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      Premise for deepening the study of mathematics
    

    
    
    
      Paulo Byron
    

    
      For a long time as a teacher, I came across students' difficulties in the architecture of preparing mathematical questions. In view of this, I decided to investigate the negotiations of this
      Entrevero
       and, after extensive study and analysis,
      he was
       It was found that students needed a greater foundation in the mathematical foundations that are taught in the period of education prior to higher education.
    

    
      However, the range of content to be passed on to the student must be presented in an objective and simplified way so that they can master the content in a short period of time and know how to use it during their more in-depth learning.
    

    
      I believe that the work will meet the needs of higher education students, but will also serve as a contribution to high school students who wish to improve their knowledge, whether for use in entrance exams, higher education and even in professional activities.
    

    
      Finally, I am immensely grateful to my students who guided me on this path of improvement in the teaching process and were crucial to the publication of this work.
    

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
      Set of Real numbers
    

    
      In this book, throughout the study process we will work with the set of Real numbers, symbolized by the letter R.
    

    
      To remember this relationship of sets a little, we have the Naturals, represented by the symbol N.
    

    
    
      N = {0, 1, 2, 3, 4, 5, ...}
    

    
    
      The set of integers represented by the symbol Z
    

    
    
      Z = {..., -3, -2,
      -1
      , 0, 1, 2, 3, ...}
    

    
    
      And also the set of rational numbers represented by the letter Q, a rational number is represented by the division of two integers, a/b where b ≠ 0.
    

    
    
      Q = {..., -1/2, -3/4, 1/2, 3/4, ...}
    

    
    
      Basic rules
    

    
    
      In the set of real numbers R two operations remain defined. The addition that takes place through two ordered pairs, for example (a, b) that combined through this operation a + b result in the sum of these numbers. Another operation is multiplication where the association of two ordered pairs of real numbers
      a .
       b resulted in the product of this association.
    

    
      Regarding nomenclature, we have the real numbers a, b in addition called as
       installments
      , already in multiplication as
      factors
      .
    

    
      The basic properties of addition and multiplication are presented below:
    

    
    
      	
        Commutative property: whatever the real numbers a, b we have:
      

    

    
    
      a + b = b + a
    

    
      a . b = b . a
    

    
      Example:
    

    
      2 + 3 = 3 + 2
    

    
      4 . 5 = 5 . 4
    

    
      	
        Associative property: whatever the real numbers a, b and c are, we have:
      

    

    
      (a + b) + c = a + (b + c)
    

    
      a . (bc) = (ab) . c
    

    
      Given this property, we omit the parentheses, that is:
    

    
      a + b + c
    

    
      a . b . c = abc
    

    
      Example:
    

    
      (2 + 3) + 5 = 2 + (3 + 5) = 2 + 3 + 5
    

    
      2 . (3 . 6) = (2 . 3) . 6 = 2 . 3 . 6
    

    
    
      	
        Neutral element: certain real numbers 0 and 1, with 0 ≠ 1 that verify:
      

    

    
       In addition:
    

    
    
      a + 0 = a
    

    
      Examples:
    

    
      5 + 0 = 5
    

    
      3 + 0 = 3
    

    
      In multiplication
    

    
    
      a . 1 = a
    

    
      Examples:
    

    
      2 . 1 = 2
    

    
      1 . 9 = 9
    

    
    
      	
        Opposite element and inverse element
      

    

    
      For a real number a there is a unique opposite real number represented by - a
    

    
      Example:
    

    
      3 + (- 3) = 0
    

    
    
      For a real number a there is a unique inverse real number represented by
      
       or
      
      .
    

    
      Example:
    

    
      2 . 
      
       = 1
    

    
      7 . 
      
       = 1
    

    
    
      	
        Distributive property any real numbers a, b and c, we have:
      

    

    
    
      a . (b + c) = a . b + a . c
    

    
      (a + b) . c = a .c + b . c
    

    
    
      Examples:
    

    
      2 . (3 + 8) = 2 . 3 + 2 . 8
    

    
      (4 + 5) . 6 = 4 . 6 + 5 . 6
    

    
      Reinforcing
    

    
    
      Let's complete using the specific property.
    

