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Figure 2.1: Blaise's Bistro Menu 

A-LA-KARTE ITEMS PIZZA PIES! BEVERAGES 
SOUPS 
 Vegetable 
 Onion 
 
ENTREES 
Meat Items 
 Chicken Kiev 
 Prime Rib 
 
Green Vegetables 
 Spinach 
 Peas 
 Beans 
 Broccoli 
 
Baked Potato Toppings 
 Cheese 
 Bacon 
 Sour Cream 
 Chives 
 Butter 
 
DESSERTS 
 Key Lime Pie 
 Apple Pie a la mode 
 Black Forest Cake 
 French Vanilla Ice Cream 

SIZES 
 Large 
 Medium 
 Small 
 
CRUSTS 
 Deep Dish 
 Traditional 
 
TOPPINGS 
 Sausage 
 Pepperoni 
 Anchovies 
 Beef 
 Ham 

SODAS 
 Cola 
 Diet Cola 
 Lemonade 
 Ginger Ale 
 Root Beer 
 Diet Root Beer 
 
OTHER BEVERAGES 
 Coffee (regular) 
 Coffee (decaf) 
 Hot Tea 
 Iced Tea 
 Milk 

SPECIALS! 
° 
° 
° 
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CHAPTER 2: SOME BASIC COUNTING PRINCIPLES 

In this chapter, we begin to build a storehouse of combinatorial problem-solving 

strategies by establishing several counting principles. In this and subsequent chapters, we 

introduce principles and techniques through illustrative problems and solutions, 

discussion of the problem situations, and extension of the problems. There are problems 

to solve with each section of the chapter and a collection of problems appears at the end 

of the chapter.  

Section 1: The Pigeonhole Principle 

A portion of the menu board from Blaise’s Bistro is shown in Figure 2.1 on 

page 14. We will use this menu board to illustrate, discuss, and reinforce a variety of 

counting principles and as the setting for a variety of problems. 

Problem 1.1: A group of students is in line to place orders at Blaise’s Bistro. How many 

students are required to place soda orders, exactly one soda per student, to insure that at 

least one of the listed sodas is ordered by two or more students? 

Solution: One way to approach this problem is to act it out. Line up several students and 

ask each to order a soda from those listed on Blaise’s menu board. Keep track of your 

results. 

What could happen when we act out this problem? It may be that the first two in 

line order the same soda, but there is no guarantee that will happen. In fact, the first six 

people in line may each order a different soda. The seventh person, however, cannot 

order a soda different from those already ordered, because there are only six different 
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sodas to choose from. Therefore, to insure that at least one of the sodas is ordered by two 

or more students, there needs to be at least seven students in line. 

In verifying a solution, it is important to recognize what is not being asked in the 

problem: 

• We do not seek the fewest possible number of students. The answer to this 

question is two, because the first two students could each order the same soda. 

• We do not identify which of the sodas is order at least twice. We are 

concerned only with assuring that one or more sodas is ordered more than once. 

• It is not required that each soda be ordered the same number of times. 

The number of different sodas in the list determines how many students must be 

in line to meet the required condition. If there had been 10 different sodas on the list, we 

would need 11 students in line; with a list of 15 different sodas, 16 students are required. 

For such situations, it is useful to look at the worst-case scenario to determine the 

maximum number of students that could place orders without meeting the condition and 

then consider what must be done from there to meet the condition. 

Considering the situation more generally, what if there are n different sodas on the 

list? We then need n + 1 students, because the worst-case scenario is that the first 

n students each select a different soda. The (n + 1)th student would then be forced to 

choose a soda previously selected and we have met the required condition. This 

generalization is commonly known as the Pigeonhole Principle. 

The Pigeonhole Principle: When placing pigeons into n pigeonholes, the number of 

pigeons required to assure that at least one of the pigeonholes has at least two pigeons is 
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n + 1 pigeons. Stated another way, for m pigeons in n pigeonholes, we are assured that at 

least one pigeonhole has more than one pigeon in it if m > n. 

