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Equations involving logarithms arise in a variety of contexts.  Most of the time, these equations are solved by 
isolating the logarithm and then writing an equivalent exponential equation. 
 

Exercise #1:  Solve each of the following logarithmic equations by first isolating the logarithm (if necessary) 
and then writing an equivalent exponential equation. 
 

(a) 6log 2x =  (b) ( )2log 5 3x + =  (c) ( )53log 4 1 2 4x + − =  

 
 
 
 
 
 
 
Since each of the above equations has only a single logarithm, it was relatively easy to isolate this logarithm and 
then write its equivalent exponential equation.  When two or more logarithms are involved it is necessary to 
first combine these logarithms using the logarithm laws from the previous lesson. 
 

Exercise #2:  Solve each of the following equations for all value(s) of x by first combing logarithms. 
 

(a) ( ) ( )2 2log 3 23 log 1 3x x+ − + =  (b) ( )log log 3 1x x+ − =  

 
 
 
 
 
 
 
 
 
Exercise #3:  Algebraically determine the intersection point of the two logarithmic functions shown below. 
 

( ) ( )3 3log 25 3  and  log 1 5y x y x= + + = + +  
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Using techniques like the above, we can now find inverses for more complicated logarithmic functions. 
 

Exercise #4:  Find the inverse functions for each of the following. 
 

(a) ( )5log 6 2y x= + −   (b) ( )log 2 1 5y x= − +  

 
 
 
 
 
 
 
Exercise #5:  Algebraically determine the x-intercept of the function ( )2log 7 4y x= − − . 

 
 
 
 
 
 
There are also instances when equations involve only logarithms.  In these cases, the solution method is similar 
to before, but there is no need to write an equivalent exponential expression. 
 

Exercise #6:  Solve the following for the value of x. 
 

(a) 2 2 2log log 9 log 45x + =   (b) ( )log 2 1 log 3 log 5x + − =  

 
 
 
 
 
 
 
 
Exercise #7:  Solve the equation below for all value(s) of x.  Be sure to check your answers. 
 

4 4 42 log log 2 log 18x − =  
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1. Solve each of the following equations involving logarithms.  Express your answers in simplest form. 
 

 (a) 5log 3x =  (b) 2log 1x = −  (c) 9
1log 2x =  

 
 
 
 
 (d) ( )4log 10 3x + =  (e) ( )2log 3 1 5x − =  (f) ( )5log 4 3 2x + =  

 
 
 
 
 
 

 (g) 35log 2 8x − =  (h) ( )2
1 log 8 3
2

x + =  (i) ( )83log 6 5 6x + + =  

 
 
 
 
 
 
 
 
2. Which of the following values of x is the solution to ( )54 log 8 5 12x + = ? 
 

 (1) 25 (3) 7 
 
 (2) 165 (4) 15 
 
 
3. Which of the following represents the x-intercept of ( )2log 5 2y x= + − ? 
 

 (1) 1 (3) 1−  
 
 (2) 2−  (4) 8 
  



AALLGGEEBBRRAA  22  WWIITTHH  TTRRIIGGOONNOOMMEETTRRYY,,  UUNNIITT  ##1100  ––  EEXXPPOONNEENNTTIIAALL  AANNDD  LLOOGGAARRIITTHHMMIICC  FFUUNNCCTTIIOONNSS  ––  LLEESSSSOONN  ##88  
eeMMAATTHHIINNSSTTRRUUCCTTIIOONN,,  RREEDD  HHOOOOKK,,  NNYY  1122557711,,  ©©  22000099  

4. Solve each of the following equations for the value of x. 
 

 (a) ( )3 3log 5 20 log 2x x+ − =  (b) ( ) ( )2 2log 3 log 9 2x x− − + = −  

 
 
 
 
 
 
 
5. Solve the following equations for all value(s) of x. 
 

( ) ( )4 4log 7 log 5 3x x− + + =  

 
 
 
 
 
6. Given the function ( )23log 8 12y x= + − , algebraically determine both the x and y intercepts.  Show work 

to justify your answers. 
 
 
 
 
 
 
7. Find the inverse function for each of the following: 
 

 (a) ( )5log 8 2y x= + −  (b) ( )32 log 1y x= −  

 
 
 
 
 
 
8. Solve the equation ( )log 3 1 log 2 log11x + − =  for the value of x. 
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Earlier in this unit, we used the Method of Common Bases to solve exponential equations.  This technique is 
quite limited, however, because it requires the two sides of the equation to be expressed using the same base.  A 
more general method utilizes our calculators and the third logarithm law: 
 
 
 
 
 

Exercise #1:  Solve:  4 8x =  using (a) common bases and (b) the logarithm law shown above. 
 

(a) Method of Common Bases (b) Logarithm Approach 
 
 
 
 
 
The beauty of this logarithm law is that it removes the variable from the exponent.  This law, in combination 
with the logarithm base 10, the common log, allows us to solve almost any exponential equation. 
 
Exercise #2:  Solve each of the following equations for the value of x.  Round your answers to the nearest 
hundredth. 
 

(a) 5 18x =  (b) 4 100x =  (c) 2 1560x =  
 
 
 
 
 
These equations can become more complicated, but each and every time we will use the logarithm law to 
transform an exponential equation into one that is more familiar (linear, quadratic, etc). 
 
Exercise #3:  Solve each of the following equations for x.  Round your answers to the nearest hundredth. 
 

(a) 36 50x+ =  (b) ( ) 5
21.03 2
x
− =  

  

TTHHEE  TTHHIIRRDD  LLOOGGAARRIITTHHMM  LLAAWW  
 

( )log logx
b ba x a=  
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Now that we are familiar with this method, we can revisit some of our exponential models from earlier in the 
unit.  Recall that for an exponential function that is growing: 
 
 
 
 
 
 
 

Exercise #4:  A biologist is modeling the population of bats on a tropical island.  When he first starts observing 
them, there are 104 bats.  The biologist believes that the bat population is growing at a rate of 3% per year. 
 
 
 
 
 
 
 
 
 

 
Exercise #5:  A stock has been declining in price at a steady pace of 5% per week.  If the stock started at a price 
of $22.50 per share, determine algebraically the number of weeks it will take for the price to reach $10.00.  
Round your answer to the nearest week. 
 
 
 
 
 
 
 
As a final discussion, we return to evaluating logarithms using our calculator.  Since the calculator has only the 
base 10 logarithm (and one other to be named later), it is limited in evaluating logs. 
 

Exercise #6:  Consider the expression 5log 70 . 
 
 
 
 
 
 
 

 

If quantity Q is known to increase by a fixed percentage p, in decimal form, then Q can be modeled by 
 

( ) ( )0 1 tQ t Q p= +  
 

where 0Q  represents the amount of Q present at 0t =  and t represents time. 

(a) Write an equation for the number of bats, ( )B t , 

as a function of the number of years, t, since the 
biologist started observing them. 

(b) Using your equation from part (a), algebraically 
determine the number of years it will take for 
the bat population to reach 200.  Round your 
answer to the nearest year. 

(a) Write an equivalent exponential equation for the 
equation 5log 70 x= . 

