We know that the random variable X follows a binomial distribution with 
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. Using the definition of the normal approximation to binomial, we can say that the distribution of X will “resemble” a normal distribution with 
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. So we can approximate the distribution of X by saying that 
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. Using this approximation will simplify the following computations.

1) Calculate 
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In order to calculate probabilities with a normal distribution, we must always “convert” it to a standard normal distribution (a normal distribution with 
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). Let’s call Z to a random variable that follows the standard normal distribution. If X follows a normal distribution (as is the case in this question) we have the following definition:
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Therefore, we know that 
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 follows a standard normal distribution. Now we can calculate all the probabilities using a standard normal distribution table. This table can be found in almost all Statistics textbooks. In case you don’t have one, you can find one at:
http://www.math2.org/math/stat/distributions/z-dist.htm
We must find 
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. We can rewrite this as:
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If we lookup -1.46 in the table, we get the probability 0.07214. So that’s the approximate probability that 
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Now let’s compare this value with the one obtained from a binomial distribution table. You can find one at:
http://www.edcallahan.com/web110/tables/bino20.htm
Since we have that 
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; if we look up these values in the table, we get that 
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As you can see, the normal distribution gives quite a good approximation in this case.

2) Calculate 
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We can compute this value as 
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, but since the normal distribution is continuous, 
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 and fortunately we already have this value. So we must only find 
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. We use the same procedure as before:
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Clearly, since the standard normal distribution is symmetric around 0, we know that this probability is 0.5. Therefore,. 
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=0.5-0.07214=0.4278. However, in this case it’s not a very good approximation. If we look up this probability in the binomial table, we get that this probability is 0.573.
3) Calculate 
[image: image23.wmf])

4

(

³

X

P


Since the standard normal distribution table I provided in the link gives the probabilities that Z  is lower than a given number rather than higher, I will rewrite this probability in the following way: 
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. Now we follow the same procedure as before, subtracting the mean and dividing by the standard deviation. We get that, using the approximation, 
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If we know use the binomial table, we get that this probability is actually 0.892. So again it appears to be a good approximation.
4) Calculate 
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In this case we cannot use the normal approximation. This is because the normal distribution is continuous, and the probability that a random variable that follows a continuous distribution is exactly equal to a number is 0. Let’s assume X follows a continuous distribution, with density function f(x). Recall that when you want to find the probability that X falls between a  and b, you must solve the following integral:

[image: image27.wmf]ò

b

a

dx

x

f

)

(


However, in this case 
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, and when the limits of the integral are equal, the integral is 0. Therefore we can’t use the approximation in this case.
Still, some people do try to make an approximation by finding (in this case) 
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 (numbers “around” 4). If we do this (following the same procedure as in the previous questions) we get that this probability (using the normal approximation) is 0.1208. The actual probability (using the binomial table) is 0.1300. Using this method, the approximation is quite good.
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