Quiz 1 MATH 502AB Fall 2007
Name (please print)

1. Consider a sequence of days, and let R; denote the event that it rains on day 4. Let
P(Ro) = p (rain today), P(R;|Ri—1) = «, and P(R¢|Re_,) = B. Suppose further that
only today’s weather is relevant to predicting tomorrow’s; that is, P(R;|R; 1N -+ NRy) =

P(R;|R;_;). What is the probability that it rains n days from now? What happens as n
approaches infinity?
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2. Suppose that a rare disease has.an incidenfe of 1 in 1000. Ass'uming that members of the

populatigwrare affectéd independéntly, Find £he probability that two individuals are affected
in a population of 100,000. Givé a numerigal value.
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2 Show that if the conditional probabilities exist, then
P(hﬂ Ay )
P(AinAnNn---NA,) = P(A1%P(A3|A1 NAg) - P(AJAiN A0 - N A,_y).

, cg\j;d\m\j .
hotive b 50 n=torl, gud b B= A0 RO0 M-t
'(\Ak-z,)

X
>
)
>
A
S
(o
i
J
3

Q(Pﬁ.\ ISV

Then ’?QY) Yy = PCAY ﬂ(?‘g\%\(\gﬂ - PR VAN

f\p\;(): P(Q) (\?&\Q) = :ﬁii?‘l

¥ Aoov-- \ : \BV)*"?(%“) \
( s A/L\F‘w) v Ak ' .,,g:\ﬂ(\(&u,,z) \)(AK\@“(\W{\A‘M
= e WL AR AN TR M
- ‘ e e o
N ‘ - |
P(()D') ﬁj(fwkuu‘\ Cﬁ E‘D |

3. Let A and B be arbitrary events. Use the three axioms of probability to show that
P(AUB) < P(A) + P(B).

Identify the axiom(s) that you use at each step. You are not allowed to use any theorems.
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4. Let X ~ binomial(n, p). Derive the mode of the probability mass function of X.
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5. Suppose that a rare disease has an incidence of 1 in 1000. Assuming that members of the
population are affected independently, Find the probability that two individuals are affected
in a population of 100,000. Give a numerical value.
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Quiz 2 MATH 502AB Fall 2007

Ve

Name (please print) (Q E Y

1. Use the fact that I'(1/2) = /7 to show that if n is an odd integer, then
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2. It U ~ Uniform[-1,1], find the density of UZ.
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3. The following fi¥e numbers were randomly generated from the uniform random variable
on (0,1): )
0.0153 0.7468 04451 0.9318 CZHEH

Using these numbers generate five random numbers from the geometric random variable
with parameter p = 1/3. Very briefly explain how you obtain your solution.
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4. Three players play 10 independent rounds of a game, and each player has probability
1/3 of winning each round. (a) Find the joint distribution of the numbers of games won

by each of the three players. (b) Identify the distribution of the number of games won by
player one.
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5. Let (X,Y) be jointly distributed random variables with pdf
f(x,y)=%($2*y2)e"’ 0<z<oo —z<y<uz

(a) Find the marginal density of Y. (b) Find P(X +Y < 1). For part (b) leave your
solution as integrals, and do not calculate the integrals.
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Quiz 3 MaATH 502AB Fall 2007

Name (please print) KE \<

1. Suppose that two components have independent exponentially distributed lifetimes T}
and 75, with parameters o and 3, respectively. Find (a) P(Ty > Ty), (b) determine
the distribution of W = 2T5, and (c) use the results in parts (a) and (b) to obtain
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2. Consider a Poisson process on the real line, and denote by N(t,t3) the number of
events in the interval (¢1,%5). If to < t; < tg, find the conditional distribution of
N(to, tl) given that N(to, tg) ="nN.
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3. Suppose that the probability © of getting heads for a coin is unknown, and let the
prior opinion about © be represented by the uniform distribution on [0,1]. You spin
the coin repeatedly and record the number of times N until a heads comes up. (a)
Find the posterior density of © given N. (b) Use Matlab or any other software to plot
the posterior for cases where N =1, N = 2, and N = 6. Using your plots, explain
what you infer about the probability of heads in each circumstance.
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Quiz 4 MATH 502AB Fall 2007

Name (please print) \4/— e~

1. Let X be a continuous random variable with a pdf that is symmetric about a point &.
Provided that E(X) exists, show that E(X) = &.
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2. Let X be an exponential random variable with parameter A. Find

2 [|X ~EB(X)| > ;}

and compare your result to the Chebyshev’s bound.
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3. If X is a discrete random variable, taking values on the positive integers, then show
that E(X) =Y, P(X > k). . -
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4. Find the mean of a negative binomial random variable X with parameters r and p, by
expressing X as sum of indicator variables.
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5 It U =a+bX and V = ¢+ dY, show that |ppv| = |pxy|-
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Quiz 5 MatH 502AB October 20, 2006

Name (please print)

1. The moment generating function for a random variable X having a x? distribution with
degrees of freedom n > 1 is Mx(t) = (1 — 2¢t)™"/2. Let W have a x? distribution with
degrees of freedom n > 1, and let V have a x? distribution with degrees of freedom 1. (a).
If W=U+V,and U and V are independent, determine the distribution of U? (b). What

are the mean and variance of W? ~ Hw e
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2. Find the approximate variance of Y = v/X, where X is a Poisson random variable with
parameter A.
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3. The random variable Y has a Gamma distribution with parameters o and A. Furthermore

assume that X given Y has a Poisson distribution with parameter Y2. (a) Obtain E(X).
(b) Obtain Var(X).

\( o V% )
X\Y«’\)@OL})C\AQ\(

EQ%\ ; \;S\gﬁﬁ\\ﬂ)\g
)

NS A

-

({2 k‘() = ’“ +<,,
[g(x“(’]

WASSE E[vm(xt\/)}ve— Ve
(X)) pvet ()

ERERS Yy -\ECY 5

W, "L-
,‘.»(»Q

e
-

—

E(% ) =

P(a)
APt
_ X &
- '67\-1) ) é/w\/“w/w
p (e 2 )wfﬂwf\)d
ok v(d-(v‘() ) Lo'l*a A
g ,Z\Ew — e P
pe g .
ok
(b( 3>(%{_z\ (,"U‘")O{ . EEZT(;)
e 7
\f(‘ﬁ/kb(d\ = )\4



Quiz 6 MaTH 502AB October 30, 2006

Name (please print)

In solving the problems below, you can use all the results that we have derived
in class. You do not need to re-derive results. Make sure to cite the results that
you use.

1. Let Xi,---, X, be iid random variables from a N (g, 62), and S? be the sample variance.
What is Var(5?)?
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2. Let Xi,---,X, be iid random variables from a A(0,1). Determine the asymptotic
distribution of
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3.. Let Xy,---, X, be iid random variables from a N(0,0?) and Y}, -+, Y, be iid random

variables from a N(0,03). Write a 95% confidence interval for o2/02.
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4. Let X ~ N(0,2) and Y ~ exponential(1). Provided that X is independent of Y, identify
the distribution of )(’/ VY.
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