5.9 hours.



Therefore,

_ 1 gallon 35 miles 1 hour
45 doltars x — —[5.9n
= X $10dolars . 1galion . 65.mies

Cur answer is:
$45 of gas will allow Baob to drive for 5.9 hours.

ek

Does this answer make sense? I think so.

If we had concluded that you can drive for 60 hours on $45 dollars worth of gas,
I think you would know that that is not realistic.

If we had concluded that you can drive for only .5 hours on $45 dollars worth of gas,
I think you would know that that is not realistic.
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11. Alength of solid copper electrical cable has a linear density of 0.89 kg/m.
If a wtility company installs 2.5 km of this cable, what is the total mass of the cable in kilograms?

Answer:
2.5 km of cable has a mass of 2200 kg.

Solution:

Starting information: 2.5 km cable
Target units: kg cable

We don't know any single conversion ratic that converts directly between km and kg,

50 let's write a flowchart to connect our starting information and our target units.

The problem tells us that the cable has a linear density of 0.89 kg/m (i.e., 0.B9 kilograms per meter).

‘Wi can write:
R
m lm

This gives us a piece of cur flowchart:

Lo TARGET
meable e -2 L UNITS
kg cable

MNow we can add the units for the starting information (km cable) to the flowchart:

STARTING 1moul ko TARGET
INFO L Ly e UNITS
km cable kg catde

The flowchart now links the starting information to the target units,
s0 we're ready now to use the flowchart to write our complete unit conversion equation:

1 _
10" meable 0.89 kg -::ab_]e — 7 ke cable

2.5 km-cable = 1 re_x T =

As usual, we are getting in the useful habit of writing down not just the units but also the substance (i.e.,
wie don't just write down m or km, we write down "m cable” or “km cable™).

Why do we write the second conversion ratio as
089 kg cable rather tl a5 - 1mcable 4

1 m cable 0.H9 kg cable '

The reason is that we want to cancel the units of m in the numerater of the first conversion ratio,
50 we need our second conversion ratio to have m in the denominator.

As shown by our slashes, the units of km and m cancel diagonally.
The only units remaining on the left side are kg, which matches our target units on the right.

So we are ready to calculate.

‘We can disregard the 1's.
You can perform the calculation in one step on your calculator:

2.5 x 107 x 0.89 = 2200

| have rounded the result to two significant digits to match the given information.



After all our cancellations, the only units remaining on the left side of the equation are kg cable.

Sooour result is 2200 kg of cable.

Therefore,

10" m-eable y .89 kg cable
1 km-cahble 1 m-eable

2.5 km-cable = = [ 2200 kg cable

Our answer is:
2.5 km of cable has a mass of 2200 kg,
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This is part 2 for the lesson on “Unit conversion and fractional units”.

skskesk
We have completed our discussion of fractional units.
Now let’s discuss another topic related to unit conversion.

Kk ok

Any time you are given an equivalence between two quantities,
you can use that equivalence to write two conversion ratios.

KRRk



For example:
1. A standard can of soda will hold 355 mL.

Write two conversion ratios based on this information.

The problem tells us that 1 can of soda is equivalent to 355 mL of soda,
in the sense that 1 can of soda will held 355 mL,
and a volume of 355 mL of soda will be contained in 1 can.

So we can write these two conversion ratios:

355 mL and 1 can soda
1 can soda 355 mL

2. A typical grain of salt has a mass of about 0.1 mg.

Write two conversion ratios based on this information.

The problem tells us that 1 grain of salt is equivalent to 0.1 mg,
in the sense that if we have 1 grain of salt, then we know that on average it has a mass of 0.1 mg;

and, if we have 0.1 mg of salt, we know that on average it will contain 1 grain of salt.

So we can write these two conversion ratios:

0.1mg 1 grain salt
— an —
1 grain salt 0.1 mg

From our last two examples you can see that an “equivalence” need not involve traditional units such as

Kilometers or milligrams.

In our last two examples the eguivalences involved “cans of soda” and “grains of salt”,
which are not conventionally thought of as "units”,
but which can still be used to construct conversion ratios and to solve "unit conversion” type problems.