The Pigeonhole Principle applies to situations where items are being placed in 

locations. The term pigeonhole likely refers to rectangular openings such as with post 

office boxes. Among other names, the principle has also been called Dirichlet’s Drawer 

Principle, named after German mathematician Peter Dirichlet (1805-1859) who is 

credited with first stating this principle in 1834. 

To solve the next problem, see if you can extend the Pigeonhole Principle. 

Problem 1.2: Blaise’s Bistro offers eight different flavors of ice cream. What is the 

minimum number of children ordering ice cream, one flavor each, to be sure that at least 

one flavor is ordered by at least three children? 

Solution: Consider the worst-case scenario for this situation. What is the greatest number 

of children that could order ice cream yet still have no flavor ordered by at least three 

children? 

For no flavor to be ordered by at least three children, no more than two children 

could order the same flavor. In the worst case, we could have 16 children in line with 

each of the eight flavors ordered by two children. The pigeonholes would be filled under 

this condition, and the 17th child in line would certainly become the third child to order a 

specific flavor. 

The solution to Problem 1.2 implies a stronger version of the Pigeonhole 

Principle. 
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The Pigeonhole Principle (Strong Version): When placing pigeons into n pigeonholes, 

the number of pigeons required to assure that at least one of the pigeonholes has at least 

k pigeons is n(k – 1) + 1. 

Mapping the strong version of the Pigeonhole Principle to Problem 1.2, 

n represents the number of ice cream flavors, with n = 8. The value k corresponds to the 

minimum number of children required to order at least one of the flavors, with 

k = 3 children. By the strong version of the Pigeonhole Principle, we have 

! 

8 " 3#1( ) +1=16 +1=17 children. 

Here are two additional problems to which we can apply and extend the 

Pigeonhole Principle. 

Problem 1.3: Ten (10) boxes, labeled 1 through 10, are used for collecting tokens. How 

many tokens must we have to assure that at least one of the boxes contains at least as 

many tokens as the label on that box? 

Solution: Consider again the worst-case scenario. What is the largest number of tokens 

we could have in the boxes and not meet the required condition? 

The worst case is for each box to contain one less token than its label. Box 1 

would have no tokens, Box 2 would have one token, and so on, through Box 10 that 

would contain nine tokens. This would require 45 tokens (0 + 1 + 2 + … + 9). Putting the 

next token in any box, however, would force the required condition to be met. Therefore, 

we need 46 tokens to be sure the condition is met. 
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Problem 1.4: Jamie takes at least one ibuprofen tablet a day for 30 consecutive days. If 

Jamie takes 45 ibuprofen tablets altogether, show that there is some sequence of 

consecutive days during which time Jamie takes exactly 14 ibuprofen tablets.  

Solution: To solve this problem, we introduce notation to represent the situation. Let 

! 

ti  

be a positive integer that represents the total number of ibuprofen tablets Jamie has taken 

through day i. For instance, 

! 

t7 represents the total number of ibuprofen tablets Jamie has 

taken through the first seven days of the 30-day period. 

Because Jamie takes at least one tablet per day and has taken 45 in all, we know 

the following relationship must hold: 

   

! 

1" t1 < t2 < t3 <! < t29 < t30 = 45  (1) 

To this compound inequality, we add 14 to each term: 

  

! 

1+14 " t1 +14 < t2 +14 < t3 +14 <! < t29 +14 < t30 +14 = 45 +14
15 " t1 +14 < t2 +14 < t3 +14 <! < t29 +14 < t30 +14 = 59

 (2) 

We use 14 because we seek to show there is some sequence of consecutive days 

during which time Jamie takes exactly 14 ibuprofen tablets. To do this, we will need to 

show that the difference between two cumulative values is exactly 14. That is, that for 

some integers i and j, where 

! 

1" i < j " 30, we have  t j # ti =14 . Here is where the 

pigeonhole principle is used. 

