PAGE  

Mathematics for Biology 1

Many laboratory questions in this course will require you to perform mathematical calculations. This handout will review the fundamental math concepts that you will need for success in this (and other) biology courses. 

The unit factor method of problem solving
Consider this problem: Dr. Gomez is studying the effect of insecticide on spiders by feeding the spiders flies that have been injected with insecticide. Each spider in his experiment must eat a total of 0.08 grams of insecticide. Each fly contains 0.003 grams of insecticide. How many flies must each spider eat to get the needed 0.08 grams?” This problem may seem difficult at first but there is a problem-solving method called the unit factor method that will guide you, step by step, to the correct answer. 

A) Numbers and units
Any value or quantity in a problem has two parts: A number and a unit. For example,








0.08  grams


The number or the digits





  The unit

The unit tells you what type of thing you are talking about. The number tells you how much of that thing you are talking about. 

B) Making unit conversion factors

Unit conversion factors are numbers (written as fractions) that you use to solve problems like the insecticide example above. Often the unit conversion factor you need to solve a problem is not given to you directly in the problem. So where does it come from? From you. You can make a unit conversion factor from any phrase you know that contains the word “per” or the word “equals.” 

Here is an example: You know the phrase “There are 60 seconds per minute”. From this you can make a unit conversion factor:










60 seconds



  




  1 minute
Notice that the word “per” tells you what goes above and what goes below the fraction line. Whatever comes before the word “per” always goes above the fraction line and whatever comes after the word “per” always goes below the fraction line. You can think of the word “per” as meaning “a fraction line” or “divided by.” In fact, the unit conversion factor written above is read aloud by saying “60 seconds per minute.”

Also notice the number 1 was put before the minute unit. Each unit must always have a number in front of it. If the phrase doesn’t tell you the number for a unit, assume the number is one.  

The word “equals” works the same way as the word “per.” For example, you know the phrase “12 inches equals one foot.” From this you can make a conversion factor:










12 inches



  




  1 foot
Just like the word “per,” the word “equals” means you should draw a fraction line. What comes before the word “equals” always goes above the fraction line and what comes after the word “equals” always goes below the fraction line.

You can even make unit conversion factors out of phrases that don’t contain the words “per” or “equals.” Any phrase that you can re-state to include the word “per” can be made into a unit conversion factor. Some examples are given below:


Gasoline costs $1.90 a gallon.









1.90 dollars

(“1.90 dollars per gallon”)   








   
   1 gallon


Nickels weigh 4.5 grams each.

  






4.5 grams

(“4.5 grams per nickel”)








 
  
  1 nickel

Every day the cat eats 3 cups of catfood.




  

3 cups catfood


(“3 cups catfood per day”)







    


   1 day

When you look at a written unit conversion factor, whatever value is on top of the fraction line is called the numerator. Whatever value is below the fraction line is called the denominator. In the previous example, 3 cups catfood is the numerator and 1 day is the denominator. 

The last thing you need to know about unit conversion factors is that you are always free to flip them upside down whenever you need to. This is called inverting them. 





12 inches

 

can become…

  


1 foot



  1 foot






    




   12 inches
So unit conversion factors always come in pairs. Each member of the pair is made by inverting the numerator and denominator of the other. 

Exercise 1: For each unit below, write a pair of unit conversion factors that relate it to some other unit. The first one is done for you as an example. If you get stuck, ask your instructor for help.


a) Days
7 days
and 
1 week


b) Pennies





1 week


7 days


c) Yards










d) Quarts









Show your instructor your answers to this exercise before moving on to the next section.

Sometimes the problem that you are working on will give you the unit factor. For example, it might say “In an experiment, each rat gets 22 grams of aspirin.”

This sentence relates two things: Rats and grams of aspirin, so you can make unit conversion factors out of it. 