3. Alice can walk 2 miles in 30 minutes.

Based on this information, write two comversion ratios that apply to Alice.,

The problem tells us that 2 miles is equivalent to 30 minutes for Alice,
inthe sense that if Alice walks for 2 miles, then we know that it will take her 30 minutes;
and, if Alice walks for 30 minutes, then we know that she can walk 2 miles.

So we can write these two conversion ratios for Alice:

2 miles and 30 minutes
30 minutes 2 miles

e sk



From this problem, you should observe that a conversion ratio need not involve the number 1,

gither in the numerator or in the denominator.

Most conversion ratios do involve the numboer 1,

but, as you can see from this problem, some conversion ratics do not involve the number 1.

If the “equivalence” involves the numier 1, then the conversion ratio will involve the number 1;
if the equivalence does not involve the number 1, then the conversion ratio will not involve the number 1.
Of course, if you feel like it, the conversion ratios

2 miles 30 minutes
30 minutes 2 miles

from the problem can be “reduced” to:
1 mile 15 minutes
———— and —————
15 minutes 1 mile
Whether or not you choose to “reduce” the conversion ratios is a matter of taste.

The ratios will work perfectly fine for unit conversion problems whether you reduce them or not.
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4. A certain type of bacteria has a diameter of .75 pm. How many of these bacteria could line up side-by-
side on a line that is 5.0 cm long?

Answer:
&7,000 bacteria can fit side-by-side on a line that is 5.0 cm long.

Solution:
The “diameter” of one bacterium is the distance from one edge of the bacterium to the other edge.

The information that “a certain type of bacteria has a diameter of .75 um™ gives us
an equivalence between .75 pm and 1 bacterium.

This equivalence allows us to write the following conversion ratios:

0.75 pm and 1 bacterium
1 bacterium 0.75 pm

Starting information: 5.0 cm

Target units: bacteria

The conversicn ratios that we've written down so far involve pm,
but cur starting information involves cm,

50 we're going to need to convert om into pm.

‘We learned how to write the flowchart for this type of conversion in cur previous lesson on “Unit

conversion and metric prefixes™

STARTING &% Wi,
INFO  +—=m+—=—pum
«m
As usual, to save space our flowchart shows only one possible conversion ratio above each arrow,
but you need to remember that each conversion ratio can be flipped.
Don't assume that the conversicn ratio written in the flowchart is the form of the corversion ratio that

wou will need to write in your unit conversion equation.

The connecting link between this flowchart and the conversion ratios we wrote down earlier is um.

‘We can use this connecting link to expand the flowchart.

STARTING U'm Bta utiax  TARGET
TNFO = .m Tgm pm Tceine . (FNITS
to bacteria

‘We've labeled the starting information and target units in our flowchart.

Now we can use the flowchart 1o set up our unit conversion eguation:

-7 .
10 m » 1.par » 1 bacterinm

— 7 bacteri
Temr 10 6m  076pm actena

5.0 comr
Why do we write the third conversion ratic as

1 bacterin OD75um
.78 pm rather than as I bacterium *

The reason is that we want to cancel the units of um in the numerator of the second conversion ratio,
50 we need our third corversion ratio to have pm in the denominator.



As shown oy our slashes, the units of cm, m, and um cancel diagonally.
The only units remaining on the left side are bacteria, which matches our target units on the right.

So we are ready to calculate.

Wi can digregard the 1's. The remaining calculation is:
5.0 % 1072 = 10° = 0.75

You can perform this calculation in one step on your calculator:
5.0 % 1072 = 10° = 0.75 = 67,000

| have rounded the result to two significant digits to match the given information.

After all our cancellations, the only units remaining on the left side of the equaticn are bacteria.
So our result is 67,000 bacteria.

Therefore,

. 10*m 1lpm  1bacterium

x x — [67,000 bacter:
Temr 10 %wm 075 e

Our answer is:

67,000 bacteria can fit side-by-side on a line that is 5.0 cm long. |

Does our answer make sense?

Bacteria are tiny, microscopic organisms;

&0, yes, it does make sense that a lange number (67,000) of bacteria could fit in a short length (5 em).

