1 Derivation of Capital Asset Pricing Model
Given an asset with return R;, the basic pricing equation for return states
1=E(mR;) (1)

This means if we invest using one dollar, the expectation of discount return
should be equal to one dollar. In other words, it is equal to what we start with
to prevent arbitrage. Applying the covariance decomposition

1 = E(m)E(R;) + cov(m, R;)

If we let R; = Ry in Eq.1, where Ry is the risk-free interest rate. Because Ry is
deterministic, we have Ry = E(lm) . Substituting the R; into the equation above
yields

E(R;)

1=
Ry

+ cov(R;,m)

After a little algebra
Ry = E(R;) + Rycov(R;,m)

E(R;) = Ry — Rycov(m, R;) = Ry — ﬁp(m, R;)o(m)o(R;)

Because p(m, R;) <=1, so

o(m)

IB(Ry) — Ryl < 22 0 (R)

We define market portfolio return Ry, ;: p(m, Ry, ) = —1, then

a(m)

E(Rmy) = Ry — WU(Rmf)
This is called the market front line with slope equal to g((z)) .And
I B = B(Rou) Ry ®
E(m)
cov(R;, m) cov(R;, m) var(m)
BE(R) = Ry — 2000 _ g
(Ro) = Ry E(m) By var(m)  E(m)

When p(m, Rmyf) =1, let m = a + bRy, then

3 bcov(R;, Ry s) o(m)bo(Ruy)

E - ) =
(Ri) = By b2var Ry, ¢ E(m)
cov(Ri, Ry p) o(m)o(Ry)
=R - varR E(
mf m)



Substituting Eq.2 for the above expression, we have

cov(R;, Rny)
OO I (B(Ryny) —
var Fons (E(Rmy) — Ry)

= Ry + B(E(Rmy) — Ry)

E(R;))=Rs+

With g = 2 ns),

varR, ¢



