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Q.1.
(a)
State the three laws of probability and define what you understand by the terms (i) Conditional Probability (ii) Independent Events.



(b)
Define the following terms

(ii) 


(i)
Random variable

(iii) Distribution Function




(iv) Density Function

(v) 


(iv)
Expected Value ( E[X] )

(vi) Variance ( V[X] )

(vii) Covariance ( Cov[X,Y] )

(c) Show 

(i) If X and Y are a pair of independent continuous random variables then Cov[X,Y] = 0.

(ii) V[X + Y] = V[X] + V[Y] + 2 Cov[X,Y]


Q.2.
(a)
Define what you understand by the probability generating function (p.g.f) of a discrete random variable, X. You may assume that X is non-negative.



(b)
Determine the p.g.f of a Geometric random variable, i.e. a random variable with density





f(x) = pqk-1

0 < p < 1,    q = 1 – p,    k = 1,2,...



(c)
Show that if p(t) is the probability generating function of a random variable, X, then E[X] = p’(1). Hence or otherwise deduce that for a Geometric random variable E(X) = 1/p.

Q.3.
(a)
Briefly describe what you understand by the moment generating function (m.g.f) of a random variable and indicate what the basic properties of such functions are (proofs are not required ).



(b)
Let X ~ χr. Prove that the m.g.f. of X is given by





MX (t) = (1 - 2t)-r/2



Note the density of a χr random variable is given by
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(c) Using the results from (b) above determine the mean and the variance of a χr random variable.


Q.4.

A random variable X has density given by 





f(x) =
3x2
0 < x < 1






0
otherwise.
Determine the density functions of the following random variables


(a) 
Y = 3X3
(b) Z = 1/X1/2





(c)
W = log (1 – X)

Q.5.

Assume that U ~ N(0,1) and V ~ X and that these random variables are independent. Determine the density function of





T = U/(( V/r)



i.e., the density of a Student's t random variable with r degrees of freedom.
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