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Paper: Statistics (90 marks)

1 (10 marks) Edexcel | AQA | OCR A | OCR MEI | CIE
(a) Key idea: only the last two tosses matter, so use states and set up equations for Alia's winning
probability.
Let s, h, t be the probability that Aliawins from the states: no useful toss yet (or last toss T); last
toss H only; last two tossesH T.
From the state H H, further H's keep the state H H and the first T givesH H T, so Ben certainly B1
wins. Alias probability is 0.

1 1 1 1 1 1
Tree from each state: s = Eh + 58, h= E(O) +tott= 5(1) + 35S M1 Al
After HT,aT givesH T T, which has no useful ending, so the state returnsto s.
. . . 1 1,1 1 1 1
First equation givess = h, sos=§t=§(§ + ES) =z t7s M1
3 1 1
ZS_ 7 SOS= 3 Al
Answer: 1/3 5 marks
(b)s=ph+qgs, h=qt, t=p+qgs. M1
ps=phsos=h;s=q(p+0s), sos(1 — g’) =pg, and 1 — g* = (1 — q)(1 + g) = p(1 + q), giving AL
s= -3
1+q°
1 (j_ g < % because 2q < 1 + g when g < 1, so Alias probability is below 1/2 for every p. B1
Answer: g/(1+q) < 1/2 3 marks
(c) Aliawins on toss 3 only by H T H: probahility %. Ontoss4onlyby THTHMHHTHis M1

impossible since H H T has aready ended the game at toss 3): probability 1_16'

Required probability = — + = = =

§ = 1_6 Al

Answer: 9/16 2 marks
2 (112 marks) Edexcel | AQA | OCR A | OCR MEI | CIE

(a) Key ideaz M < 60 means both scores are below 60; L > 40 means both scores are above 40.
P(M < 60) = [P(X, < 60)]? = 0.64, so P(X, < 60) = 0.8. M1
Hence 2= = 0.8416. AL
P(L > 40) = [P(X, > 40)]*> = 0.81, so P(X, > 40) = 0.9 and P(X, < 40) = 0.1. M1
Hence w = —1.2816. AL
Subtracting: 20 = 2.12320, s0 0 = 9.42 and 1 = 60 — 0.84160 = 52.1. Al
Answer: 0 =942, p =521 5 marks
(b) M, < only if every scoreis below 11, and each is below 11 with probability % M1
PM, > W) =1~ (3)'=1— 2", AL
Answer: shown 2 marks
(c) Key idea: use the complement of M, < + 20 or L,, > 1 — 20 and inclusion-exclusion.
P(M, <1+ 20) = [®(2)]", and by symmetry P(L,, > 1 — 20) = [®(2)]". M1
Both together: all scores lie between p — 20 and 1 + 20, probability [®(2) — ®(—2)]" = [2D(2) M1
A
P(neither) = 1 — P(first) — P(second) + P(both) = 1 — 2[®(2)]" + [2D(2) — 1]". Al
n=20: 1 — 2(0.9772)% + (0.9544)%° = 0.132. Al
Answer: 0.132 4 marks
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3 (11 marks) Edexcel | AQA | OCR A | OCR MEI | CIE

- 144 — c — 80)yn c — 80)n

(8) X ~N(, 22, PEY = Px > c|p=80) =1~ @(%) - q)(-%). M1
P(E2) = P(X < c |11 = 84) = @(%@). M1
@ isone-to-one, so —(c — 80) = ¢ — 84, giving ¢ = 82 independent of n. Al
Answer: ¢ =82 3 marks
(b) Each error probahility is (D(-élzﬁ) = @(-3@). M1
Need @ > 2.3263, soy/n = 13.958. Al
n = 194.8, so the least n is 195. Al
Answer: 195 3 marks
(c) (i) x has standard deviation 12/6 = 2, so P(E1) = P(Z > 1) = 0.1587 and P(E2) = P(Z < —1) = B1
0.1587.

