
Calculations In Chemistry  (ChemReview Modules) 

How To Use this E-Book  

This PDF contains Modules 1 and 2 of the Calculations in Chemistry tutorials for General and AP 
Chemistry. To learn from these tuto rials, it is important that you read each page and work the 
problems on each page. 

The lessons can be done by reading the screen without printing any pages -- but are easier to 
complete if you print just a few pages.  To try the “print a few pages” approach: 

�x�� Scroll to PDF page 47 of this 58 page PDF.  

�x�� On your computer printer, print PDF pages 47 to 50.  Next, return to this first page, 
scroll to PDF page 8 (which says “page 1” at the bottom) and start the lessons, reading 
from the screen. 

Problems in the lessons are printed in black ink and green ink.   

�x�� When you come to a problem in black ink, answer in your spiral problem notebook.   

�x�� If a problem is green, find it on your printed pages and write answers in the space 
provided. 

Black ink problems require some space to solve.  Green ink are short, “quick answer after the 
question” problems. 

The printing of the “print pages” is not required :  if you do not have access to a printer, you can 
answer green ink questions in your notebook.  But writing green ink answers on the “print 
pages” will help you see the relationship  between the question and its answer.  

Print more “print pages“as you need them. 

For all problems, answers are provided at the end of each lesson.   

More Tutorials:  

2.�� All modules in the Table of Contents (covering most topics in General/AP chemistry) are 
available as paperback books in 3 volumes.  These books can be purchased one at a time as 
you need them.   For details, see 

 http://www.ChemReview.Net/CalculationsBook.htm   

The cost of each volume is $28 plus shipping.   

3.�� An ebook version of all  39 modules is also available for $30.  This version has the green ink 
questions and “print pages” at the end for all 39 modules.   For details: 

http://books.wwnorton.com/books/978-0-393-92222-6/   

If you have difficulty securing eith er the books or ebook, contact  
ChemReviewTeam@ChemReview.Net . 

#   #   #   #   # 



     

                                                                                               Page iii 

Table of Contents 
*   *   *   *   * 

Volume 1 
How to Use These Lessons ............................................................................................... 1 
Module 1 – Scientific Notation ........................................................................................ 2 

Lesson 1A:   Moving the Decimal .............................................................................................. 3 



     

                                                                                               Page iv 

Module 7 – Writing Names and Formulas ................................................................. 120 
Lesson 7A:   Naming Elements and Covalent Compounds ............................................... 120 
Lesson 7B:   Naming Ions ....................................................................................................... 126 
Lesson 7C:   Names and Formulas for Ionic Compounds .................................................. 135 
Lesson 7D:   Naming Acids ..................................................................................................... 147 
Lesson 7E:   Review Quiz For Modules 5-7 ............................................................................ 150 

Module 8 – Grams and Counting Molecules ............................................................ 154 
Lesson 8A:   Moles and Molar Mass ...................................................................................... 154 
Lesson 8B:  Converting Between Grams and Moles .......................................................... 158 
Lesson 8C:   Converting Particles, Moles, and Grams ........................................................ 161 
Lesson 8D:   Solving Word Problems for Ratios .................................................................. 165 
Lesson 8E:   Conversions and Careers .................................................................................. 173 

Module 9 – Mole Applications ..................................................................................... 178 
Lesson 9A:   Fractions and Percentages ................................................................................. 178 
Lesson 9B:   Empirical Formulas ............................................................................................ 184 
Lesson 9C:   Empirical Formulas from Mass or % Mass ..................................................... 186 
Lesson 9D:   Mass Fraction, Mass Percent, Percent Composition ...................................... 190 

Module 10 – Balanced Equations and Stoichiometry .............................................. 200 
Lesson 10A:  Chemical Reactions and Equations ................................................................. 200 
Lesson 10B:   Balancing Equations .......................................................................................... 203 
Lesson 10C:   Using Coefficients in Conversions ................................................................... 207 
Lesson 10D:   Conversion Stoichiometry ................................................................................ 212 
Lesson 10E:   Percent Yield ....................................................................................................... 219 
Lesson 10F:   Finding the Limiting Reactant .......................................................................... 224 
Lesson 10G:   Final Mixture Amounts and RICE Tables ....................................................... 231 
Lesson 10H:   Review Quiz For Modules 8-10 .......................................................................... 245 

Module 11 – Molarity and Dimensions ...................................................................... 249 
Lesson 11A:   Molarity ............................................................................................................... 249 
Lesson 11B:   Units and Dimensions  ...................................................................................... 256 
Lesson 11C:   Ratios versus Two Related Amounts  ............................................................. 263 

4 



     

                                                                                               Page v 

Lesson 14D:   Solving Neutralization for Ratio Units ........................................................... 355 
Lesson 14E:   Neutralization Calculations in Parts ............................................................... 360 
Lesson 14F:   Carbonate Neutralization ................................................................................. 368 

