Math Skills for the Lab (A Review)
BIOL1414 Lab Manual
Austin Community College
10th Edition, Spring 2011
Course Advanced Biotechnology
Unit
Math Skills
Essential Question What math skills are
needed for the science lab?
TEKS
130.364 2I
TAKS
Science 2B
Prior Student Learning Basic Math Skills from Algebra I

Rationale
Students will need review of basic math skills to perform advanced biotechnology techniques. Advanced students will be able to complete the Math Skills for Lab worksheet by themselves. Others may need more guided practice.
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Objectives
Student will be able to :
· Identify metric prefixes by their exponential equivalent.
· Convert metric units.
· Convert numbers to or from scientific notation.

· Multiply and divide numbers written in scientific notation.
· Distinguish significant figures.

· Set up and calculate simple dimensional analysis problems.

Engage
•
Pre assess with sample problems to see what they remember by having them complete math games found at  http://www.xpmath.com/
•
Select Math Games Arcade> Select the Math practice you would like for them to self assess

Key Points
•
Refer to power point Module 1 Objective 6: Math Skills
Estimated time
50 minutes

Activity


1.  Guide students through Metric Conversion Notes
2.  Students complete Math Skills for the Lab
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Assessment
•
Quiz over material

Materials
•
Metric Conversion Notes
[image: image3.png]To convert to a smaller unit, move
decimal point to the right or multiply.
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•
Math Skills for the Lab Accommodations for Learning Differences National and State Education Standards

Texas College Readiness Standards http://www.thecb.state.tx.us/collegereadiness/crs.pdf II. A1, A2, A3, A4, B1, D1, F1, F2, F3

Metric Conversions Notes
In science we use the following measurements:
•
 
for liquids, we abbreviate this with a  
.

•
 
 for mass, we abbreviate this with a  
.

Copy down the unit for the ladder method into the ladder below:
How do use the ladder method?
1.     

2.     

3.     

Let’s do these problems together:
1000 mg =  
g
1 L =  
mL
160 cm =  
mm

14 kL =  
m
L
109 g =  
kg
250 L =  
kL

Now do these problems with your partner:
Write the correct abbreviation for each metric unit.
1) Kilogram  

2) liter  

3) Microgram  


4) Milliliter  

5) Milligram  

6)Microliter  


7) Kiloliter  

8) Gram   


Try these conversions, using the ladder method.
10) 2000 mg =  
g
15) 5 L =  
mL
20) 16 ul =  
ml

11) 104 kl =  
l
16) 198 g =  
kg
21) 2500 g =  
kg

12) 480 ug =  
g
17) 75 mL =  
L
22) 65 g =  
mg

	13) 5.6 kg =  
g
	18) 50 ul =  
l
	23) 6.3 ug =  
mg

	14) 8 ml =  
ul
	19) 5.6 g =  
ug
	24) 120 mg =  
g


Now try these problems on your own:
1)   220 mg =  
g

2)   2000 uL=  
L

3)   1 l=  
ml

4)   1 l =  
ul

5)   10 ug =  
ml

6)   1000000 ml =  
l

7)
250000 mg =  
g

Math Skills for the Laboratory
Objectives
Your performance will be satisfactory when you are able to

♦ Identify metric prefixes by their exponential equivalent.

♦ Convert metric units.

♦ Convert numbers to or from scientific notation.

♦ Multiply and divide numbers written in scientific notation.

♦ Distinguish significant figures.

♦ Set up and calculate simple dimensional analysis problems.

1.   Exponential Numbers
The numbers that we deal with in the laboratory are often very large or very small.  Consequently, these numbers are expressed in scientific notation, using exponential numbers.  These rules apply to the use of exponents:
When n is a positive integer, the expression 10n means “multiply 10 by itself n times”.  Thus,

101   = 10
102   = 10 X 10 =  100
103   = 10 X 10 X 10 =  1,000
etc.
When n is a negative integer, the expression 10 n means “multiply 1/10 by itself n times”.  Thus,

10-1   = 0.1
10-2   = 0.1 X 0.1  = 0.01
10-3   = 0.1 X 0.1 X 0.1 =  0.001
etc.
Examples:
 2 x 101   =  2 X 10  = 20

2.62 x 102   =  2.62 X 100  = 262

5.30 x 10-1  =  5.30 X 0.1 =  0.530

8.1 x 10-2  =  8.1 X 0.01 =  0.081

In scientific notation, all numbers are expressed as the product of a number (between 1 and 10) and a whole number power of 10. This is also called exponential notation.  To express a number in scientific notation, do the following:
1.
First express the numerical quantity between 1 and 10.