    1rat


and



  22 grams aspirin


22 grams aspirin






1rat

C) The unit factor method of problem solving

As an example of how to use the unit factor method to solve a problem, we will use the following problem: “An experiment is done to see the health effect of large amounts of aspirin on rats. Each rat gets 22 grams of aspirin. If 60 rats are used in the experiment, how many grams of aspirin will be used?” 

Step 1: Write the answer unit  Read the problem and find what units the answer must have. The answer units are usually the units after the words “how many” or “how much.” In our example, the problem asks “how many grams of aspirin” so grams of aspirin are the answer unit. Write “= ___________ grams aspirin” on the right side of the paper:
















= __________grams aspirin
Step 2: Find a unit conversion factor that involves the answer unit Read the problem and find a sentence that relates the answer unit to something else. In our example, one sentence reads “Each rat gets 22 grams of aspirin.” This sentence relates the answer unit (grams of aspirin) to something else (rats). 

Step 3: Write a unit conversion factor based on the sentence. The unit conversion factor must have the answer units on the top. Remember that sometimes the problem won’t state the unit conversion factor if it is something that most people already know (such as “60 minutes to an hour”). 






22 grams aspirin

= __________grams aspirin





 



1 rat
Step 4: Find a value in the problem that has the same units that appear on the bottom of the unit conversion factor. In our problem, the units that appear on the bottom of the unit conversion factor are “rat,” so look for a value in the problem that relates to rats. “If 60 rats are used in the experiment…” is the value statement relating to rats. 


60 rats


22 grams aspirin

= __________grams aspirin





 



1 rat

Step 5: Check to see that the units cancel. This means that for each unit on the bottom of a fraction, you must find the same unit at the top of a fraction. Units that are not shown as fractions (like “60 rats” in this problem) are considered to be at the top of a fraction. You can check that the units cancel by writing a slash through each unit that appears at the bottom and at the top of a fraction. In our example, the rat units cancel.  


60 rats


22 grams aspirin

= __________grams aspirin





 



1 rat

If you have done this step correctly, the only unit that does not cancel is the answer unit (which is grams aspirin in this problem). 

Step 6: Carry out the multiplication. This is the step where you use your calculator. You should multiply together all the numbers on top of the fractions and divide that answer by all the numbers on the bottom of the fractions. The buttons you should press on your calculator for this problem are:



6
0


X

2 
2

\

1

= 

The correct answer should be 1320. You may have noticed that the last buttons you pushed (dividing by 1) did not change your answer. Dividing by 1 never changes a number. Nevertheless, it’s good to get in the habit of dividing by all denominator numbers because in other problems it may not be 1 that you are dividing by.  

Exercise 2: Use the unit factor method to solve the following problems. Set up each problem in the exact same way (using all six steps) as the example problem on the previous pages. Show all your work. If you get stuck, ask your instructor for help.


a) Apples sell for 43 cents a pound. How much do 3.2 pounds of apples cost?

b) Gold costs $500 per ounce. A solid gold nugget is 23.5 ounces. How much is it 

     worth?    


c) How many feet are there in 58 yards?


d) The new hybrid cars get 65 miles per gallon. How many miles can you drive on 5

     gallons of gas? 


e) How many nickels are in 126 dollars?


f) How many days are there in two and a half years?  


g) Dr. Gomez’s spiders need to eat 0.08 grams total of insecticide. Each fly that the 

    spiders eat contains 0.003 grams of the insecticide. How many flies will each 

    spider need?

Show your instructor your answers to this exercise before moving on to the next section.

d) Understanding Percent

Mathematically, percent (which is often written using the symbol %) is always one number divided by another number times 100. This is shown in the box below, where














X is a number and Y is a number.


      X
                                                         For example, if X is 2 and Y is 4, the


      ---------------
* 100 = Percent


percent is 2 divided by 4 times 100.

Y









This is 50%. We say “2 is 50% of 

4.” Another example: If X is 38 and Y is 

40, the percent is 38 divided by 40 times 100. This is 95%. We say “38 is 95% of 40.”

