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Definition of Moment Generating Function

The moment generating function (m.g.f.) of a random variable X is defined as:

MX (t) = E(etX )

For a continuous random variable:

MX (t) =

∫ ∞

−∞
etx f (x) dx

For a discrete random variable:
MX (t) =

∑
x

etx f (x)
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Series Expansion of MGF

Using Taylor series expansion of etX :

etX = 1 + tX +
t2X 2

2!
+

t3X 3

3!
+ · · ·+

trX r

r !
+ · · ·

Taking expectation:

MX (t) = 1 + tE(X ) +
t2

2!
E(X 2) + · · ·+

tr

r !
E(X r ) + · · ·

This is:

MX (t) =
∞∑
r=0

tr

r !
µ′
r

where µ′
r = E(X r ) is the rth moment about origin.
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Generating Moments Using MGF

Since MGF generates moments, it is called the moment generating function.

Differentiate MX (t) r times w.r.t. t, then:

d r

dtr
MX (t)

∣∣∣∣
t=0

= µ′
r

Example:
d

dt
MX (t) = E

[
XetX

]
, and at t = 0, E(X )
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MGF of Binomial Distribution

Let X be a variable following binomial distribution:

MX (t) = E(etX ) =
n∑

x=0

etx
(n
x

)
pxqn−x

Rewrite as:

=
n∑

x=0

(n
x

)
(qet)x (pet)n−x

Combine:
= (qet + pet)n

Simplify:
⇒ MX (t) = (qet + pet)n

Let X ∼ Bin(n, p), where q = 1− p, then:

MX (t) = (q + pet)n

Use derivatives of MX (t) evaluated at t = 0:

Mean (µ):
µ = M′

X (0) = np

Variance (σ2):
σ2 = M′′

X (0)− (M′
X (0))

2 = npq
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Thank You!
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