In this problem, two different lengths were menticned: 0.75 um, and 5 cm.

How did we know which length to treat as the starting information,

and which length to use to construct a conversion ratio?

The rule is that the hypothetical pieces of information from the problem are used to construct a
conversion ratio,
while the information about the actual situation in the problem provides the starting information.

In this problem, "0.75 um® and “a bacterium” provide hypothetical information:
If you have a length of 0.75 um, then you can fit “a bacterium"” in that length;
if you have a length of 1.5 um, then you can fit 2 bacteria in that length;

if you have a length of 2.25 um, then you can fit 3 bacteria in that length;

aetc.

In contrast, 5 cm" provides information about the actual situation we are dealing with in this particular
problern:
in this problem, we are actually dealing with a length of 5 cm, and we want to know how many bacteria

can fit in that length.



Since “0.75 um” and "a bacterium®” {i.e., 1 bacterium) provide hypothetical information, we use those
pieces of infermation to construct conversion ratios:

0.75 p.m and 1 ba.nferium
1 bacterium 0.75 pm

Since "5 cm” provides information about the actual situation we're dealing with in this particular problem,
wie treat 5 cm as our starting information.

“Bacteria” are not a conventional “unit” like pounds or gallons,
but you can see that nevertheless it was extremely helpful in this problem to label “bacteria” as our
"target units",

and to solve the problem using our typical "unit conversion” technigques.
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5. A leaky faucet drips at a rate of 2.0 drops per second. If each drop has a mass of 55 mg on average,

how many kilograms of water will leak out of the faucet in 7.5 hours?

Answer:
3.0 kg of water will lzak out of the faucet in 2.5 hours.

Solution:
The information 2.0 drops per second” can oe written as 2.0 drops/second,

which allows us to write these two conversion ratios:

2.0 drops 1s
ls (] drops

The information “each drop has a mass of 55 mg on average”
gives us an equivalence between 25 mg and 1 drop,
which allows us to write these two conversion ratios:

55 mg water d 1 drop
1 drop i5 mg water
The connecting link between these two pairs of corversion ratics is "drops”;

wiz can use that connecting link to begin cur flowchart:

is

rap
8+ : drops ¢ > mg water

From the problem statement we can idenitify
that the starting information for the problem is 2.5 hours,
and the target units for the problem are kg,

Based on what we learned inthe lesson “Unit Conversion and Metric Prefises"
wi can add a path from mg to <g (our target units) in our flowchart:

. 8 me water UF ¢ water

Lirdozs Tifrap - Tmwe TARGET
g+ = drops « . y UNITS
- ke wistur

At this point, the left end of the flowchart involves seconds, which are a wnit for time:
and cur starting information (7.5 hours) has units of hours, which are another unit for time.

So we need to add a path from hours to seconds in our flowchart:

. 55 op waies 112 wazes 1 g wate
STARTING fgome o EEESS) T rmRee tves  TARGET
INFO L= . minnfes (Lot g 0 1 s drops b b L »  UNITE
lerars h m £ water

Since our flowchart now charis a complete path from the starting information to the target units,

wiz're ready now 1o use the flowehart to set up our unit conversion eguation:

60 minutes 60 8 2.0 draps y 55 me water 1079 g water y 1 kg water

7.0 hawts x o o
SO T henT - Lmminute 1q 1 deop 1 mgwater ~ 10° gwater

= T kg water



As shown oy our slashes, the units of hours, minutes, seconds, drops, milligrams, and grams all cancel
diagonally;

the only units remaining on the [eft side are kg, which matches our target units on the right.

So we are ready to calculate.

Disregarding the 1's, the remaining calculation is:
7.5 % 60 % B0 x 2.0 x 55 x 107 + 10
You can perform this calculation in one step on your calculator:
7.5 % A0 » 60 x 2.0 % B5 » 107* — 10* = 3.0

Therefore,

60 mimrtes 60 & 2.0 g Simewater 1077 gwater 1 kg wat
7.5 heurs x mm__ i —— drep b 223 — = — ¥ g wa Er_= 3.0 kg water
1 heut 1 minute 1lg 1 deop 1 mp-water 10* g water

Our answer is:

3.0 kg of water will leak out of the faucet in 7.5 hours.