(b) Solve this equation for x, thus evaluating 

5log 70 .  Round your answer to the nearest 
hundredth. 
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1. Which of the following values, to the nearest hundredth, solves:  7 500x = ? 
 

 (1) 3.19 (3) 2.74 
 

 (2) 3.83 (4) 2.17 
 
 

2. The solution to 32 52
x
= , to the nearest tenth, is which of the following? 

 

 (1) 7.3 (3) 11.4 
 

 (2) 9.1 (4) 17.1 
 
 
3. To the nearest hundredth, the value of x that solves 45 275x− =  is 
 

 (1) 6.73 (3) 8.17 
 

 (2) 5.74 (4) 7.49 
 
 

4. Solve each of the following exponential equations.  Round each of your answers to the nearest hundredth. 
 

 (a) 39 250x− =  (b) ( )50 2 1000x =  (c) 105 35
x

=  

 
 
 
 
 
5. Solve each of the following exponential equations.  Be careful with your use of parentheses.  Express each 

answer to the nearest hundredth. 
 

 (a) 2 56 300x− =  (b) ( ) 1
31 1

2 6

x
+
=  (c) ( )12500 1.02 2300

x

=  
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6. Solve each of the following trigonometric equations for all values of x on the interval 0 360x° °≤ ≤ .  Round 
all answers to the nearest tenth of a degree. 

 

 (a) cos3 2x =   (b) sin 15 4
x =  

 
 
 
 
 
 
 
AAPPPPLLIICCAATTIIOONNSS  
 

7. The population of Charleston is growing at a rate of 3.5% per year.  If its current population is 12,500, in 
how many years will the population exceed 20,000?  Round your answer to the nearest year.  Only an 
algebraic solution is acceptable. 

 
 
 
 
 
 
8. A radioactive substance is decaying such that 2% of its mass is lost every year.  Originally there were 50 

kilograms of the substance present. 

 
 
 
 
 
RREEAASSOONNIINNGG  
 
9. By following a similar procedure as in Exercise #6, find a express logby x=  equivalently in terms of log b  

and log x .  This is known as the Change of Base Formula.   

(a) Write an equation for the amount, A, of the 
substance left after t-years. 

(b) Find the amount of time that it takes for only 
half of the initial amount to remain.  Round 
your answer to the nearest tenth of a year. 
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There are many numbers in mathematics that are more important than others because they find so many uses in 

either mathematics or science.  Good examples of important numbers are 0, 1, i, and  .  In this lesson you will 

be introduced to an important number given the letter e for its “inventor” Leonhard Euler (1707-1783).  This 

number plays a crucial role in Calculus and more generally in modeling exponential phenomena. 

 

 

 

 

 

Exercise #1:  Which of the graphs below shows xy e ?  Explain your choice.  Check on your calculator. 

 

(1)   (2) (3) (4) 

 

 

 

 

 

 

 

 

 Explanation: 

 

Very often e is involved in exponential modeling of both increasing and decreasing quantities.  The creation of 

these models is beyond the scope of this course, but we can still work with them. 

 

Exercise #2:  A population of llamas on a tropical island can be modeled by the equation 
0.035500 tP e , where t 

represents the number of years since the llamas were first introduced to the island. 

 

 

 

 

 

 

 

 

 

 

 

  

TTHHEE  NNUUMMBBEERR  ee  
 

1. Like  , e is irrational. 2.  e 2.72  3. Used in Exponential Modeling 

y 

x 

y 

x 

(a) How many llamas were initially introduced at 

0t  .  Show the calculation that leads to your 

answer. 

(b) Algebraically determine the number of years for 

the population to reach 600.  Round your 

answer to the nearest tenth of a year. 

y 

x 

y 

x 
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Because of the importance of xy e , its inverse, known as the natural logarithm, is also important. 

 

 

 

 

 

The natural logarithm, like all logarithms, gives an exponent as its output.  In fact, it gives the power that we 

must raise e to in order to get the input. 

 

Exercise #3:  Without the use of your calculator, determine the values of each of the following. 
 

(a)  ln e  (b)  ln 1  (c)  5ln e  (d) ln e  

 

 

 

The natural logarithm follows the three basic logarithm laws that all logarithms follow.  The following 

problems give additional practice with these laws. 

 

Exercise #4:  Which of the following is equivalent to 
3

2
ln

x

e

 
 
 

? 

 

 (1) ln 6x  (3) 3ln 6x  
 

 (2) 3ln 2x  (4) ln 9x  

 

Exercise #5:  Solve the following equation.  Express your answer in exact terms of e. 
 

 2ln 3 5 3x    

 

 

 

 

 

Exercise #6:  Find the equation of the inverse of the function  ln 8 2y x   . 

 

 

 

 

TTHHEE  NNAATTUURRAALL  LLOOGGAARRIITTHHMM  
 

The inverse of xy e :        ln    logey x y x   
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1. Which of the following is closest to the y-intercept of the function whose equation is 110 xy e  ? 
 

 (1) 10 (3) 27 
 

 (2) 18 (4) 52 

 

2. On the grid below, the solid curve represents xy e .  Which of the following exponential functions could 

describe the dashed curve? 
 

 (1)  1
2

x

y   (3) 2xy   

 

 (2) xy e  (4) 4xy   

 

3. The logarithmic expression 
3

ln
e

y

 
  
 

 can be rewritten as 

 

 (1) 3ln 2y   (3) 
ln 6

2

y 
 

 

 (2) 
1 6ln

2

y
 (4) ln 3y   

 

4. Which of the following values of x solves the equation 3ln 1x  ? 
 

 (1) 3 e  (3) 
3e  

 

 (2) 
1

3
e  (4) 3e  

 

5. The inverse of  ln 5y x   is 

 

 (1) 5xy e   (3)  ln 5y x    

 

 (2) 
 

1

ln 5
y

x



 (4) 5xy e   

 

  

y 

x 
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6. Solve each of the following logarithmic equations for the value of x.  Express your answers in terms of e. 
 

 (a) 2ln 1 15x   (b)  5ln 2 2 17x    (c) 
2 1

ln 3 11
3 2

x
 

  
 

 

 

 

 

 

 

 

 

7. Find the equation of the inverse for each of the following logarithmic functions shown below. 
 

 (a)  ln 6 3y x    (b) 
1

ln 1
3

y x
 

  
 

 

 

 

 

 

 

 

 

 

AAPPPPLLIICCAATTIIOONNSS  

 

8. Flu is spreading exponentially at a school.  The number of new flu patients can be modeled using the 

equation 
.1210 dF e , where d represents the number of days since 10 students had the flu.  How many days 

will it take for the number of new flu patients to equal 50?  Round your answer to the nearest day. 

 

 

 

 

 

 

9. The savings in a bank account can be modeled using 
.0451250 tS e , where t is the number of years the 

money has been in the account.  Determine, to the nearest tenth of a year, how long it will take for the 

amount of savings to double from the initial amount deposited of $1250.   
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Just as we fit data with a linear model in Unit #2, we can also fit data with exponential and logarithmic 

equations.  Exponential regression is typically used on phenomena whose growth accelerates over time.  

