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College is a big milestone. Among many other things, it marks the beginning of your independence from your parents. If you haven’t already, soon you will be beginning to manage your own finances, and you’ll have to know the best ways to do that. This paper will give you a taste of different ways you can save your money. It will give you an understanding of simple interest and compound interest, as well as their associated vocabulary. Finally,  you will have a handle on inflation and depreciation, as well as a basic knowledge of the math behind college savings and retirement funds.ARITHMETIC GROWTH AS SIMPLE INTEREST




Simple Interest is interest that is only paid on the original balance of the account. The most common example of this type of interest is government bonds.
Example #1:
· If you open an account with $1,000 that pays 10% simple interest annually, what will the interest payment at the end of the year be? 
· It will be $100, because $1,000 * .1 = $100
· “Principal” is the term for the original deposit into the account, in this case $1,000
Simple Interest Formulas:
· Interest accumulated = I = Prt
· Total amount in account = A = P(1+rt)
· Where P =  Principal, r = interest rate in decimal form, and t = time elapsed
Example #2:
· You buy a ten-year bond on February 15, 2005 for $10,000 with a simple interest rate of 4%.  How much interest would it earn by February 15, 2015? What would be the total amount of money that the bond is worth at that time?
· First, define the variables:
· P = $10,000, r = .04, and t = 10 years
· Then, apply the formula to find the interest earned:
· I = Prt = $10,000 * .04 * 10 = $4,000 in interest earned by Feb. 15, 2015.
· Apply the formula to find the total amount of money that the government will pay back on the bond:
· A = P(1+rt) 
           = $10,000 * (1 + .04 * 10)
           = $10,000 * (1.4) = $14,000 total paid back by government

So, simple interest is just that… Simple!
DERIVATION OF THE SIMPLE INTEREST FORMULA
So, adding 10% interest is the same as multiplying by 1.10
Your interest rate is r. Because this is simple interest, the amount paid to this account each year is only P*r, regardless of the amount in the account. If your account is open for t years, each year only P*r will be paid in interest into your account. 
Therefore, the amount of interest paid into your account over the course of t years will be t*(P*r). Thus, the total amount in the account after t years will be (P * 1) + (t* P * r).  Factoring out P, we get:
P * [1 + (t * r)] Using the commutative property of multiplication, we change this to	 A = P(1 + rt)      And viola! The simple interest formula!
Principal Deposit
Interest
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GEOMETRIC GROWTH AS COMPOUND INTEREST

Compound interest is interest paid on both the principle AND the accumulated interest. Interest can be compounded annually, quarterly, monthly, daily, continuously, etc. The “compounding period” is the time that elapses before interest is paid. So, if you have an interest rate of 10% that is compounded quarterly (4 times/yr), then 2.5% interest is paid each quarter and the quarter is the compounding period. The more often compounded, the more money accumulates. But the difference between amounts of interest accumulated gets smaller as interest is compounded more frequently. The difference between compounding daily and continuously is usually less than a cent.
Example #1:
· You have an account with a principle balance of $1,000 that pays 10% interest/year with quarterly compounding. 
· Thus, the 1st quarter you get ¼ the rate, or 2.5%. How much interest is paid to the account the 1st quarter?
· $1,000 * .025 = $25 in interest
· Thus, at the beginning of the 2nd quarter, the account balance is $1,025. So you receive interest in the second quarter equal to 2.5% of $1,025, and so on throughout the year.
· Total interest paid in a year is $103.82. BUT the account was only supposed to pay 10% interest! The rate for the year is really 10.382%
· The 10% interest advertised is the nominal rate. The real 10.382% interest is the effective rate, or equivalent yield.
Compound Interest Formulas:COMPOUND INTEREST, CONTINUED

· Rate per compounding period = i = r / n
· Effective rate = (1+ i)n – 1
· Total amount in account = A = P(1+ i )n
· Continuous compounding: A = Pert
· Where P =  Principal, r = (nominal) interest rate in decimal form, t = time elapsed,  i = rate per compounding period, and n = number of compounding periods.


