CAMERON MARTIN THEOREM

Theorem Let B = (B:): < 1 be standard 1-dimensional BM and let W = B + f where f € C]0, 1] with f(0) = 0.
Let 1 and v be the distributions of B and W respectively. Then,

&)

2

Proof

(¢Y)

(@3]

If f is absolutely continuous and f’ € L?[0, 1], then x and v are mutually absolutely continuous and
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If fisnotasin (1), then pu L v.

Let o ) = fol f' hn i where h, j, are the Haar functions. Let &, 5 be i.i.d. N(0,1) and let 0, k. = En i + Q-
Let /i, 7 denote the distributions of (£, ) and (1),,x) (measures on (R*, Bree)). Since [|afle, = |||l £2(0,1)»
it follows from the earlier theorem that i and © are mutually absolutely continuous and
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Note that we may construct B and W as the same transformation applied to the sequences (£,x) and (7, k)
as

B(t) = & /hn,k W(t) = Nk /hn,k
0 0

which shows that 1+ and v are mutually absolutely continuous and the claimed formula for the Radon-Nikodym
derivative also follows, since [ f' dB = 3" aniénk and [(f')? = 3 a2 ;. [Question: Where did we use
f£(0) = 0? Otherwise the result ought to be false!]

Let {¢,} be an ONB for L?[0, 1] with the property that each 1), is smooth and ¢, (0) = ¢, (1) = 0. Define

Claim: Z ozi = 00.

Assuming the claim, consider X, := [ By, (t)dt and Yy, := [ Wiy, (t)dt = Xy + . Note that X, is just
J ¥n(t) dB(t) and hence X, are i.i.d. N(0,1). Thus by our earlier theorem the distributions of X = (X,)n
and Y = (Y,,),, are singular. As X and Y are functions of B and W, it follows that 4 and v must be singular
too.

It just remains to prove the claim. For any finite linear combination g = > 7, cxtx, define L[g] =
J g f=73>1_, ckag. If the claim was not true, we would get |L[g]] < /> c2/>1_, a2 <|lgllr2]lelles-
This shows that £ extends to a bounded linear functional on L2[0, 1] and hence it can be represented in the
form L[g] = [ g h for some h € L?[0,1]. Writing H(t) = fg h, we can rewrite this as follows for any g that
is a finite linear combination of ,,s.

/g’f=£[g}=/gh=/gH’=g~H\éf/g’H=f/g’H

as g(0) = 0 = g(1). From this, it is clear that f(¢) = H(¢) = fot h which contradicts the assumption that f
does not have an L?-derivarive.
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BROWNIAN BRIDGE

o

Let B be a 1-dimensional standard BM. Write p;(z) = \/21?6_37. Then forany 0 = to < t1 < ... < t, <1, the
density of (B(t1), ..., B(tn)) can be written as
Py (1, Hptk ti_y (Tl — Th—1).
=1
Hence, for any t1 < ... < t, < 1, the conditional density of (B(t1),. .., B(tn)) given B(1) = 0 is seen to be
Pt11«~~1tnvl(x17 ... Tn,0)

ot (X1, Tn) =
Qi ( 1 ) P (0)
Definition Brownian bridge is a C|0, 1] valued random variable X = (X¢)o<¢<1 such that Xo = X; = 0 a.s. and
whose finite dimensional distributions are given by the densities Q¢,,... .+, (*).

A natural question is whether the Brownian bridge exists. We have already done the work for this in construction
Brownian motion, and the following exercise shows the existence as well as useful ways of representing Brownian bridge
in terms of Brownian motion and vice versa.

Exercise
(1) Let B be a standard 1-dimensional BM. Define W; = By — tB; and X: = (1 — t)B (%_t) fort < 1 and

X1 = 0. Show that X and W are Brownian bridges (and hence X 4 Ww).
(2) Given a Brownian bridge W and { ~ N (0, 1) independent of W, define Y; = W; 4+t £ for 0 < ¢ < 1. Show
that Y is a standard BM.

The following exercise shows that almost sure local properties of Brownian bridge are the same as that of Brownian
motion. For example Brownian bridge paths are Holder continuous of any order less than 1/2 but nowhere Holder of
order greater than 1/2; the bridge crosses zero infinitely may times in any vicinity of ¢ = 0; the zero set has dimension
1/2; the graph has dimension 3/2 etc.

Exercise Let B be a standard BM and let W be a standard Brownian bridge. Show for any fixed 7" < 1 that the
distributions of (W3)¢<r and (B )< are mutually absolutely continuous.

An occurence of Brownian bridge Let X, Xo,... be i.i.d. random variables from a distribution with distribution
function F' on the real line. Then F,(x) := % > 1 Lx, <q is called the nth empirical distribution function (it is a
random distribution function). By the law of large numbers F,, — F' pointwise. How big are the differences between F,
and F'? As the difference is going to zero, we must scale by the right amount, which turns out to be y/n. We state the
following result without proof.

Result Let h(t) = F~*(t) so that F'(h(t)) = t for all t. Here F'~! is the right-continuous inverse of F (or just assume
that F' is continuous). Then
(VR [Fu(h(t) = 1)]),, - Brownian bridge.
(If you really think about this it will raise some questions about the meaning of the statement itself such as in what
space is the convergence in distribution taking place?)