Logarithmic regression is mostly used for phenomena that grow quickly at first and then slow down over time. 
 

Exercise #1:  The population of Jamestown has been recorded for selected years since 2000.  The table below 

gives these populations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exercise #2:  Which of the following scatter plots would be best fit with an exponential equation? 

 

(1)  (2) (3) (4) 

 

 

 

 

 

 

Year 2002 2004 2005 2007 2009 

Population 5564 6121 6300 6812 7422 

 

(a) Using your calculator, determine a best fit 

exponential equation, of the form xy a b  , 

where x represents the number of years since 

2000 and y represents the population.  Round a 

to the nearest integer and b to the nearest 

thousandth. 

(b) Sketch a graph of the exponential function for 

the years 2000 to 2050.  Label your window and 

your y-intercept. 

(c) By what percent does your exponential model 

predict the population is increasing per year?  

Explain. 

(d) Algebraically determine the number of years, to 

the nearest year, for the population to reach 20 

thousand. 

y 

x 

y 

x 

y 

x 

y 

x 
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Logarithmic regression models will be most applicable when a phenomenon grows very quickly at first, but 

then its growth rate slows down over time.  Depending on your graphing calculator, the regression might occur 

with different bases of logarithms.  We will assume a natural logarithm model. 

 

Exercise #3:  A corn plant will grow rapidly after it first emerges from the soil and then eventually slows its 

growth rate.  Agronomists record the average height for a particular varietal of corn as a function of the number 

of days since it was planted.  The data is given in the table below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exercise #4:  Which of the following scatter plots would be best fit with an logarithmic equation? 

 

(1)  (2) (3) (4) 

 

 

 

 

 

 

Days 8 14 22 40 48 54 

Height (in) 4 18 48 60 71 73 

 

(a) Use your calculator to determine the best fit 

logarithmic equation for this data set.  Express 

your answer in the form lny a b x  , where x 

represents the days since planting and y 

represents the average height.  Round both a 

and b to the nearest integer. 

(b) Sketch a graph of your equation below for 

0 100x  .  Label your window. 

(d) According to your model, on what day did the 

corn germinate (emerge from the ground)?  

Round to the nearest day. 

(c) The corn will develop tassels when it reaches a 

height of four feet.  To the nearest day, use 

your model to predict when the corn will 

tassel. 

y 

x 

y 

x 

y 

x 

y 

x 
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AAPPPPLLIICCAATTIIOONNSS  
 

1. Rabbits were accidently introduced to an island where their population is growing rapidly.  Biologists 

studying the rabbits have periodically recorded their population since they were introduced to the island.  

The data they took is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. The infiltration rate of a soil is the number of inches or water per hour it can absorb.  Hydrologists studied 

one particular soil and found its infiltration rate decreases exponentially as a rainfall continues. 
 

 

 

 

 

Create an exponential model that best fits this data set.  Round coefficients to the nearest hundredth.  Use 

your model to algebraically determine the time until the rate reaches 0.25 inches per hour.  Round your 

answer to the nearest tenth of an hour. 

 

 

 

 

 

 

 

Time, t 

(hours) 
0 1.5 3.0 4.5 6.0 

Infiltration Rate, I  

(inches per hour) 
5.3 3.1 2.4 1.6 0.7 

 

Years Since Introduction, x 2 5 7 11 15 

Population of Rabbits, y 75 100 112 205 290 

 

y 

x 

(b) Sketch a graph of the rabbit population below 

on the axes provided for 0 20x  .  Label 

your graphing window and your y-intercept. 

(d) Graphically determine, to the nearest tenth of a 

year, when the rabbit population will reach 

350. 

(a) Determine an exponential regression equation, 

in the form xy a b  , that models this data.  

Round a to the tenth and b to the hundredth. 

(c) Based on your model in part (a), by what 

percent is the rabbit population growing each 

year? 
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3. During prolonged cold in northern latitudes, thick ice will grow on lakes.  A particular lake in Ladysmith, 

Wisconsin, has its ice thickness measured every day after the temperature fell below zero.  The data is 

shown in the table below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. In the table below, the year, y, in which a certain population, x, was reached by Charleston, Illinois is given. 

 

 

 

 

Find a logarithmic model, of the form lny a b x  , that best fits this data.  Round your coefficients to the 

nearest integer.  Using your model, algebraically determine the population, to the nearest whole number, of 

Charleston in the year 2010.   

 

 

 

 

 

Days Below Freezing, x 6 9 14 20 27 32 55 

Ice Thickness, y 

(inches) 
0.8 1.7 3.5 4.0 5.2 5.5 7.2 

 
(a) Find a logarithmic equation, of the form 

lny a b x  , that best fits this data set.  

Round both coefficients to the nearest tenth. 

(b) Create a sketch of this function over the 

interval for the first hundred days the 

temperature is below freezing.  Label your 

window. 

(c) Use a table on your calculator to determine, to 

the nearest day, the number of days below 

freezing necessary for the ice to reach a 

thickness of one foot.  Provide numerical 

evidence to the nearest tenth of a day. 

y 

x 

Population, x 5,000 6,000 7,000 8,000 9,000 

Year, y 1972 1980 1984 1987 1989 
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Probability is the measurement of chance, the likelihood that something will happen.  Its basic definition is 

given below and should be clearly understood. 

 

 

 

 

 

 

 

We begin with a problem that will review many of the probability techniques you saw in Algebra 1. 
 

Exercise #1:  Scientists are trying to determine how likely it is that a mouse will correctly maneuver through a 

simple maze to obtain food.  The mouse must make three turns, either right or left, to get through the maze but 

will only get cheese at the end if it makes two lefts and a right, in any order. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exercise #2:  Carlos is trying to grab two dimes out of his pocket, which contains the two dimes and a penny.  

Assuming that Carlos randomly grabs two coins without replacement, what is the probability he got the two 

dimes?  Draw a tree diagram or list a sample space to justify your answer. 

 

 

 

 

  

PPRROOBBAABBIILLIITTYY’’SS  BBAASSIICC  DDEEFFIINNIITTIIOONN  
 

In an experiment with a set, S, of equally likely outcomes, the probability of an event E is 
 

 
 

 
The number or outcomes in 

The total number of outcomes

n E E
P E

n S
   

(a) Draw a tree diagram to illustrate all of the 

possible routes the mouse could take through 

the maze. 

(b) Summarize these routes by listing the sample 

space in terms of ordered triples. 

(c) List the routes from part (b) that would results 

in the mouse getting cheese. 

(d) What is the probability that a mouse will get 

cheese if all of the possible routes from part (a) 

are equally likely? 
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Probability can become more complex if the sample space gets larger.  The last exercise in this lesson is an 

extended problem that involves playing a game called Three Person Rock-Paper-Scissors.  In normal, two-

person, rock-paper-scissors, two people throw out a hand signal (rock, paper, or scissors).  Rock beats (crushes) 

scissors, scissors beats (cuts) paper, and paper beats (covers) rock.  This game is often used to break ties.  In the 

three person version, each player throws out a hand signal.  Player A wins if all three hands are the same, Player 

B wins if all three hands are different, and Player C wins if two hands are the same and one different. 
 

