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Introduction

These mark schemes are published as an aid for teachers and students, and
indicate the requirements of the examination. It shows the basis on which marks
were awarded by the Examiners and shows the main valid approaches to each
question. It is recognised that there may be other approaches; if a different approach
was taken by a candidate, their solution was marked accordingly after discussion by
the marking team. These adaptations are not recorded here.

All Examiners are instructed that alternative correct answers and unexpected
approaches in candidates’ scripts must be given marks that fairly reflect the relevant
knowledge and skills demonstrated.

Mark schemes should be read in conjunction with the published question papers and
the Report on the Examination.

Admissions Testing will not enter into any discussion or correspondence
in connection with this mark scheme.



Marking notation

NOTATION MEANING NOTES

M Method mark For correct application of a Method.

dMorm Dependent method mark | This cannot be earned unless the
preceding M mark has been earned.

A Answer mark MO = A0

B Independently earned Stand alone for “right or wrong”.

mark

E B mark for an explanation

G B mark for a graph

ft Follow through To highlight where incorrect answers
should be marked as if they were correct.

CAO or CSO | Correct Answer/Solution | To emphasise that ft does not apply.

Sometimes | Only

written as

A*

AG Answer Given Indicates answer is given in question.




STEP 111 2017 Mark Scheme

Question 1
. 1 1 (n-D'r! __nir!
(i) nHr=ic - e T (par—1)! (n+r)! M1
_ (n=-D! 7! [(n+r)-n]
(n+r)!
— n-D!r'r M1
(n+r)!
r+1 1 1 _r+1(n—1)!r!r
Tor n+r—1Cr n+rCr - r (n+7)!
_ (- r+1)! 1 *
- (m+7)! - n+rCT+1 Al (3)
r+1 1 1
Zn 1 n+rC = Zn 1 (-,H.-r_lcr' - _n+TCr) M1
r+1 1 1 1 1 1 1
= ( e,  THg, + i T T2 + TH2g T TR + ) M1
=™ 1 hecause "'C, >0 asn— E1
r "¢,
r+1
= Al (4)
o 1 o 2+1 1 3 4_1
Zn=2 n+2C2+1 - 2 1+2(:2+1 2 1 2 M1 M1 (2)
o+l . (@D (+Dn(n-1) _ n3-n n_3
(i) (s = (n-2)13! 3! o3l < 3! M1
3!
So ; nHic, A1 (2)
20 1 5! 120 120 120

nHe T 3 n(mi—-1) n(mE-DmZ—-4) n3

_ 120 2002 AN 2 (2 _ 2 _
= B mE-D(n?-1) (n?(n? —4)—n?—(n? - 1)(n*-4)) M1
—480

= mnm <0

as n = 3 and so denominator is positive. E1 (2)

1 5!

20
Hence, W, T wizg,

n3

Alternatively,
20 1 5! 5! 5!

nHC TR T a2 —1) nm2-1Dmi—4) nmZ-1Dn2-4

)x((n2—4)—1)

_5!>< n* — 5n? <5!
T3 T nt—5n2+4 nd

asn>3andso n®>5
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n=3 n=3 n=2
M1
o 3 _ 3 3,1 29
S0 Xn=1 n3 1 8 + 2 4
M1
w 1 29 _ 116
And therefore ZnﬂF <" o
Al* (3)
5 o/ 20 1 1 1 5
Z _3 > Z n+1C n+ZC = 20 E Z TL+4-C' = 10 _Z
n=3 n=3 5 =1
M1 M1
Therefore
51 35
n3 4

n=3

=1 35 1 1 7 96 12 115

Z - b=
8 96 96 96 96

w T axs Tt

n=1

M1 Al* (4)
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Question 2

(i) z2—a=¢e?(z—a) M1

Thus z' = a+ ez —elfq = eiez+a(1—ei6) Al* (2)
(i) z" = e"z' + b(1—e'®)

= el® (eiez +a(1- eie)) +b(1—e) M1A1L

So z"" = el@+0); 4 (aeiq’ —ael@+®) p p bei"’)

