University Problem Set #12 ECE 313
of lllinois Page 1l of 1 Spring 1999
Assigned:  Wednesday, April 14, 1999

Due; Wednesday, April 21, 1999

Reading: Ross, Chapter 6 (except Sections 6.6 and 6.8), Chapter 7 (Sections 1-3 only)

Noncredit Exercises: pp. 293-300: 8-12, 15, 20-23, 26, 28-30; pp. 300-304: 8, 14, 22, 23,

Problems:

1. The discrete random variables X and Y havejoint pmf py v (u,v) given by

4 0 1/12 1/6 1/12

3 1/6 1/12 0 1/12
-1 1/12 1/6 1/12 0
v- [ u® 0 1 3 5

(a)  Findthe margina pmfspy(u) and py(v) of X and Y.

(b)  Aretherandom variables X and Y independent ?

(¢) FndP{X E£Y}andP{X +Y £ 8}.

2. Thejointpmfof X and Y ispy y(i,j)) =233, i=1,2,..; j=1,2, ..

(a)  Findthemarginal pmfsof X and 'Y and show that these are valid pmfs. What kinds of
random variables are these?

(b)  Findthe conditional pmf of X giventhat Y = k.

(c) AreX andY independent random variables?

3. The number of a-particles emitted by a source during aunit time interval can be modeled as
a Poisson random variable X with parameter | . The a-particles are detected by means of a
(imperfect) Geiger counter which detects a particle with probability p < 1. The detections
of the various particles can be considered to be independent events. Thus, if n particles
have been emitted, the Geiger counter reading can be modeled as a binomial random
variable Y with parameters (n,p). In short, py |X(k|n), the conditional pmf of Y given that
X =n,isabinomial pmf: py x (k|n) = (E)pk(l—p)”‘k for O£ k£ n. (Notethat Y £ X
aways: the counter does not mistakenly count a particle when no particle is present, i.e.
there are no false alarms! but the counter does occasionally fail to detect a particle).

(a)  Sketchthe u-v plane and the joint pmf of X and Y. Precisionisnot required in the sizes of
the blobs you draw, but be sure that you don’t put masses where they do not belong.

(b)  What isthe unconditiona pmf of Y ?

(c)  Whatisthe conditional pmf of X givenY =k?

4. Thejointly continuous random variables X and Y have joint pdf given by

_J2exp—(u+v), O<u<v<y¥,
fx.y(Uv) =1 o, elsewhere,

(a)  Sketchtheu-v plane and indicate on it the region over which fy y (u,v) is nonzero.

(b)  Findthe margina pdfsof X andY.

(c) Aretherandom variables X and Y independent ?

(d) FndP{Y >3X}.

(e) Fora>0,findP{X +Y £a}.

(f) Usetheresult in (f) to determine the pdf of the random variableZ =X + .

5. Thejointly continuous random variables X and Y have joint pdf

1-1/2, Ofu<l,0£v<l,andO0Ofu+v<l
fx y(uv) =13/2, Ofu<1l,0fv<il andl£f£u+v<2
to, otherwise.

Find fx(u), P{X +Y £ 3/2} and P{X2+ Y23 1}.



