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                             MATH 221, Sample Problems (4)

Chapter 4 

  Probability Distributions (4.1Larson & Farber)

I.  Statistical experiment is any process by which an observation (or measurement)

     is  obtained.

II. The quantitative variable x is a random variable: the value that x takes on in a 

     given experiment is a chance or random outcome.  There are two types of ran-

     dom variables:

     A.  Discrete Random Variable:  

           1.  Values that are finite.

           2.  Values that are countable.

                 (ex. number of students in a room, number of eggs in a nest, etc.)

           3.  Values that are usually integers, however, an exception would be a shoe

                 size which could be 6, 61/2, 7, 71/2, etc.

      B.  Continuous Random Variable:

            1.  Values that are infinite.

            2.  Values that are usually determined by a measuring process.

                 (ex. weight, height, volume, density, time, length, width, temperature)
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           3.  All measures in an interval (including decimals and fractions) are candi-

                 dates for replacement.

             4.  No value is skipped.

III. Probability Distribution

      A.  A random variable has a probability distribution whether it is discrete or 

            continuous.  

      B.  The probability distribution is an assignment of probabilities to the specific 

            values of  random variable or to a range of values of the random variables.

      C.  For a Discrete Random Variable:

            1.  The probability distribution has a probability assigned to each value of 

                  the random variable. 

                  P(x)= # of times x occurred ¸ total # of times experiment is performed

             2.  The sum of these probabilities must be 1.  P x( ) =å 1

             3.  The expected value of a discrete probability distribution (also called the

                   mean) is denoted m .    m = ×å x P x( )

                   *The mean of expected value is an average value and need not be a 

                      point of the sample space.

             4.  The standard deviation of a discrete probability distribution is denoted 

                   s.  s m= -å( ) ( )x P x2           2  
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            5.  Graph of a discrete probability distribution is a histogram.

                 a.  X will be the label of the horizontal axis;width of each bar is 1 unit.

                 b.  P(x) will be the label of the vertical axis from 0 to 1;P(x) is also re-

                      ferred to as the relative frequency.

                 c.  Construct each bar so that the random variable value is at the center

                      of the bar.  Each bar will be a rectangle with a width of 1 unit and a

                      height which corresponds to the probability of that particular variable

                 d.  The area of each rectangle = probability that x is the value which is 

                       marked at the center of the base of the rectangle.  The total area of 

                       all the bars = 1.
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 Binomial Distributions (4.2  Larson & Farber)      

I.  Characteristics of a binomial experiment:

     A.  Same action is repeated

           1.  Conditions for repetition must be identical.

           2.  One trial must be independent of all others. (The results of one trial

                cannot affect another.)

           3.  The fixed number of trial is n.

           4.  Each trial has only 2 possible outcomes:  success or failure

     B.  Binomial experiment must only have 2 outcomes.

           1.  Success (defined by the problem), designated p as probability of success.

           2.  Failure (all outcomes except those defined as success), designated q as 

                probability of failure, q = 1-p.

      C.  The number of trials that are successful is denoted r such that r£n.

II.  To find the probability of getting exactly r successes out of n trials.

      A.  In a binomial experiment we use r as the random variable.

            1.  r counts the number of successful outcomes.

            2.  r is a discrete random variable.
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           3.  For each experiment, the possible values of r can be listed, r=0, 1, 2, 3..n

                 The r values range from 0 (no outcome is successful) to n (all outcomes

                  are successful).                    

             4.  The probability of getting exactly 0 successes is denoted P(0), the pro-

                  bability of getting exactly 1 success is denoted P(1) and so on.

             5.  Since the categories of no successes, exactly one success, exactly two 

                  successes, etc. are mutually exclusive, we can add their probabilities

                  to answer a question using the OR combination.

             6.  The sum of all the probabilities=1.  P(0)+P(1)+P(2)+P(3)....+P(n)=1.

       B.  Method of determining the probability of r successes out of n trials:

                     P r C p qn r
r n r( ) ,= -   or  P x C p qn x

x n x( ) ,= -

             1.  The above formula may be used to determine the proability of r suc-

                    cesses out of n trials.

              2.  The Table of Binomial Probabilities found in Appendix A10 of the text

                    may be used (given n, r, p)  or (given n, x, p) to determine the

                    probability of r  (or x ) successes out of n trials.
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III.The binomial distribution's special properties allow for an easier formula to 

     compute the expected value, the variance, and the standard deviation.

     A.  The mean of a binomial distribution: m = np.

     B.  The variance of a binomial distribution: s 2 = npq.

     C.  The standard deviation of a binomial distribution: s = npq.

IV. Application of the binomial distribution

     A.  Useful in determining the probability of meeting certain quotas or specifi-

           cations under success/failure conditions.
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   More Discrete Probability Distributions (4.3 Larson & Farber)

I.  Geometric Distribution

     A discrete probability distribution of a random variable x that satisfies these

     following conditions.

      A.  A trial is repeated until a success occurs.

      B.  The repeated trials are independent of each other.

      C.  The probability of success,  p, is constant for each trial.

      D.  The probability that the first success will occur on trial number x is:

            P x p q x( ) ( )= -1     Such that q p= -1

      E.  Example:  From experience, one knows that the probability that one will

            make a sale on any given telephone call is 0.25. Find the probability that 

            the first sale will occur before one’s fourth sales call.

            (Hint: find P P P( ), ( ), ( )1 2 3 )
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II.  Poisson Distribution

      A discrete probability distribution of a random variable x that satisfies these

      following conditions:

      A.  The experiment consists of counting the number of times, x, an event 

            occurs in a given interval.  The interval can be interval of time, area, or 

            Volume.       

       B.  The probability of the event occurring is the same for each interval.

       C.  The number of occurrences in one interval is independent of the number

             of occurrences in other intervals.           

       D.  The probability of exactly x occurrences in an interval is:

              P x
e

x

x

( )
!

=
-m m

          Such that e is an irrational number » 2 71828.

                                        and m  is the mean number of occurrences per interval unit

              *Please also refer to Table 3 of Appendix B

         E.  Example: The number of accidents per month at a certain intersection is 4.

                               What is the probability that in any given month 5 accidents will

                                occur at this intersection?      
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