(i) P(decide 84 | p = 80) = 0.1587 and P(decide 84 | 1 = 84) = 1 — 0.1587 = 0.8413. B1

. 0.7 x 0.1587

P(i = 80 | decide 84) = 57551587+ 0.3 x 0.8413" M1 M1
B 0.1111 B

= 01111+ 02524 — 0.306 (3 s.f.). Al
Answer: (i) 0.1587 each; (ii) 0.306 5 marks

4 (11 marks) Edexcel | AQA | OCR A | OCR MEI | CIE
(a) Key idea: condition on the position j of the best candidate, which is equally likely to be 1, 2, 3

or 4.

Each position has probability %. B1
j = 1: the best candidate is rejected, so the probability of successisO. M1
j = 2: candidate 2 beats candidate 1 and is accepted: probability 1. j = 3: success needs candidate 2 M1

not to beat candidate 1, i.e. candidate 1 is the best of the first two: probability % j = 4: candidate

1 must be the best of the first three: probability %

1 1.1 1 11 _11
P=20+1+35+3)=3*% =2
Answer: 11/24 4 marks
(b) Key idea: the best candidate, in position j, is accepted exactly when no candidate before |
(after the first k) was accepted.

Al

P(best isin position j) = % and for j =< k the best candidate is rejected. B1
For j > k, acandidate in positionsk + 1 toj — 1 is accepted early only if they beat all earlier ones; M1
so the best is accepted exactly when the best of the first j — 1 candidates liesin the first k
positions.
By symmetry the best of the first j — 1 candidatesis equally likely to be in any of those positions, M1
50 this has probability J_Ll
a1 k kw1
P—-z ﬁxj—_l_ﬁz ]__l Al
j=k+1 j=k+1
Answer: shown 4 marks
1 1 1 1 5 2,1 1 1 13
(C)k=1:§(1+§+§+2)=ﬁ;k=2:§(§+§+Z)=%' M1
43,1 1 7., _ .4 1 1
k—3.§(§+z)—2—0,k—4.§xz—§. M1
The greatest is at k = 2, with probability % Al
Answer: k =2, 13/30 3 marks
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5 (11 marks) CIE

10!
@ araror M1
= 50 400. Al
Answer: 50 400 2 marks
(b) Arrange the other seven letters T, T, T, A, I, |, Cfirst: 3, 2, = 420 ways. M1
The three S go in three different gaps of the eight gaps (including the ends): 8C, = 56 ways. M1
420 x 56 = 23 520. Al
Answer: 23 520 3 marks
(c) Key idea: the letters A, I, |, C split the row into 5 gaps; the six letters S, T then fill the gaps,
and the only restriction is that each gap holds an alternating string of Sand T.

|
A, 1,1, Ccanbearranged in % =12 ways, giving 5 gaps (including the ends). B1
Lettersin different gaps are separated by A, | or C, so the gaps are independent and each must be B1
an alternating string.
A gap holds: nothing (1 way); length 2j, j = 1: STST... or TSTS... (2ways, j Sand j T); length 2j M1
+1,j = 0: statsand endswith S(j + 1 S,j T) or with T (1 way each).
. o~ 2xy X+y _ (1+x)(1+y)
WelghtanSbyxandaTbyy.G—1+1_Xy+1_xy— Toxy M1
Number = 12 x [x%?] G®, and G® = (1 + x)3(1 + y)3(1 — xy) >, with (1 — xy) ~° = X I*C,(xy)\. M1
3

X%y = > *C, (°C4;)? = 100 + 500 + 375 + 35 = 1010, and 12 x 1010 = 12 120. Al
j=0

Answer: 12 120 6 marks

6 (12 marks) Edexcel | AQA | OCR A | OCR MEI

(a) Key idea: split each deviation from the combined mean x into a deviation from the group

mean plus a shift.

For group 1, Z(x — x)? = S,,® + m(x, — x)?, because the cross term X(x — X,) is zero. Similarly M1 A1l

for group 2.