This is a rotation about c¢ if

c(1—el@*9) = gel¥ — qei@+9 + p —pel? M1

If ¢ +6=2nm, (1-e"@*9)=0, so ¢ cannot be found.  E1

—i(@+6)
Otherwise, multiplyingby —e 2,

i(p+6) —i(p+6) i(p+6) i(p-6) i(p-6) ~i(p+6)
cle 2 —e 2 |J=ale 2 —e 2 +ble 2z —e 2

2ci sin%(go +0) = 2aie’®/? sin%H + 2bie~i0/2 sin%<p M1

c sin%(go +6) = ael®/? sin%@ + be~i0/2 sin%go A1* (6)
If o+6=2nm,z" =2+ (ae’—a+b—be¥) M1
So z/=z+(b—-a)(l—-e"¥) Al
This is a translation by (b — a)(l — ei‘p) Al (3)
(iii) f RS=SR,andif @ + 8 = 2nm, then
(b—a)(1—e")=(a—b)(1-e")
M1
(a—b)(e?+ev—-2)=0

So a=b,orif a#b,el? +e@m=0) _2 =9

Al
2cos0—-2=0 M1
Thus 6 = 2nm Al (4)
If ¢ +6 # 2nm

ael®/? sin%B + be™i0/2 sinéfp = be'?/? sin%<p + qe~i#/2 sin%@ M1
2i(a —b) sin%q) sinie =0 Al
Soa=b, 8 =2nm,or ¢ =2nn

Al Al Al (5)
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Question 3
ap+yd+ay+péS+ad+Lfy=—-4 M1
A=—q Al (2)

(i) y3 —3y?—40y+84=0 M1 A1l
y-2)(y*-y—42)=0M1

-2)(y-7y+6)=0M1A1
So aff +yé =7 Al (6)
(i) (@+B)y+8) =ay+ad+By+p5=3—af —y6 =—4
M1 M1  Al1(3)
(a+p)+¥+8)=0 M1
Thus (a + B) isarootof t2 —4 =0 M1
Soa+pf =42 Al
afy + Byé + yéa + daff = 6
af(ly+6)+yS(a+pB)=6
2(af —yd) =6 M1
af —yd =3 as aff >y6 (andso a + [ = —2)

So aff =5A1(5)

Alternatively, afyé = 10, M1 A1 so aff and y§ are the roots of

t2—7t+10=0 M1A1 andas aff >S5, af =5 (and y§ = 2).A1(5)

(iii) Thus a and S aretherootsof t2+2t+5=0 and y and & are the roots of
t?—2t+2=0M1A1

Sox=1xi,-1+£2iA1A1(4)
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Question 4

(i) e¥Xma = g* (formula book)

Soif log, f(x) =z

f(x) =a% =e?"® E1

andso Inf(x) =zlna =1Ina log, f(x) Bl

Therefore,

ei J3infeax _ e% Jyna loga f(x) dx _ e% Ina [ logg f(x) dx

M1 M1

1

1y
Thus, F(y) =q fo logg f(x) dx A1* (5)

1

(ii) H(y) = ev foylnh(x)dx _ 6% foyln(f(x)g(x))dx

M1

_ e% foylnf(x)+1ng(x)dx

_ e% (foylnf(x)dx+fglng(x)dx) M1
1y 1

— oy Jy Inf(x)ax ey fg/lng(x)dx _ F(y)G(y)
M1 Al* (4)
(iii) Let f(x) =b*,

Then F(y) _ e% foylnbxdx _ 6% foyxlnb ax _ e%lnb foyxdx

M1 M1
y

= e%lnb %xz]o = e%lnb %yz = e%ylnb = b%y = \/ﬁ

Al M1 Al* (5)
1y

(i) e» o™ = 7

= i infeodx = nJFO) = ;InfG)

foy In f(x)dx = %lnf(y) M1

Inf(y) =2Info) +2L2m1

2f(y)
yf'y) _ flon 1
o —InfO) s ey =y ML

Integrating Inlnf(y) =lny+c=Iny+Ink =Inky M1 A1
Inf(y) = ky
f@) = ek = b = p

F(x) = b* AL* (6)
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Question 5
y =rsinf