We note that relationships (1) and (2) involve a collection of 60 positive integers, 

including 30 different values in (1) and 30 different values in (2). By the inequality 

relationships, however, we know that each of these 60 values can be no less than 1 and no 

greater than 59. Thus, these 60 positive integers can span no more than the 59 possible 

integers from 1 through 59. By the pigeonhole principle, there must be some entry in (1) 
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that is the same as some entry from (2). That is, it must be the case that for some integers 

i and j, where 

! 

1" i < j " 30, we have 

! 

t j = ti +14 , or 

! 

t j " ti =14 . The latter equation 

shows that there is some sequence of consecutive days during which time Jamie takes 

exactly14 ibuprofen tablets. This completes our required justification. 

 

Section 1 Problems 

1. Given nine different styles of beer steins to fill at a local pub, how many steins 

would it take to assure that at least one style of stein is filled three times? 

2. At a local pizza shop, there are four different one-topping pizzas: pepperoni, 

sausage, cheese, and mushroom. What is the minimum number of one-topping 

pizza orders required to assure that at least one of the one-topping pizzas is 

ordered at least three times? 

3. The Clinton Cougars softball team participates in a high school athletic 

conference of 10 softball teams. What is the minimum number of conference 

games the Cougars must play to assure that the team plays at least one conference 

team twice? 

4. At Balsamic Community School, students have a choice of three electives. How 

many students, choosing exactly one elective each, will be needed to assure that at 

least 24 students are in one of the electives? 

5. Suppose that at some instant in time during the baseball season, there are 186 

major-league baseball players who have a published batting average from .250 to 

.299. A published batting average must be a three-digit decimal value between 
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.000 and 1.000. Explain why at least four of these players must have the same 

batting average. 

6. In the Mathematics Department office there are 50 mailboxes for faculty. During 

a recent sorting of the mail, a member of the office staff claimed she stuffed one 

box with 5 letters. What is the least number of letters there would have to be in 

the sort box to assure that at least one faculty member got at least 5 letters? 

7. Judy returns from the laundromat with a big bag of socks. There are 7 identical 

red socks, 9 identical white socks, 6 identical green socks, and 12 identical blue 

socks. If Judy reaches in the bag and grabs socks without knowing the colors, how 

many must she grab to be sure she has included a matched pair? 

8. A produce distributor has 500 boxes that contain apples, each box containing no 

more than a apples. Determine the largest possible value of a so that we can be 

assured of finding at least three boxes that contain an equal number of apples. 

9. Show that for any set of five points chosen within an equilateral triangle with 

sides of length 1 unit, there must be two points whose distance apart is at most 

0.5 units. 

10. Show that for any set of six points inside a circle of radius 1, there must be some 

pair of points among the six that are within 1 unit of each other. 

11. Imagine that 17 points have been placed at random into a square of side length 

one. Show that from among any such set of 17 points there exists some pair of 

points that can be contained on or within a circle of radius 

! 

2
8

. 

12. In a group of 5 people, show that there are two who have the same number of 
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acquaintances in the group. Generalize your result to show that in a group of 

n people, there are two who have the same number of acquaintances. Note: In this 

situation, two people either are acquainted or they are not acquainted. 

13. Show that for any gathering of 6 people, there must be three in the group who are 

mutual friends or three who are mutual enemies. Note: In this situation, any two 

people either are mutual friends or they are mutual enemies. 

14. A friend of mine claimed that no matter what year it was, there had to be at least 

one Friday the 13th during the year. Is my friend correct? Provide evidence to 

support my friend's claim or to refute it. 

15. A community theater produced seven shows last season. Five men who are 

members of the theater group were each cast in three of the shows. Show that at 

least one of the seven shows cast at least three men. 

16. Show that for any set of 12 natural numbers that can be assembled, there exists at 

least a pair of the numbers whose difference is divisible by 11. 

17. Suppose 33 people are gathered in a room and the sum of their ages is 430 years. 

Does there exist some group of 20 people in the room for which we can claim that 

the sum of their ages is more than 260 years? Show that this must be true or, 

alternatively, provide a counterexample. 
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Learning From Others: The Pigeonhole Principle 

Problem: How many books must be chosen from among 24 mathematics books, 

25 computer science books, 21 literature books, and 15 economics books to assure that 

for at least one of the four subjects there are at least 12 books? 