Exercise #3:  Students will need to work in groups of at least 3 for this exercise. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Play the game 50 times and record the number 

of wins below. 
 

 Tally Total 

Player A 
  

Player B 
  

Player C 
  

 

(b) Calculate the empirical probabilities for each 

player to win based on your data from (a). 
 

 Probability 

Player A 
 

Player B 
 

Player C 
 

 

(c) Create a tree diagram for the sample space of outcomes to this game.  This is a fairly large tree diagram. 

(d) List the outcomes of this sample space that result in Player A winning and Player B winning. 
 

 Player A:  Player B: 

(e) How many outcomes are there in the sample 

space in total?  How many of these outcomes 

result in Player C winning? 

(f) Find the theoretical probabilities of winning. 
 

 Probability 

Player A 
 

Player B 
 

Player C 
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1. A standard coin is tossed and then a standard six-sided die is rolled. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. A four-sided die, in the shape of a tetrahedron, is rolled twice and the number rolled is recorded each time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

(a) Draw a tree-diagram or create a list of ordered 

pairs that represent the sample space of this 

experiment. 

(c) Determine the probability of getting a head 

and an even. 

(b) How many total outcomes are in this sample 

space? 

(d) Determine the probability of getting a head 

and an even or a tail and a number less than 

three. 

(a) Draw a tree-diagram that shows the sample 

space of this experiment. 

(b) Write down all ordered pairs that would result 

in an odd product if the two numbers were 

multiplied. 

(c) What is the probability that the two rolled 

numbers have a product that is odd? 

(d) What is the probability that the two rolled 

numbers have a product that is even? 
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3. Three children are born in a family.  Assume that the likelihood of a child being born male is the same is it 

is for being born female.  What is the probability that the three children born will be all girls or all boys?  

Draw a tree diagram or list a sample space that justifies your answer. 

 

 

 

 

 

 

 

 

 

 

 

4. Samuel pulls two coins out of his pocket randomly without replacement.  If his pocket contains one nickel, 

one dime, and one quarter, what is the probability that he pulled more than 20 cents out of his pocket?  

Justify your work. 

 

 

 

 

 

 

 

 

 

 

5. Janice, Tom, John, and Tamira are trying to decide on who will make dinner and who will wash the dishes 

afterwards.  They randomly pull two names out of a hat to decide, where the first name drawn will make 

dinner and the second will do the dishes.  Determine the probability that the two people pulled will have 

first names beginning with the same letter.  Assume the same person cannot be picked for both. 
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Because many probability problems involve counting the number of outcomes to an experiment and event, it is 

important to develop techniques that will allow us to count the outcomes in sample spaces that are very large.  

The primary tool for this counting is known as the Fundamental Counting Principle and will be illustrated in 

Exercise #1.  
 

Exercise #1:  Consider flipping a standard coin and rolling a standard six-sided die. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The advantage of the Counting Principle is that the sub-events are often easier to count than the overall, more 

complex event. 
 

Exercise #2:  At a cafeteria, a student can order the daily special for $4.99 consisting of one drink, one salad, 

and one entree.  If students have five drinks to choose from, four salads, and three entrees, how many different 

choices to do they have for the daily special? 

 

 

 

 

 

Exercise #3:  Letters are to be chosen from the word HYPERBOLA without replacement to create a four-letter 

code.  Determine the number of these four-letter codes that begin with two vowels (here Y is a vowel). 

  

(a) Draw a tree diagram to determine the total 

number of outcomes for this experiment. 

(b) How could you have determined the total 

number of outcomes by considering the 

outcomes just for the coin and the outcomes just 

for the die? 

TTHHEE  FFUUNNDDAAMMEENNTTAALL  CCOOUUNNTTIINNGG  PPRRIINNCCIIPPLLEE  
 

Suppose and event, E, can be broken into a sequence of n sub-events, 1 2, ,..., nE E E .  Then the total number 

of ways that E can occur is given by: 

       1 2 ... nn E n E n E n E     
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A special application of the Counting Principle occurs quite often when we count the number of ways to 

rearrange items from a given set.  These arrangements are known as permutations.  A permutation is simply 

any ordering of objects from a set when those objects have been chosen without replacement. 
 

Exercise #4:  Consider the letters in the word CAT.  Two-letter codes are to be made out of these three letters 

without repetition of letters. 

 

 

 

 

 

 

 

Permutations are used so often in counting that they have their own notation. 

 

 

 

 

 

Exercise #5:  Write out each of the following, given in permutation notation, as an equivalent product.  

Evaluate the product using multiplication and using your calculator’s permutation function. 
 

(a) 8 3P  (b) 15 2P  (c) 4 4P  

 

 

 

Exercise #6:  Ten runners are entered in the 100-yard dash.  How many different ways could the runners finish 

first, second and third?  Express your answer in permutation notation and as an integer. 

 

 

 

 

 

 

Exercise #7:  Darla chose 12 songs for her workout playlist.  If she puts her mp3 player on a random, no-repeat 

setting, in how many different orders could Darla listen to all 12 songs?  Express your answer in permutation 

notation, using factorial, and as an integer. 

 

 

 

 

PPEERRMMUUTTAATTIIOONN  NNOOTTAATTIIOONN  
 

The number of ways to permute n objects taken r at a time is notated as: 
 

n rP  

(a) List all of the different two-letter codes. (b) Calculate the number of codes using the 

Counting Principle. 
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AAPPPPLLIICCAATTIIOONNSS  

 

1. From a club of 28 students, a president, vice-president, and treasurer must be chosen.  In how many 

different ways can this be done if no student can serve in more than one position? 

 

 

 

 

 

 

2. License plates in a certain state consist of six characters, each of which could be either a letter or digit.  If 

any of the 10 digits or the 26 letters can be chosen, determine how many license plates can be created that fit 

the following criteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Consider a true-false quiz that has five total questions on it. 

 

 

 

 

(a) Each character can be either a digit or letter, 

but no letter or digit can be repeated. 

(b) The first three characters must be letters, the 

last three digits and repetition of characters is 

allowed. 

(c) The first four characters must be letters and the 

last two digits and repetition is allowed for 

numbers, but not letters. 

(d) The first character must be a letter, the last a 

number, and no repetition is allowed. 

(a) How many different ways are there of filling 

out the answers on this quiz?  Use the 

Fundamental Counting Principle based on the 

fact that there are two ways to answer each 

individual question. 

(b) Since there is only one way to answer all of 

the questions correctly, what is the probability 

that random guessing of all questions will 

result in a perfect?  Express your answer as a 

fraction and as a percent. 
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4. Which of the following would be equivalent to 
12 3P ? 

 

 (1) 10 11 12   (3) 12 3  
 

 (2) 12 11 10   (4) 12 11 ... 4 3     

 

5. Eight contestant are awarded prizes for finishing first through fourth in a swimming race, where the prizes 

vary by finishing rank.  Which of the following represents the number of ways these prizes can be awarded? 
 