ﬂ=rc056’+§—; sinf = fcosf + f'sinf M1

ae

x =r1rcosf

dx . dr . ’

— = —rsinf +— cosf = —fsinf + f'cosf M1
ae ae

dy _ fcosO+ f'sin6 _ f+f'tan@

dx  —fsin@+f'cos®  —ftanO+f' M1A1(4)
f+f'tan9, g+g'tan9’ -1

—ftan6+f —gtanf+g

fg+f'gtan@ + fg'tan6 + f'g'tan’0 = —fgtan?0 + f'gtan O + fg' tan6 — f'g’
(fg+f'g)sec?6 =0 M1
fg+f'g =0 A1*(3)

g(6) = a(l+sinb)
g'(0) =acosb
So f'acos@ + fa(l+sinf) =0 M1

L= 048 _ _secd—tanf Al
f cos 6
2
Inf = —In(secfd + tanf) +Incosf +c = In (ﬁ) = (’iizlsns) V1AL

_ (kcos?8\ _ k(1-sin?28) o
f(e) - (1+sin9) T 1+4sinf k(l Sin 9) M1 A1)
. o _ (1+sin) _  cos@
Alternatively, 7= 058 = —sn®) M1 A1l

Inf = ln((l — sin 9)) +c= ln(k(l — sin 9)) M1

and hence f(8) = k(1 —sinf) Al

T=4,9=—%7‘[ so 4 =2k M1

Thus f(0) = 2(1 —sin@) A1(8)
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Question 6

() T(x) = f; ——du
let u=v~?! ,Z—Z = —p~?
B1
So
T(x) = f::_l —= X v v = S 21+1 dv = [ 1+1u2 du — fox_l 1+1u2 du
M1 M1
T(x) =T(w) —T(x™1) A1*(4)
(if) vzlu_z; Sv-—aw=u+a @v—-—u=a(l+uv) ‘:’a::;z,

M1

_ (1+uv) (%—1)—(17—11) (ug—z+v)
- (1+uv)?

M1

%(1+uv—uv+u2)=1+uv+v2—uv

dv _ 1+4v?
du 14+u?

Al1* (3)
Alternatively,

_uta @dv_(l—au)+a(u+a)_ 1+a>  (1+a®)(A+u?)
T 1-au du (1 —au)? T (1l-—aw)? (1-aw)?(1+u?
M1

_(Q-—aw)?+@+a)® 1+v°
(1—-au)?(1+u?) 1+u?

M1 Al
x+a xta a 1
T(x) = fo 1+u? Tz U= fal e 1+u2 1+1;2 - fl ax dv - fol—ax 1+v2 dv — fO 1+v2 dv
M1 M1

T(x) = ("_*a“) T(a) Al*(3)
As T(x) =T(0) =T(x™"), T(a) =T(0) —T(a™")
So

TG = T(e0) = T() =) = (T (£5) = T(@) ) = T() - (T (22) -
(T(0) — T(a_l))>

M1 M1
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Thus

T(x~1) = 2T(o0) — T("*“) —T(a"Y) A1*(3)

1-ax

let y=x"1,=a"1,then x <% implies §< b whichis y >% M1

T(y) = 2T(e) = T (5225) ~ T(h) = 27(0) — T (22) — T(b) AL* (2)

b+y

(iii) Using T(y) = 2T () — T( ) T(b) with y =b =+/3 M1

T(V3) = 27(0) - T (2£2) - 7(v3)
T(v3) = 2T(w) — T(v3) — T(v3)

3T(V3) = 2T(®) & T(V3) =§T(oo) Al1* (2)

Using T(x) = T(o0) —T(x™1) with x =1,
T(1) = T(®) —T(1) andso T(1) =;T(0) Bl

x+a

Using T(x) =T( )—T(a) with x=v2—-1and a=1 M1

1-ax

T(VZ-1)= T(“_M”ll)) T(1)

