
 

Converting Units in the Metric System 
 

In science, numerical values are commonly represented using scientific notation.  Scientific notation 
is a standardized form of exponential notation in which all values are represented by a number 
between 1 and 10 times 10 to some power.  For example, 3500 in scientific notation would be 3.5 x 
103, and 0.0035 would be 3.5 x 10-3.  Scientific notation is much more practical when dealing with 
extremely large or small values.  For example, consider the masses of the earth and a hydrogen atom: 
 

mass of the earth:      5.97 x 1027  grams  =   5,970,000,000,000,000,000,000,000,000  grams 

mass of a hydrogen atom:    1.66 x 10-24  grams  =   0.00000000000000000000000166  grams 

 
In these examples scientific notation is clearly much more practical and also easier to comprehend.  
Instead of counting all those zeroes or decimal places, the factors of 10 associated with each value are 
clearly indicated in the exponent.  Scientific notation is especially useful in the metric system since the 
various metric units represent different factors of 10.  Therefore it is important to be able to convert 
between scientific and decimal notation as outlined below: 

 

Converting from decimal notation to scientific notation 
 
STEP 1  –  Convert the number to a value between 1 and 10 by moving the decimal point to the  
     right of the 1st non-zero digit: 

 
  e.g. 0.00105  OR   1,050 
 

1.05 1.05  
    

STEP 2  –  Multiply by a power of 10 (i.e., 10n) to compensate for moving the decimal: 
 

• the power will equal the number of places you moved the decimal 

• the exponent is negative (-) if the original number is less than 1, and positive (+) if 
the original number is greater than 1  

 
e.g.    0.00105  =  1.05 x 10-3 

        1,050  =  1.05 x 103 
 

Some things to remember about the conventions of writing numbers in decimal notation: 

• if there is no decimal in the number, it is after the last digit (e.g., 1,050 = 1050.0)   

• zeroes after the last non-zero digit to the right of the decimal can be dropped (e.g., 1.050 = 1.05) 

• all simple numbers less than 1 are written with a zero to the left of the decimal  (e.g., .105 = 0.105) 

 

 
Converting from exponential notation to decimal notation 
 

You simply move the decimal a number of places equal to the exponent.  If the exponent is negative, 
the number is less than one and the decimal is moved to the left: 



 

 
1.05 x 10-3  =  0.00105 

 
If the exponent is positive, the number is greater than one and the decimal is moved to the right: 
 

1.05 x 103  =  1,050 
 

Converting Units within the Metric System 
 

Converting from one metric unit to another is simply a matter of changing a value by the appropriate 
factor of 10.  With decimal numbers that means simply moving the decimal one place for every factor 
of 10 – to the right to increase the value or to the left to decrease.  With exponential numbers you 
simply increase or decrease the exponent by 1 for every factor of 10.  In other words, all you really 
need to figure out is A) whether the value should increase or decrease and B) by what factor of 10 to 
do so. 
 
Although this seems fairly straightforward, many students struggle with such conversions and rely on 
various formulas to do them.  This will work just fine, but oftentimes students end up with an answer 
that is wildly off the mark due to moving a decimal in the wrong direction or changing the exponent 
in the wrong way.   One should immediately realize there is a problem with such errors, however when 
the process is divorced from intuition and common sense it is easy to make such a mistake and think 
nothing of it.  So instead of focusing on a formula to follow, let’s approach this by appealing to common 
sense and common experience.  Once your common sense has been engaged, converting from one 
metric unit to another should be easier than it seems. 
 
When dealing with the metric system we usually talk about grams, meters and liters, however the 
metric system can be just as easily applied to something we are all familiar with and hold dear – 
money.  The basic unit of money in this country is the dollar, with the smallest unit being the penny.  
We all know that 100 pennies equals a dollar, so a penny is clearly 1/100th of a dollar, or in metric 
terms, a centidollar (10-2 dollars).  We also know that 10 dimes equals 1 dollar, so a dime is actually a 
decidollar (10-1 dollars).  And if you’re fortunate enough to have 1000 dollars in the bank, you are the 
proud owner of a kilodollar (103 dollars).  With this in mind, let’s do some conversions within this 
system. 
 