DERIVATION OF THE COMPOUND INTEREST FORMULA


         
           Let’s start with an example. If you have $1,000 dollars in an account that yields 10% interest compounded quarterly, this means you actually get 2.5% interest paid every quarter. We’ve already proven that adding r, or in this case i, percent interest is the same as multiplying by 1 + i (see Derivation of Simple Interest Formula, pg.2). So it works like this:
Quarter 1: $1,000 * (1.025) = $1,025
Quarter 2: $1,025 * (1.025) = $1,050.63
Quarter 3: $1,050.63 * (1.025) = $1,076.90
Quarter 4: $1,076.90 * (1.025) = $1,103.81
So the formula for the first quarter is P(1 + i ). Actually, we can go straight to the 4th quarter if we multiply by (1 + the quarterly rate) four times, four being the number of quarters, or compounding periods, that have gone by:
$1,000 * 1.025 * 1.025 * 1.025 * 1.025 = $1,103.81
We can convert this to $1,000 * (1.025)4 = $1,103.81. Thus, we have a place for a new exponent variable; n, for the number of compounding periods.
Tada! The compound interest formula is born!
Amount = A = P(1 + i ) n             For the number of compounding periods
                                      For each compounding period

SAVINGS FUNDS!


Savings Formula:
· Amount in fund = A = d[((1+ i )n – 1)/ i ]
· Where d = uniform deposit per compounding period, i = rate per compounding period, and n = number of compounding periods
SAVINGS FUNDS!

Example #1, College Savings Fund:
· Congratulations! You have just had a child, and will now need to pay for his/her first two years of community college. This will cost you $15,000. You open a savings account that pays 5% interest per year, compounded monthly. How much money would have to be deposited each month in order to accumulate $15,000 over 18 years?
· First, define your variables:
· i = .05/12 = .004166667, A = $15,000, n = 12 * 18 = 216
· And we are solving for d because you want to know what the uniform deposit that you will have to make every month is.
· $15,000 = d[((1+ .00417 )216 – 1)/ .00417]  
$15,000 = d(349.20)
· d = $15,000 / 349.20 = $42.96 deposited each month
Example #2, Retirement Savings Fund:
· You’re a 23-year-old just starting out with your new career. You start a 401(k) plan that returns an annual 5% interest compounded monthly. If you contribute $50 each month until you retire at 65, how much will be in your account when you retire?
· First, define your variables:
· d = $50, i = .05/12 = .0041666667, and n = 12 * (65-23) = 504
· A = 50[((1+ .00417 )504 – 1)/ .00417]
A = 50 * 1711.348 = $85,567.43
· Not that much to live off of for the rest of your life…
The derivation of the Savings Formula is rather complicated and technical. If you’re interested in a relatively understandable walkthrough, please see the section titled “Derivation of Formula 1B” at http://www.webbertext.com/PDFiles/DerivForm4Ed.pdf


	
INFLATION AND DEPRECIATION



Prices increase in times of economic inflation. When the rate of inflation is constant, the compound interest formula can be used to project prices.
Example #1:
· If you bought a car at the beginning of 2006 for $12,000 and its value depreciates at a rate of 15% per year, what will be its value at the beginning of 2010?
· Remember, we’re using the compound interest formula: A = P(1 + i )n 
· First, define your variables:
· P = $12,000, i = -0.15, and n = 4 
· i is negative because the value is decreasing. When dealing with inflation and depreciation, let i stand for the depreciation rate. This is like negative interest.
· A = $12,000(1 – 0.15)4 = $6,264.08

INFLATION AND DEPRECIATION, CONTINUED

Example #2:
· Suppose there is 25% annual inflation from 2006 to 2010. What will be the value of a dollar in 2010 in constant 2006 dollars?
· Let’s break it down:   If a = the inflation rate, then what costs $1 now will cost $(1+a) next year.
· So, if the inflation rate is 25%, then what costs $1 now will cost $1.25 next year.
· Thus, $1 next year would only be worth $0.80 in today’s dollars.
· Because 1/1.25 = .8
· So, the dollar lost 20% of its purchasing power.
· The depreciation (negative interest) rate of the dollar = i = - 20%
· So now we define our variables:
· a = 0.25, so i = -a / (1+a) = -0.25/1.25 = -0.20, and n = 4 years
· And apply the compound interest formula A = P(1 + i )n :
· A= $1(1 - 0.20)4 = (0.80)4 = $0.41
· So at an inflation rate of 25%, 4 years from now the dollar would be worth $0.41



FAR-REACHING APPLICATIONS: THOMAS MALTHUS




Malthus (1766-1834) was an English demographer. He believed that human populations increase geometrically, but food supplies increase arithmetically – so that increases in food supplies will eventually be unable to match the population.
[image: ]
Simple interest produces arithmetic (linear) growth, while compound interest produces geometric growth. 
[image: ]

So, I hope that you have seen how useful and applicable savings models can be. This course is entitled “The Mathematics of Daily,” and I believe that savings models and money management is one of the most common ways that mathematics permeates our daily lives.  Even a basic knowledge of these concepts is a huge asset to your future financial planning and thinking. If you are interested in learning more about savings models, the references below are excellent places to start.
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