STEP [l 2012 Q1

(1— xe)_2 =1+ 2x°% +3x" +4x" +5x* +... B1  Enough terms to see what’s going on
General term (n + 1) x*" Bl (Implies previous B1’s work) 2 marks
(i) (1—x3)71:(1+ x3+x6+x9+...) Bl

The x® termin (1—x®)* (L= x*) " = (L+2x° +3x2 + 4% +5x + N1+ X° +X° +X° +...)
comes from 1.x%* + 2x8.x!® +3x2.x¥ + 4x*® x® +5x* 1

M1
Coefft. of x**is1+2+3+4+5=15 Al 3 marks
0 n =6k +{l,2,4,5}

Coefft. of X" is 2 (k+1)(k+2) n=6k+3
T(k+1)(k+2) n =6k
B1B1B1 One each correct 3 marks

(i) f(x)= (1+ 2x° +3x™ +4x™® 4+ 5x* +...X1+ x4+ x% 4+ x° +...X1+ X+ X2 +x° +)
The x** term comes from

115 + 1x%4x® +1x2.3x" + 1x™°.2x° +1.x".1
+ 33 A + 303+ 3 xP2x® + Pt
+x°0.2.4x18 + x8.x0.3x12 + X8 x12.2x% + x0.x'8.1

+ X033 +x0x02¢ +x0xP 1

+x12.2.3x% + x2 x0.2x% + x*2 x12 1
+xP3 28+ xPx01
+x81.2x% +x8x8.1

+xtx31

+x41.1

Coefft. of x%**is15+2 x (10 + 6 +3 +1) =55
M1  First M mark for keeping one term fixed from any bracket
M1  Second M mark for 2" bracket
M1  Third M mark for fully correct method
Al Answer Given 4 marks
Alternatively, the sum is simply

5x1+4x3+3x5+2x7+1x9=5+12+15+14+9=55. (%)

Note that, because every non-multiple-of-3 power in bracket 3 is redundant, the x** term comes from
considering f(x) = (1— x6)72 (1— xe’)*2 = (1+ 2x° +3x" +4x*® +5x* +...X1+ 2x° +3x° +4x° +)
Again, every non-multiple-of-6 power in this 2" bracket is also redundant, one might consider only

f(x) = (1+ 3x® +5x% +7x® +9x* +...X1+ 2x° +3x" + 4x*® +5x** +)

from which the coefft. of x** is simply calculated as 1 x 5+ 3 x4 +5x 3+ 7 x 2+ 9 x 1 = 55, exactly as
in (*). The result (*), in some form or another — i.e. working from the 3 bracket — gives the way of
working out the coefficient of x*" for any non-negative integer n. It is immediately obvious that it

n+1

is D" (n+1-r)(2r +1) which turns out to be the same as > _r? =1(n+1)(n+2)(2n +3).
r=0 r=1



The proof of this result could be by induction or direct manipulation of the standard results for £r and =r°.
However, | very much doubt any candidate will approach it in this general way and I am not presently
requiring proofs of such results are not required.

The coefft. of x* is 55 B1
This is the same as for x**, since the extra x only arises from replacing 1 by x, x® by x* etc., in the
first bracket’s term (at each step of the working) and the coefficients are equal in each case.
El Credible reasoning (there must be some)
Or similar working repeated 2 marks

In the case when n = 11, the coefficient of x*° is gained from
12x°® x the no. of ways of getting x° from the first two brackets M1
+ 11x% x the no. of ways of getting x° from the first two brackets M1
+10x>* x the no. of ways of getting x** from the first two brackets M1
+ ...
+ 2x° x the no. of ways of getting x*° from the first two brackets
+ 1x° x the no. of ways of getting x* from the first two brackets M1  all the way down

=12x1+11x3+10x5+...+2x21+1x23 M1
=12+33+50+63+72+77+78+75+68+57+42+23
=650 Al 6 marks

STEP 1 2012 02

p(g(x)) has degree mn B1 1 mark

(i)

Deg[p(x)] =n = Deg[p(p(x))] =n* & Deg[p(p(p(x)))] = n® Bl Noted somewhere
Deg[LHS] < max (ns, n). RHS of degree 1.

