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Let’s talk about chi-square.  It means two different (but related) things.
Recall that a t-value is (by definition) a deviate from

is a distribution (special case of Gamma), defined as

χ2 =
X
i

µ
xi − μi
σi

¶2
, xi ∼ N(μi,σi)

2 is a “statistic” defined as the sum of the squares of n independent t-values.

The important theorem is that 2 is in fact distributed as Chisquare.

Let’s prove it.
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Prove first the case of =1:

pY (y) dy = 2pX(x) dx

So, pY (y) = y
−1/2pX(y1/2) = 1√

2πy
e−

1
2y

pX(x) =
1√
2π
e−

1
2x

2 ⇒ x ∼ N(0, 1)Suppose

and y = x2
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To prove the general case for integer , compute the characteristic function

Since we already proved that =1 is the 
distribution of a single t2-value, this proves that 
the general  case is the sum of  t2-values.
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χ2 =
X
i

µ
xi − μi
σi

¶2
, xi ∼ N(μi,σi)

Question:  What is the generalization of

to the case where the xi’s are normal, but not independent?
I.e., x comes from a multivariate Normal distribution?

Answer:

Σ = LLT , Ly = x− μ,

χ2 = (x− μ)TΣ−1(x− μ), x ∼ N(μ,Σ)

Proof is one of those Cholesky things,

show that y is product of independent N(0,1)’s, as we did before,
and that

χ2 = yTy =
X

y2i


