for Engmeers & Scnent:sts

ALWAYS LEARNING PEARSON




Sampling Distribution of the Difference
between Two Means
Theorem 8.3

If independent samples of size n; and ny are drawn at random from two popu-
lations, discrete or continuous, with means p; and pp and variances o7 and o3,
respectively, then the sampling distribution of the differences of means, X; — X,
is approximately normally distributed with mean and variance given by

KX, —X =M1—M2311d02“ < =J—% J—%
Xl_X2 Xl—X2 n]_ n2

Hence,

()_{1 - X:z) — (p1 — p2)
V(03 /n1) + (05 /n2)

is approximately a standard normal variable.
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Example 8.6:| The television picture tubes of manufacturer A have a mean lifetime of 6.5 years
and a standard deviation of 0.9 year, while those of manufacturer B have a mean
lifetime of 6.0 years and a standard deviation of 0.8 year. What is the probability
that a random sample of 36 tubes from manufacturer A will have a mean lifetime

that is at least | year more than the mean lifetime of a sample of 49 tubes from
manufacturer B7
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Case Study 8.2: | Paint Drying Time: Two independent experiments are run in which two different
types of paint are compared. Eighteen specimens are painted using type A, and
the drying time, in hours, is recorded for each. The same is done with type B.
The population standard deviations are both known to be 1.0.

Assuming that the mean drying time is equal for the two types of paint, find
P(X4—Xp > 1.0), where X, and Xp are average drying times for samples of size

ny =np = 18,
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Theorem 8.4

If S? is the variance of a random sample of size n taken from a normal population
having the variance o2, then the statistic

= (”—U;)Sz =% (Xi — X)?

has a chi-squared distribution with v = n — 1 degrees of freedom.
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Example 8.7:| A manufacturer of car batteries guarantees that the batteries will last, on average,
3 vears with a standard deviation of 1 year. If five of these batteries have lifetimes
of 1.9, 2.4, 3.0, 3.5, and 4.2 years, should the manufacturer still be convinced that
the batteries have a standard deviation of 1 year? Assume that the battery lifetime
follows a normal distribution.
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Theorem 8.5

| Let Z be a standard normal random variable and V' a chi-squared random variable
with v degrees of freedom. If Z and V are independent, then the distribution of
the random variable T', where

V7o)

is given by the density function

_ Tf(v+1)/2] A
O = Tomrges (5)

This is known as the t-distribution with v degrees of freedom.

y =00l < B0,
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Corollary 8.1

Let X1, X5,...,X, be independent random variables that are all normal with
mean p and standard deviation o. Let

n
X’leXi and §2% = - Z(Xz-—}?)2.
n
i=1

Then the random variable T' = % has a t-distribution with v = n — 1 degrees

of freedom.
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Example 8.11:| A chemical engineer clsams that the population mean yield of a certain batch
process 1s 500 grams per milliliter of raw material. To check this claim he samples
25 batches each month. If the computed f-value falls between —£; g, and g g5, he
15 satisfied with this claim. What conclusion should he draw from a sample that
has a mean # = 518 grams per milliliter and a sample standard deviation s = 40
grams! Assume the distribution of yields to be approxamately normal.
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