Do both of the above percents on your calculator to confirm that you understand the procedure. 

1) If X is 7 and Y is 11, X is ______ % of Y?

2) If X is 233 and Y is 312, X is ______ % of Y?

Calculating Percent from Data

In real-life percent problems, you will not be told “X is this number and Y is that number. Calculate the percent.” Instead, you must inspect the data given in the problem and figure out for yourself which number is X and which is Y. 

An example of a real-life percent problem is: “If 20 out of the 80 students in the class have not eaten breakfast, what % of students have not eaten breakfast?” How do you decide which number is X and which number is Y? Y is always the number of the entire group being considered. X is always the number of the special group under consideration (the group within the larger group). Thus, Y is the entire class (80) and X is the special group within that group (the 20 who skipped breakfast). Doing the calculation, 20 divided by 80 times 100 is 25%. We say “25% of the students have not eaten breakfast.”

3)
Suppose that the class is made up of 40 students, and two of them have not yet bought their textbook.  What % of them has not bought their book? ______________%

4) A woman gives 21 daily urine samples to her doctor for analysis. 3 of the samples had glucose in the urine (a symptom of diabetes). What % of her urine samples had glucose?


________________

Sometimes the problem gives you the percent and one of the numbers (The special group number or the entire group number). You are then asked to calculate the other group number. For example, suppose that 5% of the students in the class have not yet bought their textbook. If there are 80 students in the class, how many have not yet bought their book? 

To begin this type of problem, start by figuring out if the number that you were given is the special group or the entire group. Since 80 students is the entire class, they must be the entire group (the students who have not yet bought their book are the special group within the entire group). So the problem gave you the percent number (5) and the entire group number (80). Next, use the % equation below to solve for the missing group.













(You will have to rearrange the equation to

           Special group                                       solve for the missing group. If you are not


      ---------------
* 100 = Percent

sure how to rearrange equations, ask your



Entire group






instructor).

5)
In one year, 120 individuals were diagnosed with AIDS in a particular city.  Three years later, 5% had died. How many patients had died? ______  died.

In most percent problems, the special group number is smaller that the entire group number. However, it is possible to encounter a situation where the special number is larger than the entire number. This is possible when one person (or one measurement) is being compared to an average or normal value. In that case, the normal value is considered the entire group and the one person (or measurement) is considered the special group. 

For example, the normal annual rainfall for a particular year is 28 cm, but in a certain year the region gets 34.4 cm. Once again the rule to follow is to divide the special number by the entire and multiply by 100. In the above example the entire number is the normal 28 cm and the special number being studied is the 34.4 cm in that particular year. Doing the calculation 34.4 ( 28 x 100 = 122.  The rainfall in that year, then was 122% of normal.

6)
A patient’s blood cell count shows 15,000 white blood cells (WBCs) per µL of blood. A normal WBC count is about 9,000 cells/µL (the normal range is actually 4,000 to 11,000 WBCs/µL). What percent of normal is this particular patent’s WBC count? 

_____________

7) Obesity is defined medically as 20% above a person’s ideal weight. If a person’s ideal 

weight is 72 kg, when (above what weight) would that person be considered obese? ________________kg

8) If a man’s ideal weight is 165 lbs. and he weighs 185 lbs., how many pounds above his ideal weight is he? What percent above his ideal weight is he?


______________lbs. above ideal weight


______________% above ideal weight

e) Understanding Average and Mean
Sometimes an experiment will yield several values (numbers). For example, suppose that as part of an experiment on diet and nutrition, you weigh 5 volunteers: Their weights are 120, 205, 176, 147, and 234 pounds. The average is found by adding the values together and dividing by the total number of values. In the example given above the sum of the measurements equals 882. The total number of measurements taken was 5. Therefore, the average is 882÷5, or 176.4 pounds. Another name for the average is the arithmetic mean, or simply the mean.