Therefore LHS not constant (nb n>0) so n=1 and p(x) is linear.
El Essentially correct
reasoning 2 marks

Setting p(x) =ax +b
= p(p(x)) =a(ax +b) +b=a%+ (a+ 1)b M1

& ppX)) =afa>x+(@+1)b]+b=a’x+(@*+a+1)b M1 Doesn’t have to be
correct yet
Then a’x + (a®+a+ 1)b—3ax—3b+2x=0

(@®-3a+2x+@+a-2b=0 M1  Equating both coefft.
of x and constant terms to zero
(a-1)@°+a-2)x+@+a-2)b=0 M1  Factorising

(@*+a-2)[(a-1)x+b]=0
@+2)(a-1[(a-1)x+b]=0

We have, then, that a =-2 or 1. Al Both a values correct
In either case, b takes any (arbitrary) value
Solutions are thus p;(X) =-2x+b and pa(x)=x+b Al Al Must be arbitrary b.

Give one Al if any one correct, but not both Als if extra answers appear. 7 marks




(ii)

Deg[RHS] =4 while Deg[LHS] < max (nz, 2n, n), El Supporting reasoning

so it follows that n=2 and p(x) is quadratic. Bl Noted or implied anywhere
Setting p(x) = ax? + bx + ¢, we have
2p(p(x)) = 2a(ax? + bx + c)* + 2b(ax? + bx + ¢) + 2¢ M1

= Za{azx4 + 2abx® + 2acx? + b?x* + 2bex + cz} + 2b(ax® + bx + ¢) + 2c
3(p(x))* = 3a’x* +2abx® + (2ac+b2)x2 + 2bex + ¢? | M1
& —4p(x) =—4ax® — 4bx — 4c

LHS = (2a°® +3a® )x* +(4a’b + 6ab )® + (2ab? + 4a’c + 2ab + 3b + 6ac — 4a )x
+ (4abc + 2b2 + 6bc — 4b Jx + (2ac? + 2bc + 2¢ + 3¢ — 4¢)

RHS = x*

Equating terms: M1

x*) 2a°+3a°-1=0 = (a+1)?(2a-1) => a=-lor1 Al  From correct terms

%) 2ab(2a+3)=0 =b=0 Al From correct terms

x*)  2a(2ac+3c-2)=0 =c=2 when a=-1 Al Qe piX)=-x*+2
OR c=1 when a=1 Al iep(¥)= 1(x?+1

x') 2b(2ac +b +3c-2) =0 Checks

x°) c(2ac +3c-2) =0 Checks El Both checks must be

visible 10 marks

STEP 1] 2012 O3

t=Vx’+1+x = %=\/x2+1—x and X:%(t_%j M1

ORvia (t-x)’=x*+1 = t*-2tx=1 = x=

2

or x=3t-1t" Al

dx= (1+1t2)dt B1
Also x: (0, 0) > t: (1, ) Bl Limits dealt with at
some stage
so that J‘f(x/x2 +1+ x) dx = J.f(t)x%(lthin dt M1  Full substitution
0 1

= %J.f(X{H izj dx Al Answer Given 6 marks
X




K 1 : 1
L= Sdx Qe f(x)= = M1
0 lWx2 +1+x X
NB Qn. says “Hence” so alternative methods not accepted unless they are using the
previous substitution again