Each of the first four solvers considers a worst-case scenario, with three of the 

four making explicit reference to that. All four solvers provide a narrative explanation. 

What other similarities and what differences do these responses exhibit? 
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In Solution #5, what is the solver attempting to communicate through the diagram 

and the numerical expression? What could the solver do to present a more complete 

solution? 
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Solution #6 exhibits appropriate use of a pattern-finding strategy, but the solver 

mistakenly uses the pattern. What pattern does the solver show here, and what mistake 

does the solver make? 

So
lu

tio
n 

#6
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Section 2: Addition Principle 

Problem 2.1: If a customer is to order one green vegetable or one 1-topping baked potato 

from the menu at Blaise's Bistro (page 14), how many choices does the customer have? 

Solution: In this case the customer is selecting one item from a collection of items. What 

collection of items represents those available to the customer? 

Because there are no common items among the two sets that Blaise has called 

Green Vegetables and Baked Potato Toppings, we can pool the items into one set. We 

use addition, 4 + 5, to determine the total number of items from which the customer can 

choose. There are 9 choices offered to the customer. 

Problem 2.1 illustrates the Addition Principle. 

The Addition Principle: If a choice from Group I can be made in m ways and a choice 

from Group II can be made in n ways, and the two groups share no common elements, 

then the number of choices possible from Group I or Group II is m + n. 

In Problem 2.1, Group I is the Green Vegetables with 4 choices and Group II is 

the Baked Potato Toppings with 5 choices. The Addition Principle can be generalized to 

a single selection from more than two groups, again with the condition that all groups, or 

sets, are disjoint, that is, the sets have no items in common. 

Problem 2.2: How many ways are there to choose one letter from among the letters in 

sets I, II, and III listed here: Set I: {a,m,r}, Set II: {b,d,i,l,u}, Set III: {c,e,n,t}? 

Solution: Note that the three sets are disjoint, having no elements in common. Extend the 

Addition Principle and use it to solve this problem.  
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We can also say that the elements of sets I, II, and III are mutually exclusive. With 

the sets mutually exclusive, we can extend and apply the Addition Principle. There are 

3 + 5 + 4 = 12 ways to choose one letter from among the letters in the three sets. 

Problem 2.3: Here are two sets of positive integers: 

Set A: {2,3,5,7,11,13} 

Set B: {2,4,6,8,10,12} 

How many ways are there to choose one integer from among the sets A or B? 

Solution: Note that sets A and B are not disjoint, for the integer 2 is in Set A and also in 

Set B. How can we modify the Addition Principle to help solve this problem?  

We can modify the Addition Principle to accommodate Problem 2.3 by 

subtracting the number of elements common to both sets: 6 + 6 – 1 = 11. There are 

11 ways to choose one integer from among the two sets. 

Here is the modified version of the Addition Principle that accommodates less 

restrictive situations such as the one illustrated in Problem 2.3. 

The Addition Principle (modified version): If a choice from Group I can be made in 

m ways and a choice from Group II can be made in n ways, and there are j common 

elements among the two sets, then the number of choices possible from Group I or 

Group II is m + n – j. 
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Section 2 Problems 

1. A patron at Blaise’s Bistro decides to order a beverage. The person orders either a 

soft drink or one of the other beverages on the menu. How many beverage choices 

are available for this person? 

Here are six sets of letters. Use these sets to solve problems 2 through 6. 

Set I: {a,d,e,n,r,t}   Set II: {b,o,x,y} 

Set III: {c,h,i,p}   Set IV: {g,m,s,u} 

Set V: {e,g,h,m,o,s,u}   Set VI: {d,e,h,i,l,n,p,y} 

2. Identify all pairs of disjoint sets of letters from among the six sets shown here. 

3. Identify any three- or four-set collections of disjoint sets from among the six sets 

shown here. Such collections of sets are said to be mutually disjoint. 