Module 15 – Redox Reactions ...................................................................................... 376 
Lesson 15A:   Oxidation Numbers .......................................................................................... 376 
Lesson 15B:   Balancing Charge ............................................................................................... 381 
Lesson 15C:   Oxidizing and Reducing Agents ....................................................................  384 
Lesson 15D:   Balancing Redox Using Oxidation Numbers ................................................ 387 
Lesson 15E:   Redox Stoichiometry ........................................................................................  392 

Module 16 – Half-Reaction Balancing........................................................................ 396 
Lesson 16A:   Constructing Half-Reactions – The CA-WHe! Method ................................ 396 
Lesson 16B:   Balancing By Adding Half-Reactions ............................................................. 402 
Lesson 16C:   Separating Redox Into Half-Reactions ........................................................... 405 
Lesson 16D:   Balancing Redox With Spectators Present ..................................................... 409 
Lesson 16E:   Review Quiz For Modules 13-16 ....................................................................... 415 

Volume 2 
Module 17 – Ideal Gases ............................................................................................... 419 

Lesson 17A:   Gas Fundamentals ............................................................................................. 419 
Lesson 17B:   Gases at STP ....................................................................................................... 423 
Lesson 17C:   Complex Unit Cancellation .............................................................................. 429 
Lesson 17D:   The Ideal Gas Law and Solving Equations .................................................... 434 
Lesson 17E:   Choosing Consistent Units ............................................................................... 438 
Lesson 17F:   Density, Molar Mass, and Choosing Equations ............................................ 442 
Lesson 17G:   Using the Combined Equation ........................................................................ 449 
Lesson 17H:   Gas Law Summary and Practice ..................................................................... 455 

Module 18 – Gas Labs, Gas Reactions ........................................................................ 460 
Lesson 18A:   Charles’ Law; Graphing Direct Proportions .................................................. 460 
Lesson 18B:   Boyle’s Law; Graphs of Inverse Proportions ................................................. 467 
Lesson 18C:   Avogadro’s Hypothesis; Gas Stoichiometry .................................................. 470 
Lesson 18D:   Dalton’s Law of Partial Pr



     

                                                                                               Page vi 

Module 21 – Phases Changes and Energy .................................................................. 571 
Lesson 21A:   Phases and Phase Changes ............................................................................... 571 
Lesson 21B:   Specific Heat Capacity and Equations ............................................................ 583 
Lesson 21C:   Water, Energy, and Consistent Units .............................................................. 592 
Lesson 21D:   Calculating Joules Using Unit Cancellation ................................................... 597 
Lesson 21E:   Calorimetry ......................................................................................................... 601 

Module 22 – Heats Of Reaction (ΔH) ......................................................................... 611 
Lesson 22A:   Energy, Heat, and Work  ................................................................................... 611 
Lesson 22B:   Exo- And Endothermic Reactions  ................................................................... 619 
Lesson 22C:   Adding ΔH Equations (Hess’s Law) ............................................................... 624 
Lesson 22D:   Heats of Formation and Element Formulas ................................................... 630 
Lesson 22E:   Using Summation to Find ΔH .......................................................................... 638 

Module 23 – Light and Spectra  ................................................................................... 643 
Lesson 23A:   Waves  .................................................................................................................. 643 
Lesson 23B:   Waves and Consistent Units ............................................................................. 646 
Lesson 23C:   Planck's Law  ...................................................................................................... 653 
Lesson 23D:   DeBroglie’s Wavelength  ................................................................................... 657 
Lesson 23E:  The Hydrogen Atom Spectrum ........................................................................ 662 
Lesson 23F:   The Wave Equation Model  .............................................................................. 668 
Lesson 23G:   Quantum Numbers  ........................................................................................... 670 

Module 24 – Electron Configuration ........................................................................... 674 
Lesson 24A:   The Multi-Electron Atom .................................................................................. 674 
Lesson 24B:   Shorthand Electron Configurations ................................................................. 678 
Lesson 24C:   Abbreviated Electron Configurations ............................................................. 681 
Lesson 24D:   The Periodic Table and Electron Configuration  ........................................... 685 
Lesson 24E:   Electron Configurations:  Exceptions and Ions  ............................................. 690 

Module 25 – Bonding  .................................................................................................... 695 
Lesson 25A:   Covalent Bonds .................................................................................................. 695 
Lesson 25B:   Molecular Shapes and Bond Angles ................................................................ 700 
Lesson 25C:   Electronegativity ................................................................................................ 708 
Lesson 25D:   Molecular Polarity .............................................................................................. 711 
Lesson 25E:  Solubility ............................................................................................................. 718 
Lesson 25F:  Double and Triple Bonds .................................................................................. 722 
Lesson 25G:  Ion Dot Diagrams ............................................................................................... 727 
Lesson 25H:  Orbital Models for Bonding .............................................................................. 729 

Module 26 – Mixtures and Colligative Properties ................................................... 734 
Lesson 26A:   Measures of Solution Composition ................................................................. 734 
Lesson 26B:   Concentration in Percent or PPM .................................................................... 740 
Lesson 26C:   Colligative Properties and Gas Pressures ....................................................... 745 
Lesson 26D:   Colligative Properties of Solutions .................................................................. 753 