    
    
      23 + 31 = 31 + 23 (commutative)
    

    
      27 . 38 = 38 . 27 (commutative)
    

    
      3 + (8 + 11) = (3 + 8) + 11 (associative)
    

    
      (18 . 7) . 13 = 18. (7 . 13) (associative)
    

    
      16 + 0 = 16 (neutral element)
    

    
      4 . 1 = 4 (neutral element)
    

    
      5 + (- 5) = 0 (opposite element)
    

    
      7 . 
      
       = 1 (inverse element)
    

    
      3 . 
      
       = 1 (inverse element)
    

    
      6. (4 + 2) = 6. 4 + 6. 2 (distributive)
    

    
      (9 + 5) . 8 = 9. 8 + 5. 8 (distributive)
    

    
    
      Consequences of the basic rules
    

    
    
      Cancellation
    

    
    
      Supposing we need to isolate the first member of this mathematical operation a + b = c, with the first member being the variable we will use the rule for the opposite element of b, that is:
    

    
    
      a + b (- b) = c (- b)
    

    
    
      See that everything that is done on one side of equality must also occur on the other side. Therefore, the equation is balanced. After applying the opposite element of b, which is (- b), cancellation occurs:
    

    
    
      a = c - b
    

    
    
      It is worth mentioning that it is customary to indicate a + (- b) as a - b
    

    
    
      Example:
    

    
      Since x + 5 = 12, then to isolate x we ​​will use the element opposite to 5 which is (- 5) to perform the cancellation and consequently solve the equation, therefore:
    

    
    
      x + 5 (- 5) = 12 (- 5)
    

    
      x = 12 - 5
    

    
      x = 7
    

    
      Reinforcing
    

    
    
      x + 4 = 2
    

    
      x + 4 (- 4) = 2 (- 4)
    

    
      x = 2 - 4
    

    
      x = - 2
    

    
      Exercises:
    

    
      	
        x + 3 = 9        b) x - 6 = 2                c) x + 5 = 7                d) x - 3 = - 5
      

    

    
    
      At this point we will remember the issue of cancellation in multiplication. If the . b = c, such that b ≠ 0, to isolate the first member to use
      and the
       inverse element rule, that is:
    

    
    
      a . b .
      
       = c . 
      
    

    
      a . 
      
       = c . 
      
    

    
      a = c . 
      
    

    
      a = 
      
    

    
      Example:
    

    
    
      Given 2x = 5. Determine the value of x
    

    
    
      2 . x = 5
    

    
      2 . 
      
       . x = 5 . 
      
    

    
      x = 
      
    

    
    
      We can simultaneously use the rules of the opposite element of addition and the inverse element of multiplication to cancel and solve a given equation.
    

    
    
    
      Exercises:
    

    
    
      a) 2x + 7 = 10        b) 2x + 6 = 12        c)12 + 4x = 2        d)20x + 6 = 8
    

    
    
      Regarding
      the question
       cancellation, we will analyze the
      sum case
      . Being
    

    
      a + b = a + c, we will have a common portion in both members and, consequently, we cancel this common term, leaving b = c. The same will happen when . b = a. c, with a ≠ 0. This cancels the common portion a, leaving b = c.
    

    
              Note the explicit condition that a ≠ 0, otherwise, as an example, we would have:
    

    
      Being a = 0; b = 2 and c = 3, then substituting 0 . 2 =
      0 .
       3, leading us to the result 2 = 3, which is notoriously unacceptable.
    

    
    
      Cancellation
    

    
    
      We will present two properties that involve the number 0.
    

    
    
      Null factor rule
      : whatever the real number a, we have
    

    
      a . 0 = 0 .a = 0
    

    
      Null product rule
      : if a and b are real numbers, then:
    

    
      The . b = 0; a = 0 or b = 0 (if a = b, we have a and b = 0)
    

    
    
      Example:
    

    
      (x - 3) . (x + 4) = 0, in this case applying the properties already studied we have
    

    
      x - 3 = 0, resulting in x = 3 and consequently we have x + 4 = 0 which results in
    

    
      x = - 4, therefore, the solution set is {-4,3}.
    

