
ECE 302, Summary of Random Variables

Discrete Random Variables

• Bernoulli Random Variable

S = {0, 1}
p0 = 1− p, p1 = p, 0 ≤ p ≤ 1.

E(X) = p, Var(X) = p(1− p), ΦX(ω) = (1− p+ pejω), GX(z) = (1− p+ pz).

• Binomial Random Variable

S = {0, 1, · · · , n}
pk =

(
n
k

)
pk(1− p)n−k, k = 0, 1, · · · , n.

E(X) = np, Var(X) = np(1− p), ΦX(ω) = (1− p+ pejω)n, GX(z) = (1− p+ pz)n.

• Geometric Random Variable

S = {0, 1, 2, · · · }
pk = p(1− p)k, k = 0, 1, · · · .

E(X) = (1−p)
p

, Var(X) = 1−p
p2

, ΦX(ω) =
p

1−(1−p)ejω
, GX(z) =

p
1−(1−p)z

.

• Poisson Random Variable

S = {0, 1, 2, · · · }

pk =
αk

k!
e−α, k = 0, 1, · · · .

E(X) = α, Var(X) = α, ΦX(ω) = eα(e
jω−1), GX(z) = eα(z−1).



Continuous Random Variables

• Uniform Random Variable

S = [a, b]

fX(x) =
1

b−a
, a ≤ x ≤ b.

E(X) = a+b
2
, Var(X) = (b−a)2

12
, ΦX(ω) =

ejωb−ejωa

jω(b−a)
.

• Exponential Random Variable

S = [0,∞)

fX(x) = λe−λx, x ≥ 0 and λ > 0.

E(X) = 1
λ
, Var(X) = 1

λ2 , ΦX(ω) =
λ

λ−jω
.

• Gaussian Random Variable

S = (−∞,∞)

fX(x) =
1√
2πσ2

e−
(x−µ)2

2σ2 , −∞ < x < ∞.

E(X) = µ, Var(X) = σ2, ΦX(ω) = ejµω−
σ2ω2

2 .

• Laplacian Random Variable

S = (−∞,∞)

fX(x) =
α
2
e−α|x|, −∞ < x < ∞ and α > 0.

E(X) = 0, Var(X) = 2
α2 , ΦX(ω) =

α2

ω2+α2 .

• 2-dimensional Gaussian Random Vector

S = {(x, y) : for all real-valued x and y}

fX,Y (x, y) =
1

2π
√

σ2
Xσ2

Y (1−ρ2)
e
− 1

2(1−ρ2)

(
(x−mX)2

σ2
X

−2ρ
(x−mX)(y−mY )√

σ2
X

σ2
Y

+
(y−mY )2

σ2
Y

)

E(X) = mX , Var(X) = σ2
X , E(Y ) = mY , Var(Y ) = σ2

Y , and Cov(X, Y ) =
ρ
√

σ2
Xσ

2
Y .

• n-dimensional Gaussian Random Variable

S = {(x1, x2, · · · , xn) : for all real-valued x1 to xn}
If we denote x⃗ = (x1, x2, · · · , xn) as an n-dimensional row-vector, then the pdf of
an n-dimensional Gaussian random vector becomes

fX⃗(x⃗) =
1

(2π)
n
2
√

det(K)
e−

1
2
(x⃗−m⃗)K−1(x⃗−m⃗)T

where m⃗ is the mean vector of X, i.e., m⃗ = E(X⃗); K is an n×n covariance matrix,
where the (i, j)-th entry of the K matrix is Cov(Xi, Xj); det(K) is the determinant
of K; and K−1 is the inverse of K.