2.
Count the places that the decimal point was moved to obtain this number. If the decimal point has to be moved to the left, n is a positive integer; if the decimal point has to be moved to the right, n is a negative integer.

	Examples:
	8162
	requires the decimal to be moved 3 places to the left
=  8.162 x 103

	
	0.054
	requires the decimal to be moved 2 places to the right

	
	
	=  5.4 x 10-2


Practice:
Express the following numbers in scientific notation.

20,205
=
 
                             0.000192   =  

5,800000,000 =    


0.0000034 =  

	40,230,000  =
	 

	543.6 =
	 


	34.5 x 103   =
	
	0.004 x 10-3  =
	 


	0.72 x 10-6  =
	 

	0.029 x 102   =
	 



2.  Addition and Subtraction of Exponential Numbers
Before numbers in scientific notation can be added or subtracted, the exponents must be equal.

Example:
 (5.4 x 103) +  (6.0 x 102) = (5.4 x 103) +  (0.60 x 103)  = (5.4 + 0.60) x 103 =  6.0 x 103
Practice:
(5.4 x 10-8) +  (6.6 x 10-9) =   

(4.4 x 105) -  (6.0 x 106) =   
 (3.24 x 104)  +  (1.1 x 102)  =   

(0.434 x 10-3)  -  (6.0 x 10-6)  =   

3.   Multiplying and Dividing Exponential Numbers
A major advantage of scientific notation is that it simplifies the process of multiplication and division. When numbers are multiplied, exponents are added; when numbers are divided, exponents are subtracted.

Examples:
 (3 x 104)(2 x 102) =  (3 X 2)(104+2) =  6 x 106
(3 x 104) ÷ (2 x 102) =  (3 ÷ 2)(104-2)= 1.5 x 102
OR
(3 x 104) 
= (3/2)(104-2) = 1.5 x 102
(2 x 102)

Practice:
All answers should be left in scientific notation.
(3.4 x 103)(2.0 x 107)  =   


(5.4 x 102)   ÷  (2.7 x 104) = 

(4.6 x 101)(6.7 x 104)  =   


(8.4 x 10-3)   ÷  (4.0 x 105) =  


(3.4 x 10-3)(2.5 x 10-5)  =   

8.8 x 106 
=
 

3.2  x 10-2
(0.10 x 105)(4.9 x 10-2)  =   

5.2 x 10-3
=
 

1.3  x 102
Combine everything you have learned and perform the following calculation.  Write your answer in scientific notation.
(3.24 x 108)(14,000)/(3.5 x 10-3)   =    

4.   Metric Units
The metric system is used in the sciences to measure volumes, weights, and lengths.  In the bioscience laboratory, amounts are often extremely small so it is necessary to express the values in scientific notation. You will be expected to identify the exponential number associated with each prefix.

Fill in the rest of the numbers in the table below.
Prefix
 Exponential 
Meaning
 Symbol
Deci-
  10-1
  0.01
d Centi-
  10-2
0.001
 c Milli-
  10-3

 m Micro-
  10-6

 µ Nano-

 10-9

 n Pico-
  10-12

  p Femto-
  10-15

  f

Practice: Write the unit expressed by each.
1)
0.003 g  is equal to   
g

2)
4000 L is equal to  
L

3)   2 x 106 m is equal to   
m

4)
5 x 10-6 L is equal to  
L

5.   Simple Metric Conversions:  Subtracting exponentials
When measurements do not have the same units, they can be compared to each other by converting one measurement to the same unit as the other. This is simple when using the metric system, because the exponential numbers representative of each prefix differ by factors of ten. A simple way to convert decimals is to subtract the exponent of the unit you are changing to from the original unit, then move the decimal that number of spaces ---- to the right for a positive answer or to the left for a negative answer.
Example:
 Convert 1 kilometer into centimeters.