Module 27 – Kinetics:  Rate Laws ................................................................................ 762 
Lesson 27A:   Kinetics Fundamentals  ..................................................................................... 762 
Lesson 27B:    Rate Laws ............................................................................................................ 767 
Lesson 27C:    Integrated Rate Law --Zero Order ................................................................... 776 
Lesson 27D:    Base 10 Logarithms  ........................................................................................... 784 
Lesson 27E:    Natural Log Calculations  ................................................................................. 793 
Lesson 27F:    Integrated Rate Law -- First Order .................................................................. 801 





     

                                                                                               Page viii 

Lesson 33D:   Methodical Buffer Calculations ...................................................................... 1013 
Lesson 33E:   Buffer Quick Steps ........................................................................................... 1017 
Lesson 33F:   The Henderson-Hasselbalch Equation .......................................................... 1024 

Module 34 – pH During Titration ............................................................................. 1031 
Lesson 34A:   pH In Mixtures ................................................................................................. 1031 
Lesson 34B:   pH After Neutralization .................................................................................. 1036 
Lesson 34C:   Distinguishing Types of Acid-Base Calculations ........................................ 1046 
Lesson 34D:   pH During Strong-Strong Titration ............................................................... 1051 
Lesson 34E:   pH During Strong-Weak Titration ................................................................. 1060 

Module 35 – Solubility Equilibrium ......................................................................... 1075 
Lesson 35A:   Slightly Soluble Ionic Compounds ................................................................ 1075 
Lesson 35B:   Ksp Calculations ............................................................................................... 1078 
Lesson 35C:   Solubility and Common Ions .......................................................................... 1086 
Lesson 35D:   pH and Solubility ............................................................................................. 1093 
Lesson 35E:   Quantitative Precipitation Prediction ............................................................ 1097 

Module 36 – Thermodynamics ................................................................................... 1109 
Lesson 36A:   Review:  Energy and Heats of Reaction ........................................................ 1109 
Lesson 36B:   Entropy and Spontaneity  ............................................................................... 1114 
Lesson 36C:   Free Energy ....................................................................................................... 1122 
Lesson 36D:   Standard State Values ...................................................................................... 1126 
Lesson 36E:   Adding ΔG° Equations .................................................................................... 1133 
Lesson 36F:   Free Energy at Non-Standard Conditions .................................................... 1136 
Lesson 36G:   Free Energy and K ............................................................................................ 1141 

Module 37 – Electrochemistry .................................................................................... 1148 
Lesson 37A:   Redox Fundamentals ....................................................................................... 1148 
Lesson 37B:   Charges and Electrical Work .......................................................................... 1155 
Lesson 37C:   Standard Reduction Potentials ....................................................................... 1159 
Lesson 37D:   Non-Standard Potentials:  The Nernst Equation ......................................... 1162 
Lesson 37E:   Predicting Which Redox Reactions Go ......................................................... 1168 
Lesson 37F:   Calculating Cell Potential ............................................................................... 1175 

Module 38 – Electrochemical Cells ........................................................................... 1185 
Lesson 38A:   Cells and Batteries ............................................................................................ 1185 
Lesson 38B:   Anodes and Cathodes ..................................................................................... 1195 
Lesson 38C:   Depleted Batteries and Concentration Cells ................................................. 1204 
Lesson 38D:   Electrolysis ........................................................................................................ 1212 
Lesson 38E:   Amperes and Electrochemical Calculations ................................................. 1215 

Module 39 – Nuclear Chemistry ................................................................................ 1224 
Lesson 39A:   The Nucleus - Review  ..................................................................................... 1224 
Lesson 39B:    Radioactive Decay Reactions .......................................................................... 1229 
Lesson 39C:    Fission and Fusion ........................................................................................... 1234 
Lesson 39D:    Radioactive Half-Life Calculations ................................................................ 1237 

• • • • • 
 



Module 1 – Scientific Notation 
 

                                                                                               Page 1 













Module 1 – Scientific Notation 
��

                                                                                               Page 7 

c.    0.741 =      d.    �T 1,280,000 =      
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Multiplying and Dividing Powers of 10 

The following boxed rules should be recited until they can be recalled from memory.  

1.��   When you multiply  exponentials, you add the exponents.    

   Examples:     103 x 102 = 105             10�F5 x 10�F2 = 10�F7               10�F3 x 105  = 102 

2.��   When you divide exponentials, you subtract the exponents.    

   Examples:      103/10 2 = 101               10�F5/10 2 = 10�F7               10�F5/10 �F2  =  10�F3 

When subtracting, remember:   Minus a minus is a plus.   106�F(�F3)  =  106+3  =  109 

3.   When you take the reciprocal of an exponential, change the sign.    

This rule is often remembered as:   

 When you take an exponential term from the bottom to the top, change its sign.   

Example:      1      =  10�F3  ;   1/10�F5 =  105  
                     103 

Why does this work?  Rule 2:        1       =   100     =   100�F3  =  10�F3  
                   103          103 

4.   1/(1/X) = X  because ( X–1) –1 = X;  so  1/(1/8) = 8    and   1/(1/grams) = grams.    

