Block III Objectives

1. Create a model representing situations involving change at discrete intervals (e.g. populations, decay, interest rates).

2. Create a model by formulating a single or system of recursion or difference equations.

Solve the model numerically (through iteration), graphically, and analytically (for linear cases).

3. Analyze the equilibrium and the long-term behavior of a single or system of recursion equations.

4. Evaluate and discuss the results of using a single or system of recursion equations to solve a given problem.

Questions
1. A fairly new military academy by the name of Society of Restricted Youths (SoRY) is having difficulty improving the cadet support of its football team.  In the five years of the academy’s existence the football team has never won a game.  However, the Chess team has never lost a game.  It is not mandatory for students to attend the football games but the instructors believe that if they could get more students to cheer at the football games they may have a chance of winning at least once.  Currently there are 4000 students at the academy.  There is a football game every weekend as well as a chess tournament.  As of last weekend 415 cadets cheered at the football game and 607 cheered at the chess tournaments.  Each weekend 10% of cadets stop going to the football games and go to the Chess tournament.  5% of cadets stop going to the chess tournament to give their losing football team moral support, as well as, 5% of cadets who attended neither game nor tournament will attend the football game.  3% of cadets who cheered for neither the football team or the chess team the weekend before will go and cheer at the chess tournament.  1% of those cadets who attend the chess tournament won’t cheer on either chess or football team the next weekend while 2% who attend the football game won’t attend either game the next weekend.   

1. Using the “big 5” devise a recursion equation for the scenario.  

2. Make a vector matrix equation that represents your equations.

3. Find the analytic equation for the above vector matrix equation. 

4. Find the eigenvalues and the eigenvectors for the matrix.

5. Find the long term behavior.   

2. (3 and 4)  In C.E. 3057, the war between a breed of alien, named Nachdihum, and the human being is still not finished. As Human Chief of Staff in the Army, you are in charge of the Army to protect the Earth from the invasion from the alien. As a result of the successful researches on the mechanical units, many suggestions from your subordinates about the ratio change of your Army has been submitted. To make the ratio of officers, NCOs and the enlisted men, you are changing the number of soldiers. 

Every year, the Army gathers troops in a certain percentage for each of the ranks. The expected research on this personnel change will result in the shifts among each of the ranks. The ratio of officers, NCOs, and the enlisted people, as of now is 1:3:6 and current Army forces are estimated 522,380 in active. 

The approved policy for the Army to make more efficient, the structure of the personnel will have change in ratio. According to the new plan, every year, you will increase the number of officers by 10%. For the NCOs, the 15% of the number of NCO is added and 5% of the NCOs are going to be officers. For the enlisted people, 30% of them are to be recruited and 10% of them are promoted to NCOs and 5% of them are going to be officers. Among these changes, retirements are already taken into account. 

(A) Using “big 5” steps, make a matrix that reflects the condition of this reading by explicitly using recursion equation.

(B) Using eigenvalues, eigenvectors and analytic equations, find out the analytic equation of the number of NCOs.

(C) Using the results from (B), decide when the time is for NCOs to be 30% of the Army. 

(D) At the very point of the time when NCOs are to be 30% of the Army, decide the instantaneous rate of change for the number of NCOs.

3. Creatine is a compound made in the liver and is used for energy when it is transported to the muscles.
  Joe is a power lifter and supplements with creatine to maintain his strength.  The label says to ingest 5 grams to 10 grams of creatine every six hours.  So Joe takes the average and ingests 7.5 grams every six hours.  According to Medicine.Net, the body can only convert 2% of creatine to creatinine each day.
  

a) Assuming Joe’s initial creatine level is 135 grams, develop a model using the “Big Five” that shows Joe’s creatine levels after X days of supplementation.

b) The power lifting competition is only 3 weeks away.  If Joe continues to supplement at this rate what is Joe’s creatine level on the day of competition?

4. A Ski Resort in Fluffy Mountain, Colorado, in close competition with a nearby rival resort, Scrappy Doo Slopes.  Scrappy Doo Slopes is a family ski resort that has been catering to the locals and tourists alike for over 50 years, while Fluffy Mountain is a turn-of-the-century ski lodge with activities for not just families, but senior citizens and party groups as well.  Every year, Scrappy Doo Slopes loses 10% of its patrons to Fluffy Mountain’s new-age feel, and every year, Fluffy Mountain loses 8% of its patrons to Scrappy Doo Slopes’ family centered environment.   If there are initially 2,500 patrons that support Fluffy Mountain and 3,200 that faithfully patronize Scrappy Doo Slopes, find the following:

A.) Construct a system of recursion equations using the “Big Five”

B.) Find the eigenvalues and eigenvectors of the matrix

5. As a battery commander in a field artillery unit deployed to Southern Afghanistan, you are given orders to expend 70% of your artillery shells in support operations every month. You currently have 1200 shells and your S4 has just reported that you will be receiving shipments of 500 more shells every month. If your operations continue indefinitely, how many shells would you expect to have?

