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(36 Pts.)

1. Answer TRUE or FALSE to each of the following questions:

(a) If X ∼ U [0, 1], then X2 ∼ U [0, 1]. T/F
False

(b) If X ∼ N(0, 1), then Y = 2X + 1 ∼ N(1, 4). T/F
True

(c) Let X be a uniform RV with mean µ and variance σ2 and Y be a Gaussian RV with the same
mean and variance. Then P (|X − µ| > σ) = P (|Y − µ| > σ). T/F
False

(d) Let X be an exponential RV with parameter λ. Then P (X > 5|X > 2) = e−3λ. T/F
True

(e) Let X ∼ N(0, σ2) and Y = X2. Then E(Y ) = σ2. T/F
True

(f) Let FX(u) be the CDF of a discrete RV X. If F ′
X(a) = 0, then P (X = a) ≡ 0. T/F

True

(g) Let (X, Y ) be a discrete random vector taking on values {(ui, vj), i, j = 0, 1, . . .}. Assume that
the joint pmf of X and Y is pX,Y (ui, vj) and the pmf of X is pX(ui). Then pX(ui) ≥ pX,Y (ui, vj)
for all vj . T/F
True

(h) Let (X, Y ) be a discrete random vector taking on values {(ui, vj), i, j = 0, 1, . . .}. Assume that
the joint pmf of X and Y is pX,Y (ui, vj) and the conditional pmf of X given that Y = vj is
pX|Y (u|vj). Then pX|Y (u|vj) ≥ pX,Y (u, vj) for all values of u and vj . T/F
True

(i) Let (X, Y ) be a continuous random vector defined over the entire 2D plane. Assume that the
joint pdf of X and Y is fX,Y (u, v) and the pdf of X is fX(u). Then fX(u) ≥ fX,Y (u, v) for all
values of v. T/F
False

(j) Let (X,Y ) be a continuous random vector defined over the entire 2D plane. Assume that
the joint pdf of X and Y is fX,Y (u, v) and the conditional pdf of X given that Y = v0 with
fY (v0) > 0 is fX|Y (u|v0). Then fX|Y (u|v0) ≥ fX,Y (u, v0) for all values of u and v0. T/F
False

(k) Let X be a random variable characterizing the lifetime of a system with hazard rate function
λ(t). Then, P (X > t) =

∫ t
0 λ(τ)dτ . T/F

False

(l) Let X and Y be two random varibales related to each other by Y = g(X) with g(·) being a
montonic function. Then P (Y > a) = P (X > g−1(a)) is always true. T/F
False



(4 Pts.)

2. If X ∼ U [0, 1] and Y = 2X + 1, then Y ∼ U [a, b] with a and b given below:

(a) [a, b] = [0, 1]

(b) [a, b] = [1, 2]

(c) [a, b] = [−1,−2]

(d) [a, b] = [1, 3]

(e) [a, b] = [−1,−3]

(f) None of the above

(d)

(5 Pts.)

3. Let Y = |X|, then

(a) E(Y ) ≥ E(X)

(b) E(Y ) ≤ E(X)

(c) E(Y ) = |E(X)|
(d) None of the above

(a)

(5 Pts.)

4. Let X ∼ U [a, b] has mean µ and variance σ2. Determine a and b.

Since X ∼ U [a, b], µ = a+b
2 and σ2 = (b−a)2

12 . Also, since σ > 0, σ = b−a
2
√

3
. Therefore, solving

the following set of equations

a + b = 2µ

b− a = 2
√

3σ,

yields

a = µ−
√

3σ, and b = µ +
√

3σ.



(10 Pts.)

5. Let X ∼ U [0, 1] and Y is an exponential RV with parameter λ. Assume that Y = g(X). Determine
g(·).

fX(u) = λe−λu, u ≥ 0

FX(u) =
∫ u

0
fX(t)dt = 1− e−λu, u ≥ 0

Y = F−1
X (x) = − 1

λ
ln(1− x).

(15 Pts.)

6. Let X1, X2, . . . , Xn be independent RVs with the same exponential distribution with parameter λ.
Determine P (min{X1, X2, . . . , Xn} < a), for a constant a > 0.

P (min{X1, X2, . . . , Xn} < a) = 1− P (min{X1, X2, . . . , Xn} ≥ a)
= 1− P (X1 ≥ a,X2 ≥ a, . . . , Xn ≥ a)

= 1−
n∏

i=1

P (Xi ≥ a)

= 1− e−λna.



(13 Pts.)

7. You are given Φ(u), the CDF of a standard Gaussian RV, only for u ≥ 0. Let X ∼ N(1, 22).
Determine the following probabilities using the given values of Φ(u).

(a) P (|X| < 3)

(b) P (X2 − 3X + 2 < 0)

Note that

FX(u) = Φ
(

u− 1
2

)

Φ(−u) = 1− Φ(u).

(a)

P (|X| < 3) = P (−3 < X < 3)
= FX(3)− FX(−3)
= Φ(1)− Φ(−2) = Φ(1) + Φ(2)− 1.

(b)

P (X2 − 3X + 2 < 0) = P ((X − 2)(X − 1) < 0)
= P (1 < X < 2)
= FX(2)− FX(1)

= Φ
(

1
2

)
− Φ(0).



(12 Pts.)

8. The discrete random variables X and Y have joint pmf pX,Y (u, v) given by

v ↓ u → 0 1 3 5

−1 1
12

1
6

1
12 0

2 1
6

1
12 0 1

12

4 0 1
12

1
6

1
12

(a) Find the marginal pmf pX(u) and pY (v).

(b) Calculate P (1 < X + Y < 4).

(a) The marginal pmf pX(u) is

u 0 1 3 5
pX(u) 1

4
1
3

1
4

1
6

The marginal pmf pY (v) is

v −1 2 4
pY (v) 1

3
1
3

1
3

(b)

P (1 < X + Y < 4) = P (X = 0, Y = 2) + P (X = 1, Y = 2) + P (X = 3, Y = −1)

=
1
6

+
1
12

+
1
12

=
1
3
.


