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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 N(0, 1)

y2 IS a “statistic” defined as the sum of the squares of n independent t-values.

2
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Chisquare(r) is a distribution (special case of Gamma), defined as

x>~ Chisquare(v), b= 0
1 1
p(xz)dﬁfz — (Xz)zu 1eXP (_%Xz) dﬂ(z- ){2 >0
25”[‘(%1;)

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 v=1:

lZE
Suppose px(x) = e 2 = =~ N(0,1)

5

and Y = 2

py (y) dy = 2px (x) dz

e,

1/2

1
So, py (y) =y~ Ppx (y'/?) = 5—e 2"
~ Chisquare(1)
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To prove the general case for integer v, compute the characteristic function

x>~ Chisquare(v), v >0
1 1
P(Xz)dxz — (Xz)zu 1exp(‘7%X2)dXQ- Xz >0
25”[‘(%1;)

In[9]:= pchi2 = (1/ (2" (nu/2) Gamma[nu/2])) vy~ (nu/2-1) Exp[-v /2]

0-NU/Z ¥/ o1t

}

Qut[9]=

Gamma [

N |2

In[10]:= Integrate[pchi2, {v, 0, Infinity}, GenerateConditions —» False]
out[10]=

In[11]:= Integrate[pchi2 Exp[I tvy], {v, 0, Infinity},
GenerateConditions —» False]
out[11]=
(1 _ 2 j]_ t) -nufZ

'\ Since we already proved that v=1 is the

distribution of a single t*>-value, this proves that
the general v case is the sum of v t2-values.
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Question: What is the generalization of

2
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to the case where the X;'s are normal, but not independent?
l.e., x comes from a multivariate Normal distribution?

Answer:

X’=x-—p)'E (x—p), x~NpiX)

Proof is one of those Cholesky things,
»=LLY, Ly=x-—upu,

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

X =y'y=> v
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