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Sum of two random variables

Definition
Let W be a random variable equal to
the sum of two independent random variables X and Y

W = X +Y

the probability distribution function is defined by

FW (w) = P{W ≤ w}= P{X +Y ≤ w}

x+ y ≤ w

FW (w) =
∫

∞

−∞

∫ w−y

x=−∞

fX ,Y (x ,y)dxdy
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Convoltuion of density functions

Definition
Let W = X +Y
the probability distribution function is defined by

FW (w) =
∫

∞

−∞

∫ w−y

x=−∞

fX ,Y (x ,y)dxdy

fW (w) =
∫

∞

−∞

fX (x)fY (t−x)dx

the density function of the sum of
two statistically independent random variables
is the convolution of their individual density functions
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Sum of two random variables (1)

Definition

FW (w) = P{W ≤ w}= P{X +Y ≤ w}

x+ y ≤ w

FW (w) =
∫

∞

−∞

∫ w−x

y=−∞

fX ,Y (x ,y)dydx

fW (w) =
∂

∂w
FW (w) =

∫
∞

−∞

fX (x)fY (t−x)dx
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Sum of two random variables (2)

FW (w) =
∫

∞

−∞

∫ w−x

y=−∞

fX ,Y (x ,y)dydx

FW (w) =
∫

∞

−∞

∫ w−x

y=−∞

fX (x)fY (y)dydx

FW (w) =
∫

∞

−∞

∫ w

−∞

fX (x)fY (t−x)dtdx

FW (w) =
∫ w

−∞

∫
∞

−∞

fX (x)fY (t−x)dxdt

fW (w) =
∂

∂w
FW (w) =

∫
∞

−∞

fX (x)fY (t−x)dx

https://math.stackexchange.com/questions/1919545/sum-of-random-variables-and-convolution
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Sum of several random variables (1)

Definition
the sum Y of 3 independent random variables X1,X2,X3
Let Y1 = X1+X2, then

fY1(y1) = fX2(x2)∗ fX1(x1)

Let Y2 = X3+Y1, then

fY2(y2) = fX3(x3)∗ fY1(y1) = fX3(x3)∗ fX2(x2)∗ fX1(x1)
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Sum of several random variables (2)

Definition
the sum Y of N independent random variables X1,X2, ...,XN

Let Y1 = X1+X2+ · · ·+XN , then

fY (y) = fXN
(xN)∗ fXN−1(xN−1))∗ · · · ∗ fX1(x1)
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