— MM, — = (X = Xp) - = mX; = Xyp)

x—w,soxl—x—Wandxz—x——W. M1

mn + nm mn — —

The extra terms total e’ (X, — X,)? = (X — X5)2. Al

Answer: shown 4 marks

(b) Group P: r = 18_ . 0.949. Group Q: r = 14 _ . 0.783 B1
pPr= s =00949, p.—201—..

mn 9% 24 544 24
min-20- 5" Combined: SXX—12+20+—><16— 5 Sxy—18+14+—><4><( 2) = M1
~ 2205, =30+16+ 2 x4= 22,
=~ 2134« 225 = _o.0760. AL

Answer: 0.949 0.783, —0.0760 3 marks

(c) Gradient = 32/524 = 1—17 M1

Combined mean: x % 44,y = % =38. M1

1 69 X 69 — X

y—38=—35(x—44), 0y =35 — 35 =37 Al

Answer: y = (69 — x)/17 3 marks

(d) Only S,, depends on d (the y-mean difference is d): combined S, = 18 + 14 + 2—54 x4xd= M1

96
32+ ?d.
r:OWhenSXy:O,sod:—% Al
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Answer: d = =5/3 2 marks

7 (12 marks) Edexcel | AQA | OCR A | OCR MEI | CIE

@ @+p)"=2"Cp v =1and(q-p)" =2 (-1 "Cp g™, M1
Adding, the odd r cancel and theevenrdouble: 1+ (q — p)"=2 2, oen "C, P" ™. M1
So P(X even) = M AL
Answer: shown 3 marks
_ 9
(b) 22 - 055, 50 (1 - 2p)° = 0.1 M1
1—2p=0.1"°=0.7743, so p = 0.113. Al
Answer: 0.113 2 marks
(c) Key idea: absorb the factor 1/(r + 1) into the binomial coefficient.
"C, B n! (n+21)! _ n+1Cr+1
r+1 - @+Drt(n—r! "~ (n+1)(r+1)l(n—r)'_ n+1- M1
E 1 — C n+lcr+1 r N — 1 C n+1C r+1 ~(n+1)-(r+1)
(x+1)—2 1 P'd —(n+1)p% w1 P : M1
n+l
Withs=r+ 1, thesumis > "'C p°q™**=(q+p ™ — g™ =1 - g™ M1
=1
&) E _ l _ qn+1
(x+1) n+p Al
Answer: shown 4 marks
nc:r _ n+2Cr+2
(d) r+)(r+2 ~ (n+1)(n+2)" M1
— 1 = n+2 S ~N+2-s H —
E_—(n+1)(n+2)p2; C.p° ™%, withs=r+ 2. M1
Thesumis(q+p)™ — g™ — (n+2p g™t =1 — g™ — (n+ 2)p g™, giving the result. Al
Answer: shown 3 marks

8 (12 marks) CIE | Edexcel IAL
(a) Key idea: write F, as 1 minus afinite sum, differentiate each term and watch the sum

telescope.

r-1 —An k

e A

FQ)=1-> 0 M1

k=0

d e—?x)\k —A)\k—l —A)\k
Fork = 1: A( K )= &K=17 ~ fork=0itis—e™ M1

A"k
Writing uy = %, the sum of the derivativesis —ugp + (Uy — Uy) + (U; — Uy) + ... + (U, — U,4) M1
= —Ur;.
dFr 3 : e—AAr-l
Hence - U = m Al
Answer: shown 4 marks
(b) F5(0) = P(PO(0) = 3) = 0, so by (3 with r =3, Fs) = [ *5 rer B1M1
2
FsA)=1—e1+A+ %), so the integral is 2F,(A) = 2 — e 2(A% + 2\ + 2). AL
Answer: shown 3 marks
© —A)\n ©
©OPN=m= [ E X eran=1 [ a2 qn M1 ML
1 n! 1o

:HXW:(E)“_ Al
Answer: shown 3 marks
(@) PN even) = 51+ 23+ .. = 5o~ = 2 and (N = 0) = 5, 0 P(N even and N = 1) = = M1
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_1i.1
2 6
1 - o111
P(N = 1) = 5, so the required probability is 5 + 5 = 3. .
e 2 marks
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