    
    
      Exercises:
    

    
      	
        (x + 2) . (x -2) = 0
      

      	
        (2x + 8) . (x + 5) = 0
      

      	
        x . (x - 2) = 0
      

      	
        (x - 2) . (2x + 1) . (3x + 6) = 0
      

    

    
    
      Signal rules
    

    
    
      Attention does not apply to addition and subtraction obviously. Let's think in a simplified way, that is, equal signs
      positive
      , different signs
      negative
      . Let's see:
    

    
      -The . b = -ab (different signs resulting in negative)
    

    
      -(-a) = a (positive resultant equal signs)
    

    
      (-The) . (-b) = ab (positive resultant equal signs)
    

    
    
      Examples:
    

    
      	
        -3. (4) = - 12 (different signs result in negative)
      

      	
        two . 6 = 12 (positive resultant equal signs)
      

      	
        -4. -5 = 20 (positive resultant equal signs)
      

    

    
    
      Exercises:
    

    
      	
        (-3) . (7)
      

      	
        -(-12)
      

      	
        (-3) . (5) . (-2)
      

    

    
    
      Exercise answers:
    

    
      Page 5
    

    
      	
        x = 9 - 3; x = 6        b)x = 2 + 6; x = 8        c)x = 7 - 5; x = 2        d)x = -5 + 3; x = -2
      

    

    
      Page 6
    

    
      a)2x = 10 - 7; 2x = 3; x = 3/2        b)2x = 12 - 6; 2x = 6; x = 6/2; x = 3
    

    
      c)4x = 2 - 12; 4x = -10; x = -10/4; x = -5/2; d) 20x = 8 -6; 20x = 2; x = 2/20; x=1/10
    

    
      Page 6 cancellation:
    

    
      	
        (x + 2) = 0; x = -2 and (x - 2) = 0; x = 2 solution {-2,2}
      

      	
        (2x + 8) = 0; 2x = -8; x = -8/2; x = -4 and (x + 5) = 0; x = -5 solution {-5,-4}
      

      	
        x = 0 and (x - 2) = 0; x = 2 solution {0,2}
      

      	
        (x - 2) = 0; x = 2 and (2x + 1) = 0; 2x = -1; x = -1/2 and (3x + 6)=0; 3x = -6; x = -6/3; x = -2 solution {-2, -1/2, 2}
      

    

    
      Page 7:
    

    
      a)-21        b)12                c)-15 . (-2) = 30
    

    
       
    

    
      Power
    

    
      Potentiation properties (considering the real one)
    

    
      	
        
         = 1 (every number raised to 0 is equal to 1, except 0 raised to 0 which is undefined).
      

      	
        
         = 
        
        (every number raised to 1 is equal to itself)
      

      	
        
        (the base is multiplied by itself as many times as
        n
        ”exponent” inform).
      

      	
        
        ) . 
        
         = 
        
      

      	
        
        = 
        
      

    

    
      
    

    
      
    

    
      
    

    
      	
        
         = 
        
      

    

    
      
    

    
      Examples:
    

    
      	
        
                b)
        
                        c)
        
                        d)
        
      

    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
    
      Exercises:
    

    
      	
        
                b)
        
                c)
        
                d)
        
                It is)
        
                f)
        
                g)
        
                h)
        
                i)
        
      

    

    
      Answers:
    

    
      a)
      
                      b)
      
       = x                c)
      
              d)
      
    

    
      It is)
      
              f)
      
                      g)
      
              h)
      
              i)
      
    

    
    
      Subtraction
    

    
      In order to eliminate parentheses when there is a negative sign preceding it, we apply the sign rule as well as the distributive property previously seen:
    

    
      - (a + b) = - a - b
    

    
              The reason we mention the distributive property is that we can read the question as follows -
      1 .
       (a + b) = - a - b, since 1 is the neutral element in multiplication.
    