6. Bambi Visits Minnesota


The state of Minnesota, commonly called the best state in America, had a deer population of 800,000 in 1997 as analyzed by the DNR.  Every year, deer are killed by many different factors.  Each year 15,000 deer are killed by cars, 40,000 deer are killed by wolves, and 60,000 thousand are killed (mostly fawns) by other predators including coyotes, bears, bobcats, etc.  Assuming that the deer population increases by 15% each year, use the big five to find the population of deer in Minnesota for the year 2008.  Also, find the population at which the number of deer would neither increase or decrease each year. 
7. The library wants to know how many books have been lost and need to be replaced. On Thursday the Library had 3000 books on the shelf and 1000 books checked out. Each day 3% of the books on the shelf got lost and 12% get checked out and 5% of the lost books are found. Each day 15% of the books that are checked out are returned 10% are lost and 5% are found. On Thursday there are no lost books. Find when the number of books stabilize and how many the library needs to replace.

8. 
A new town, Beatnavyville, has started to be built in upstate New York.  The initial population of the town is 5,000 people.  It is estimated that the town’s population will grow by 5 % each year, plus an additional 10 people.  Write the recursion equation for the population of this town.  

Every ten thousand people a new supermarket is built.  What year’s were the first three supermarkets built?

What is the long term behavior of the population?
9. The Ultimate Fighting Championship (UFC) is a Mixed Martial Arts (MMA) fighting sports event where two men and put in a fighting arena and fight in a sort of “no-holds bar” fight. The UFC agency has been growing in popularity over the years and has become the biggest MMA enterprise in the world. 

The current heavyweight champion, Emelianenko Fedor has a fan base of 400,000 around the world. The rising star of UFC, Genki Sudo has risen and gained popularity with a fan base of 150,000. Each fighter fights 12 times a year (once very month). The reigning champion, Fedor hasn’t been winning his fights lately and so his popularity drops 4% each fight. Genki on the other hand, has been winning all his fights so his popularity rises 2% . Additionally, each year, 6,000 newcomers to MMA join the Fedor club while 4,200 newcomers to the sport join the Genki club annually.

-Using the Big Five, construct a system of recursive equations for the UFC fighters fan base.

-Use the recursion equation to determine the fan base of each fighter in March 2008.

-Find the analytic equation for each of fighter’s fan base.

10.  Find the Eigenvalues and Eigenvectors of the following matrix

{1, 2}

{3, 2}

11. Red Cross volunteer shift of 2007


In California, the top three major Red Cross Chapters are located in Oakland, Orange, and San Diego. In the month of September 2007, Oakland had 375 volunteers, Orange had 450 volunteers, and San Diego had 402 volunteers. Each year, during the month of October, these 3 chapters shift volunteers to each other’s Chapters. Considering that the Orange Chapter has the most volunteers this year, in the long run, would Orange still have the most volunteers? Why or why not? Show all work.

Below is a table with the shift change in percentage

	
	Do not shift
	Shift to Orange
	Shift to San Diego
	Shift to Oakland

	Oakland Volunteers
	55%
	25%
	20%
	0

	Orange Volunteers
	50%
	0
	25%
	25%

	San Diego Volunteers
	60%
	20%
	0
	20%


12. Its winter time and there is supposed to be a big snow storm coming in the next few weeks, which means Captain America has to shovel his sidewalks and driveway every day so he can get his mail.  The weather channel says that the amount of snow in pounds on someone’s front yard is supposed to increase by 50% every day.  As of today there is currently 1000 pounds of snow on Captain America’s front yard.  Since he is an Airborne Ranger he is super strong and can shovel a whopping 450 pounds of snow a day.  According to the US Postal Service, mail men will not deliver mail to anyone’s house who has a lot of snow on their side walk so the acceptable amount of pounds of snow on someone’s yard is 1000 pounds.  (Keep in mind that front yard only means driveway and side walks)

1. Model the amount of snow as an Initial Value Problem using the Big 5.
2. Find the equilibrium point.
3. Develop an analytic equation that models the amount of snow.

4. Why is the Analytic equation better than the recursion equation?

5. What happens to the amount of snow on Captain America’s front lawn in the long run?
6. How much snow is Captain America going to have to shovel a day to keep it at the acceptable amount of snow so that he can get his mail every day?
13. 
Two different  Carebear army bases in Alaska exchange a certain number of tanks each day for repairs and training purposes. Each day, 15% of the tanks in Carebear army base go to Carebear barny base  while 20% of the tanks from Carebear barny base go to Carebear barny base. Both bases are concerned with the soldiers’ exposure to the tanks so that they can become familiarized with equipment. Initially, there are 200 tanks in army base and 450 tanks in barny base. 

a)Make a system of recursion equations for the army bases using the big 5

b)Make a vector-matrix equation to represent the system of recursion equations.

c)Find the eigenvalues and eigenvectors of the matrix

d)Find the particular solution for this problem using the initial values

e)Find the long term behavior for the tanks
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