If asked, “How many pennies is equal to ten dollars?” you should have little problem figuring this out.  
Since one dollar is equal to 100 pennies and there are 10 dollars total, it should be clear that 10 dollars 
is equal to 100 x 10 or 1000 pennies.  Now let’s consider the same problem in metric terms: 
 

10 dollars  =  _______ centidollars 
 
Seeing the problem in this form may make the answer less intuitive.  Nevertheless it is the same 
problem to which you can apply the same common sense – there should be 100 times more 
centidollars (pennies) than dollars.  You should also realize that this is true for not only this problem, 
but for any problem involving dollars and centidollars.  Let’s now consider the reverse in which you 
convert pennies (centidollars) to dollars: 
 

1483 centidollars  =  _______ dollars 



 

You know the answer immediately, right?  The answer is 14.83 dollars since every 100 pennies 
(centidollars) is equal to one dollar.  You intuitively knew to decrease 1483 by a factor of 100 to arrive 
at the correct answer since there should be more of the smaller unit (pennies or centidollars) and less 
of the larger unit (dollars).  This is all there is to metric conversions, realizing if the value should 
increase or decrease and by what factor of 10 to do so.  Hopefully this has shown you that you already 
know how to do metric conversions intuitively, you just need to think of them in terms that are familiar 
to you.  Let’s now try one that’s a bit more challenging: 
 

500 decidollars  =  _______ kilodollars   
 
In this problem we are actually converting dimes to thousands of dollars.  This may take a little more 
thinking, however you can probably figure out that a decidollar (dime) is 10,000 times smaller than a 
kilodollar (10 dimes per dollar x 1000 dollars per kilodollar).  It should be clear now that 500 decidollars 
is equal to 10,000 times less kilodollars, thus you simply move the decimal 4 places to the left to arrive 
at the correct answer of 0.05 kilodollars.  You can use a calculator if you like, but it really is not 
necessary since there is essentially no calculating involved.   
 
Next we will do several sample problems involving more traditional metric units to show you how 
simple and straightforward this can be as long as you are familiar with the metric prefixes which are 
reproduced for you in the box below.  Refer to this as needed and you should have little trouble. 
 
 
 
 
 
 
 
 
 
 
 
    mega                          kilo                             BASIC      deci     centi      milli                               micro                            nano 
     (M)          (k)          UNIT        (d)         (c)         (m)      (µ)                          (n) 
 
     106         105         104           103          102          101          100            10-1           10-2          10-3          10-4           10-5           10-6        10-7        10-8         10-9 

 
 
Before we do a few more sample problems, it is important to realize that this is really a two-step 
process in which is outlined on the next page. 
 

1. Identify whether your value should increase or decrease. 

2. Determine the factor of 10 by which the value should change. 
 
Once you have completed these two steps it’s simply a matter of adjusting your decimal or exponent 
accordingly. 
 

Mega (M)  =  106   =  1,000,000 
kilo (k)      =  103   =  1,000 
no prefix    =  100   =  1 
deci (d)      =  10-1  =  0.1 
centi (c)      =  10-2  =  0.01 
milli (m)     =  10-3  =  0.001 
micro (µ)   =  10-6  =  0.000001 
nano (n)     =  10-9  =  0.000000001 



 

As you realize from doing the problems involving money, there should always be a larger number of 
smaller units (e.g., pennies) and a smaller number of larger units (e.g., dollars).  So the first step is 
easy.  Let’s now do a problem similar to the ones you’ll find on your worksheet:   
 

28 mg  =  _____ g 

 

You are converting larger mg (0.001 g) to smaller g (0.000001 g), so clearly the value of 28 should 

increase.  Since a g is 1000 times smaller than a mg (0.001/0.000001 = 1000), the value of 28 should 
increase by a factor of 1000.  Therefore: 
 

28 mg  =  28 x 1000 g  =  28,000 g 
 

If you prefer working with exponential numbers then the problem works out this way: 
 

28 mg  =  28 x 103 g  =  2.8 x 104 g 
 
 
Let’s try one more problem which is presented in a slightly different way: 
 

How many kilometers (km) is 3.7 centimeters (cm)? 
 

