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3. The dist rib u tio n of the retur ns on com mon stock s is rou ghly sym met ric but ext rem e obs ervation s are more frequ ent than in
a nor mal dist rib u tio n. Becau se the dist rib u tio n is not strongly non -no rma l, the ave r age retur n ov er eve n a moderate num-
ber of years is clo se to nor mal; in the long run, annual real retur ns on com mon stock s have varie d with an ave r age of
abou t 9% and standard dev iation abou t 28%. Judy pla ns to retire in 45 years, and is con sid ering inv esting in stock s.

(a) Name the theorem that provi des the basis for assuming approxi mat e no rma lity of the dist rib u tio n of the ave r age annual
retur n on com mon stock s; als o in d i c ate briefly the facto r(s) whi c h influe n ce how accur ate the approxi mation wil l be.

(b) Assuming that the past patt e rn of variation con tin ue s , fin d the approxi mat e probability that the ave r age annual retur n
on com mon stock s ov er the nex t 45 years wil l exceed 15%.
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(a) The name is the Cent ral Limit Theor e m.

The accurac y of the approxi mat e no rma lity of a sum or ave r age depends on two facto rs:

−− the value of n – the larger the value, the better the approxi mation;

−− the shape of the dist rib u tio n(s) of theYjs – the more symmetrica l they are, the better the approxi mation.

(b) Let the random variable Yj repre sent the retur n on com mon stock s fo r an
equiprobably(‘ randomly’)-selected year (j = 1, 2, ... 45);

we are tol d in the que s tion that E(Yj) = 9% = 0.09, s.d.(Yj) = 28% = 0.28.

The ave r age retur n on com mon stock s ov er 45 years is
repre sent e d by the random variable Y
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2] = 0.28/√45 −∼ 0.041739 935 −∼ 4.173 9935%.

We hope that the (discret e) dis tributio n of retur ns on com mon stock s is sym met rical enou gh that
45 ter ms in the ave r age wil l be enoug h fo r a rea son ably accur ate nor mal approxi mation;

thus, we use the (ap proxi mat e) model: Y ∼.. N(0.09, 0.0 4174).

We want: Pr(Y > 0.15) = Pr(Y − µ
σ >

0.15 − 0. 09
0. 041 74

) (s tandardizing),

= Pr[N(0, 1) >1.43747]

= 1 − 0.924705 = 0.075295 −∼ 0.075;

i.e., the approxi mat e probability of an ave r age retur n ov er 45 years of more than 15% is about 0.075.

√ √

Probability

(b)0.075 –∼ 7½%
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sh ade d area 0.924705
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