
MAT	  409	  Semester	  Exam:	  100	  points	  
	  

Name	  	  ___________________________________	  	   Email	  ___________________________________	  	   Text	  #	  ________________________	   	  
	  
Impact	  on	  Course	  Grade:	  Approximately	  25%	   Score	  ___________________________________	   	  

Solve each problem based on the information provided. It is not necessary to complete every calculation. 
That is, your responses may contain combinatorial notation (factorials, exponents, combinations, 
permutations). Include explanations as needed. 
 
You are to work alone on this exam. You may not use anyone else's work nor may you refer to any other 
materials as you complete the exam. You may ask me questions. You may use a calculator, but no other 
technology tools. You may not make internet connections, search the web, or use any sort of mental 
telepathy. 
 
Evaluation Criteria 
Each of questions 1 through 10 is worth 10 points. Some questions have more than one part. A point 
assignment is indicated for each question or for each part of a question. 
 
Some questions require explanation and some do not. Read carefully and ask me if you need help in 
determining whether an explanation is required. For questions requiring explanation: 
• Approximately 60% of the points revolve around a correct solution to the problem. I will evaluate the 

mathematics you use: 
• Is it accurate and appropriate? 
• Have you provided adequate justification? 

• Approximately 40% of the points count toward how you express your solution. I will evaluate how 
you communicate your results: 
• Is your solution clear and complete? 
• Have you expressed logical connections among components of your solution? 

 
BONUS questions sum to 24 points. 
  



 

1. Write the correct answer on the blank provided. No explanation or justification required. (2 pts each) 
 

(a) Ferdinand ordered a 5-course meal at a French restaurant. For each course, Ferdinand was offered 
6 choices. How many different dinners could he order? 
  ______________  
 

(b) Sixteen (16) women arrive for a casting call and seven are chosen, each to play one unique role 
from among Boveen, Cathleen, Darlene, Eyleen, Francine, Gyreen, and Hileen. In how many 
ways can such a cast be created from the 16 women who arrived?  
  ______________  
 

(c) From a room containing 15 men, choose a team of 6 men and designate one as a team captain. In 
how many ways can this be done?  
  ______________  
 

(d) From a pool of 10 girls and 8 boys, how many ways can you create a team consisting of 6 girls 
and 5 boys?  
  ______________  
 

(e) From a group of 17 people, how many ways can you create a team that consists of either 8 people 
or 10 people?  
  ______________  

  



 

2. Write the correct answer on the blank provided. No explanation or justification required. (2 pts each) 

(a) At Blaise's Bistro, the Friday night special is Pizza! For $8.95 plus tax, patrons choose one of 
15 different pre-made pizzas and one of 6 different beverages. No additions or substitutions are 
allowed for this price. How many different $8.95 pizza/beverage options are there? 
 
  ______________  
 

(b) Eighteen (18) donuts are to be placed in a single line on a serving tray. Among the 18 donuts, 
there are 4 identical jelly donuts, 6 identical chocolate donuts, and 8 identical cream-filled donuts. 
How many unique arrangements exist for these 18 donuts? 
  ______________  
 

(c) One version of the current automobile license plates issued in Montana shows four letters 
followed by a two-digit number. If no letter or digit may be repeated, how many unique license 
plates of this format can be created? 
  ______________  
 

(d) A group of 18 people are to be separated into four rooms called the Blue Room, the Green Room, 
the Yellow Room, and the White Room. If there are no restrictions on how many people go in 
each room, and we are only concerned with the number of people in each room, how many ways 
can the separation occur?  
  ______________  
 

(e) Lindsey works 14 blocks west and 10 blocks south of her apartment. All streets from her 
apartment to her workplace are laid out in a rectangular grid, and all of them are available for 
walking. On her walk to work, Lindsey stops at an ATM that is located 5 blocks west and 
7 blocks south of her apartment. On her way home from work, Lindsey stops at Freddie’s Fresh 
Fish, located 9 blocks north and 5 blocks east of her workplace. If she walks 24 blocks from her 
apartment to work and 24 blocks from work to her apartment, how many different round-trip 
paths are possible for Lindsey, given the stops she makes along the way? 
  ______________  

   



 

 

3. Write the correct answer on the blank provided. No explanation or justification required. 

(a) In the expansion of ! + ! +! + ! + ! + ! !", what is the value of K in the collected 
term !!!!!!!!? (3 pts) 

   ______________  

 

(b) How many solutions are there for the equation ! + ! + ! + ! + ! + ! + ! = 40 if each 
variable must be a positive integer? (3 pts) 

   ___________  

 
(c) A letter carrier has 6 letters, one for each of the 6 residents of an apartment complex. In 

how many ways can the letter carrier distribute the letters so that no resident receives his 
or her letter? State your answer as a natural number. (4 pts) 

   ___________  
  



 

4. Write the correct answer on the blank provided. No explanation or justification required. (2 pts each) 

(a) A recursive relationship has first term a1 = 6 with an = 3an–1 + 4. Determine the value of a5. 

  ______________  

(b) Juanita needed to answer the following question: 

Jorge's	  Junkfood	  Jungle	  sells	  four	  different	  bulk-‐size	  salty	  snacks:	  cheese	  puffs	  that	  sell	  for	  $4	  a	  
bag,	  popcorn	  that	  sells	  for	  $5	  per	  bucket,	  pretzels	  that	  sell	  for	  $7	  a	  sack,	  and	  corn	  chips	  that	  sell	  
for	  $8	  each	  canister.	  How	  many	  ways	  are	  there	  to	  spend	  $60	  for	  these	  salty	  snacks	  at	  Jorge's,	  
assuming	  there	  is	  an	  unlimited	  supply	  of	  all	  the	  snack	  options?	  
 