This question can be expressed in the following problem: 
 

3.7 cm = _____ km 

 
In this problem, km (103 m) are clearly larger than cm (10-2 m) so the value of 3.7 should decrease.  A 
cm is 105 times larger than a cm (103/10-2 = 105), so the value of 3.7 should decrease by a factor of 105.  
Therefore:   

 
3.7 cm = 3.7 x 100 cm  =  3.7 x 10-5 km 

 
In this problem it is more practical to use exponential notation, however the original value was in 
decimal form.  Converting 3.7 to an exponential number (3.7 x 100) makes it easy to reduce the value 
by a factor of 105 by subtracting 5 from the exponent. 
 
 
While this approach to making metric conversions is meant to engage your common sense, you may 
prefer a more traditional method.  This involves multiplying the original metric value by a ratio of 
metric units equal to one that, due to cancellation, leaves you with an equivalent value in the desired 
units.  To illustrate how this works, let’s consider the first problem on the previous page: 
 

28 mg  =  _____ g 

 



 

In this problem you want to convert the units from mg to g, so multiply 28 mg by a ratio equal to one 

that will cancel the mg and leave you with g:   
 

28 mg  x  1000 g/mg  =  28,000 g 

 

Since 1000 g equals 1 mg, a ratio of 1000 g/mg is equal to one.  The key to this method is 

determining how many of the new units (g) equal one of the original units (mg).  Once this is 
determined simply put the original unit on the bottom (to allow its cancellation) and the equivalent 
value in the desired units on top.   
 
Let’s do one more example to make sure this is clear: 
 

3.7 cm = _____ km 

3.7 cm  x  10-5 km/cm  =  3.7 x 10-5 km 

 

Working with Concentration 
 

Units of Concentration 
 
It is essential in biology to understand the concept of concentration – the amount of a substance per 
unit volume.  The concentration of a substance can be expressed with a variety of units: 
 

• Molarity (moles per liter) 

• Mass concentrations (e.g., mg/ml) 

• Percent solutions (g/100 ml or ml/100 ml) 

• “X” concentrations (relative to the desired final concentration – e.g. 10X) 
 
You will use all these units of concentration throughout the course so it is important that you are 
familiar with them and can use them in calculations. 
 

Calculations Involving Concentration 
 
Many biological experiments involve the use of concentrated stock solutions that need to be diluted 
to the correct concentration in a solution or biological reaction.  A simple way to calculate the amount 
of concentrated stock solution to be added to a solution or reaction is to use the following formula: 
 

volume needed  =  (final concentration/stock concentration)  x  total volume 
 

For example, if you have a 10X stock solution of something you want to add to a 50 l total reaction 

volume such that its final concentration is 1X, you would need to add 5 l of the stock solution to the 
reaction: 
 

1X/10X  x  50 l  =  5 l 
 



 

In the next example the units are different, however the calculation is much the same.   Assume you 
have a 500 mM stock solution of NaCl which you will use to make a 1 liter solution containing 10 mM 
NaCl.  The amount of stock NaCl solution you will need to add is: 
 

10 mM/500 mM  x  1 liter  =  0.02 liters or 20 ml 
 

 
TEMPERATURE in the Metric System 
 
Temperature is a measure of the amount of heat a substance contains and can be measured in degrees 
Fahrenheit or degrees Celsius (also known as degrees Centigrade).  The metric unit for temperature 
is oCelsius (oC), which is based on water freezing at 0 oC and boiling at 100 oC.  Notice that this range 
of temperature is conveniently divided into 100 units.  In the Fahrenheit system water freezes at 32 oF 
and boils at 212 oF, thus dividing the same range of temperature into 180 units.   
 