The exponent for kilo is 3 and that for centi is -2.
3 – (- 2) = 5

This is a positive number, so move the decimal 5 places to the right. One kilometer is equal to 100000 cm, or 1x105 cm.
Likewise, changing centimeters to kilometers, one would calculate -2 – 3 = -5. The answer is a negative number, so move the decimal 5 places to the left.
Practice:
44 g =  
kg
8.3 cm =  
mm

2 pm =  
fm
756 nL =  
L
6.   Conversion Factors and Dimensional Analysis
The use of a conversion factor is often useful in doing more complex conversions.  A conversion factor is simply the ratio between the two units of measurement.

Examples:
 Give conversion factors for the following pairs of units.
	Kilograms and grams
	1000g = 1 kg
	so
	1000g/kg
	or
	1 kg/1000g

	Liters and milliliters
	1 L =  1000 mL
	so
	1 L/1000mL
	or
	0.001 L/mL

	meters and centimeters
	1 m =  100 cm
	so
	100 cm/m
	or
	0.01 m/cm


Practice the following:
Write two conversion factors for each pair of units:
Microliters and milliliters
 

Grams and milligrams
 

Days and weeks


How many days are there in 4 weeks?  28 days.  How would you figure this out? You know that there are 7 days in a week, so there are 4 weeks x 7 days per week = 28 days.  This problem was solved using dimensional analysis and involves a  per expression as a conversion factor. The per expression in this problem is 7 days/week, and you can also write it as 1 week/ 7 days, or as an equality where 7 days = 1 week.  The only mathematical requirement for a PER expression or conversion factor is that the two quantities are directly proportional.
A conversion factor is used to change a quantity of either unit in the conversion factor to an equivalent amount of the other unit. The conversion follows a unit path from the given quantities (GIVEN) to the wanted quantities (WANTED). In the previous example, the one-step unit path is weeks to days, which can be written weeks days. Mathematically, you multiply the given quantity of 4 weeks by the conversion factor, 7 days /week, to get the number of days that has the same value as 4 weeks. The calculation setup is

4 weeks x 7 days/week = 28 days

Notice in this unit pathway that if the units of measurement are treated algebraically, the GIVEN units of measurement cancel out (weeks divided by weeks) leaving only the WANTED units of measurement (days).   When using dimensional analysis, you decide how to set up your unit pathways by analyzing the units of measurement of the given, wanted, and conversion factors.  By treating the units of measurement algebraically, you determine what conversion factors are needed, and whether the conversion factors must be multiplied or divided in order to solve the problem.

When solving a problem using dimensional analysis, remember to do the following:
1.
Identify the GIVEN and WANTED values.

2.
Write down the per expressions (conversion factors) that share the units of measurement of the given and wanted values, providing a unit pathway.

3.
Align the given quantities and the conversion factors so that the given units of measurement cancel and the wanted units of measurement are left in the numerator.

4.
Write the calculation, including units.

5.
Calculate the numerical answer and cancel out units of measurement that disappear when divided by themselves.

6.
Check the answer to be sure both the number and units make sense.
Quantitative analysis is very useful when converting from one system to another or converting units.

Example:
 How many meters are in 2000 centimeters?
Multiply the number of centimeters given times the number of meters per centimeter. (2.0 x 103 centimeters) (1 meter/102 centimeter) = 20 meters

Common relationships between the English and metric system are given below.

	Mass
	Length
	Volume

	1 lb= 454g
	1 in. = 2.54 cm
	1.06 qt = 1 L

	1 oz = 28.3 g
	1.09 yd = 1 m
	1 gal = 3.785 L

	2.20 lb = 1 kg
	1 mile =  1.61 km
	1 in3 = 6.39 cm3

	
	
	1 cc3 = 1mL


Practice:
1.
How many grams are there in a 16 ounce can of soda?
2.
Convert 555,000 meters to miles.

3.
Convert 1 square yard to square centimeters.
7.   Determining Significant Figures
It is important to make accurate measurements and to record them correctly so that the accuracy of the measurement is reflected in the number recorded.  No physical measurement is exact; every measurement has some uncertainty. The recorded measurement should reflect that uncertainty.  One way to do that is to attach an uncertainty to the recorded number.  For example, if a bathroom scale weighs correctly to within one pound, and a person weighs 145 lbs, then the recorded weight should be 145 + 1 lbs. The last digit, 5, is the uncertain digit, and is named the doubtful digit.
Another way to indicate uncertainty is the use of significant figures.  The number of significant figures in a quantity is the number of digits that are known accurately plus the doubtful digit. The doubtful digit is always the last digit in the number. Significant figures in a measurement
♦ apply to measurements or calculations from measurements and do not apply to exact numbers.