 (1) 1,680 (3) 384 
 

 (2) 4,560 (4) 32 

 

6. Which of the following would calculate the number of 3-letter codes that can be made from the letters in the 

word TORQUE if no letter can be repeated. 
 

 (1) 6 3  (3) 6!  
 

 (2) 6 3P  (4) 6 3  

 

7. Six runners compete in a track race.  Three are from Red Hook and three are from Rhinebeck. 

 

 

 

 

 

 

 

8. A computer service recently added a new six-character password to their login system.  The first character 

of the password has to be a letter and must be uppercase.  The last character had to be a digit (0 to 9).  The 

other four characters could be either digits or letters, and those letters could be either uppercase or 

lowercase, in other words the password is “case sensitive.”  How many different passwords could be created 

if letters and digits may be repeated? 

 

 

(a) In how many different orders can these six 

runners finish? 

(b) In how many different orders can these 

runners finish if the first three are from Red 

Hook and the last three are from Rhinebeck? 

(c) What is the probability, if all of the runners are 

equally talented, that the three from Red Hook 

would finish in first through third by chance 

alone? 

(d) What is the probability, if all of the runners are 

equally talented, that the first three finishers 

would be from the same school? 
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A permutation occurs when we arrange a subset of elements in a particular order.  On the other hand, many 

times we are just interested in determining how many subsets of a particular size that we can make from an 

overall set.  These subsets are known as combinations.  The first exercise will introduce the idea and how we 

can count the combinations by first considering permutations. 
 

Exercise #1:  Consider the set created by the letters in the word MATH, i.e. in set notation  M, A, T, H . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

What you calculated in Exercise #1(d) was the number of combinations of four-elements, taken three at a time.  

The key difference between combinations and permutations is that in a permutation, the ordering of elements 

in the subset matters, whereas in a combination is doesn’t.  The calculation in #1(d) can be extended to: 

 

 

 

 

 

 
 

Exercise #2:  Janine would like to select three DVD’s to bring with her on a long plane flight.  She has a 

collection of 22 DVD’s to choose from.  Calculate the number of unique sets of three DVD’s she could choose. 

 

 

 

 

 

 

CCOOMMBBIINNAATTIIOONNSS  ––  NNOOTTAATTIIOONN  AANNDD  FFOORRMMUULLAA  
 

The number of combinations of n elements taken r at a time is given by: 
 

!

n r
n r

P
C

r
  

(a) Determine the number of three-letter codes that 

can be made from the letters in this word.  

Express your answer as a permutation, a product, 

and an integer. 

(b) Consider only the letters in the subset 

 M, A, T .  How many ways can these three 

letters be arranged?  Express your answer in 

factorial form and as an integer. 

(c) Write out all of the three letter codes that can be 

made with the letters in  M, A, T .  Verify that 

you list as many as you counted in part (b). 

(d) Using your answers to parts (a) and (b), 

calculate the number of three-letter subsets of 

the set  M, A, T, H . 
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Exercise #3:  Mr. Weiler’s math team must choose four of its competitors to compete in a group question.  If 

the team has 12 members, how many different four-member groups could he form to compete? 

 

 

 

 

 

 

 

 

Calculators typically have a function that calculates the numbers of permutations or combinations for a 

particular problem, but the formula from the previous page is important to understand, even if you stop using it. 

 

Exercise #4:  Use the combination command on your calculator to find each of the following. 
 

(a) 10 4C  (b) 5 5C  (c) 4 2 6 5C C  (d) 6 3

10 3

C

C
 

 

 

 

 

Exercise #5:  A bag contains twelve marbles, which includes seven red marbles and five blue marbles.  Roja 

reaches into the bag and pulls out four marbles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) How many different sets of four marbles can be 

pulled from this bag?  (By different we literally 

mean different marbles, regardless of the color.) 

(b) How many of these sets contain two red marbles 

and two blue marbles? 

(c) How many of these sets contain all red marbles? (d) How many of these sets contain all red marbles 

or all blue marbles? 
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1. Use the combination formula to calculate each of the following.  Show your calculations. 
 

 (a) 
5 2C  (b) 

7 3C  (c) 
4 4C  (d) 

3 1C  

 

 

 

 

 

2. Use your calculator to find the value for each of the following.  Express any non-integer answers in reduced 

fraction form. 
 

 (a) 
20 6C  (b) 

7 4 5 2C C  (c) 7 3

13 3

C

C
 (d) 6 3 8 2

14 5

C C

C


 

 

 

 

 

 

3. Which of the following could be used to calculate 6 3C ? 
 

 (1) 
6 3

2


 (3) 

6 5 4

3 2 1

 

 
 

 

 (2) 
6 5 4 3

3

  
 (4) 

6 3

3


 

 

4. Which of the following gives the number of three-element subsets of a set that contains 16 elements? 
 

 

 (1) 560 (3) 2730 
 

 

 (2) 48 (4) 65,536 

 

5. Which of the following statements concerning combinations and permutations is incorrect? 
 

 (1) 
!

n r
n r

P
C

r
  (3) n r n rC P  

 

 (2) !n r n rP C r   (4) n r n rP C  
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6. Danny is selecting 4 shirts to take with him on a weekend visit to his grandparents.  If he has a total of 14 

shirts to choose from, which of the following gives the number of ways he can make his selection? 

 

 (1) 18 (3) 24, 024 

 

 (2) 1001 (4) 56 

 

7. Vien has made an mp3 playlist that contains eight songs.  On his way to work, he places his mp3 player on 

random.  If he only has time to listen to the first five songs of his playlist, how many different sets of five 

songs could he have listened to? 

 

 

 

 

 

8. Mrs. Maples is creating a four-person debate team from her 9
th

 grade English class, which contains 16 girls 

and 12 boys.  Assume that the order that students are picked for the debate team does not matter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9. A florist is creating bouquets out of red, yellow, and white roses.  If there are five red roses, four yellow 

roses, and eight white roses to choose from, how many different arrangements can the florist make using 

two roses of each color?   

(a) How many different teams could Mrs. Maples 

create from her class? 

(b) How many of the teams from part (a) contain 

three girls and one boy? 

(c) How many of the teams from part (a) contain 

the same number of girls as boys? 

(d) How many of the teams from part (a) contain 

all girls or all boys? 
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Before we begin to use combinations and permutations to calculate probabilities, it is important to be able to 

distinguish between different types of counting problems.  Thus, this problem set is a mixture of counting 

problems involving permutations, combinations, or simply the Counting Principle. 

 

1. How many three-letter codes can be made out of the letters in the word BASIC? 

 

 (1) 60 (3) 10 

 

 (2) 5 (4) 36 

 

2. A classroom contains 24 students, four of whom will be chosen to participate in a spelling bee.  How many 

different sets of four students can be formed from the class of 24? 

 

 (1) 6 (3) 10,626 

 

 (2) 255,024 (4) 24 

 

3. Determine the number of different arrangements of all of the letters in each of the following words: 

 

(a) POODLE (b) BOWWOW (c) TENESSEE (d) MISSISSIPI 

 

 

 

 

4. A math team contains six girls and four boys.  How many different groups of four can be made from the 

members of the math team that contain two girls and two boys? 

