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CCOOMMBBIINNAATTIIOONNSS  AANNDD  PPRROOBBAABBIILLIITTYY  

AALLGGEEBBRRAA  22  WWIITTHH  TTRRIIGGOONNOOMMEETTRRYY  --  HHOOMMEEWWOORRKK  
  

AAPPPPLLIICCAATTIIOONNSS  
 

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% 

  



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

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

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. 
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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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5. Another fair game is created by using the hexagonal board shown below, where one third of the area is 

shaded.  To play, a person pays her money and then receives three darts to throw at the board.  She wins if 

at least two out of the three darts hit the shaded area.  Assume any dart that is thrown hits the hexagon. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Jonah makes 75% of all of the free-throws he takes when playing a basketball game.  If Jonah shoots seven 

free throws in a given game, find the probability that he makes at least five of them.  Round your answer to 

the nearest percent. 

 

 

 

 

 

 

 

7. Darlene rolls a standard die five times.  Is it more likely that she will get at most one six or at least one six?  

Use probability calculations to justify your answer. 

 

  

(a) Find the probability that if Hannah plays the game once she will 

win.  Express your answer to the nearest tenth of a percent. 

(b) Using your answer from part (a), determine the probability that 

if Hannah plays the game four times she will win at least one.  

Express your answer to the nearest percent. 
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BBIINNOOMMIIAALL  EEXXPPAANNSSIIOONNSS  

AALLGGEEBBRRAA  22  WWIITTHH  TTRRIIGGOONNOOMMEETTRRYY  
 

Our final topic in this chapter on probability has little to do with probability, but has parallels to binomial 

probability.  In this lesson, we learn to how quickly expand (write out) expressions of the form  
n

x y , where 

n is a non-negative integer.  This is called expanding a binomial and is an important skill needed for calculus.  

In the first exercise, we simply develop some patterns. 

 

Exercise #1:  Consider expressions of the form  
n

x y , for values of n that are non-negative integers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the observations from the Exercise #1, it is simple to predict the power pattern of any binomial 

expansion.  The only question becomes the determination of the coefficients on the individual terms.  

Interestingly enough, based on a counting argument, these coefficients are simply combinations.  The overall 

pattern is given below: 

 

 

 

 

 

Exercise #2:  Use the pattern above to expand    
4 5

 and x y x y  . 

 

(a)  
4

x y    (b)  
5

x y   

 

 

 

  

(a) Quickly expand each of the following: 

 

 

 

 

0

1

2

x y

x y

x y

 

 

 

 

(b) Using your answer to  
2

x y , expand  
3

x y

(c) What is true about the powers of x?  What is 

true about the powers of y? 

(d) What is true about the sum of the powers of any 

given term? 

BBIINNOOMMIIAALL  EEXXPPAANNSSIIOONN  PPAATTTTEERRNN  
 

  1 2 2 1

0 1 2 1

n n n n n n

n n n n n n nx y C x C x y C x y C xy C y  

       
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Binomial expansion problems can become more challenging when they involve more complicated binomial 

expressions. 
 

Exercise #3:  Completely expand  
4

2 1x  .  Write it in simplest standard form.  Check using a table on your 

calculator. 

 

 

 

 

 

 

Many times only a single term of an expansion is needed.  Typically, the whole pattern does not need to be 

written out to determine this one term. 

 

Exercise #4:  Which of the following represents the third term, when written in standard form, of  
6

3 2x y ? 

 

 (1) 
3 34320x y  (3) 

4 290x y  

 

 (2) 
3 355x y  (4) 

4 24860x y  

 

Exercise #5:  When written in standard form, which of the following represents the middle term of the 

expansion of the expression  
8

2 3x  ? 

 

 (1) 
452560x  (3) 

490720x  

 

 (2) 
490720x  (4) 

452560x  

 

 

Exercise #6:  If written in standard form, the last term of the expansion of  
6

3 2x y  is 

 

 (1) 
664y  (3) 

664y  

 

 (2) 
62y  (4) 

62y  

 

Exercise #7:  Which of the following represents the exponent of x on the second term of the expansion of 
4

2 1
x

x

 
 

 
 when written in simplest standard form? 

 

 (1) 7 (3) 3 

 

 (2) 5 (4) 4 
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SSKKIILLLLSS  
 

1. Expand each of the following expressions.  Express your answers in simplest standard form. 
 

 (a)  
4

2x   

 

 

 

 

 

 

 (b)  
3

2 3x y  

 

 

 

 

 

 

2. Which of the following represents the 4
th

 term of the expansion of  
6

4 3x  ? 

 

 (1) 
434560x  (3) 

334560x  
 

 (2) 
4111x  (4) 

3111x  

 

3. If written in standard form, the middle term of the expansion of  
4

3 4x y  is 

 

 (1) 
2 231x y  (3) 

2 231x y  
 

 (2) 
2 2864x y  (4) 

2 2864x y  

 

 

4. If simplified and written in standard form, the fourth term of 

10

2

2

1
x

x

 
 

 
 is  

 

 (1) 
6210x  (3) 

8120x  

 

 (2) 
4120x  (4) 

10210x  
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AAPPPPLLIICCAATTIIOONNSS  
 

5. In calculus, one of the foundational expressions is known as the difference quotient.  For any function, the 

difference quotient is defined as: 

   f x h f x

h

 
 

 For example, if   2f x x , then we would have: 

 

       
 

2 2 2 2 2 2 22 2
2 as long as 0

f x h f x x h x h x hx xh h x xh h
x h h

h h h h h

       
        

 

 

 

 

 

 

 

 

RREEAASSOONNIINNGG  
 

6. Consider the expression               
4 3 2 2 3 4

8 4 8 7 6 8 7 4 8 7 7    . 

 

 

 

 

 

 

 

 

7. In binomial probability, p represents the probability of success and q represents the probability of failure.  

Consider a binomial probability experiment with three trials. 

 

 

(a) Evaluate the difference quotient for   3f x x

. 

(b) Evaluate the difference quotient for   4f x x  

(a) Find the value of this expression by using your 

calculator. 

(b) Explain why this value makes sense by 

rewriting this expression as an unexpanded 

binomial expression. 

(a) Expand  
3

p q . 

 

(b) What does the sum of your expansion in (a) 

equal?  What does it represent? 
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