= %J'(Hizj iz dx = —J'(x‘2 - x“‘) dx Al
1 X X 1
= %{— 1 %} Al  Integration correct
X 3x° ],
= %(0+1+%):% Al 4 marks
x=tand = dx =sec’0d@ Bl Qn. says to use this
substn. so alternative methods not accepted
V1+x? =secd Bl  Used at any stage
Limits: (0,47)— (0, ) B1
I, = j% do = ( seco j M1
3 (L+sin@) secd+tané

secd °0 A X2

= j ~sec’6 do = Al
0 sec0+tant9 ‘ F

;(t+3 t? +1
f(t) = = M1
® t 2t*
241 t2+1
-1
f[5 5 -
= (72t ) ot Al
1
1 2 1 (® .
=i|l_-__= _ - Al Integration correct
‘1t st 5t5} ]

=10+1+2+1) =1 Al 10 marks




STEP [l 2012 Q4

i) nk>1=n""'>n" and k+1>k so (k+1)xn**>kxn* E1
1 1 :
= T < El (since all terms > 0)
(k+Dn“"  kn
2 marks
In(1+£j=£— 12 + 13— 14 + 15 —... validas 0< l<1 El
n n 2n° 3n° 4n” b5n n
1 1 1 1 1
==- - - - - M1
n (an 3n3j (4n4 5nsj
<% since each bracketed term is positive Al
by the previous result El Justification that each
bracket positive
1 ¢ 1Y
= l+—<e" = [1+—| <e Bl 5 marks
n n
ALT. Max 4/5 for non-“Hence” methods; e.g. using the exponential series
(i) In 2y+1)_ In 1+i —In 1—i M1  Log. work
2y -1 2y 2y
1 1 1 1 1
= | —- 5+ 5 T+ e | =
2y 2(2y)” 3(2y)” 42y)" 5(2y)
IR T T T
2y 2(2y)* 3(2y)° 4(2y)* 5(2y)°*
M1 A1 Al  Use of log. series (given in question); 1% correct; 2" correct
:2(i+ ! 7+ ! 5+...J Al All correct
2y 3(2y)° 5(2y)
>l (since following terms all positive) Al
Series valid for 0 < 2i<1 ie.y> 3 El 7 marks
y
y
Then In[2y+1j >1 Bl
2y -1
on+2)""2 1\""2
Setting y=n+ 1 M1l = In[ 5 j >1 = (1+—j >e AlAl 4 marks
n n
n+l n 1 n
2 2
(i)  Asn— oo, (1+1j :(1+lj x(1+£j —>(1+1j x1+ El
n n n n

n
le. > (1+£j from above and e is squeezed into the same limit from both above and below

n
El Informal explanation only required

2 marks




STEP [l 2012 Q5

(i) G1 Vertical asymptotesat x=a-1
and x=a+1

G1 Horizontal asymptote the x-axis
Gl Symmetryin x=a

G1 Three branches:
LH and RH branches ~ 1/x?;
middle branch m —shaped
(with max. at x =~ a)

Ignore the position of the y-axis

4 marks

(i) o= oy _1]_2[ix_b)2 = {(x=b)[(x—a)? —1]+ (x—a)[(x—b) 1]}
M1  Differentiated (may be done implicitly after “logging”)
Setting the numerator = 0 M1
(x—a)(x—b)[x—a+x-b]+[x-—a+x-b]=0
M1  Sensible factorisation attempt: (2x —a — b) (x2 —(a+b)x+(ab —1)): 0

_a+b+/(a+h)?-4ab+4
B 2

Al Al Any sensible form: e.g. x :%{a+bi1/(b—a)2 +4}

6 marks

x=3(a+b) Al or X




Casel b>a+2 (ie.a+t1l<b-1)

Gl Five branches
G1 4 vertical asymptotes
(with correct coordinates)
1 Gl LH & RH branches
x=2@rh 5 correctly placed
at1 ap1l ! bl-1 +1
Gl Middle three branches
correctly placed
G1  All correct
5 marks
Case2 b=a+2 (ie.a+t1l=b-1)
Gl Four branches
G1 3 vertical asymptotes
(with correct coordinates)
Gl LH & RH branches
a=ll a+tIEb=1 b+l=a+3 correctly placed
Gl Middle two branches
correctly placed
G1  All correct

5 marks




STEP 1] 2012 O6
A

/BCD = 7z— 6 (Opp. 5 cyclic quad.)