Here in the United States we are more familiar with temperatures expressed in degrees Fahrenheit, 
however the scientific community and much of the rest of the world measures temperatures in 
degrees Celsius.  Thus it is especially important here in the United States to be able to convert from 
one temperature system to the other.  There are two simple formulas to do so which are shown on 
the following page.  Instead of simply taking for granted that the formulas will convert temperatures 
correctly, let’s take moment to see how they are derived.  In so doing you will not only learn the basis 
of each formula, but you will never have to remember the formulas since you can derive them 
yourself! 
Recall that for every 100 degrees Celsius there are 180 degrees Fahrenheit.  Thus a degree Fahrenheit 
is smaller than a degree Celsius by a factor of 100/180 or 5/9.  Conversely, a degree Celsius is larger 
than a degree Fahrenheit by a factor of 180/100 or 9/5.  When converting from Fahrenheit to Celsius 
or vice versa you must also consider that 0oC is the same temperature as 32oF.  Thus the Fahrenheit 
system has an extra 32 degrees which must be taken into account.  Keeping these facts in mind, let’s 
see how to convert temperatures between the two systems. 
 

Converting Celsius to Fahrenheit 

Since each degree Celsius is equal to 9/5 degrees Fahrenheit, simply multiply the degrees Celsius by 
9/5 and then add 32.  Note that the extra 32 degrees are added only after you have converted to 
degrees Fahrenheit, producing the following formula: 
 

(9/5 x oC)  +  32  =  oF  
 

Converting Fahrenheit to Celsius 

Since each degree Fahrenheit is equal to 5/9 degrees Celsius, simply subtract 32 from the degrees 
Fahrenheit and then multiply by 5/9.  Note that the extra 32 degrees are subtracted while still in 
degrees Fahrenheit, i.e., before you convert to degrees Celsius.  This produces the following formula:  
 

 (oF - 32)  x  5/9  =  oC  

 



 

Exercise 1 – Converting from decimal notation to exponential notation 
 
Convert the following decimal numbers to exponential numbers: 
  
24,000  =  ____________    ____________  =  0.0096  

6.3  =  ____________     ____________  =   0.0055 

83.05  =  ____________     ____________  =   0.000019 
 
 
 

Exercise 2 – Converting from exponential notation to decimal notation  
 
Convert the following exponential numbers to decimal numbers: 
 
2.7 x 105  =  ____________      ____________  =  106    

1.08 x 102  =  ____________    ____________  =  4.562 x 10-2 

4.0103 x 10-3  =  ____________    ____________  =  3 x 104 
 
 
 

Exercise 3 – Metric conversions 
 
Convert the following measurements to the indicated unit: 
 
35.9 g = _________________ mg    __________________ m =  0.0886 km 

0.939 μl = __________________ ml    __________________ kg =  89.4 mg  

5.82 ng = _________________ μg    __________________ dl =  900.5 cl 

2 kilotons = __________ megatons   __________________ μm  =  0.0037 mm 

120 megabase pairs (mbp) = __________ kbp   __________________ mm  =  11.5 nm 

25 mg = _____________ g     __________________ l  =  0.046 L 
 

 
Exercise 4 – Calculations involving concentration 
 

You are putting together a reaction in a total volume of 25 l and stock solution A is 5 mM.  What 
volume of stock solution do you need to add so that the final concentration of A in the reaction is 

500 M? 
 
 
 
 
How many microliters of stock solution B do you need to add to a reaction if the stock concentration 

is 10 M, the total volume of the reaction is 20 l, and the final concentration of B is to be 2 M? 



 

 
 

 
 

You are planning an enzymatic reaction and the buffer solution supplied with the enzyme is 5X.   
 

a. How much of this 5X buffer will you add to the reaction if the total volume is 50 l? 
 
 
 

b. After adding what you thought was 5X buffer, you discover that it is actually a 10X buffer 
and there is none left so you can’t start over.  How do you fix the problem so that you 
have a final concentration of 1X buffer in the reaction? 

 
 
 
 
 
 
 
You are responsible for preparing the 1X TAE needed for a laboratory session.  The stock TAE 
solution is 50X and the class will be running a total of 7 samples, each requiring 500 ml of 1X TAE.   

 
a. What total volume of 1X TAE will you need to make? 

 
 
 

b. How much 50X TAE and how much water will you combine to make this volume of 1X 
TAE?  

 

 

Exercise 5 – Temperature Conversions 

 

Convert the following temperatures using the formulas on page 10 of the lab exercises: 

Mild temperature: 70oF = _______ oC    Body temperature     98.6oF = _______ oC 
 
Cold day  10oC = _______ oF  Very hot day  40oC = _______ oF 

 