T(V2-1)=T(3%) -1 =T (Z)-T(W) =T(HZ+1) - T(D)
Using T(x) =T(0) —T(x™) , T(vV2+1 )=T(x) -T(vV2-1)

So T(V2—1)=T(0) —T(V2-1) - T(1)

2T(VZ =1 ) = T(0) = T(1) = T(e0) — > T(c0)

T(VZ-1)= iT(OO) A1* (3)

Alternatively, using T(x) = (x+a) T(a) with x =a=+v2-1

2(V2-1) 2(V2-1)

T(\/§—1)=T<

Therefore ZT(\/E -1 ) =T(1) andso T(\/E -1 ) = %T(l) = iT(OO)
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Question 7

a2(1—t2)2 4b%t?
2
(1+¢2)° + (+2)° _ (1-t2)"+4t? 12624t +4t% 1 B1(1)
a? b? (1+t2)? 1+2t2+t4

dy
ox2 2 2x | 2Vg;
(I);+b_2=1:;+b_g=0 M1

dy _ b*ix _ b%a(1-t?)(1+t*) _ b(1-t?)

dx a?y a2(1+t2)2bt 2at M1 A1
. _2bt_ b(a-t?) ¢ a(1-t?)

Solis y (1+t2) 2at (x (1+t2) ) M1

2at(1 + t?)y — 4abt? = —bx(1 — t2)(1 + t2) + ab(1 — t?)?

2at(1 + t2)y + bx(1 — t2)(1 + t2) = ab(1 — t2)? + 4abt? = ab(1 + t2)?
Thus 2aty + bx(1 —t?) = ab(1 + t?) M1

and as (X, Y) lies on this line 2atY + bX(1 — t?) = ab(1 + t?)

0 = (a+ X)bt? — 2atY + b(a — X) Al* (6)

For there to be two distinct lines, there need to be two values of ¢ .

So the discriminant must be positive, (—2aY)? —4(a + X)bb(a —X) > 0 M1
4a%Y? > 4b?*(a® — X?)

a’?Y? > (a®> — X*)b? A1*

Y? x?

ol

x? y? . . .

—ta> 1 so (X,Y) lies outside the ellipse. B1 (3)

However, if X? = a?,= +a,onetangentisatt =0 ort = oo , a vertical line. E1

X% v?
If —+—=>1,then Y #0. E1
a b2
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G1(3)

(i) p and q aretherootsof 0 = (a + X)bt? — 2atY + b(a — X)

2ay _ b(a-X)
(a+X)b and pq = (a+X)b

Sop+q=

Thus (a+ X)pg=a—X and (a+ X)(p + q)b = 2aY A1 A1 (3)

Without loss of generality (0,y,) lieson (a + x)bp? — 2apy + b(a—x) =0
and (0,y,) lieson (a + x)bg? —2aqy + b(a—x) =0

So abp? — 2apy; + ab = 0, thatis bp? —2py; + b =0 M1

and bq?—2qy,+b=0

bp?+b . bq*+b
P_+q_

As y; +y, =2b , = » =2b M1
2 2

p+1+q+1:4

P q

p+q _
p+q-+ o 4

2aYy

2ay (a+X)b __
(a+X)b + a-X 4 M1
a+X

ar 2 _

a+X a—X
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2aY(a—X+a+X)=4(a—X)(a+ X)b

4a?Y = 4(a® — X?)b
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Question 8

n n
Z am(bm+1 - bm) + Z bm+1(am+1 - am)
m=1 m=1

n
= 2 (ambm+1 - ambm + bm+1am+1 - bm+1am)

m=1

M1

n
= Z (_ambm + bm+1am+1) = an+1bn+1 —aib;

m=1

M1

Hence,

n

n
Z am(bm+1 - bm) = an+1bn+1 - albl - Z bm+1(am+1 - am)

m=1 m=1

A1* (3)