 

 (1) 90 (3) 21 

 

 (2) 210 (4) 360 

 

5. Franco has rented five movies to watch over the weekend.  Since he has Saturday free, he can watch three of 

the movies.  For any given combination of three movies he chooses, in how many different orders can he 

watch the three movies? 
 

 (1) 5 3P  (3) 3! 

 

 (2) 5 3C  (4) 15 
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6. Bronx is going on vacation to Florida and has only enough memory on his e-book reader to bring three of 

his favorite books.  If he has narrowed his choice down to five books, in how many different ways can he 

choose three books to take? 

 

 

 

 

7. A baseball manager is trying to decide on a batting lineup for his 12 players.  He needs to select 9 players to 

bat and the order in which they will bat.  How many different ways can this ordering be done? 

 

 

 

 

8. Marcin is trying to assemble a collection of flowers for Valentine’s Day.  He is choosing six flowers from a 

selection of 20 red roses and 16 white roses.  If he wants three of each, how many different collections could 

he create? 

 

 

 

 

 

9. Combinations have many curious properties, the most important of which is illustrated in this problem.  

Calculate each of the following and then answer the follow up question. 
 

 (a)  5 2

5 3

C

C





 (b)  8 1

8 7

C

C





 (c) 10 3

10 7

C

C





 

 

 

 

 

 

 

 

 

10. Which of the following is equivalent to 18 6C ? 
 

 (1) 12 6C  (3) 18 6 6!P   

 

 (2) 
18!

6!
 (4) 18 12C  

  

(d) Based on the pattern in the problems above, 

what combination must be equivalent to 15 5C ?  

Verify this equality using your calculator. 

(e) If a person wanted to determine the number of 

ways of choosing 5 DVD’s from a collection 

of 15, this count would be found in what 

alternative way based on (d)? 
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11. The film club is trying to select the four movies they will watch at their movie marathon this weekend.  The 

club has nominated six comedies, four mysteries, and eight action films. 

 

 

 

 

 

 

 

 

 

 

 

 

 

12. A new password system is being designed by an internet company.  The password will have seven 

characters, either one of the 10 digits (0 to 9) or one of the 26 letters.  Assuming the password is not case 

sensitive, determine the number of seven-character passwords that have the following characteristics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13. In a speech contest, five members from Arlington compete against 5 members of Ketcham.  If prizes are 

handed out for first through fourth place, how many different ways could the prizes be handed out if 

Arlington wins first and second and Ketcham wins third and fourth? 

 

 

 

 

  

(a) How many different selections of four movies 

can they choose from the 18 movies 

nominated? 

(b) How many of the selections from (a) contain 

no action films? 

(c) How many of the selections from (a) consist of 

two action films and two mysteries? 

(d) How many of the selections from (a) consist of 

all comedies or all action films? 

(a) The first four characters are letters, the last 

three are numbers, and no repetition is 

allowed. 

(b) The first character is a letter, the last character 

is a number, and all others could be letters or 

numbers, with repetition allowed. 

(c) The first five characters are non-repeating 

letters and the last two are digits that may 

repeat but may not start with a zero. 

(d) Characters must alternate between letters and 

digits, beginning with a letter, and must not 

repeat. 
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14. Jonathan has to choose six songs to play off of his mp3 player for his daily workout.  He has 95 songs to 

choose from. 

 

 

 

 

 

 

 

15. Tanika is trying to decide on her class schedule for her senior year in high school.  She has a list of 10 

classes she would like to take, but room to only take 6 of these classes. 

 

 

 

 

 

 

 

 

 

 

16. The game of pool consists of sinking balls numbered 1 through 15.  Balls numbers 1 through 7 are colored 

solid, balls numbered 9 through 15 are striped.  The 8-ball is colored black and is considered separate from 

the other two sets of seven solid and striped balls.  To begin the game, the 15 balls are struck with the cue 

ball in an attempt to sink as many as possible, where the order of sinking the balls does not matter.  If Daryl 

sinks three balls on the break, answer the following. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) How many different sets of six songs can he 

choose from his 95 song collection? 

(b) Once he has chosen a set of six songs, in how 

many different orders could he listen to it? 

(a) How many different selections of 6 classes can 

Tanika make from her 10 choices? 

(b) How many different schedules could Tanika 

have?  Assume that none of the classes conflict 

with one another and that taking a classes a 

different period constitutes a different 

schedule. 

(a) How many different sets of three balls could 

he have sunk? 

(b) How many different sets of three balls could 

he have sunk that contain two solid and one 

striped ball? 

(c) How many different sets of three balls could 

he have sunk that do not contain the 8-ball? 

(d) How many different sets of three balls could 

he have sunk that do contain the 8-ball? 



Name: ___________________________________ Date: _________________ 

AALLGGEEBBRRAA  22  WWIITTHH  TTRRIIGGOONNOOMMEETTRRYY,,  UUNNIITT  ##1111  ––  PPRROOBBAABBIILLIITTYY  ––  LLEESSSSOONN  ##55  

eeMMAATTHHIINNSSTTRRUUCCTTIIOONN,,  RREEDD  HHOOOOKK,,  NNYY  1122557711,,  ©©  22000099  

CCOOMMBBIINNAATTIIOONNSS  AANNDD  PPRROOBBAABBIILLIITTYY  

AALLGGEEBBRRAA  22  WWIITTHH  TTRRIIGGOONNOOMMEETTRRYY  
 

Since many probability problems involve counting, it is natural that combinations could be used to find 

probabilities where the counting becomes very large. 
 

Exercise #1:  Consider a classroom containing 18 girls and 12 boys.  A teacher would like to create a four-

person committee from these students, where the order in which she chooses the students to be on the 

committee does not matter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

By applying the fundamental definition of probability, combinations can help us greatly in terms of finding 

probabilities in situations when it is far too difficult or time consuming to list a sample space. 

 

Exercise #2:  Adrianna is trying to choose five DVD’s to take with her on vacation.  She is selecting from six 

action movies, eight comedies, and four dramas.  If she randomly selects the five find the probability she will 

choose: 
 

(a) Five comedies  (b) Two action, two comedies, and one drama 

 

 

 

 

 

 

 

 

  

(a) How many different ways can the teacher create 

this four-person committee? 

(b) How many different ways can the teacher create 

this four-person committee if is only has girls on 

it? 

(c) What is the probability that a committee that is 

randomly selected would contain only girls? 

(d) What is the probability that a committee that is 

randomly selected would contain two girls and 

two boys? 
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In the last two lessons, you truly learned all that you need to know to calculate the probabilities in this lesson. 
 

Exercise #3:  A very odd florist is making a random arrangement of six flowers.  He has eight tulips, twelve 

roses, and six daisies to choose from. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exercise #4:  Franklin has five quarters in his pocket, two nickels, and three times.  If he pulls two coins out at 

random, what is the probability that he has fifty cents in his hand? 
 

