1-27-06

STT 315 Recitation Assignment for week 4, due 2-2-06.

1.  Binomial calculations.  A process produces defective parts at the rate of 32% on the average.  Parts are statistically independent (i.e. knowing some particular parts are defective does not alter the probability 0.32 that the next, or any other, part will be defective).  Let X denote the number of defective parts in a sample of 7 parts.

a.  Calculate P(X = 2) = p(2) using the Binomial formula.

b.  Show how you confirm your answer to (a) using Table 1 of the Appendix, the table of cumulative Binomial probabilities (table probabilities may be slightly off due to table accuracy limitations).

2.  As (1).  But suppose (instead) we propose to sample 100 parts and X denotes the number of defective parts in this sample.

a.  What are the smallest and largest X may be?

b.  What are the mean and sd of X?

c.  Sketch the normal approximation of the distribution of X.  Label important features.

d.  Shade the area under the curve (c) which is equal to the probability of getting between 32 and 47 defectives (incl 32 and 47).

e.  Determine the standard scores of 32 and 47.

f.  Use the Z method and Table 2 (standard normal) to approximate P(X is in the range 32 to 47).  We’ll call this the “naive” use of Z (see (g) next).

g.  Because (for any integer x in 0 to 100), P(X = x) = p(x) is most naturally approximated  by the area under the normal curve between the limits of x-0.5 and x+0.5 (its a calculus thing) many statisticians approximate

            P(X in range 32 to 47 inclusive) 

by the area under the normal curve between  31.5 and 47.5.  Do so.  This is called the “continuity correction” method.  Hint: you now have two pieces of the normal curve to deal with, since 31.5 is below the mean and 47.5 is above the mean.

h.  Use the continuity correction method to approximate P(X = 30) = p(30) by the area under the normal curve from 29.5 to 30.5.  Note that the naive method would not make any sense since the area directly above x = 30 is zero.

3.  Poisson by direct calculation.  The number of work stoppages X in one week is thought to be Poisson with a mean of 7.8.

a.  Directly calculate p(6), the probability of exactly 6 stoppages in one week, using the Poisson formula for p(x).

b.  Use the table of Poisson on page 807 (it is not a cumulative table) to confirm your answer  to (a), i.e. p(6).

c.  Since the mean is 7.8 > 3 we will consult the normal approximation (mean 7.8 and sd = root(7.8)).  Sketch this normal.

d.  Use the Z method with continuity correction to approximate p(6) as the area under the normal from 5.5 to 6.5.  Compare all three calculations of p(6).

3.  Exponential life.  Some processes stop only when a rare event strikes them.  Incandescent lamps are one good example since if left on the better filaments will go on for a very long time unless a power surge takes them out (there was one of this type in a Meridian Township fire station until just some years ago).  Other examples include (some) political lifetimes (scandal, etc), lives of prey, catastrophic part failure, waiting times in queues, gaps in traffic.  The exponential distribution is very important for planning traffic systems, plant layouts, telephone systems, insurance risks (times between  claims), thresholds for responding to unusually rapid occurrences  of accidents, illnesses.

Suppose that times between accidents have an exponential distribution with mean 12.5 hours.  

a.  Roughly sketch the distribution, putting the mean at the balance point by eye.  

b.  What is the sd?

c.  Perhaps we have an accident occur at only 3.8 hrs after the last one.  This seems uncomfortably soon considering that the average time between accidents is 12.5 hours.  What is the probability that the time to the next accident would have exceeded 3.8 hrs?

d.  Use (c) to determine the probability of an accident sooner than 3.8 hrs.  Note, this is a continuous distribution.  There is zero probability of an accident at precisely 3.8 hrs.

e.  Determine the probability of a (new) accident in the time range 4.1 to 5.4 hours.  Sketch the exponential curve and shade the area you are looking for.

Now, suppose we are dealing with ANY exponentially distributed r.v. X.  

f.  Calculate P(X > E X).  That is, what s the chance that an exponential life exceeds its mean lifetime?  Your answer does not depend upon the mean.  Since it will not be 1/2, there is not circumstance in which a normal approximation applies (of course, not exponential curve resembles a bell, so what else is new).

4.  Calculate sample sd s, margin of error.  For the list of x-scores {2.1, 4.3, 2.4} 

a.  Calculate the sample mean xBAR.

b.  Calculate the sample sd s.

Now suppose that a random, equal probability, with-replacement sample of n = 88 customers is selected and examined for score x = amount  that the customer has spent with the company last month.  Suppose also that this sample of 88 has a sample mean (average) xBAR = $57.44 with sample sd = $21.36.

c.  Determine the margin of error of xBAR.

5.  As (4).  Except,  each customer in the sample is examined for score y which is

                      y = 1 if customer owes us money

                         = 0 if not

Let’s say that 36 out of 88 owe us money.

pHAT = yBAR is the fraction of customers, in the sample, who owe us money.

a.  Give pHAT.

b.  Determine the margin of error for pHAT.

6.  Smoothing data.  Consider a data set {15.4, 17.1, 15.0, 15.8}.  This data is shown below in a little figure with a normal curve directly centered on each of the four points.  These normal curves have been chosen with each sd = 0.5.  This sd is called the “bandwidth” and choosing it to reveal detail without  producing spurious “wiggles” in the resulting average is a delicate matter. 

a.  Plot the average height of the four curves.  What you will then have is a “density portrait” of the four data points.  An average of four heights is easy.  Do it at several places on the axis then join smoothly.
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b.  What is the mean of the density you found in (a)?