4. Which letters of the alphabet are missing from the largest collection of mutually 

disjoint sets from among the six sets shown here? 

5. A letter is chosen from among those in sets I and II. How many letter choices are 

there? 

6. A letter is chosen from among those in sets III and VI. How many letter choices 

are there? 

The four sets of positive integers shown here represent the first seven prime numbers, 

the first six even positive integers, the first five positive multiples of 3, and all 

positive integral factors of 20. Use these sets to solve problems 7 through 11. 

Set I: {2,3,5,7,11,13,17}   Set II: {2,4,6,8,10,12} 

Set III: {3,6,9,12,15}    Set IV: {1,2,4,5,10,20} 

7. Are any pairs of these sets disjoint sets? Identify and explain. 
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8. An integer is to be selected from Set I or Set IV. How many choices are possible? 

9. An integer is to be selected from Set II or Set III or Set IV. How many choices are 

possible? 

10. An integer is to be selected from Set I, Set II, Set III or Set IV. How many choices 

are possible? 

11. In the dentist's reception area are 5 adult men, 6 adult women, 2 boys, and 4 girls. 

How many choices are there for the next patient to be called? 
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Section 3: Multiplication Principle 

Problem 3.1: A "meal" at the Bistro consists of one soup item, one meat item, one green 

vegetable, and one dessert item from the a-la-karte menu. If Blaise's friend Pierre always 

orders such a meal, how many different meals can Pierre create? 

Solution: One way to approach this problem is to list all possibilities. Try that. 

We can enumerate the meals that are possible, preferably in some organized way 

to assure that we have considered all possibilities. Figure 2.2 shows a sketch of one such 

enumeration. This shows there are 64 different meals than can be created. 

Figure 2.2: Creating a Meal at Blaise’s Bistro 
Soup Choices:   {V,O} 
Meat Choices:   {K,R} 
Green Vegetable Choices: {S,P,B,I} 
Dessert Choices:  {L,A,C,F} 

VKSL 
VKSA 
VKSC 
VKSF 

VKPL 
VKPA 
VKPC 
VKPF 

VKBL 
VKBA 
VKBC 
VKBF 

VKIL 
VKIA 
VKIC 
VKIF 

VRSL 
VRSA 
VRSC 
VRSF 

VRPL 
VRPA 
VRPC 
VRPF 

VRBL 
VRBA 
VRBC 
VRBF 

VRIL 
VRIA 
VRIC 
VRIF 

OKSL 
OKSA 
OKSC 
OKSF 

OKPL 
OKPA 
OKPC 
OKPF 

OKBL 
OKBA 
OKBC 
OKBF 

OKIL 
OKIA 
OKIC 
OKIF 

ORSL 
ORSA 
ORSC 
ORSF 

ORPL 
ORPA 
ORPC 
ORPF 

ORBL 
ORBA 
ORBC 
ORBF 

ORIL 
ORIA 
ORIC 
ORIF 

Examine the enumeration process we used to create the table in Figure 2.2. We 

began with the first entry in each of the four sets of choices, V, K, S, and L. This is the 

very top-left entry in the table. We then cycled through the remaining dessert choices 

(A,C,F) while keeping the first three choices (V,K,S) unchanged. These four meals are in 

the top-left cell of the table. These are all the meals that could be created with V, K, and 
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S as the first three choices. We then moved to the second element in the Green Vegetable 

Choices, P, and repeated the process. These are the four entries in the second cell from 

the left in the top row of cells. Systematically continuing this process, the bottom-right 

cell of four entries show all meals possible using the last entry in each of the first three 

sets of menu items. 

Another way to show all possible meals is to draw a tree diagram similar to the 

one shown in Figure 2.3 on page 32. This offers a visual representation of the systematic 

enumeration we used to generate the list of all possible meals, for each branch of the tree 

corresponds to one of the possible meals listed in Figure 2.2. 