 (1) 1
5

 (3) 2
7

 

 

 (2) 1
2

 (4) 2
9

 

 

Exercise #5:  Harold draws five marbles out of a bag that contains 12 red marbles and 10 blue marbles.  Which 

of the following would calculate the probability that Harold draws out three red marbles and two blue marbles? 
 

 (1) 12 3 10 2

22 2

C C

C


 (3) 10 2

12 3

C

C
 

 

 (2) 12 3 10 2

22 5

C C

C


 (4) 12 5

22 5

C

C
 

 

Exercise #6:  Mr. Jim Shorts is trying to form a six-person volleyball team from his 9
th

 grade physical 

education class which consists of 10 girls and 14 boys.  If he picks a team at random, to the nearest percent, 

what is the probability that the team will consist of all girls or all boys? 
 

 (1) 17% (3) 5% 

 

 (2) 2% (4) 21% 

 

(a) Determine the total number of ways to select six 

flowers from the florist’s 26 flowers. 

(b) If the flowers are chosen at random, what is the 

probability they are all roses? 

(c) If the flowers are chosen at random, what is the 

probability there are two of each type? 

(d) If the flowers are chosen at random, what is the 

probability they are all tulips or all daisies? 
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1. Maria has cards numbered one through ten in her hand.  Joel randomly pulls two cards out of the deck, 

without replacement.  Which of the following gives the probability that Joel pulled two cards with numbers 

less than 5 out of the deck? 
 

 (1) 2
15

 (3) 2
5

 

 

 (2) 4
25

 (4) 5
9

 

 

2. A 3
rd

 grade classroom contains 12 girls and 8 boys.  If the teacher randomly picks three students to 

demonstrate a math problem, which of the following is closest to the probability they are all girls? 
 

 (1) 15% (3) 28% 
 

 (2) 4% (4) 19% 

 

3. Frederick randomly grabs two paperclips from a dish containing eight blue and six red clips.  Which of the 

following is the probability that the two paperclips are the same color? 
 

 (1) 1
20

 (3) 24
91

 

 

 (2) 43
91

 (4) 14
91

 

 

4. A florist wants to make an arrangement of five flowers that he will pick from a collection of 14 red roses 

and 10 white roses.  Which of the following calculates the probability, if the flowers are chosen at random, 

that the arrangement will contain three red roses and two white roses? 
 

 (1) 14 3 10 2

24 5

C C

C


 (3) 14 3 10 2

24 5

C C

C


 

 

 (2) 10 2

14 3

C

C
 (4) 10 2 14 3

24 2 24 3

C C

C C
  

 

5. Eight Arlington and fourteen Wappingers runners enter a race where the top three finishers end up being 

from Arlington.  Which of the following is closest to the probability of this happening by chance alone? 
 

 (1) 8.5% (3) 1.2% 
 

 (2) 17.4% (4) 3.6% 
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6. A company takes a sample of 20 boxes of cereal from their production line.  They believe that of the 20 

boxes, four will have too little cereal in them and sixteen will have the correct amount.  The company then 

randomly selects four of the boxes from the twenty and weighs them.  Assuming the company is correct 

about the number of light boxes, find: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. A lawsuit has been brought by female managers of a company.  Recently the company decided to promote 

three of eight mid-level managers to top vice-president positions.  Of the eight mid-level managers, five 

were women and three were men, yet all of the promotions went to the men.  The lawyer for the women 

believes that they have a case if the probability of only men getting these three promotions by chance alone 

is less than 5%.  Do the female employees have a case?  Justify your answer. 

 

 

 

 

 

 

 

 

8. Carlos is assembling a bouquet of flowers for his girlfriend’s birthday.  He randomly picks four roses from a 

collection of 12 white roses, 21 red roses, and 10 pink roses.  He finds that all four roses that he picked are 

the same color.  What is the probability this happened by chance alone? 

 

 

(a) The probability that the four boxes selected 

will all have the correct amount. 

(b) The probability that the fours boxes selected 

will all be too light. 

(c) The probability that the four boxes will all 

have the correct amount or will all be too light. 

(d) The probability that three of the four boxes 

will have the correct amount and one will be 

too light. 
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Inherent in combinatorial probability is the idea that we sample without replacement.  But, there are many 

probability problems that involve sampling with replacement, or better yet, where each successive event is not 

affected by the one prior to it.  In this case, it will be easier to work with these problems using a fundamental 

probability law illustrated in Exercise #1. 
 

Exercise #1:  Consider tossing a standard coin and then rolling a standard six-sided die. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This principle can now be applied to what are known as binomial probability problems.  These occur anytime 

an event is comprised of repeated trials of the same experiment, where the probability of a successful outcome 

does not change trial after trial.  The formula for this type of probability will be developed in Exercise #2. 
 

Exercise #2:  On a five question multiple choice test, there are four choices per question.  What is the 

probability of getting exactly three out of the five questions correct? 

 

 

 

 

 

  

(a) Write the sample space to this experiment using 

a list of ordered pairs. 

(b) Determine the probability of getting a head and 

a number less than three. 

(c) What are the individual probabilities of getting a 

head and getting a number less than three? 

(d) How could your answers in (c) be used to 

calculate your answer to part (b)? 

TTHHEE  FFUUNNDDAAMMEENNTTAALL  PPRROOBBAABBIILLIITTYY  PPRRIINNCCIIPPLLEE  
 

Suppose an event, E, can be broken into a sequence of n independent sub-events, 1 2, ,..., nE E E .  The 

probability that E will occur is given by: 

       1 2 ... nP E P E P E P E     
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Exercise #3:  On an equatorial island, it rains very consistently.  If the probability of rain on any given day of 

the week is 2
3

 then find the following. 

 

 

 

 

 

 

 

 

Exercise #4:  Which of the following represents the probability of getting exactly four heads when flipping a 

fair coin eight times. 
 

 (1) 1
2

 (3) 35
128

 

 

 (2) 13
128

 (4) 1
128

 

 

Exercise #5:  Michaela has a probability of making any free-throw in basketball of 80%.  If she shoots six free 

throws in a given game, which of the following is closest to the probability that she will make exactly four out 

of the six free throws? 
 

 (1) 67%  (3) 35% 

 

 (2) 12% (4) 25% 

 

Exercise #6:  A good hitter in professional baseball will get a hit about 1
3

 of the times he comes up to bat.  

What is the probability that a good hitter will get a hit each time if he bats four times in a game? 
 

 (1) 3
4

 (3) 1
81

 

 

 (2) 4
81

 (4) 4
9

 

 

 

BBIINNOOMMIIAALL  PPRROOBBAABBIILLIITTYY  FFOORRMMUULLAA  
 

Suppose an experiment is run with n-trials.  If the probability of success for a given trial is p and the 

probability of failure is q, then the probability of exactly r successes is given by: 
 

r n r

n rP C p q       (where 1p q  ) 

(a) The probability it will rain on exactly five out of 

seven days of a given week. 

(b) The probability it will rain on exactly one out of 

the seven days of a given week. 
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1. If the probability it will rain on Saturday is 25% and the probability it will rain on Sunday is 60%, then 

which of the following is the probability it will rain both Saturday and Sunday assuming the two events are 

independent? 
 

