
Ist Semester M.Tech Microwave & TV
Engineering And Signal Processing

Tutorial 8:Inequalities,CLT, Random Sum of Random Variables

1. The resistors r1, r2, r3 and r4 are independent random variables and each of
them are uniform in the interval(450,550). Using the central limit theorem,
find P{1900 ≤ r1 + r2 + r3 + r4 ≤ 2100}

2. Determine the probability that |X| > γ if X ∼ U(−a, a). Next compare
these results to the Chebyshev bound for a=2.

3. Using the central limit theorem,show that for large n:
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4. Compute the chernoff bound on P[X ≥ a] where X is a rv that satisfies the
poisson distribution with parameter λ.

5. Show the following one-sided version of Chebyshev inequality:

P(X-µ ≥ a) ≤ σ2

σ2+a2

where µ and σ2 are the mean and variance of X respectively, and a > 0.

6. Let Xn, n ≥ 1 be a sequence of iid random variables distributed uniformly
in [0, 1 ] . Consider a random variable

Zn = n min{X1, X2...., Xn}

Find limn→∞, P (Zn ≥ z), ∀z, and identify the limiting random variable with
this law.

7. A company manufactures toaster ovens. Let the probability that a toaster
oven has a dent or scratch be p = 0.05. Assume different ovens get dented
or scratched independently. In one week the company makes 2000 of these
ovens . What is the approximate probability that in this week more than
109 ovens are dented or scratched ? .

8. Derive the inequality σxP [|X| ≥ σX ] ≤ E {|X|} ≤ σX that holds true if fX (x) =
fX (−x).
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9. Compute the chernoff bound on P[X ≥ a] where X is a rv that satisfies the
exponential distribution with parameter λ.

10. Let Xi for i = 1, ...., n be a sequence of i.i.d Bernoulli r.v.’s with Px (1) = p
and Px (0) = q = 1− p. Let the event of a {1} be a success and the event of
a {0} be a failure.

(a) Show that

Zn = 1√
n

∑n
i=1Wi ,

where Wi = (Xi−p)√
pq

, is a zero mean , unity variance r.v, involving the

sum of a large number of independent r.v.’s, if n is large.

(b) For n = 2000 and k = 110, 130, 150, compute P [ k success in n tries
]using (i) the exact binomial expression; (ii) the poisson approximation
to the binomial; and (iii) the CLT approximations.

11. Let the random variable X has three possible values −1, 0 and 1 , with proba-
bility 1

18
, 8
9
, and 1

18
, respectively. Find (i)µ and σ2 (ii)P (|X − µ| ≥ 3σ) (iii)

the upper bound of P (|X − µ| ≥ 3σ) using the chebyshev inequality. How
does the exact value obtained in (ii) compares to upper bound obtained in
(iii)

12. Let X1, X2, ..... denote a sequence of iid random variables with exponential
PDF

fX(x) =

{
e−x ; x ≥ 0
0 ; otherwise

Let N denote a geometric(1/5) random variable.

(a) What is the MGF of R = X1 +X2....+XN?

(b) Find the PDF of R.

13. Suppose X is a Guassian (1,1) random variable and K is an independent
discrete random variable with PMF

PK(k) =

{
q (1− q)k ; k = 0, 1, ....
0 ; otherwise

Let X1, X2..... denote a sequence of iid random variables each with the same
distribution as X.

(a) What is the MGF of K?

(b) What is the MGF of R=X1 + .......+XK?Note that R=0 if K=0.
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