Create a generating function Juanita could use to answer the question: 

  __________________________________________________________________________  

(c) When expanded, Juanita’s generating function included the following terms: 

!+ 4x16 +3x17 +3x18 + 4x19 +6x20 +5x21 +!
!+ 41x52 + 40x53 + 41x54 + 44x55 + 49x56 + 48x57 + 49x58 +52x59 +58x60 +!

!+95x76 +95x77 +97x78 +99x79 +105x80 +!
 

 What correct answer should Juanita provide, based on the expansion shown here? 

  ______________  

(d) Study this completed difference table: 

x 1 2 3 4 5 6 7  
f(x) 2 5 10 29 78 183 386  

D1 ---> 3 5 19 49 105 203  
D2 ---> 2 14 30 56 98  
D3 ---> 12 16 26 42  

D4 ---> 4 10 16  
D5---> 6 6  

If we assume there exists a polynomial function that best represents the relationship between 
x and f(x), what is the degree of that polynomial? 

  ______________  

(e) Replace x, y, and z in C(40,x) = C(y,22) + C(z,23) to correctly illustrate Pascal's Formula. 

  __________________________  
  



 

5. Here is a problem situation and a solution submitted by one student. 
 

Problem	  Situation:	  A	  shelf	  is	  to	  contain	  nine	  different	  books,	  six	  different	  paperback	  books	  and	  
three	  different	  hardback	  books.	  If	  the	  paperback	  books	  must	  be	  shelved	  in	  pairs	  (that	  is,	  exactly	  two	  
paperback	  books	  must	  be	  adjacent	  to	  each	  other),	  how	  many	  ways	  can	  the	  nine	  books	  be	  shelved?	  

 
Student	  Response:	  First, place the hardback books so 2 paperbacks 
can go between them. There are 3! ways this can be done. 

  

To complete the arrangement, there are 8 places left to 
place 6 paperback books. Because the books are different and 
order matters, we have a permutation, P(8,6). 

The number of arrangements of the two types of books must 
be multiplied together because the total arrangement 
depends on the placement of each type. 

Solution: 3!·P(8,6) 
 
 (a) Is the student’s solution correct?  YES  NO  (circle one) 
 

(b-i) If the student IS correct, provide a solution whose numerical value is equal to this one yet based 
on a different counting strategy. Briefly describe your strategy AND show a numerical argument that 
the two responses are numerically equivalent. 

 
(b-ii) If the student IS NOT correct, explain what is wrong with the student’s counting strategy AND 
describe a strategy and solution that are correct. 

  



 

6. The following conjecture, for positive integers n ≥ 1, is to be proven true by induction: 

2+ 2! + 2! + 2! +⋯ 2! = 2!!! − 2 

Complete an induction proof to verify that this is a true statement. Clearly indicate each step in 
your proof. 



 

7. Brenda leads cryptography workshops at a local community college and consults for several 
corporations when she is not teaching. She referred to a recent consulting case in one of her 
workshops. A manufacturing firm had intercepted an employee transmission that contained a long 
list. Their internal surveillance division hired Brenda to analyze the list when they discovered it 
contained coded words. 

The transmission contained a long list of 4-character code words. Brenda determined that: 

(i) Each code word was created from a set of 40 characters that included the usual twenty-six 
letters of the alphabet (a,b,c,…,x,y,z), ten digits (0,1,2,3,4,5,6,7,8,9), and four symbols 
(#,$,&,*). 

(ii) A code word could contain letters, digits, or symbols, or any possible arangement of any of 
the 40 characters. 

(iii) In any one code word, no character appeared more than once. 
(iv) The list contained approximately 2.5 million code words. 

(a) Generate an argument to justify that the list of code words must contain one or more duplicate 
code words, or provide evidence to the contrary. (5 points) 

(b) Will your argument hold if item (iii) above is changed to say that characters can be repeated 
within a code word? The other determinations (i,ii,iv) remain as stated. Explain your response. 
(5 points) 

  



 

8. Twenty-six (26) distinct fair dice are rolled. How many ways are there for fourteen 4s to 
appear? 

  



 

9. While lounging in the lobby of the Signature Inn in Hot Springs, I watched hotel employees open a 
door after entering a code by pushing a digital keypad. The keypad is similar to the one shown here. 

 

 

From my vantage point, I could see neither the door nor the keypad. I could see people pushing 
buttons from the side. After carefully watching several people unlock the door, I concluded that the 
sequence of keystrokes they used looked like the figure shown above. 

• I knew the order of the keystrokes, as indicated by "first, second" and so on shown here. 
• I did not know which keypad was struck first. 
• I did know that the fourth push was directly below the first and second, and that 

the third and fifth pushes were directly below the fourth. 

Based on this information, determine the number of different 5-number codes that could possibly 
unlock this door.  



 

10. A certain zookeeper has m cages in a row and two indistinguishable tigers. The tigers must be in 
separate cages, and they may not be placed in adjacent cages. Determine the number of ways that the 
zookeeper can assign the 2 tigers to the m cages. 

  



 

BONUS!  
 
(A) Determine the maximum number of letters for a word that meets all of the following conditions: 

(7 points) 
i) There are at least 4 unique letters in the word. 

ii) At least two different letters in the word repeat. 
iii) There are fewer than 8910 unique arrangements of the letters in the word. 
 

(B) A bag contains marbles, some of which are blue. Five (5) marbles are selected at random from the 
bag. For this random selection, the probability of selecting 5 blue marbles from the bag is precisely 
½. Determine the number of blue marbles in the bag and the total number of marbles in the bag. 
(9 points) 

(C) Exactly 8 chocolate chips are to be distributed at random into 7 chocolate-chip cookies. What is the 
probability that some cookie has at least 3 chips in it? (8 points) 

 