 (1) 36% (3) 15% 
 

 (2) 85% (4) 43% 

 

2. The probability that a fair coin will land heads-up on four consecutive tosses is 
 

 (1) 1
2

 (3) 4
9

 

 

 (2) 1
16

 (4) 1
4

 

 

3. The probability of winning a particular carnival game is 1
6

.  If Samuel plays the game five times, which of 

the following is closest to the probability he will win exactly two of the five games? 
 

 (1) 16% (3) 74% 
 

 (2) 8% (4) 39% 

 

 

4. Kenyin is taking a short multiple choice quiz with three questions on it.  If each question has four choices 

and Kenyin guess at all the questions, which of the following represents the probability he gets exactly two 

of the three correct? 
 

 (1) 8
27

 (3) 5
64

 

 

 (2) 2
27

 (4) 9
64

 

 

5. Jersey is a fantastic goalie who stops three out of every four penalty shots taken on her.  In a particularly 

tough game, she faced five penalty shots.  Which of the following represents the probability she let only one 

of the five shots score? 
 

 (1) 16
25

 (3) 405
1024

 

 

 (2) 101
256

 (4) 256
625
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6. Harold rolled a standard die four times and recorded the result each time.  Determine the probability, in 

reduced fraction form, that he rolled the following. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. In a particular game, an arrow is spun around a circle divided into five congruent slices numbered 1 through 

5, as shown below.  If the arrow is spun exactly three times, do or answer the following. 

 

 

 

 

 

 

 

 

 

 

 

(a) Exactly two sixes in the four roles. (b) Exactly three out of the four roles had numbers 

greater than four. 

(c) All four of the roles were even numbers. (d) Exactly one of the four roles was a multiple of 

three. 

11  

22  

33  

44  

55  

(a) Fill in the table below for the probability the 

arrow lands on an even a certain number of 

times out of the three spins.  Express your 

answers as exact decimals (no rounding). 
 

# of Evens Calculation Answer 

0    
0 3

3 0
32

5 5
C  0.216 

1   

2   

3   

 

(b) What do all of the probabilities sum to in the 

table in (a)? 

(c) Why does your answer to part (b) make sense? 
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More interesting binomial probability problems occur when we consider at least or at most r-successes in n-

trials.  The keys to doing these problems is the fundamental probability concept below: 

 

 

 

 

 

 

 

We can use this concept to combine multiple binomial probabilities to solve more complex problems. 

 

Exercise #1:  Jenna is taking a five question multiple choice quiz where each question has four choices on it.  If 

she randomly guesses at each question, determine the probability she correctly answers at least four out of five 

of the questions. 

 

 

 

 

 

 

 

 

 

 

Exercise #2:  On a tropical island it consistently rains 40% of the days.  Over the next seven days, find the 

probability that it rains at most two times. 

 

 

 

 

 

 

 

 

 

  

TTHHEE  PPRROOBBAABBIILLIITTYY  OOFF  TTHHEE  UUNNIIOONN  OOFF  MMUUTTUUAALLLLYY  EEXXCCLLUUSSIIVVEE  EEVVEENNTTSS  
 

If events 1 2 3, , , ..., nE E E E  are mutually exclusive events then: 
 

       1 2 1 2 or  or ... n nP E E E P E P E P E    
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To find the probability of an event, E, it is sometimes easier to first find the probability of its complement, cE , 

and then use the important relationship shown below. 

 

 

 

 

 

Exercise #4:  A fair coin is flipped 10 times and the outcome is recorded each time.  Let E be the event of 

getting at least two heads on the ten flips.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Exercise #5:  A carnival game is created where contestants throw bags at the board shown below, which 

consists of four congruent triangles, one of which is painted black.  A contestant pays $3 for two bags and will 

win if at least one bag lands in the shaded area.  Assume that the bag always falls in the overall area. 

 

(a) What is the probability that a bag will land in the shaded area? 

 

 

(b) Determine the probability that Joshua wins the game if he plays it once. 

 

 

 

 

 

(c) If Joshua plays the game three times, what is the probability he 

will win at least once time.  Round your answer to the nearest 

percent. 

 

 

 

 

TTHHEE  PPRROOBBAABBIILLIITTYY  OOFF  AANN  EEVVEENNTT  AANNDD  IITTSS  CCOOMMPPLLEEMMEENNTT  
 

       1   or more useful as  1c cP E P E P E P E     

(a) What is the complement of this event, cE ? (b) Find the probability of the complement, cE . 

(c) Use your answer from (b) to determine the 

probability of E. 

(d) To the nearest tenth of a percent, what is the 

probability of getting at least one head on 4 flips 

of a fair coin. 



Name: ___________________________________ Date: _________________ 
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AALLGGEEBBRRAA  22  WWIITTHH  TTRRIIGGOONNOOMMEETTRRYY  --  HHOOMMEEWWOORRKK  

SSKKIILLLLSS  
 

1. If a binomial experiment has 6 trials, with a probability of success of 2
3

, then find the following 

probabilities in simplified fraction form. 
 

 (a) at least 4 successes (b) at most 2 successes 

 

 

 

 

 

 

 

2. In a binomial experiment with 5 trials, the probability of success is 1
5

.  Which of the following gives the 

probability of getting at least one success? 
 

 (1) 
1

3125
 (3) 

1024

3125
 

 

 (2) 
2101

3125
 (4) 

623

3125
 

 

 

AAPPPPLLIICCAATTIIOONNSS  
 

3. On a tropical island, it consistently rains 60% of all days.  Which of the following is closest to the 

probability that in a given week it rains at least six of the seven days? 
 

 (1) 16% (3) 27% 

 

 (2) 42% (4) 74% 

 

 

4. A family has three children.  Assuming that the probability of having a boy and a girl are equal, which of 

the following is the probability that there are at most two girls in the family? 

 

 (1) 1
8

 (3) 3
8

 

 

 (2) 1
4

 (4) 7
8
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6. Find the sum of the geometric series shown below.  Show the work that leads to your answer. 
 

1
27 9 3

729
     

 

 

 

 

AAPPPPLLIICCAATTIIOONNSS  
 

7. In the picture shown at the right, the outer most square has an area of 16 square inches.  All other squares 

are constructed by connecting the midpoints of the sides of the square it is inscribed within.  Find the sum of 

the areas of all of the squares shown. 

 

 

 

 

 

 

 

8. A college savings account is constructed so that $1000 is placed the account on January 1
st
 of each year with 

a guaranteed 3% yearly return in interest, applied at the end of each year to the balance in the account.  If 

this is repeatedly done, how much money is in the account after the $1000 is deposited at the beginning of 

the 19
th

 year?  Show the sum that leads to your answer as well as relevant calculations. 

 

 

 

 

 

 

 

9. A ball is dropped from 16 feet above a hard surface.  After each time it hits the surface, it rebounds to a 

height that is 3
4

 of its previous maximum height.  What is the total vertical distance, to the nearest foot, the 

ball has traveled when it strikes the ground for the 10
th

 time?  Write out the first five terms of this sum to 

help visualize. 
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