Im this problem, two different pieces of "nen-fracticnal” information were mentioned in the problem:

55 mg, and
7.5 hours.

Heow did we know which of these pieces of information to treat as the starting informatien for the
preblem,

and which piece of information to use to construct a conversion ratio?

The rule is that the hypothetical pieces of information from the problem are used to construct a
conversion ratio,

while the information about the actual situation in the preblem prevides the starting information.

Im thiz problem, "55 mg" and “gach drop” provide hypothatical information:
I you are dealing with 1 drop, then it will have a mass of 55 mag;

iFyou are dealing with 2 drops, then they will have a mass of 110 mg;

jfyou are dealing with 3 drops, then they will have a mass of 185 mg;

atc.,

In contrast, 7.5 hours” provides information about the actueal situation we are dealing with in this
particular problem:
in this preblem, we are actually dealing with a length of time of 7.5 hours,

and wie want to know how many Kilograms of water will leak from the faucet in that time.
Since "85 mg" and "each drep” (i.e., 1 drop) previde hypeothetical information,
wie uge those pieces of information to censtruct conversion ratios:

45 mg water 1 drop
= s gpd ——
1 drop 45 mg water

Since “7.5 hours” provides information about the actual situation we’re dealing with in this particular
problem,
we treat 7.5 hours as our starting information.

ke sk



“Drops” are not a conventional unit like grams or seconds,
but you can see that nevertheless it was extremely helpful in this problem to treat “drops” as a unit,
and to solve the problem using our typical “unit conversion” techniques.
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When you are working on homework problems (or on real-life prozlems),

wou will sometimes need to look up necessary conversion ratics that are not provided in the problem.

You may be able to find the conversion ratios in your textoook.
bMost textbooks have a list of common conversion ratios inside the front or back cover,

That is to say, the textbook will have a list of eguations involving units, which you can translate into
conversion ratios.

Alsa, amy general conversion ratio can be obtained from Google,
by asking Google to “convert between” one unit and another unit.

Google will give you an equation between the units, which you can use to write the conversion ratios.

Also, amy general conversion ratio can be obtained by asking a GPT directly for the ratio.

6. What are the conversion ratios between km and miles?

Answer:
1 mile 1.609 km
1.609km 0 " 1mile
or
1km an 0.621 miles
0,621 miles 1km
Solution:

You may be able to find these ratios inside the front or back cover of your textbook.

Also, wou can obtain these ratios by asking Google to “convert 1 mile to km™ or “"convert 1 km 1o miles®.
Google will give you an equation between miles and km, which you can translate into two corversion

ratios.

Or you can ask a GPT directly for the ratics.

Of course, you can also ask a GPT directly to completely solve any particular unit conversion prolem,
and Google can also solve most unit conversion problems
..out where would be the fun in that?
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Let's review the two key ideas from this lesson.

7. What should you say to yourself when you see a quantity with fractional units?

Every time vou encounter a quantity with fractional units,
wou should =ay o yourself,
“Aha! | can use this information 1o construct twe canversion ratios”

B. What should you say to yourself when a problem describes an equivalence between two guantities?

Every time vou encounter an equivalence between two guandities,
vou should say to vourself,
“Ana! | can use this information to consiruct twoe conversion retios”

We have seen that these equivalences do not have to invelve traditional “units” like meters or Kilograms.

For example, in this lesson we have seen equivalences
betwezn mL of soda and cans of soda,
or between prm and bacteria.

Wi have also seen that "unit conversion” techrigques can be very helpful for salving prolems, even when
the "target units”, or the units for the “starting infermation”, might not conventionally be referred to as

"unitz" in other contexts.
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You have reached the end of the lesson.

You have reached the end of Chapter 1, “Scientific Notation and Unit Conversion”.
You are ready now to begin Chapter 2, “Atoms, Molecules, and Compounds”.

The first lesson in Chapter 2 is:
Atoms


http://www.freelance-teacher.com/atoms_protons_neutrons_electrons_doc.pdf