(i) Let a,, =1 (oranyconstant)and b,, =sinmx , M1

then
n n
Z (sin(m + 1)x — sinmx) = sin(n + 1)x — sinx — Z sin(m+ 1x (1-1)
m=1 m=1
M1 Al
So

n
1 1
z 2 cos <m + E)x sinzx = (sin(n + 1)x — sinx)

m=1

M1 Al

and therefore

n
1 1 1
Z cos (m + E)x = z(sin(n + 1)x — sinx) cscEx

m=1
Al* (6)
(i) Let a,, =m and b,, = sin(m — 1)x —sinmx , M1
then

by+1 — by, = (sinmx —sin(m + 1)x) — (sin(m — 1)x — sinmx)

_2<+1).1+2< 1)_1
= cos|m 2xsmzx cos|m szmzx

M1 A1l
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= 4sinmx sin%xsin%x M1 A1l
Thus, using the stem
n
. o1
z m X 4 sinmx sin Ex
m=1

= (n+ 1)(sinnx —sin(n + 1)x) — 1 X (sin(0 X x) —sin x)

— Z (sinmx —sin(m + 1)x)
m=1

M1 A1l

So

n
1
4 sin? Ex Z msinmx = (n+ 1)(sinnx —sin(n + 1)x) + sinx — sinx + sin(n + 1)x

m=1

M1 Al

n
1
4 sinzzx Z msinmx = (n+ 1)sinnx —nsin(n + 1)x

m=1
Thus
n
Z msinmx = (psinnx + g sin(n + 1)x) csc? %x
m=1
where
1
p=—3n
Al
and
1
q=,n+1)
Al (11)

Alternatively, let a,, = m and b,,, = cos (m — ;) X , using stem, M1

. m{osn+5)x=eon(m=3)

m=1

1 1
:(n+1)cos<n+§>x—cos—x—

1
> cos<m+z)x

NgE

1

> 3

M1 Al
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So,

n
1
Z —2msinmx sin Ex

m=1

1 1 1 1
=(n+1)cos (n +E)x — coszx —E(sin(n + 1)x — sinx) csczx

M1 A1l

1 1 1 1 1 _
=csczx<(n+1)cos<n+z>xsmix—51n§xcos§x—z(51n(n+1)x—smx)>

M1 Al

—11(2(+1) <+1)'1 2sin~x cos = x — (sin(n + 1) '))
—ZCSCZ.X n cosin 2 XSIHZX Slnzxcoszx Sin\n X Sin x

1 1
= Ecsczx ((n + 1)(sin(n + 1)x — sinnx) — sinx — sin(n + 1)x + sin x)

M1 A1l

1 1
= Ecsczx (nsin(n 4+ 1)x — (n + 1) sinnx)

giving result as before.
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Question 9

For A, mg —Z =my andfor B, Z = 2mX where Z istension. M1 A1 Al
Adding, y +2X = g M1

Integrating with respect to time, y + 2x = gt + ¢

Initially, t =0, x=0, y=0=c¢c=0

Integrating with respect to time, y + 2x = %gt2 +c’ M1 M1

Initially, t =0, x =0, y=0=c¢"=0

So y+2x = %gt2 A1* (7)

Whenx=a,t=T=’%asoy=a M1 A1l

Conserving energy, at time T we have shown there is no elastic potential energy, so

0 = = 2m? + 2 my?
=5 mx 2my mga

M1 A1 A1 Al (6)
That is
2x% +y? =2ga
B1

Butalso y +2x = gT andso y+2x =,/6ga MI1A1l

Thus 252+ (J6ga—2x)'=2ga M1AL

6x% — 4x./6ga +4ga =0

2ga 2ga
% — 2x ’—+—=0
X X3 3

2ga
_ |22 =0
*~ 3
M1
andso x = Z‘%a Al1* (7)
Alternatively,
Aly — x
7 (y —x)
a
M1
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Subtracting,

2mg —3Z =2m(y — X)

W %W—@+
yox= 2ma g
M1
So,
2mga
o — 1—
y—Xx 31 (1 — coswt)
[\
where
31
2 —_— —
@ 2ma