5. When fractions include several terms, it may help to simplify the numerator and 
denominator separately, then divide. 

Example:              10�F3       =   10�F3    =    10�F6       
                        105 x 10�F2          103                         

Try the following problem.   

Q. Without using a calculator, simplify the top, then the bottom, then divide. 

     10�F3 x 10�F4    =                          =  
                  105 x 10�F8    

*   *   *   *   *   

Answer :       10�F3 x 10�F4   =     10�F7    =   10�F7�F(�F3)  =  10�F7+3  =  10�F4 
                       105 x 10�F8             10�F3 

 

Practice B:   Write answers as 10 to a power.  Do not use a calculator.  Do the odds first, 
then the evens if you need more practice.   

1.    1/1023  =                              2.    10�F5 x 10�F6 =   

3.           1          =                            4.     10�F3  =  
        1/10�F4                                 105 
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5.     103 x 10―6  =                                 6.     105 x 1023  =   
        10―2 x 10―4                  10―1 x 10―6 

7.     100 x 10―2  =                                8.     10―3 x 1023  =   
        1,000 x 106                  10 x 1,000 

 

Multiplying and Dividing in Exponential Notation  

These are the rules we use most often. 

1. When multiplying and dividing using exponential notation, handle the significands and 
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Apply Rule 2 to the following problem.  Do not use a calculator. 

    10―14       =  
2.0 x 10―8           

*   *   *   *   *    

Answer:           10―14       =       1     x    10―14     =   0.50 x 10―6   =   5.0 x 10―7 
          2.0 x 10―8          2.0    x     10―8 

   
Practice C 
Study the two rules above, then apply them from memory to these problems.  To have 
room for careful work, solve these in your notebook.   

Do the odds first, then the evens if you need more practice.  Try these first without a 
calculator, then check your mental arithmetic with a calculator if needed.  Write final 
answers in scientific notation, rounding significands to two digits.   

1.   (2.0 x 101) (6.0 x 1023)   =        2.   (5.0 x 10―3) (1.5 x 1015) =  

3.    3.0 x 10―21    =               4.    6.0 x 10―23    =  
 ― 2.0 x 103                            2.0 x 10―4   

5.           10―14            =            6.         1014         =  
  ― 5.0 x 10―3                4.0 x 10―4   

7. Complete the problems in the pretest at the beginning of this lesson. 
 

The Role of  Practice 

Do as many Practice problems as you need to feel “quiz ready.” 

  • If the material in a lesson is relatively easy review, do the last problem on each  
  series of similar problems.   

  • If the lesson is less easy, put a check () by every 2nd or 3rd  problem, then work 
those problems.  If you miss one, do some similar problem in the set. 

  • Save a few problems for your next study session -- and quiz/test review. 

During Examples and Q problems, you may look back at the rules, but practice writing 
and recalling new rules from memory before starting the Practice. 

If you use the Practice to learn the rules, it will be difficult to find time for all of the 
problems you will need to do.  If you use the Practice to apply rules that are in memory, 
you will need to solve fewer problems to be “quiz ready.”  
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numbered points from Lesson 1A.  Write and recite your combined list until you can write 
all of the points from memory.  Then work the problems below.   

 

Practice D   
Start by doing every other
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                                                       ─  0.54   x   10―18                  ( 10―18 is higher in value than 10―20 ) 
    ─  2.18   x   10―18   

    ─  2.72   x   10―18         

4.    ( + 32.50  x 10―17 ) ― ( 21.46  x 10―17 ) =   1.104   x  10―16   

Practice B 

1.  10―23          2.  10―11         3.  10―4           4.  10―8         5.  103          6.  1035  

7.    100 x 10―2   =  102 x 10―2   =  100   =  10―9               8.    10―3 x 1023   =  1020    =  1016   
       1,000 x 106        103 x 106         109                                       10 x 1,000           104 

(For 7 and 8, you may use different steps, but you must arrive at the same answer.) 

Practice C  

1.  1.2 x 1025      2.  7.5 x 1012     3.  ― 1.5 x 10―24      4.  3.0 x 10―19       5.  ― 2.0 x 10―12      6.  2.5 x 1017 

Practice D  

1a. 6.0 x 1021     1b.  ― 3.0 x 1021      1c.   5.0 x 100  or   5.0      1d.   2.0 x 10―24      1e.   2.5 x 10―10 

1f.         1010         =        1    x   1010      =  0.50 x 1015  =  5.0 x 1014  
        2.0 x 10―5              2.0   x   10―5 

2a.    0.41 x 10―4   =   4.1 x 10―5   2b.   0.14 x 10―11  =  1.4 x 10―12 

3a.   107 x 10―2  =    105     =   109                        3b.     10―23 x 10―5       =   10―25       
          101 x 10―5       10―4                          10―5 x 102          

4a. ( 0.74  x 107 )   +  ( 4.09  x 107 )  =                   4b.    (5.122  x 10―9 ) + (  12.914  x 10―9 )  =  

  =  4.83   x  107          =  18.036   x  10―9        =   1.8036   x  10―8   

*   *   *   *   * 

 
Lesson 1C:  Estimating Exponential Calculations 
Pretest:   If you can solve both problems of these problems correctly, skip this lesson.  
Convert final answers to scientific notation.   Check your answers at the end of this lesson. 