Bl Noted or used
(possibly implicitly)

Cosine Rule in ABAD: M1

7\D BD? = a% + d? - 2ad cos® Al

Cosine Rule in ABCD: M1

BD? = b? + ¢® + 2bc cosd Al

Equating for BD? M1

Identifying cosé@ M1

2 2 2 2
¢ —a b -c +d Al 8 marks
2(ad +bc)
Q= tadsin@+4bcsind M1  Since sin(z— 6) =sind
= sing = 2Q r 4Q Al 2 marks
ad +bc 2(ad +bc)

2 2 K2 _ a2 2 \?
Use of sin@+ cos’d =1 = 16Q 5+ (a b” —c +2d ) =1 M1
4(ad +bc) 4(ad + bc)
— 16Q*= 4(ad +bc)* —(a® —b? —c? +d?) Al

Answer Given
2 marks

16Q2= (2ad +2bc—a® +b? +¢? —d?)2ad + 2bc +a> —b® —c? +d?) ML

= [b+c]* -[a—dT? J[a+d]? ~[b—c]?) M1
= ([b+c]-[a—d])[b+c]+[a—d])[a+d]-[b—c])[a+d]+[b—c])

Use of the difference of
2 squares factorisation

Completing squares

M1  Use of the difference of 2 squares factorisation in both brackets

=(b+c+d-a)a+b+c—d)a+c+d-b)fa+b+d—c) Al
Splitting the 16 into four 2’s (one per bracket) and using 2s=a+b+c+d
2s—2a)(2s—2b)(2s—2c)(2s-2d)

= Q°= ( =(s—-a)(s-b)(s-c)(s—d)

M1

Al Answer Given

2 2 2 2
6 marks
For a triangle (guaranteed cyclic) let d >0 (Or s—d —>s Or letD =A) El
A= \/s(s —a)(s—b)(s—c) with or without explanation Bl 2 marks




STEP [l 2012 Q7

Centroid, G, has p.v. g = (x, +X, +X;)

GX, =X, —g=1(2x,-x, —X,) M1 A1l
andso GY, =—14,(2x, X, —x,) (where 4, > 0) B1
Then OY, = 0G +GY, = 1(x, + X, +X;)—1 4, (2%, —x, — ;) M1
=11 2A0%, +[1+ 4, 1(%, +X5)) Al  5marks
Circle centre O, radius 1 has equation |x[*=1 or x.x=1 noted at any stage Bl
Since CTYlO—YJ =1, we have M1
(Note: using & =X, ¢ X5, f=XzeX, aNd ¥ =X, ¢X,)
1= {1 24)2 + 201+ 4,)% + 20— 24) A+ A,)Xy. (X, +X3) + 200+ 4,) 2%, X, | Al
= 9=1-44 +42° +2+ 44 +24° +2(1-22) A+ A )X, (X, + X3 ) + 2L+ A, )*X,.x, Al
= 0=-3-A) L+ A) + L= 2L+ A)X,. (X, +X5) + L+ 4) X, X, Al
AsA11>0, 0=-31-4)+@-224)X,, (X, +X3)+ 1+ 4)X,. X, M1
= 0=-3+34 +(X1.X2 T X2 X3 +X3.X1)+ﬂ1(X2.X3) _2/11()(1.)(2 +Xl.xs) M1
= A= 3-(a+p+7) Al  Answer Given 8 marks
3+a-2L-2y
Similarly, 4, = 3=(a+f+7) 4 A, = 3-(a+f+y) B1B1
3+ p-2a0-2y 3+y-20-2p
GX; L noted or used Bl
GY, A4
GXl+GX2+GX3:i+i+i M1
GY, GY, GY, A4 A, A,
Q+(a+p+y)—4a+L+y)
- M1
3—(a+p+7)
= 9-3a+f+y) =3 M1 AlFactorising leading to Given Answer 7 marks
3-(a+p+7)

