Ways of Knowing Science-ILS 153

Homework 4: Statistics
October 1, 2009: Due October 8, 2009

Name_____________________

In this homework, we will calculate probabilities.  Probability is a purely theoretical construction, because it uses a model to make a prediction about an expected outcome.  Probability is the exact opposite of statistics, the latter of which is based completely on data, which is then interpreted.  So, this will be a bit of math, but hopefully you’ll get the idea.

Part 1: Dice Rolling

Just to warm up, we’ll do some probability with dice.  The odds of rolling any particular number is 1/6.  The issue is, however, is when you need to think about rolling multiple dice at the same time.  Say, for instance, you have three dice and you need to have at least one six.  How do you calculate it?  If the chances of rolling a 6 were 1/6 with one dice, aren’t they just 2/6 with two dice.  The answer is no – as should be obvious with some thinking.  Using that logic, it means that if you roll 6 dice, you would have a 6/6 chance (100%) of rolling a six.  
What you need to do is multiple probabilities to find the real probabilities.  So, the chances of a six not appearing on the first dice is 5/6.  If you multiple this by the chance of a six not appearing on the second dice is:

5 / 6 x 5 / 6 = 25 / 36
finally, multiply that number by the chances of a six not appearing on the third dice is 

25 / 36 x 5 / 6 = 125 / 216
So, there are 125 out of 216 chances of a six NOT appearing when three dice are rolled. Simply subtract 125 from 216 which will give us the chances a 6 WILL appear when three dice are rolled: 91/216. 

So, say you are playing a game where you need to either a roll a 1 or a 2 on a dice, and you have 4 dice.  What are the odds of rolling a 1 or 2.

What is the odds of rolling a 1 or 2 on a dice:

What is the odds of NOT rolling a 1 or 2 on a dice:

What is the odds of NOT rolling a 1 or 2 on two dice:

What is the odds of NOT rolling a 1 or 2 on a three dice:

What is the odds of NOT rolling a 1 or 2 on four dice:

What is the odds of rolling a 1 or 2 on four dice:
Part 2: Coincidences and the Birthday Problem.  

A lot of people believe weird things because they do not know how to calculate basic probabilities.  Here is an example: How weird would it be if someone in the class had the same birthday as someone else (particularly you).  So, what is the probability of that happening?

1. For one person, there are 365 distinct birthdays.

1. For two people, there are 364 different ways (days they could be born on) that the second could have a birthday without matching the first.  So, the odds of having the same birthday are: 1/ 365.  Put in the opposite way, the odds of not having the same birthday are 364/365.  (This should be looking exactly like the dice rolling experiment)

1. If there is no match after two people, the third person has 363 different birthdays that do not match the other two. So, the probability of NOT having a match is (364)(363)/(365)(365).

1. This leads to the following formula for calculating the probability of a match with N birthdays is (364)(363)...(365 - N + 1)/(365)^(N-1).

1. In our class, there are 37 people.  This gives about an 85% chance that two people would share a birthday.

1. Your homework is to calculate what is the probability that 2 or 10 random people would share a birthday.  Should your work and logic below.

Part 3: Compound interest.  

Albert Einstein once said, supposedly, “The most powerful force in the universe is compound interest”.  He was basically correct – it is kind of amazing.   Here is the equation for calculating compound interest:

M = P( 1 + i )n

M is the final amount including the principal; P is the principal amount; i is the rate of interest per year; and n is the number of years invested.

Here is an example: Let's say you have $1000.00 to invest for 3 years at rate of 5% compound interest.  Substituting this into the above equation, you find this.

M = 1000 (1 + 0.05)3 = $1157.62.

So, the original $1000 is now worth $1157.62.
a.  Calculate the final amount if you deposit $1500.00 in a bank paying an annual interest rate of 4.3%. Find the balance after 6 years.

b.  Calculate the final amount if you deposit $10000.00 in a bank paying an annual interest rate of 10%. Find the balance after 20 years.

3.