The tree diagram shows that we have two ways to select a soup item, two ways to 

select a meat item, four green vegetables to choose from, and four desserts to choose 

from. The matching of one soup with each meat, then each of those pairs with each of 

four possible green vegetables, and each of those triples with each of four possible 

desserts leads to all possible meals and a total count of 64 such meals. The tree diagram 

shows these 64 meals as the right-most branches of the tree. 

This matching process also shows how we can use multiplication as a tool for 

quickly counting all the possible meals we could assemble at Blaise's: 

(2 soup choices) × (2 meat choices) × (4 green vegetable choices) × (4 dessert choices) 

= 64 different four-course meals at Blaise’s Bistro 

This use of multiplication suggests another principle to include in our growing list 

of counting strategies. 
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Figure 2.3: Tree Diagram Illustrating Meal Choices at Blaise’s Bistro 
Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 

Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 
Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 

Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 

Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 

Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 
Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 

Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 
Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 

Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 
Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 

Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 

Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 

Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 
Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 

Key Lime Pie 
Apple Pie 
Black Forest Cake 
Vanilla Ice Cream 

Spinach 

Peas 

Beans 

Broccoli 

Spinach 

Peas 

Beans 

Broccoli 

Spinach 

Peas 

Beans 

Broccoli 

Spinach 

Peas 

Beans 

Broccoli 

Chicken Kiev 

Prime Rib 

Chicken Kiev 

Prime Rib 

Vegetable Soup 

Onion Soup 
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The Multiplication Principle: If a task involves two independent steps and the first step 

can be completed in m ways and the second step in n ways, then there are m × n ways to 

complete the task. 

Note the use of the word independent within the statement of the Multiplication 

Principle. If the number of ways that the second step can be completed depends on how 

the first step is completed, the Multiplication Principle will not necessarily hold. For 

instance, suppose that a coin is tossed and then a number is randomly selected, based on 

the result of the coin toss. Suppose that if a head is tossed, we randomly choose a number 

from the integers 1 through 4. If a tail results, we randomly choose a number from the 

integers 1 through 6. Here, the result of the second step depends on the result of the first 

step. 

Note that the Multiplication Principle can be generalized for tasks involving more 

than two steps. We have already illustrated this in determining the total number of meals 

available at Blaise’s Bistro. Choosing a meal was a task involving four steps. 

Problem 3.2: Recall the three sets used in Problem 2.2: Set I: {a,m,r}, Set II: {b,d,i,l,u}, 

Set III: {c,e,n,t}. Determine the number of three-letter sets that can be created such that 

one letter is from set I, one letter in from set II, and one letter is from set III. 

Solution: Note that our choice in each set is independent of our choice in the other sets. 

Try to enumerate all possible three-letter, or three-element, sets. Draw a tree diagram to 

illustrate the selection process. Apply the Multiplication Principle. 
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Using the Multiplication Principle, we have three ways to complete the first step of the 

task, five ways to complete the second step, and four ways to complete the third step. 

Therefore, we have 60 different three-letter sets that can be created. 

Section 3 Problems 

1. Based on the menu options for size, crust, and toppings, how many different one-

topping pizzas can be ordered at Blaise's Bistro? 

2. In the dentist's reception area are 5 adult men, 6 adult women, 2 boys, and 4 girls. 

How many ways are there to select a group of four people that contains one adult 

man, one adult woman, one boy, and one girl? 

3. How many odd integers from 1000 to 9999 (inclusive) have distinct digits? 

4. How many ways exist to place the integers {1,2,3,...,15} on an 8-by-8 

checkerboard, with one integer in each checkerboard square? 

5. How many 7-digit numbers exist such that the following three conditions all hold: 

• the digits 5 and 6 do not appear consecutively, in either order, and 

• we can use the digits 1,2,3,...,9 and 

• the number's digits are distinct? 

6. A classroom has 2 rows, each with 8 seats. Of 14 students, 5 always sit in the 

front row, 4 always sit in the back row, and the rest sit in either row. How many 

ways can the students be seated? 

