Laura Wisdom and Jenna Galloway

Applications Chapter 3

Problem #1 

(refer to appendix, supporting documents are in order of reference)

Laura recently graduated from University Texas at age 24 with a degree in Emergency Medicine. Her beginning salary is $44,903 with her first job at Texas EMS in Galveston, Texas. Jenna recently graduated from the U. of Washington at age 24 with a degree in physical therapy.  Her beginning salary is $65,324, at her first job with Sigma Health Care, Inc, in Galveston, Texas.  They have decided, based on those great lessons several years ago in Pre-Calc, that they will invest wisely so that their golden years can be spent traveling, eating and sleeping.

1. RETIREMENT

We will invest 6% of our combined beginning salary ($9185.58/month) each month, which comes out to $551.13 invested each month until we are retired at age 65. The mutual fund we've chosen is Bruce (BRUFX). The current yearly investment return is 3.6%. The ten year return is 17.52%. The Morning Star rating is 5 stars. We did not find any fees or loads with this fund. (see Graph 1.1)

a.) Assuming the fund maintains its average APR from the last ten years, this equation models the value of of this annuity when we retire at age 65, in 41 years. 
[image: image34.emf]f(x)=-(1/144)(X)^2+625

f(x)=693.8597-68.7627(0.5e^(0.0100333x)+0.5e^(-0.0100333x))
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[image: image2.emf]FV=$47,165,438.50


b.) Assuming we both lived to be 100, after retirement, we would have 35 years to spend that money. If we withdrew equal amounts from this annuity each month until we died (420 months) we could spend $112,298.66 each month of our retirement. However, that does not take into account the continuing interest yielded by the money not yet withdrawn. So we would actually end up with more money to spend, but a hundred grand is plenty, so we didn't bother with finding out how much more we would get. We didn't want to be greedy.

2. CAR

We decided to buy a car/truck. Our first choice is a 1997 Toyota 4Runner. The cost of the car is $9,035. We make a down payment of $1,355.25 (15% down). We decide to pay off the loan by making monthly payments for 6 years. The APR compounded monthly is 5.24%. Our monthly payment is $106.66. To find this value, we subtracted the down payment from the total cost of the car. Then, we divided the remaining balance by 72 months (6 years, the length of the loan). By paying $106.66 each month, for those 72 months, we ultimately paid $9,000.97. Subtract the amount we were loaned ($7679.75) and we ended up paying $1,321.22 in interest. This is how we set up our equation to solve for the total price we paid for our car, interest included.
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3. CREDIT CARD

To finance our trip to Hawaii, we picked the Pulaski Bank Visa/Mastercard. It has an interest rate of 7.99%, rounded to 8% for calculation purposes. We did not find the minimum payment percentage, so we estimated it to be 3%. So, we paid off only 3% of our balance each month, beginning with  $300 in the first month. The total cost of our trip if we paid the minimum each month would be $12,807. In other words, we paid $2,807 in interest over 182 months. (See Graph 1.2 for the function that kind of models our balance as we slowly pay off the card...)

4. HOME

We've been out of college for 6 years and are now married. We decided to buy a new home. We work, and the economy has been great and Jenna has received a 30% raise. Yay! She now earns $84,921.20 a year (or $7076.77 a month). Laura is just starting her career as a paramedic and now earns $44,903 a year (or $3,741.92 a month). The median value for the price of a home in Galveston, TX is approximately $140,000. We bought a home for close to this value ($130,000). We made a down payment of 10%, or $13,000. We also paid $4,605 in closing costs, etc out of pocket. We will then owe $117,000 mortgage for either a 15 or 30 year loan. The APR for the 15 year loan is 5.587%. And the APR for the 30 year loan is 5.838%. Then we had to decide the monthly payment for each loan:
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 Then we solved for the monthly payment, P.

The 15 year loan gave us monthly payments of $961.40.
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 Again, we solved for the monthly payment, P.

The 30 year loan gave us monthly payments of $689.33.

We thought that either of these would be a reasonable monthly payments based on our monthly combined income of $10,818.68. Based upon our income, a bank would want us to pay $791 per month for a 30 year loan, because we can afford it, and we could assume they would want us to pay more for a 15 year loan as well, but not nearly as much more than necessary, because the 15 year loan gave us payments closer to 10% of our monthly gross income.  

If we got the 15 year loan, with monthly payments of $961.40, we would end up paying a total of $173,052. Minus the loan amount ($117,000) and the total amount of interest we would pay on a 15 year loan is $56,052. With a 30 year loan, with monthly payments of $689.33, we would end up paying $248,158.80. This is $131,158.80 in interest. That's more than we bought the house for! We would definitely choose the 15 year loan because we are able to afford it, we'll own our house sooner, and won't pay so freaking much interest. (See Graph 1.3 for the amortization.)