5 GX

NB This result generalises to n points on a circle: Z—'

~GY,




STEP 1] 2012 O8

f-a>q(>0) = B>-2af+a’>q’ M1
2 2 2 2 2 2
= a?+f°-q°>208 = a+p -9, Lt -a 5,
afp afp
Al  Answer Given (o, >0 given) 2 marks
u 2 _q2
U, = ”u etc. = u’-u, U ,=q°=u,,, —u,.,u M1 Equating for g°
n-1
= u,(u,+u,.,)=u,.,(u, ,+u,,,) Al Re-arranged & factorised to get Given Answer 2 marks
Then un +un-¢-2 — un—l +un+1 Bl
un+l un
: un—l+un+1 H :
which = —=—"*2 s constant (independent of n) M2
un
Calling this constant p gives u,,, —pu, +u, , =0, asrequired Al  Answer Given
p*-q’
u, = Bl Anywhere
(24
2 2
U, +U a+ﬂ .
=== ,Ba M1  Use of first terms (even if not proved this is always the constant p)
ul
2 2 2
=w Al 7 marks
afp

ALTERNATIVE METHOD

2 2 2 2 2
uz:y:ﬂ_q =pf-a < p=leA1
a af

) 2 2 2 2
u3=7;q b o pz% M1 Al
/4
2

ﬁz—qzj 2 2

| +p°-q 2 2 2( p2 2 2 2 2
_ ( o M1 = (ﬂ —q ) +2a (2 —q ): ﬁ —q +a Al since

aplp’ -a) ap

o

B%—q° #0 as u, non-zero (given). Since p is consistent for any chosen ¢, g, the proof follows
inductively on any two consecutive terms of the sequence. E1 7 marks




2 2 2
If /B> atq, U, ,—-U,= (p_l)un —Uy, :(I““—q_ljun —Uy
af

M1Considering u, ., —u,; M1 using p
> (2-1u, —u,, by the initial result M1

> u,—-u,,
Hence, if u, —u, , >0 thensois u,,, —u, Al  Valid conclusion
Since > o, u,—u, >0 and proof follows by induction El 5 marks
If f=a+q then p=2 Bl
and u,,,—u,=u,—u, , sothatthesequenceisan AP Bl
Also, Uy=a, Uy =a+q, U, =a+2q,... = common difference is q
M1 Al(which is still a strictly increasing sequence since g > 0 given) 4 marks
Use of x=utcosae M1 When x=a, t= 2 A1
ucosa

y=2h-utsing—- 1gt® (%) Bl
2

ga’

Subst?. in their tat x = a into theiry M1 y=2h-atana --— sec’ a
u

Al May still be cos’« at this stage

2 2

ga

Use of theiry >h M1 2h—atana — ga2 sec’a>h = h-atana > o sec’ a
u u
= iz < w Al Answer Given 7 marks
u ga’sec’ o

Setting y =0 in (%) and writing it as a quadratic int M1

(o — 2usina ++/4u’sin? o +16gh

5 Al No need to mention that the negative root is
g

inappropriate; allow + for now
Setting X = u cosa x theirt M1

Ju?sin? ¢ +4gh —usina
9

<b

Setting their x<b M1 ucosa

bg
Uucoso

= Ju?sin? +4gh < +usina Al Answer Given 5 marks




M1
M1

M1

M1

M1
M1

Al
El

bg sec’ a

Dividing throughout by cosa : \/uz tan’ o + 4ghsec® o < +utana
u
Squaring (both sides positive):
2.2 4
u®tan’ o + 4ghsec’ o <bg¢+2bg sec’ atana +u’tan’ o
u
2 2
Cancelling u?tan? « both sides & dividing by g sec’?a:  4h < bgs#jL 2btan o
u
Using first result, iz < w, in here: 4h < 2btana +b*gsec’ a xw
u a’gsec’ « ga’sec’ o

Cancelling and multiplying by a°:  4a’h < 2a’btan«a + 2b%(h—atan«)