1. Solve without                           (10―9)(1015)            =  
a calculator.                      (4 x 10―4)(2 x 10―2) 

2. Use a calculator for the numbers, but  solve the exponentials by mental arithmetic.         

   (3.15 x 103)(4.0 x 10―24)   =  
  (2.6 x 10―2)(5.5 x 10―5) 

*   *   *   *   *    
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Complex Calculations 

The prior lessons covered the fundamental rules for exponential notation.   For longer 
calculations, the rules are the same.  The challenges are keeping track of the numbers and 
using the calculator correctly.   The steps below will help you to simplify complex 
calculations, minimize data-entry mistakes, and quickly 
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Which way was easier?  “Numbers, then exponents,” or “all on the calculator?”  How you 
do the arithmetic is up to you, but “numbers, then exponents” is often quicker and easier. 

Checking Calculator Results 

Whenever a complex calculation is done on a calculator, you must do the calculation a 
second time, using different steps, to catch errors in calculator use.   

“Mental arithmetic estimation” is often the fastest way to check a calculator answer.  To 
learn this method, let’s use the calculation that was done in the first section of this lesson. 

    (7.4 x 10―2)(6.02 x 1023)   =  
     (2.6 x 103)(5.5 x 10―5) 

Apply the following steps to the problem above. 

1. Estimate the numbers first.  Ignoring the exponentials, round and then multiply all 
of the top significands, and write the result.  Repeat for the bottom significands.  
Then write a rounded estimate for dividing those two numbers. 

*   *   *   *   * 
Your rounding might be  

          7 x 6    =    7     ≈   2           (the  ≈  sign means approximately equals) 
          3 x 6           3 

If your mental arithmetic is good, you can estimate without a calculator.  The 
estimate needs to be fast, but does not need to be exact.  Practice the arithmetic “in 
your head.” 

 2.  Simplify the exponents.  Try without a calculator.  

*   *   *   *   * 
                10―2 x 1023   =   1021   =  1021― (―2)  =  1023    
                 103 x 10―5         10―2 

 3. Combine the estimated number and exponential.  Compare this estimate to the 
answer found when you used a calculator in the section above.  Are they close? 

*   *   *   *   * 
The estimate is  2 x 1023.  The answer with the calculator was 3.1 x 1023.  Allowing 
for rounding, the two results are close.   

If your fast, rounded, “done in your head” answer is close to the calculator answer, it 
is likely that your calculator answer is correct.  If the two answers are far apart, 
check your work. 

Estimating Number Division   

If you know your multiplication tables, and if you memorize these simple decimal 
equivalents to help in estimating division, you should be able to do many numeric 
estimates without a calculator. 

  1/2 = 0.50    1/3 = 0.33    1/4 = 0.25    1/5 = 0.20    2/3 = 0.67    3/4 = 0.75    1/8 = 0.125    
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Convert both the estimate and the final answer to scientific notation.  Round the significand 
in the answer to two digits.  Use the calculator that you will be allowed to use on quizzes 
and tests.  

4.     (3.62 x 104)(6.3 x 10―10)   =                         5.                 10―2             =             
        (4.2 x 10―4)(9.8 x 10―5)                                                   (750)(2.8 x 10―15)                  

.6.   (1.6 x 10―3)(4.49 x 10―5)   =                         7.                      1                     = 
          (2.1 x 103)(8.2 x 106)                                                    (4.9 x 10―2)(7.2 x 10―5)  

8.  For additional practice, do the two Pretest problems at the beginning of this lesson. 
 

ANSWERS 
Pretest:     1.   1.25 x 1011    or    1.3 x 1011        2.   8.8 x 10―15             

Practice:  You may do the arithmetic using different steps than below, but you must get the same answer. 

1.                 4 x 103        =      4    x   103― 7   =      2    x  10―4   =   0.667 x  10―4   =   6.7 x 10―5              
          (2.00)(3.0 x 107)           6                              3 

2.                     1                      =         1          =      1    x  10―12   =   0.125 x  10―12   =  1.3 x 10―13     
       (4.0 x 109)(2.0 x 103)             8 x 1012            8             

3.       (  3  x 10―3 )(8.0 x 10―5)   =     8    x   10―3―5   =   2 x  10―8   =   2 x  10―8―8  =  2.0 x 10―16   
        ( 2 6.0  x 1011)(2.0 x 10―3)         4         1011―3                 108    

4. First the estimate.  The rounding for the numbers might be 

         4  x  6   =  0.6        For the exponents:    104  x  10―10     =   10―6   =  109 x 10―6  =  103 

        4   x 10                                                     10―4  x  10―5         10―9 

           ≈   0.6 x  103  ≈   6 x  102  (estimate) in scientific notation.   

For the precise answer, doing numbers and exponents separately, 

  (3.62 x 104)(6.3 x 10―10)  =   3.62 x 6.3   =   0.55     The exponents are done as in the estimate above.     