1) Suppose that over a particularly rainy winter week the rainfall amount was measured 
at 2.5 inches on Sunday, 3.53 inches on Monday, 1.0 inches on Tuesday, 1.51 inches 

      on Wednesday, 0.75 inches on Thursday, 0.75 inches on Friday, and 2.12 inches on 

      Saturday. Calculate the average, or mean, of the rainfall per day during the week 

      described above. _________________

2)  Suppose that a person interested in his daily urine production measured his urine over 
a five-day period at 1,940 mL, 796 mL, 2,121 mL, 2,051 mL and 1,996 mL; all on 
different days. What is the average or mean amount of urine produced per day in the 

       example? ___________________mL

f) Powers of 10 and exponents

Numbers like 100, 1000, 10,000, 1,000,000 have a “1” and several zeros. These numbers are sometimes called “Powers of 10” numbers because each number is 10 times itself some number of times. For example, the number 100 equals 10 times itself 2 times: 100 = 10 x 10. And the number 1,000 equals 10 times itself 3 times: 1000 = 10 x 10 x 10. The number 1,000,000 equals 10 times itself 6 times: 1,000,000 = 10 x 10 x 10 x 10 x 10 x 10.

Mathematicians have developed a compact way to express powers of 10 numbers. They simply write 10 followed by a small number to show how many times the 10 is multiplied times itself. So:



100  

= 102


1,000

= 103


1,000,000 
= 106

The small number is called the exponent or the power. An easy way to figure out the exponent of a number is this: It is the number of zeros after the 1. For example, 100 has 2 zeros after the 1 so it is 102. The number 1,000,000 has six zeros after the 1 so it is 106

1) Write the following numbers as powers of 10.



a) 10,000 = _______

b) 100,000 = ________   c) 10,000,000,000 = ________


2) Write the following powers of 10 as normal numbers:



a) 107 = ________________


b) 101 = ________________

Numbers that are less than 1 can also powers of 10. For example, 0.01 is equal to 1 divided by 100 (1/100). You know from the above paragraphs that 100 is 102. To show 1 divided by 100 in exponents, mathematicians put a negative sign in front of the exponent:



0.01 = 10-2
Another example is 0.001. This is equal to 1 divided by 1,000 (1/1000). You know that 1000 is 103. To show 1 divided by 1000 in exponents, mathematicians put a negative sign in from of the exponent:



0.001 = 10-3
An easy way to figure out the exponent of a number less than 1 is this: It is the number of zeros to the left of the 1. For example, 0.01 has 2 zeros to the left of the 1 so it is 10-2. The number 0.001 has 3 zeros to the left of the 1 so it is 10-3.

3) Write the following numbers as powers of 10.



a) 0.1 = _______



b) 0.0001 = ________



c) 0.000000001 = ________


4) Write the following powers of 10 as normal numbers:



a) 10-6 = ________________



b) 10-5 = ________________


The table below summarizes powers of 10 numbers and their exponents:








Number:




Power of 10:




100,000





105




10,000






104




1,000






103




100






102




10







101




1







100




0.1







10-1




0.01






10-2





0.001






10-3





0.0001






10-4





0.00001





10-5
g) Scientific or Exponential Notation

Scientists often need to work with numbers that range from the very large to the very small.  Such numbers are cumbersome to work with.  For example, a bacteria cell might be 0.00000186 meters in length. It is much more convenient to write the same number in a more compact form called scientific notation: 






1.86 x10-6
The example above illustrates the key features of a number in scientific notation:


a) There is only one digit to the left of the decimal place. It can be any digit 


     except zero.



b) The number is multiplied by some power of 10.


The steps below are how to convert any number into scientific notation. We will use the number 0.00000186 as an example. 


a) Move the decimal point until there is only one non-zero digit to the left of the 
decimal point. You can ignore any zeros to the left of the new decimal point.  