As y+2x=%gt2, 3x=%gt2—%(1—coswt) M1

When x=a ,t=T = %a

2 6 31 6
so 3a =3a--"9¢ (1 — cosw ’—a) and thus —22 = 4n?g2 | A =
g 2ma g

31
3% = gt 2mgaw sinwt 6a 0
xX=9 31 =g g
. |29a
=3
M1 A1* (7)
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Question 10

Moment of inertia of PQ about axis through P is %m(3a)2 = 3ma? B1
Conserving energy, 0 = %3ma292 + %mlzéz - mg%a sinf —mglsinf M1A1ALA1

Thus (3a? + 12)62 = g(3a + 21) sin A1* (6)
Differentiating with respect to time,
2(3a? +12)66 = g(3a + 21) cos 00
M1

So
2(3a% +12)6 = g(3a + 21) cos 6

Al(2)

Alternatively, taking moments about axis through P

. 3
m(3a? +12)6 =mg (Ea + l) cos 6

M1

So
2(3a% +12)6 = g(3a + 2l) cos 6

Al(2)

Resolving perpendicular to the rod for the particle,
mgcosf —R = mlé
M1 A1l

Thus

[(3a + 21) )

R=mgcos€—ml§=mgcos€<1—m

M1 A1l

lBa+2l) 6a®+21>—3al—21> 3a(2a-1) S
2(3a%2 +12) 2(3a? + 12) " 2(3a% +1?)

because [ < 2a A1 (5)

Resolving along the rod towards P for the particle,
F —mgsin 0 = ml?

M1 A1l

71



Thus

. . . [(3a + 20) _ 3(a® +al +1?)
F =mgsinf + mlf? =mgsinf|1+—————=)=mgsinf

(3a? +1?) (3a?+1?)
M1
On the point of slipping F = uR, so B1
- 3(a* +al +1?)\ _ 0 3a(2a—1)
IS\ T a2+ 1y )T 2Ge + )
Thus
a(2a—1
tanf = ua )

2(a? + al +1?2)
A1* (5)

At the instant of release, the equation of rotational motion for the rod ignoring the particle
is

3a 0z
mg7 = 3ma“0
and thus
. g
0 =—
2a
M1

Therefore the acceleration of the point on the rod where the particle rests equals
s . . .
16 = % > g if | > 2a,and so the rod drops away from the particle faster than the particle

accelerates and the particle immediately loses contact. Al (2)

(Alternatively, for particle to accelerate with rod from previous working R < 0, M1
meaning that it would have to be attached to so accelerate, and as it is only placed on the
rod, this cannot happen.) Al (2)
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Question 11
(i) Conserving (linear) momentum

Mu—nmv=0

M1
nmv
u=
Al
K= %Mu2 +nx %mv2 = %M (nMﬂ)Z + %nmv2 = %nmv2 (%+ 1)
M1 M1 A1* (5)

as required.

(i) Conserving momentum before and after r th gun fired

(M +(n—-(0- 1))m)ur_1 =M+ n-rmu, —m@ —u,_,)

M1 Al
Therefore
M+ (n—r)m)(uy — Up_q) =mv

M1

and so
_ mv
=1 =y (n—1r)m
Al1* (4)

Summing this resultforr =1to r =n,

B mv N mv N mv - mv
Un uO_M+(n—1)m M+(n—-2m M+ n-3)m M+ (n—n)m
M1
Because

0<n—-r<n-1

M<M+n—-rm<M+(n—-—1)m
mv mv mv

< <—
M+(n—-1m " M+Mn-rm~- M

with equality only for theterm r =n

Thus
mv mv mv mv nmuv

cee <
M+(n—1)m+M+(n—2)m+M+(n—3)m+ +M+(n—n)m M

El

Asu0=0,un<%=u Al* (3)
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(iii) Considering the energy of the truck and the (n —(r- 1)) projectiles before and after

the r™ projectile is fired (the other (r — 1) already fired do not change their kinetic energy
at this time),