   (4.2 x 10―4)(9.8 x 10―5)        4.2 x 9.8                            

  = 0.55 x 103  =   5.5 x 102   (final) in scientific notation  (and close to the estimate). 

5.   4.8 x 109            6.  4.2 x 10―18              7.   2.8 x 105          8a.  1.25 x 1011       8b.  8.8 x 10―15   

*   *   *   *   * 
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Rule 1 defines the first three metric prefixes the “1 meter =” format.  A second way to 
define the prefixes is using the “1-prefix” format in Rule 2. 
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Room temperature is generally between 20ºC (which is 68ºF) and 25ºC (77ºF). 

Time:   The base unit for time in the metric system is the second.   

Unit and Prefix Abbreviations   

The following list of abbreviations should also be committed to memory.  Given the unit or 
prefix, you need to be able to write the abbreviation, and given the abbreviation, you need 
to be able to write the prefix or unit. 
Unlike other abbreviations, abbreviations for metric units do not have periods at the end. 

Units: m = meter g = gram s = second  

   L = liter = dm3
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Practice C:    Study the 7 rules in the Metric Basics table above, then write the table on 
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1a.  103 grams =  1 kilogram        1b.    2 x 10―3 meters = 2 millimeters 
2a.    2.6 x 10―1 L = 2.6  dL    2b.    6 x 10―2 g = 6 cg  

3a.   1 gigajoule = 1 x 109  joules     3b.    9 μm  =  9 x 10─6 m        

From the prefix definitions, even if you are not yet familiar with a unit or the quantity that 
the unit is measuring, you can convert between its prefix-unit value and its value using 
exponentials. 

Science Versus Computer-Science Prefixes 

Computer science, which calculates based on powers of 2, uses slightly different definitions 
for prefixes, such as kilo- = 210 = 1,024 instead of 1,000.  However,
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The steps above can be summarized as the reciprocal rule for prefixes: 

   If  1 prefix- =  10a  , 1 unit =  10─a  prefix-units       In words: 

To change a prefix definition between the  “1 prefix- = “  format and the  “1 unit = “ 
format, change the sign of the exponent. 

If you need to check your logic, write a familiar example: 

Since  1 milliliter =  10─3 liter , then  1 liter  = 103 milliliters  = 1,000 mL 

Fill in these blanks with exponential terms. 

Q1. 
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surrounding new information.  That storehouse must be developed over time, with 
practice.   

2. Learning is incremental (done in small pieces).  Especially for an unfamiliar subject, 
there is a limit to how much new information you can move into long-term memory in 
a short amount of time.  Knowledge is extended and refined gradually.  In learning, 
steady wins the race.   

3. Your brain can do parallel processing.   Though adding information to long term 
memory is a gradual process, studies indicate that your brain can work on separately 
remembering what something looks like, where you saw it, what it sounds like, how 
you say it, how you write it, and what it means, all at the same time.  The cues 
associated with each separate type of memory can help to trigger the recall of 
information needed to solve a problem, so it helps to use multiple strategies.  When 
learning new information:  listen, see, say, write, and try to connect it to other 
information that helps you to remember its meaning.  

4. The working memory in your brain is limited.  Working memory is where you think.  
Try multiplying 56 by 23 in your head.  Now try it with a pencil, a paper, and your 
head.  Because of limitations in working memory, manipulating multiple pieces of new 
information  “in your head” is difficult.  Learning stepwise procedures (standard 
algorithms) that write the results of middle steps is one way to reduce “cognitive load” 
during problem solving. 

5. 
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Building Long-Term Memory 
How can you promote the retention of needed fundamentals?  It takes practice, but some 
forms of practice are more effective than others.  Attention to the following factors can 
improve your retention of information in long-term memory.  

1. Overlearning.  If you practice until you can recall new information only one time, you 
will tend to recall that information for only a few days.  To be able to recall new facts 
and skills for more than a few days, repeated practice to perfection (which cognitive 
scientists call overlearning) is necessary.   

2. The spacing effect.  To retain what you learn, 20 minutes of study spaced over 3 days is 
more effective than one hour of study for one day.   

Studies of “massed versus distributed practice” show that if the initial learning of facts 
and vocabulary is practiced over 3-4 days, then re-visited weekly for 2-3 weeks, then 
monthly for 3-4 months, it can often be recalled for decades thereafter.  

3. Effort.  Experts in a field usually attribute their success to “hard work over an extended 
period of time” rather than to “talent.” 

4. Core skills.  The facts and processes you should practice most often are those needed 
most often in the discipline. 

5. Get a good night’s sleep.  There is considerable evidence that while you sleep, your 
brain reviews the experience of your day to decide what to store in long-term memory.  
Sufficient sleep promotes retention of what you learn.  

[For additional science that relates to learning, see Willingham, Daniel [2007] Cognition: The 
Thinking Animal. Prentice Hall, and Bruer, John T. [1994]  Schools for Thought. MIT Press.] ] 

 

Practice A:   These are “black ink” questions:  Answer them in your spiral notebook.) 

