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STEP 2017, P3, Q13 - Solution (2 pages; 17/2/21)

1st part

V(x) =E((X —x)?) = E(X? + x? — 2Xx)

= E(X?) + x? — 2xE(X)

Now 0?2 = E(X?) — u?,

sothat V(x) = (62 + u?) + x? — 2xu

= 0%+ (x — p)?

2nd part

E(Y)=E(c?>+ (X —n)?) = 0% + 0% = 202, as required
3rd part

U= %(0 +1) = % and [from the Formulae booklet - no longer

provided (@ Feb. 2021)] 0% = — (1 - 0)2 = —,
sothat V(x) = 0% + (x — u)? =1_12+ (x_%)Z or x>2 —x+§
4th part

Consider P(Y <y) = P(l—l2 + (X — %)2 <vy)

2
(Notethat — < —+ (X -2 <—+(1-3) =3
12 12 2 12 2 3
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[Asacheck—— /y——>0and + /y——< 1 means that, in
1

both cases, O<y—— <-;le iS <
4’ 12
1 1 1 1
(o pn)- (- ) =2 h b=
[As a further check, 2 ——1—12=1]
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ThenthepdfonlsE<2 y—E>— — for12SyS3

(and zero elsewhere)

S5th part
. 5 1 1. ..
To verify that E(Y) = 20° = 2 (E) =—in this case:
1

E(Y) = [} ==dy

20V 1z

1

1 1u+12
Letu =y — —,so that EY)= [} = du

3 1 1
uz uz | -— 2 (1 1/1 1 .
= [@ + T@] 4= (g) + - (E) 2, as required