Re-arranging for tana : 2ab(b—a)tana < 2h(b2 - 2a2)

h(b? - 2a?)
ab(b—a)

Explanation that b > a (other side of net) (else direction of inequality would reverse)

Answer tana < legitimately obtained Answer Given

ALTERNATIVE

M1 Squaring \/uz sin”a +4gh <

M1

M2

M1

M1

Al
El

bg
ucosoa

+using:

. b*g?sec’ «

u?sin? o +4gh <g—2
u

b’gsec’ «

Cancelling u?sin® « both sides & dividingby g: 4h< ——+2btana
u

2(2h—btanea) 1
—<_

b’gsec’a U’
1 2(h-atanea)

Re-arranging for iz:
u

2(2h —btan ) < 2(h—atana)

Using first result, — < , In here:
J u>  a’gsec’a b*gsec’ a a’gsec’ a
Re-arranging for tana : ab(b—a)tana < h(b2 —~ 2a2)
h( 2_2a’ . . .
Answer tana < legitimately obtained Answer Given

ab(b-a)
Explanation that b > a (other side of net) (else direction of inequality would reverse)

+2bgtana +u’sin’ «

8 marks




STEP [l 2012 Q10

Moments about M :
Ry asing =Ry asing+ Fy acos¢g+ F, a cos¢
M1 Four terms
Al Correct magnitudes
Al Correct signs

Friction Law : F; = uR; and F,=uR, Bl

Dividing by cos¢ and re-arranging M1
Ritang =Ry tang+ u Ry + 4Ry
= (Ri—Ry)tang = u(R1 +Ry) Al
Answer Given

F1 vW (of‘mg) 6 marks

Moments about O : x#(R1—Rz) r=Wrsingsind M1 A1 Al  Method; LHS; RHS
Resolving // AB : (R1—Ry) cosg+ 1 (Ry + R2) sing= W siné M1 A1 Al  Method; LHS; RHS
(Give one A1l here if all correct apart from a — sign)
Resolving L"AB : (R1 + R,) sing — 1 (R1 — Ry) cosg= W cosé M1 A1 Al  Method; LHS; RHS
(Give one A1 here if all correct apart from a — sign)

NB — Only two of these are required (give for their two best efforts) 6 marks

(R, —R,)cos¢+ u(R, +R,)sing
(R, +R,)sing — u(R, - R,)cosé

M1  Dividing these last two eqgns: tand =

M1  Use of firstresult, #(R1+R2) =(R1—Ry)tang:
(R, —R,)cos¢+ (R, —R,)tangsin ¢

(R, - Rz)MSin ¢—u(R, —R,)cos¢
7,

tan@ =

Al fan o — COS ¢ + tan ¢sin ¢

Ctang .
Jsm;/}—,ucosqﬁ
MU

No need to note that R; # R,

2 Ho)
M1  Multiplying throughout by z cos¢: tan6?=/f(czoS ¢+25|n 2¢) 5 L —
sin“¢g—u“cos*¢g 1-cos”¢— u°Ccos” ¢

M1 Useof cos¢=

T =S |o

_our’
s z(azj r? —a(l+u

Al tan @ = 2) Answer Given 6 marks

®

r2 r2

1+2

R, —R :
M1l tand=pu-= (RI—RZJ tang from the first result

<tang = A< ¢ Al Answer Given 2 marks




STEP [l 2012 Q11

Before i " collision After i ™ collision
U Vi —
i
I:)i ‘ Bi_1 Bi
Mass im (k+2i(i—))m Mass (k+2i(i+1)m

Mass of block before/after

CLM — mu+MVi_1:(M+im)Vi
V=Y y oMy M
k+1 K+1+2 kK+1+2+3
Vo= nu B 2nu
" k+in(n+1) 2k+n(n+2)

ALTERNATIVE

CLM — for all particles

mu + Zm[gj + 3m(£j +
2 3

B1 B1 Allow unsimplified for now
M1 Al1This done at any stage (NB V, = 0)
M1 Al This done at a general stage

