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Problem 1: [30 points]
Three Boxes B, B,,B3 contain the following colored balls

Red Green Blue
B, 6 2
B, 4 3
83 2 4

The random experiment consists of selecting one box at random and then selecting one ball from
that box. If the boxes have equal probabilities of selections, find the following probabilities:

(@) P(Selecting Red Ball | Box B; was selected)?

(b) P(Selecting Red Ball or Green Ball | Box B, was selected)?
(c) P(Selecting Blue Ball | Box B, selected or Box B; selected)?
(d) P(Not selecting Green Ball | Box B3 was selected)?

(e) P(Selecting Blue Ball)?

(f) P (Box B3 was selected | Selecting Blue Ball)?
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Problem 2: [35 points]
Let X be a discrete random variable with sample space Sx ={2,4,6,8,10}and mass probability

P(X=x;) shown below:
P(X=2)=0.1 P(X=4)=0.3 P(X=6)=0.2 P(X=8)=0.1 P(X=10)=0.3

(a) Find and plot the denity function fx(x)?

(b) Find Fx(4) - Fx(2)? (where Fx(x) is the cumulative distribution function)
(c) Find and plot the conditional density fx(x | X <7) ?

(dy Find E[X | X <7]?

Solution fx (x)
(@) fX(X): Z P(X :Xi)§(X _Xi) 0.11 0.3I 0.21 0.1[ o.sl
vx, €S, ={2,4,6,8,10}
=(0.1)o(x —2)+(0.3)o(x —4)+(0.2)6(x —6) 0 ) A 6 o 10
+(0.1)5(x —8) +(0.3)5(x —10)
(b) Fy(4)— F (2)=P(2<X <4)=P(X =4)=0.3
© fy (X| X <7)= > P(X =x | X <7)d(x—x)
vx, &S, ={2,4,6,8,10}
X<7
P(X =2|X <7) = P{2}{2,4.6}) _ P(2)
P{2,4,6})  P(2)+P(4)+P(6)
~ 01 01 1
© 0.1+0.3+0.2 0.6 6
P(X =4[ X <7)= PAAI{24.6}) _ P(4) _03_1
P{2,4,6}) P(Q)+P@)+P(6) 06 2
P(X=6|X<7)=P({6}|{2,4,6})= P(6) _02 1 fy (XX <7)
P{2,46}) P(2+P@#)+P®6) 06 3
P(X =8| X <7)= P({8}1{2,4.6}) - P(¢) :1: 0 16 12 U3
P{2,4,6}) P(2)+P(4)+P(6) 0.6 [ l ]
P(X =10| X <7) = L WOFH2 4.6} P(/) - %o 0o 2 4 &

P({2,4,6}) P(2)+P(4)+P(6) 06
Therefor

fy (x] X <7)=%5(x—2)+%5(x—4)+%5(x—6)

) E[X| X < 7]= > XP(X =x|X<7)
Vx €S, ~{2,4,6,810}
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Problem 3: [25 points]

A random variable X has a uniform density function fx(x) which is distributed between 0 and
6 . Define the following events

A={2<X<5} B= {0<X<3}

(@) Find P[A]?

(b) Find P[A U B]?

(c) Are events A and B independent? Explain ?

(d) Find Fx (3|A) — Fx(0JA)? (where Fx(x) is the cumulative distribution function)

Solution
5 81 1 1 fx (x)
(@ PIAL= [£00x = [ ()= (6-2)(3) = |
2 2 \NZZ
(b) AUB = {2<X<5} U{0<X<3}={0<X<5} 02 6
5 5
= PIAUB] = PI{0<X<5}]= [, (x)dx = | (%)dx - (5—0)(%) - 2
0 0

OR
P[A U B] = P[A]+P[B] - P[A(N B]
1

3 3
PIB] = PLOX<3H=[ £ (0 = [ )k = (3-0)(3) =
0 0

_ ¢ i 1.1
P[AN B] = P[{2<X<3}]= ! f, (X)dx = ! (g)dx = (3- 2)(5)_ P

— PAUB]= S+ 1-1_2_ 03333
2 2 6
(c) P[ANB] TWA]P[B]
1

PIANBI =+ and PIAIPIBI=()(Z) =

= P[ANB] # P[A]P[B]
= A and B are not independent events
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(d) Fy(3|A) - F (0]A) = P[{0<X<3}/A]=P[B|A]= oA

_(1e_1
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OR

F (3|A) = P[{X < 3}|Al= PI{X<3)NA] _ Pl2<x<3] _ (1/6)(3-2) :E

PP T (1/6)(5-2) 3
¢ the empty set

0
R, (0JA) = P[{X < 0}|A]= P[{Xj[ff]’”’“ 02" 0

= F (31A) - Fy (0}A) = %-0=§



Problem 4:[10 points]
Find P[2< Y<5], if the random variable Y has a Gaussian probability density function given

by

o~ (v-2)%/18

1
fY(y):E

Solution

X
1 .
P[2<X<5] = F (5) = Fy (2) were Fy(x)= j' et/
o N187

No Closed Form Solution

Since the Gaussian Density is given as

1 ? 20!
e 0y /20 a,=2 and o, =3
27[0')2<
= P[2<X<5] F(5_2) F(Z_z) were F(x) .il /1 o
At W = St = —e
3 3 o N27

Normalized and Tabulated

= F(1) - F(0) = 0.8413— 0.5000 = 0.3413