1 2, 1 21 2
K, —K,_, = 5 M+ n-rmu,”+ Em(v —Up_ 1) — > (M + (n —(r— 1))m)ur_1

M1 Al

1 1
=5 (M + (n - r)m)(urz - ur—lz) + _m(v - ur—l)2 - _mur—lz

2 2 2
1,
= 5 M+ (n—r)m)(u, —ur_ )Wy +up_y) + Emv — mvi,_q
1 1
= Emv(ur +u,_q) + oMy —mvuy_
1,1
=Zmv + Emv(ur —Ur_q1)

M1

Summing this result forr =1to r =n,

1 1
K, — K, = > nmv + Emv(un —Ug)
M1
So
Ky = 2 nmu? + =
n=3 nmv > muvu,
Al* (5)
Now
nmv
U, I
S0
1 - 1 nm?v?
zmvun T,
M1
and thus

X 1 2+1 <1 2_I_lnmzvz_l 2(1+m)<1 z(n +1)
n = Znmv? + S miy < snmv? +o—r— = snmy 2) <z nmv
=K

M1

as n>1 E1(3)
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Question 12

(i)

PX=xY=y)=1

zn: k(x+y)=1

M1

NEE

>

y=1x

1

IIM3

n

Z( n(n+1)+ny> 1

y:

M1 A1l
1 1
k<zn2(n +1) +En2(n + 1)> =

M1

Therefore,
1

T n? n+1)
Al (5)

(2nx+n(n+1)) n+1+2x
2n2(n+1)  2n(n+1)

P(X—x)—Zk(x+y)— <nx+ n(n+1)>

y=1
M1 A1 (2)

n+1+2y
PY=y)=— 2
( Y) 2n(n+1)
Bl
For X and Y to beindependent, PX =x,Y =y) =P(X =x) X P(Y =y) M1

So
n+1+2x n+1+2y x+y)

2n(n+1) 2n(n +1) n2(n+1)

M1
mM+14+2x)(n+1+2y) =4n+D(x+y)
m+1)?2-2n+D(x+y)+4xy=0
((+D-G+y) - (x=-»?2=0
M1
which does not happen fore.g. x =n , y = 1. (Many equally valid examples possible.)

X and Y are notindependent. E1 (5)
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(ii)

E(XY) =szxy(x+y) =kz< n(n+1)(2n+1)+yzw>

2
y=1x=1 y=1

M1
P+ 1)?Qn+1) (n+1DC2n+1)
B 6 B 6

M1 A1 (3)

n+1+2x n(n+1)2+%n(n+1)(2n+1)
EX) =EW) = o+ 1) 2n(n+1)
M1 A1l

:(n+1)+(2n+1)_(7n+5)

4 6 12
Al (3)
Thus
(n+1D2n+1) [((n+5)\ -n2+2n—-1 —(n—1)2
Cov(X, 1) = 6 “\T 12 =1z~ 1aa 0

M1 E1(2)
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Question 13

Vix) =E(X—x)2)=EX?) —2xE(X) + x> =02+ pu? = 2xu+x?> = 0% + (x — p)?
M1 M1 M1 Al (4)

EW)=EWVX)) =E(c?>+ X —p)?) =02+ 0% =202
M1 A1* (2)

1

_1 2 _ 1 _— A 1
If X~U(0,1),then ,u—zanda —12,soV(x)—12+(x 2) = X" —x+

B1 B1 M1 A1l (4)
Y =V(X)=X? X+1—1+<X 1)2
- B 3 12 2
Ve 1 1]

12’3

M1 M1 Al
1
d d f 1 1 1 1 ,
f) = @(F(y)) = d_y(z y _E> = (y _E) 2, S SYVS 3 and 0 otherwise.
M1 Al A1l (6)

[y
[

as required.

Alternatively, for final integral,

1

let u>? =y ——
y 12’
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or further

1
Ietu=y—E,

v

EY)=

N
N|"‘\ [SSIN

12
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