Al  >3terms (or alt. method for generalising)

Al General term correct Answer Given 8 marks

...... + nm[gj =(k+in(n+1))mv M2 A2B1
n

Al Method; LHS; Final total mass; RHS M1 Re-arranging for V Alfor V, = __ e
2k +n(n+1)

Last collision occurs when Vg, > 4 M1

n+1
2nu > u M1  Use of given k in first result
N(N+1)+n(n+1) n+1
= 2n(n+)=>N(N+D)+n(n+1l) = n(n+1)>N(N+1) M1 Re-arrangement
= there are N collisions Al 4 marks

N 2 N
Total KE of all the Pi’s is )" (i m)( j %muzzﬁ

i=1

Final KE of the block is £ N(N +Hmv,,?

:%N(N+Dm(

M1 Al

M1 AlCorrect final mass

m AL

Correct final speed

N

Loss in KE is the difference: 1 m z - +mu (N J M1
1

Use of N =1- 1 M1

N+1 N+1
, o, 11 1 1 e (1 ,
LossinKE= Zmu*|1+=—+—+..+—-1+ = mu - Al  Answer Given
2 3 N N+1 = \

8 marks




STEP [l 2012 Q12

P(lighton) =px2x1 +(1-p) x+x1 = 1(1+2p)
M1 Al M1 Complementary probs. Al
11-p) .
Then P(Hall | on) = 18— M1 Conditional prob.  B1 Numr. correct Al ft Denomr.
s (1+2p)
- d-p) Al Answer Given 8 marks
@+2p)

Recognition of B(7, p;) for some prob. p; M1
7 7 7 7
Modal value 3 = (ZJ( pl)z(l_ p1)5 < (SJ( pl)3(1_ pl)4 and (‘J( p1)4(1_ pl)3 < (:J( pl)s(l_ pl)4

B1 B1 B1 one for each correct binomial term (unsimplified)
M1 M1 for each correct inequality clearly stated (with some attempt to do something with them)

1-p)
@+2p)
M1 for using numerical binomial coeffts. and correct powers of (their) p1 and (1 — py):

2 5 3 4
2 12P || 3P| _3g 1ZP [ 3P| . 33p)<5(l-p) = p<= M1 Cancelling Al
1+2p ) (1+2p 1+2p ) \1+2p
correct RH half of the inequality Answer Given
4 3 3 4
as| TP | [ 3P| a5 2P | [ 3P} o 1 p)<(3p) = p>+ ML Cancelling Al
1+2p) (1+2p 1+2p ) \1+2p
correct LH half of the inequality Answer Given 12 marks

M1 for using p; =
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2
P(no supermarkets) = e K M1 A single Poisson term Al Correct 2 marks
_ —kay?
PlY<y)=1-¢ M1 Al
kv .
Differentiating w.r.t. y M1 = f(y) = 2kz ye %" A1 Answer Given 4 marks
o0 _ 2 .
E(Y) = j 2k y* e ky dy M1 Integration by Parts attempted M1

0

Writing 2kr y? e~ ¥ as y(anye_k”yzj M1

{y(e"‘”yzﬂ + [ e dy AL =0+ [ e qy
0 0 0
M1 Use of the substitution x = yy/2kz = —j ¥ 4x AL

N2k O

T .
\ﬁ Al (by the given result) 7 marks

F

E(Y?) = j 2kr y° e_k”y2 dy M1 Integration by Parts attempted M1

0

Writing 2kz y® e ¥ as y2(2k7rye_k”y2) M1
[yz (e_k”yzﬂ + j2ye_k”y2dy Al
0 0

_ -1 * _ -
=0+ —j2k7z ye kny? —{ e~ kny } M1 Use of a previous result (or a substitution)

kz o kz 0
2 1
= E(Y)=— Al
kz
= Var(Y) = Lt 1 = i-z Al Answer Given 7 marks
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