1.86


b) Write “x 10exponent” after the number. The exponent is how many places you moved 


the decimal point.





1.86 x 106

c) If your original number was less than one, put a negative sign in front of the 
exponent.





1.86 x 10-6

To test that you understand the steps, convert the number 89,000 into scientific notation. Confirm that the answer is 8.9 x 104. 


Now do the following conversions:

1) A human cell is bacteria is 0.000058 meters in size. Express its size in scientific notation: __________

2)
Suppose that the national budget surplus is 3.3 trillion dollars ($ 3,300,000,000,000). 

Express this number in standard scientific notation. _____________

3)
Express the following numbers in scientific notation:

The diameter of a human red blood cell is about 0.0075 mm.  _______________


The smallest viruses are about 0.000018 mm wide.  _______________

4) Write 186,000 in scientific notation: _______________


You should also be able to convert a number in scientific notation into a conventional number. For example, if you should be able to convert the number 5.64 x 106 into its normal number form. 

To do the conversion, you move the decimal point. But there are 4 rules for moving the decimal point correctly:


a) The exponent tells you the number of places to move the decimal point




The exponent in 5.64 x 106 is 6, so you will move the decimal 6 places.


b) If the exponent is negative, move the decimal to the left. If the exponent is 


     positive, move the decimal to the right. 




The exponent is positive in 5.64 x 106, so you will move the decimal 6 places 




to the right.

c) Use zeros to “fill” decimal places if you have to move the decimal beyond the 


    digits. 




You will need to add 4 extra zeros to move the decimal 6 places to the right.






5,640,000


To test that you understand the steps, convert the number 2.11 x 10-7 into a normal number. Confirm that the answer is 0.000000211.

Now convert the following scientific notation numbers into conventional numbers.


1) The length of an Argentine ant is 2.4 x 10-1 inches.  _______________ 

2) A redwood tree is 1.37 x 105 millimeters tall.  ___________________________


3) In an average lifetime, your heart may beat 2.94336 x 109  times: _____________


4) A person is 9.47 X 10-4 miles tall: ______________

Review questions

1) In a laboratory exercise on the respiratory system, you find that you can hold your breath for 1.2 minutes. How many seconds is this? Use the unit factor method and show your work.

2) In a laboratory exercise, the procedure tells you to get 12 test tubes and add 7 drops of iodine to each tube. How drops of iodine total will you need? Use the unit factor method and show your work.

3) A certain species of plant can make 0.05 ml of oxygen per minute by photosynthesis. If this plant does photosynthesis for 25 minutes, how many ml of oxygen will it make?

Use the unit factor method and show your work.

4) 400 Plants are grown in a greenhouse. 320 of them are grown in soil containing herbicide. What percent are grown in the herbicide soil? ________

5) In one year in a state, 75,000 boys are born and 70,000 girls. What % of the babies that year are girls? ___________

6) A study of 723 smokers showed that 68% have tried to quit but failed. How many smokers in the study have tried to quit? __________

7) A survey of weight lifters showed that 90% eat special diets to help build muscle. If the number of weight lifters that ate special diets was 322, how many weight lifters total were surveyed? __________

8) A researcher measures the pH (acidity) of a person’s urine over 8 days. The pH values are: 7.7, 7.0, 6.9, 6.9, 4.5, 5.4, 6.0, and 7.0. What is the person’s average urine pH? ____

9) Write the following values in scientific notation:

a) 7951 = ___________

b) 0.0000087 =___________ 

c) 1.002 = ___________

d) The human body is made up of trillions of cells.  For the sake of our calculation, 

    
     let’s say the number is 45 trillion cells. In scientific notation:  _______________

10) A cell measures approximately 7.5 x 10-6 meters in diameter. 

    
    In normal numbers, this is: _____________

f) A person’s body weight is 7.2 x 104 grams. In normal numbers, this is: ________
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