1.  What is “overlearning?”                     2.  What is the “spacing effect?” 

3. Define “automaticity” as it applies to cognition, and briefly explain why it is important. 

 
Flashcards 

Which is more important in learning:  Knowing facts or concepts?  Cognitive studies have 
found that you must know both.  To “think as an expert,” you need a storehouse of factual 
information in long-term memory that you can apply to new and unique problems, 
organized by concepts that add meaning to what you know .  

In these lessons, we will use the following flashcard system to master fundamentals that 
need to be recalled automatically in order to efficiently solve problems.  Using this system, 
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If you have access to about 30 3” x 5” index cards, you can get started now.   Plan to buy 
tomorrow about 100-200 3x5 index cards, lined or unlined.  (A variety of colors is helpful 
but not essential.)  Complete these steps. 

1. On 12-15 of your 30 initial cards (of the same color if possible), cut a triangle off the top-
right corner, making cards like this: 

These cards will be used for questions that go in one direction.   

Keeping the notch at the top right will identify the front side.  
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3. To make “two-way” cards, use the index cards as they are, without a notch cut. 

For the following cards, first cover the right column, then put a check on the left if you 
can answer the left column question quickly and correctly.  Then cover the left column 
and check the right side if you can answer the right-side automatically.   

When done, if a row does not have two checks, make the flashcard.  

Two-way cards (without
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If multiple units are part of a calculation, the math for each unit is done separately.   

When solving calculations, you often need to use a calculator to do the number math, but 
both the exponential  and unit math nearly always can (and should) be done without a 
calculator.    On this problem, use a calculator for the numbers.  Do the exponential and 
unit math on paper but using mental arithmetic. 

Q. Simplify:      4.8  g • m   •  3.0 m  •          6.0   s         =   
                                              s2                          9.0 x 10─4 m2 
*   *   *   *   *                       

A. Do the math for numbers, exponentials, and then each unit separately.   

 =    86.4   •     1     •  g  • m  • m  •   s         =     9.6 x 104  g  
        9.0         10─4         s  • s                 m2                              s 

This answer unit can also be written as  g • s─1 , but you will find it helpful to use 
the x/y unit format until we work with mathematical equations later in the course.   

 
Practice:  Do not use a calculator, except as noted.  If you need just a few reminders, do 
Problems 7 and 9.  If you need more practice, do more.  After completing each problem, 
check your answer.  If you miss a problem, review the rules to figure out why before 
continuing. 
1.    16 cm ─ 2 cm  =                                                 2.   12 cm • 2 cm2  = 

3.   3.0 g  /  9.0 g  =        4.     18.0  s─5    =   
                                                                                                     3.0   s2       

5.     24 L5      =                                            6.    18 x 10─3  g • m5      = 
         3.0 L─4                                                                                 3.0 x 101  m2 

7.     12  x 10─2  L • g   •  2.0 m  •          2.0   s3         =   
                                s                            6.0 x 10─5 L2  

8. A rectangular box has dimensions of 2.0 cm x 4.0 cm x 6.0 cm.  Without a calculator, 
calculate its volume. 

9. In the Pretest at the beginning of this lesson, complete 

a. Problem 1 (use a calculator).                     b.  Problem 2 (do not use a calculator). 

 

 

ANSWERS   Both the number and the unit must be written and correct. 

Pretest:  See answers to Problems 9a and 9b below. 

1.  14 cm        2.   24 cm3       3.   0.33  (no unit)        4.   6.0 s─7         5.   8.0 L9       6.   6.0 x 10─4  g • m3 

7.    8.0 x 103  g • m • s2              8.    Vrectangular solid = length times width times height = 48 cm3 

                              L 
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Module 1 – Scientific Notation 
From Text Page 3   (Lesson 1A) 

Pretest:  

1. Write these in scientific notation.     

a.   9,400 x 103 =      b.   0.042 x 106 =  

c.   ─ 0.0067 x 10―2 =        d.  ─ 77 =   
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2.  Which lettered parts in Problem 3 below must have powers of 10 that are negative 
when written in scientific notation? 

3. Write these in scientific notation.  

a.    6,280  =     b.   0.0093 =     

c.    0.741 =      d.    ─ 1,280,000 =      

4. Complete the problems in the pretest at the beginning of this lesson. 



                           Module 1 – Scientific Notation 
_________________________________________________________________________________________________ 

  Print page 3 
 

Page 9   (Lesson 1B):  

Let’s do problem 1 again.  This time, first convert each value to fixed-decimal numbers, then 
do the arithmetic.  Convert the final answer to scientific notation.   

  32.464  x  101       =                                  
 ─   16.2    x  10―1      = 

Page 9   (Lesson 1B):  

Practice A:   Try these without a calculator.  On these, don’t round.  Do convert final 
answers to scientific notation.  Do the odds first, then the evens if you need more practice. 

