
Sta 250 = Mth 342 : Homework 51. A random sample x = fXi : 1 � i � ng is taken from the uniform distribution fXig iid�Un(0; �) on the interval [0; �℄ for some unknown � > 0. Let Æ(x) = max fXig be the maximumobservation. How large must n be to ensure thatP � jÆ(x) � �j < �10 � � 0:90for every � > 0?2. A random sample fXi : 1 � i � ng is taken from the Poisson distribution Xi iid� Po(�) withunknown mean � > 0. How large must n must be to ensure thatE�[ j �Xn � �j2=� ℄ � 110for every � > 0?3. If the sample size n in Problem 2 is large enough, the entral limit theorem will ensure thatPi�nXi and hene �Xn = (Pi�nXi)=n will have approximately normal distributions. Howlarge must n must be to ensure thatP � j �Xn � �j < 110p� � � 0:90for every � > 0, assuming the normal approximation holds?4. Still with the same sample as in Problems 2 and 3, how large must n must be to ensure thatP� � j �Xn � �j < 0:01 � � 0:90for the spei� value of � = 4?5. The observations x = fX1; : : : ;Xng of steari aid onentration in lams may be treated asindependent normal random variables fXig iid� No(�; �2) with unknown mean and variane.If the mean � is known then one estimate of the variane �2 isS = 1nXi�n(Xi � �)2If n = 8 and � = 0:5, what number  satis�esP(S � ) = 0:90?6. Suppose in Problem 5 we had n = 200 observations. Again with � = 0:5, �nd (approximately,using the entral limit theorem) the smallest number  that satis�esP(S � ) = 0:90Justify your use of the entral limit theorem.1



7. For n = 1, n = 2 and n = 4, sketh a plot of the �2n = Ga(n=2; 1=2) distribution with ndegrees of freedom. Find and indiate on your plots the mean, mode, and median of eah.8. Let X;Y iid� No(0; 1) be independent random variables, eah with the standard normal distri-bution. Find the expeted area of the smallest irle entered at the origin that ontains thepoint (X;Y ).9. In 1827 botanist Robert Brown notied that pollen grains seemed to wiggle when observedunder a mirosope| some of the �rst diret evidene that moleules exist. Eah of the threeoordinates of the position of a pollen grain may be viewed as the sum of thousands andthousands of \kiks" the grain gets from its ollisions with water moleules. By the entrallimit theorem, eah oordinate has approximately a normal distribution, all independent.Call the oordinates at time t � 0 Xt, Yt, and Zt, and �x the origin of the oordinate systemso that (X0; Y0; Z0) = (0; 0; 0). Then for some onstant �, after any number t of seonds ofjostling by water moleules, eah oordinate will have approximately a No(0; �2t) distribution.Einstein used estimates of � to �nd the �rst estimates of the mass of water moleules (andhene the �rst estimates of Avagadro's number).Find the probability that at time t = 3 the pollen grain will lie inside the sphere whose enteris the origin and whose radius is 5�.10. Let �̂ and �̂2 be the maximum likelihood estimates of the mean � and variane �2 of anormal distribution, based on a random sample x = fX1; : : : ;Xng iid� No(�; �2). Show that�̂2 � Ga(�; �) has a Gamma probability distribution, and �nd � and � in terms of �, �2, andn.Note: Earlier problems 11+ have been removed.
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