7. Three friends each have a red, a white, a yellow, a blue, and a green T-shirt. If 

each chooses a shirt to wear, how many unique 3-shirt sets could they be seen 

wearing? 
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8. In how many ways can the letters in the word COMPUTER be arranged so that 

there are no adjacent vowels? 

9. The passenger door that is part of a keyless entry system on a new car has a 5-pad 

keypad on the driver's door similar to the diagram shown here: 

1/2 3/4 5/6 7/8 9/0 

Every car is assigned a keyless entry code as it rolls off the assembly line. If each 

code is a three-digit number, such as 5-7-8, how many different keypad entries 

(unique sequences of keypad pushes) are possible? For instance, the code 5-7-8 

has this keypad sequence 

5/6 7/8 7/8 
 

Chapter 2 Review Problems 

1. Show that for any six positive integers, there must be at least one pair whose 

absolute difference is divisible by 5. Your justification should include more than 

simply an example that illustrates the result. 

2. A mathematics educator is planning to survey various STEM professionals. 

Surveys will be sent to 44 biologists, 29 chemists, 37 physicists, 

51 endocrinologists, and 22 epidemiologists. How many responses must the 

mathematics educator receive in order to guarantee that there will be at least 

20 responses from the same professional group? 

3. In a utility drawer in Tim Toolman's workshop are several pairs of gloves. Each 

pair is identical except for color. There are 3 pairs of red gloves, 4 pairs of blue 

gloves, and 5 pairs of white gloves. During a blackout, Tim reaches into the 
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drawer without being able to distinguish among the gloves. (a) How many single 

gloves must Tim bring out to assure that he has a pair of gloves to wear, with no 

regard for color? (b) How many single gloves must Tim bring out to assure that 

he has a pair of gloves to wear, this time a pair of the same colored gloves? 

4. There are 8 coffee choices and 12 tea choices on the menu at Farms and Babble 

Bookstore. These are the only beverage choices. (a) If a customer orders either tea 

or coffee, how many selections does the customer have to choose from? (b) If a 

customer orders one tea choice and one coffee choice, how many choices are 

possible? Disregard whether tea or coffee is ordered or served first. 

5. A local fast-food outlet offered a variety of meal combinations. Every meal 

combination included a sandwich, an order of French fries, and a soft drink. 

Suppose there are 6 different sandwiches, 3 different sizes for French-fries orders, 

and 8 different soft drinks to choose from. How many meal combo orders must be 

placed to assure that at least one meal combo is ordered twice? 

6. The fast-food outlet described in the previous problem also offers breakfast items. 

The breakfast sandwiches include five different bagel sandwiches, seven different 

biscuit sandwiches, and four different English muffin sandwiches. Suzzie 

Softknuckle comes to the fast-food outlet for a breakfast sandwich. How many 

different breakfast sandwiches does she have to choose from? 
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7. In the Braille system, a symbol, such as a lowercase letter, a punctuation mark, a 

suffix, and so on, is represented by raising at least one of the dots in the six-dot 

arrangement shown in figure (a), where the six Braille positions are labeled as 

well. For example, in figure (b), the dots in positions 1, 3, and 4 are raised and 

this six-dot arrangement represents the letter m. The definite article the is shown 

in (c), and the semicolon (;) is given by the six-dot arrangement in (d), where the 

dots in positions 2 and 3 are raised. 

 

 

 

 

 

 

(a) How many different symbols can be represented in the Braille system as 

described here? (b) How many symbols have an even number of raised dots? 

(c) How many symbols have no more than one raised dot in each row, where dots 

1 and 4 are in the same row, dots 2 and 5 are in the same row, and dots 3 and 6 are 

in the same row? 
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8. At Bunion College, a small undergraduate institution in the midwest, every 

student must select a password to use to access the college computer network. In 

creating a password, the following restrictions must all be met. 

•  The password must contain only digits or letters of the alphabet. 

•  The password must be four or five characters in length. 

•  The password must begin with either the letter b or the letter c. 

How many different passwords are possible under these restrictions? 