    
      Examples:
    

    
      	
        -(2 + 7) = -2 -7 = -9 another way: -(2 + 7) = - (9) = -9
      

      	
        -(-4 + 6) = 4 - 6 = -2 another way: -(-4 + 6) = -(2) = -2
      

      	
        -(-3 - 5) = 3 + 5 = 8 another way: -(-3 - 5) = -(-8) = 8
      

    

    
    
              Returning the distributive property to remember more carefully, we have:
    

    
      The . (b - c) = ab - ac; in the same way (b - c) . a = ba - ca
    

    
      Example:
    

    
      a)6 . (3 - 5) = 18 - 30 = -12        b)2 . (-4 . 3) = -8 + 6 = -2
    

    
    
      Exercises:
    

    
      a)7 . (3 - x)        b)(-x - y) . z        c) (-3) . (-a + b)
    

    
      Answers:
    

    
      a)7. (3 - x) = 21 - 7x        b)(-x -y) . z = -xz -yz        c)(-3) . (-a + b) = 3a - 3b
    

    
    
      Division
    

    
      Fraction
    

    
              The fraction can be expressed by
      
       , with a ≠ 0, as there is no division by 0, as we can also find the fraction represented as follows
      
      .
    

    
              Still, the fraction can be represented as follows:
    

    
      b
      
    

    
              The nomenclature
      b is
       the numerator and a is the denominator. Whatever the real number is, it can be written as a fraction, since:
      
    

    
      Examples:
    

    
      	
        
                b)
        
                c)
        
      

    

    
    
      Equality of fractions
    

    
              To know when fractions are equal we have to pay attention
      to the following
       conditions:
    

    
      
      .
    

    
      
    

    
              The above condition is called cross multiplication.
    

    
      Example:
    

    
      
    

    
              Therefore, the fractions in the example above are equal.
    

    
      Exercises:
    

    
              Check the following fractions for equality:
    

    
      a)
      
              b)
      
                c)
      
    

    
      Answers:
    

    
      
    

    
      
    

    
      
    

    
              A fraction will not change if we multiply the numerator and denominator by the same number other than 0.
    

    
      
    

    
      Examples:
    

    
      a)
      
               b)
      
    

    
      Exercises:
       
    

    
      Simplify the following fractions:
    

    
      a)
      
                      b)
      
                      c)
      
    

    
    
      Answers:
    

    
      a)
      
              b)
      
              c)
      
    

    
    
      Sign rules in fractions
    

    
    
              The same principle uses equal signs
      positive
      , different signs
      negative
      .
    

    
      
    

    
      
    

    
      Sum of fractions
    

    
              When
      occurs
       equality of the denominator, you must maintain it and add the numerators.
    

    
      
    

    
      Examples:
    

    
      	
        
                        b)
        
      

    

    
    
              However, when the denominators are not equal, let's see:
    

    
    
      
      )
    

    
      Example
      :
    

    
      
    

    
    
              The rules outlined above are also valid when subtracting fractions.
    

    
    
      Exercises:
    

    
      a)
      
              b)
      
              c)
      
    

    
    
              In cases where there is addition or subtraction of three or more fractions with different denominators, there is a need to find the m.m.c. (least common multiple).
    

    
      Example:
    

    
      
    

    
    
              Multiples of 5 are: 5, 10, 15, 20, 25, 30, 35,...
    

    
              Multiples of 10 are: 10, 20, 30, 40, 50, ...
    

    
              Multiples of 6 are: 6, 12, 18, 24, 30, 36,...
    

    
              Note that the least common multiple is the number 30.
    

    
              At this point we must divide this m.m.c. found and divide by the denominator of each fraction obtaining a certain result, which is then multiplied by the numerator of this same fraction. Returning to the example:
    

    
      In the first fraction we have the m.m.c. 30 which must be divided by 5, 30/5 = 6 this result is multiplied to the numerator, that is, 6. 1 = 6, thus the first fraction will be displayed as follows:
    

    
      
    

    
    
              We apply the same guideline as m.m.c. described in the first fraction for the second and third fraction, obtaining the final result after simplification.
    

    
    
      Prime numbers
    

    
              A certain positive integer is called prime when it is divisible by 1 and itself only.
    

    
              Here are the first ten prime numbers:
      2,3,5,7,11,1317,19,23
       and 29.
    

    
    
      Prime decomposition
    

    
              Occurs when any

    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
      	
        Trichotomy
        : with m and n being real numbers, only the following possibilities can occur (m > n; m = n; m < n).
      

      	
        Transitivity:
         if x<y and y<z, then x<z.
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