Problem #2

Given the equation  
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and S = 65º F, we deduced that 
[image: image7.emf]t
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was the time the body was found. The body was found at midnight, which we defined as time (in hours)  zero. Subsequently, from the given data,  we surmised that 
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was 84º , the temperature of the body when it was found. Using the same logic, 
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, the time two hours after the body's discovery, was time of two. The value of 
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then, was 81º. Then, using these values, we solved for the constant k.
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Then we found the value of the negative natural log.


[image: image12.emf]k−2=−0.1718502569

Then we divided by -2 to solve for k.


[image: image13.emf]k=0.8859251285


So then, to solve for the time of death, we used this equation and solved for x:
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 X is the time of death (it is a negative number that represents the number of hours before midnight the person died) and we assumed that the person died under normal body conditions with a temperature of 98.6º  F. We used those values for 
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in the original equation. Then we used the data of the body's discovery (time = 0, temperature 84º F) for 
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. We used k, which we had solved for previously, and proceed to solve for x:
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Then we divided both sides by k.


[image: image20.emf]x=−6.634695784


Since midnight was established as time 0, we added x to 12.


[image: image21.emf]12−6.634695784=5.365304216

 

So we know the person died at some time past 5 o'clock pm the night before. To find the exact time of death, we multiplied the decimal part of the answer by 60 to get the minutes past 5 o'clock that death occurred. 


[image: image22.emf].365304216⋅60=21.91825296


Rounding to the nearest minute, the person in question died at 5:22 pm.

See Graph 2.1 for an exponential graph of hours since death as a function of body temperature. We found this function to be :
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Where t is body temperature taken, and H is the number of hours when death occurred relative to the time the temperature was taken. So if t = 80, then H(t) = -9.39. So the person died approximately nine and a half hours previously. But we have to restrict the domain to (65, 98.6]. We are assuming that the person's body temperature was normal when they died, and that it did not drop below the given room temperature (65º F). Given the model, the body temperature will never reach 65º F, because it is a vertical asymptote. However, realistically, the body temperature would reach equilibrium with its surroundings. We cannot include domain values above 98.6º F because given the nature of the function, we would be predicting the future time of death, which isn't really logical.

Problem # 3

a.) see Graph 3.1

b.) The parabolic model that matches the arch at the vertex (0, 625) and the ground level (-300, 0) and (300, 0) is:
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(see Graph 3.2)
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c.) The equation that give the shape of the arch is c(x) = 693.8597-68.7672cosh(0.0100333x). Using u substitution, we found an exponential function for the catenary shape. We said u = 0.0100333x. Then we substituted u for x in this equation:

This gave us this equation: 
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Then, we plugged that into our original equation, c(x), and came up with this exponential model:
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We defined x as the distance from the line of symmetry of this shape (in feet). We defined c(x) as the height above the ground (also in feet).

d.) see Graph 3.2. Looking at these two graphs, one can see that the parabola is a more “perfect”, rounded shape, while the catenary is more sharp at the top, and widens at the base. It resembles a triangle somewhat. Though both of these graphs have three points in common, they are quite different in shape.

e.) A catenary, as Graph 3.2 shows, is similar to a parabola in many ways. Both have similar arch-like shapes. However, the catenary is the best shape for a stand-alone arch that has only to support itself, such as the Gateway Arch in St. Louis, Missouri. Its shape supports itself because all of the force of the arch goes straight into the ground, running along the line of the arch. The word “catenary” is derived from a Latin word for “chain.” This is likely because a chain, when held at both ends and allowed to hang freely, will form a catenary, and not a parabola. This occurs because the gravity acting upon the chain pulls the chain more sharply at either end, where there is more weight to support, thus making steeper sides than a parabola. The middle of the chain, having only its own weight pulling on it, creates the curve of the catenary. In 1744, Euler showed that a catenary revolved around its asymptote generates only the minimal surface of revolution? Also, apparently, “[t]he catenary is the locus of the focus of a parabola rolling along a straight line.”

Graph 1.1
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Graph 1.2

[image: image28.emf]f(x)=551.13((((1+(0.1752/12))^(12x))-1)/(0.1752/12))
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Graph 1.3

[image: image29.emf]f(x)=11914.628320246(0.97365878898638)^X
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Graph 2.1
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f(x)=-0.9705567226890x^2+-21.341472689076x+543.12044117647
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Graph 3.1
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Graph 3.2 

[image: image32.emf]f(x)=-(1/144)(X)^2+625
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Graph 3.3
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f(x)=0.5*e^-X

f(x)=0.5*e^X+0.5*e^-X
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