♦ are independent of the location of the decimal point
♦ are determined by the measurement process and not the units

For example, a balance can weigh to + 0.01 g. A sample weighs 54.69 g. The doubtful digit is 9.
When an answer given has more numbers than significant, then the last number must be rounded off.  If the first
digit to be dropped is <5, leave the doubtful digit before it unchanged.  If the first digit to be dropped is >5, then you round upward by adding a unit to the doubtful digit left behind.  For example, a student using the balance above measures 4.688 g. The correct number will be 4.69 g.

If there is only one digit beyond the doubtful digit in your number, and that digit is exactly 5, the rule is to round it down half the time and to round it up half the time so that you don’t add a systematic error to your data.  To keep track when to round up and when to round down, the rule of thumb is to always round to an even number in the remaining doubtful digit.  For example, if a measurement on a balance with a + 0.01 g accuracy is used to measure
4.895 g, you should record 4.90 g. If it reads 4.885 g, you should record 4.88 g as your data.

Practice:
The uncertainty of a balance measurement is + 0.01 g.  Write the numbers that should be record as data with the correct number of significant figures for the following. Some answers may already be correct.

445.81 g  


6.731 g  

5872.30 g  


5.556 g  


5.555 g   

5.565 g  

It is sometimes confusing to determine whether a zero in a number is a significant figure or not.  Generally, a zero is a significant figure if:
♦ it lies between two nonzero digits in a number

♦ it lies to the right of a number with a decimal point
♦ it does not lie to the right of a number without a decimal point
♦ it does not lie to the left of a number

Examples:
 For 12.40 g, the zero is significant.

For 110 g, the zero is not significant. For 1.004 g, the zeroes are significant

For 0.004 g, the zeroes are not significant
Practice:
Determine the correct number of significant figures in the following numbers.

	10.01 g
	140 g
	 


	0.0010 g
	140.0 g
	 


	1.100 g
	1100 g
	 



8.   Calculations Using Significant Figures
In adding or subtracting numbers, the answer should contain only as many decimal places as the measurement having the least number of decimal places.  In other words, you answer should reflect the accuracy of the measurement by correctly placing the doubtful digit. This is best done by lining up the numbers to be added or subtracted, performing the addition or subtraction, and discarding any digits to the right of the doubtful digit from the answer.

Example:
 For a balance that measures to + 0.01 g, the sum of the following measurements yields:
34.60 + 24.555 g
=
34.60

+ 24.555
59.155 g   =
59.16 g

Practice:
Solve the following and report your answer with the correct number of significant figures and units.

16.0 g + 3.106 g +  0.8 g  (from a balance that weight to + 0.1 g)
9.002 m  -  3.10 m  (from a meter stick that measures to the nearest cm)
 


When multiplying or dividing, the answer may have only as many significant figures as the measurement with the least number of significant figures. This is especially important to remember when using a calculator, since your calculator may give you an answer with 11 digits!

Examples:
 (1.13 m)(5.1261 m)
=
5.79251786 m2
=
5.79 m2
Significant figures: 
3
5
= 3

4.96001 g
÷
4.740 cm3 
=
1.0464135 g/cm3 =
1.046 g/cm3
Significant figures: 
6
4
=
4

Practice the following:
Solve the following and report your answer with correct number of significant figures and units.

(4.01 x 10-1  cm) (2.1 x 10-3 cm) (4.97 x 10-2  cm)
=
 

10.96 g
÷
12.1 cm3 
=
You may need to refer to the math review provided in Appendix B (such as order of operations and the manipulation of exponents when adding, subtracting, and multiplying, or dividing numbers) to solve the following.

1.059 g  - 0.2 g
=

0.98 mL - 0.02 mL
(1.15 x 103 g) -  (2.4 x 10-1 g) 

= (1.555 x 103 mL)  -  (6.2 x 102 mL)
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