1.  64.202  x  1023                                      
 +    13.2      x  1021     

2.     (61 x 10―7) + (2.25 x 10―5) + (212.0 x 10―6)  = 

3.    ( ― 54  x 10―20 )  +  ( ― 2.18  x 10―18 )   =    

4.    ( ― 21.46  x 10―17 ) ― ( ― 3,250  x 10―19 )  = 

Page 10   (Lesson 1B):  

Q. Without using a calculator, simplify the top, then the bottom, then divide. 

     10―3 x 10―4    =                          =  
                  105 x 10―8    

Page 10   (Lesson 1B):  

Practice B:   Write answers as 10 to a power.  Do not use a calculator.  Do the odds first, 
then the evens if you need more practice.   

1.    1/1023  =                              2.    10―5 x 10―6 =   

3.           1          =                            4.     10―3  =  
        1/10―4                                 105 

Page 11   (Lesson 1B):  

5.     103 x 10―6  =                                 6.     105 x 1023  =   
        10―2 x 10―4                  10―1 x 10―6 
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7.     100 x 10―2  =                                8.     10―3 x 1023  =   
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4.  How many liters are in a kiloliter?  

5.  What is the mass of 15 milliliters of liquid water?   

6.   One liter of liquid water has what mass in grams?   

7.   What is the volume of one gram of ice?    

Page 26  (Lesson 2B):  

Q1. From memory, fill in these blanks with prefixes (do not abbreviate).  

a.   103 grams =  1 _________gram          b.   2 x 10―3 meters = 2  ________ meters 

Q2. From memory, fill in these blanks with prefix abbreviations.  

a.   2.6 x 10―1 L = 2.6  ____L     b.   6 x 10―2 g = 6 ____g    

Q3. Fill in these blanks with exponential terms (use the table above if needed).   

a.   1 gigajoule = 1 x _______ joules                b.   9 μm  =  9 x ________ m 

Page 27  (Lesson 2B):  

Practice A:  Use a sticky note to mark the answer page at the end of this lesson. 
1.  From memory, add exponential terms to these blanks. 

a.   7 microseconds  = 7 x ______ seconds            b.   9 fg  =   9 x ________  g 

c.   8 cm  =  8 x ________ m                             d.  1 ng = 1 x ________  g  

2.  From memory, add full metric prefixes to these blanks. 

a.   6 x 10─2 amps = 6  ____________ amps  b.   45 x 109 watts  = 45  ________watts 

3.  From memory, add prefix abbreviations to these blanks. 

a. 1012 g  =  1 ____g               b.   10―12 s  =   1 ___s            c.   5 x 10─1 L = 5  ____ L 

4. When writing prefix abbreviations by hand, write so that you can distinguish between 

(add a prefix abbreviation)      5 x 10─3 g  =  5 ____g     and   5 x 106 g  =  5 ____g    

5. For which prefix abbreviations is the first letter always capitalized? 

6. Write 0.30 gigameters/second without a prefix, in scientific notation. 

Page 29  (Lesson 2B):  

Fill in these blanks with exponential terms. 

Q1. 1 nanogram =  1 x ______ grams ,   so        1 gram = 1 x ______ nanograms 

Q2. 1 dL =  1 x ______ liters ,                   so        1 L = 1 x ______ dL  
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Page 29  (Lesson 2B):  

Practice B:  Write the table of the 13 metric prefixes until you can do so from memory, 
then try to do these without consulting the table.   
1. Fill in the blanks with exponential terms. 

a. 1 terasecond =  1 x ______ seconds ,   so        1 second = 1 x ______ teraseconds 

b. 1 µg =  1 x ______ grams ,                    so        1 g = 1 x ______ µg 

2. Apply the reciprocal rule to add exponential terms to these one unit equalities. 

a.  1 gram  = _______  centigrams b.   1 meter = ___________  picometers  

c.   1 s  = ___________ ms   d.  1 s  = ___________ Ms 

3.  Add exponential terms to these blanks.  Watch where the 1 is! 

a.  1 micromole =   _____  moles   b.   1 g  =  1 x _______ Gg 

c.  1 hectogram =  1 x _______ grams  d.  f.   1 fL = ________ L 

Page 33  (Lesson 2C):  

Front-side of cards (with notch at top right):                              Back Side -- Answers 

To convert to scientific notation, move the decimal 
to… After the first number that is not a zero 

If you make the significand larger Make the exponent smaller 

420 Any positive number to the zero power = 1 

To add or subtract in exponential notation Make all exponents the same 

Simplify 1/(1/X)   X 

To divide exponentials (with the same base) Subtract the exponents 

To bring an exponent from the bottom of a fraction 
to the top Change its sign 

1 cc ≡  1 ___  ≡  1 ___   1 cc ≡  1 cm3  ≡  1 mL 

0.0018  in scientific notation =  1.8 x 10─3 

1 L ≡  ___ mL  ≡   ___ dm3 1 L ≡  1000 mL  ≡  1 dm3 

To multiply exponentials (that have the same base) Add the exponents 

Simplify 1/10x 10─x 

74 in scientific notation =  7.4 x 101 

The original definition of 1 gram The mass of 1 cm3 of liquid water at 4ºC. 

8 x 7 = 56 

42/6 = 7 
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