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1 (i) Use P(A∩B)=0 and 

  P(A⋃B)=P(A)+P(B)-P(A⋂B)  M1 
  α= 5/9     A1 2 
 ---------------------------------------------------------------------------------------------------------------------------

 (ii) Use P(A⋂B)=P( A )P(B)         
or conditional probability formula  M1 

  ⅓ + α –  8/9 = ⅓α    A1  aef 
  α=5/6     A1 3 

 
2 (i) E(Y)=E(X/n)=E(X)/n   M1 
  =np/n     A1 
  =p so Y is an unbiased estimate of p  A1 3 Must have statement 
 ---------------------------------------------------------------------------------------------------------------------------
 (ii) Var(Y)=p(1-p)/n    M1  Correct formula with est(p) 
  0.00156 (3SF)    A1 2 

 
3 (i) H0: p = ½, or p ≤½, H1: p > ½  B1 
  (where p is the population proportion   

whose heart-beat rate increases after drug) 
 
Form differences ,D-P (or P-D) and count 
the number of + (or -) values, X  M1 
Obtain 12 (or 4)    A1 
 
Attempt to find P(X≥12) (or  X≤4 ) 
EITHER: from table ;  giving 0.0384 M1A1√  ft 12 or 4 
Compare correctly with 0.05 and  
Reject H0, and accept that heart-beat rate 
increased in a majority of people taking  
drug     B1  ft 0.0384 Only  from tail prob 
OR: z-value with cc   M1 
1.75 A1 
Compare correctly with 1.645 and state 
conclusion as above.   B1√  ft 1.75     Only from tail prob 
OR: CR from table ; X 12 (or  X  4 ) M1A1 
4 (or 12) is in CR, so reject H0 and  
conclusion as above   B1√ 6     
----------------------------------------------------------------------------------------------------------------- 

(ii) More information is used   B1 1 Magnitude of differences 
 
_________________________________________________________________________________________ 
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4 (i) 
a



 λe-λ(x-a)ext dx 

  Integral with correct limits   B1 
  Correctly integrated, [λ/(λ-t)]e-xλ+xt+λa B1 
  Given answer obtained convincingly B1 3 
 --------------------------------------------------------------------------------------------------------------------------- 

(ii) EITHER [α] 
Reasonable attempt at M′(t) with intention  
find M′(0),  λaeat/(λ-t)+λeat/(λ-t)2  M1  Using quotient or product rule. 
OR [β] (See (iii)[β]) 
Attempt to expand mgf to find  
coefficient of  t    M1 
OR[γ] 
Attempt to use pdf, correct form and limits M1 
a + 1/λ     A1 2 

 --------------------------------------------------------------------------------------------------------------------------- 
(iii) EITHER [α]: 

M″(t) 
[λa2/(λ-t) + 2λa/(λ-t)2 + 2λ/(λ-t)3]eat  M1A1  Reasonable attempt  M1 
Var(X)=M″(0) -[M′(0)]2   M1  With attempt to evaluate 
1/λ2, (independent of a)   A1 4 
 
OR [β] which includes (ii) 
M(t)=(1+t/λ+t2/λ2)(1+at+½a2t2)  M1A1  M1 for at least 3 correct terms 
E(X)=a+1/λ    B1 
E(X2)=a2+2a/λ + 2/λ2   B1 
Var(X) as in [α]    M1A1 6 
  
OR [γ] 
Change variable to y, where y=x-a  M1 
f(y) = λe-λy,     A1 
Var(Y)=Var(X) and f(y) is independent of a M1 
So Var(X) is independent of a  A1 4 Or by integration to find E(X2)  

5 (i) P(X=2,Y=1) =P(A6,B6,C not6)  M1  With attempt to evaluate 
  =(1/6)(1/6)(5/6)=5/216 AG  A1 
  b=1/216     B1 3 Could be found first 

--------------------------------------------------------------------------------------------------------------------------
(ii) p(0)=150/216,p(1)=60/216, p(2)=6/216 B1  aef 
 E(X)=⅓     B1√ 2 ft  marginal distribution 
-------------------------------------------------------------------------------------------------------------------------
(iii) E(XY)=30/216+20/216+2/216 (=1/4) M1A1  M1 with one error 
 E(XY)-E(X)E(Y)    M1   With attempt to evaluate 
 5/36     A1 4 Accept 0.139 
------------------------------------------------------------------------------------------------------------------------(iv)
 Covariance is not zero   B1 1 
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6 (i) H0: m=207.5 H1: m ≠ 207.5 B1  Or in words 
  P~N(μ, σ2);with 

 μ=80××81/4, σ2=80×81×161/24 M1  At least one correct parameter 
N(1620,43470)   A1  May be implied later 
P(P≤1114); z=(1114.5-μ)/σ M1  With or without or with wrong cc 
Correct expression  A1 
z =-2.425  OR –2.427  A1 
EITHER[α] 
Compare correctly with –2.326  
or –2.054   M1 
Use –2.326 and Reject H0 and  
accept a change in the median time  A1√  ft z 
OR [β} 
Compare Φ(z) correctly with 0.01  
or 0.02      M1  
Use 0.1 and conclusion as above A1√ 8 ft z 

 ---------------------------------------------------------------------------------------------------------------------------
 (ii) T has a symmetric distribution B1 1 
 --------------------------------------------------------------------------------------------------------------------------- 

(iv) e.g Road conditions during first 80   Reasonable comment not given in  
days unlikely to be typical  B1  question. 
Distribution of times unlikely to be  Accept normality of  P as an  

                             symmetrical   B1 2 assumption in (i)-CLT etc. 

 
7 (i) (a+b)3=1 or a+b=1  B1  Seen 
  G′(t)=3t2(a+bt)3 + 3bt3(a+bt)2 B1  aef 
  Use G′(1)=4   M1 
  Method of solving equations M1   
  b=⅓ ; a=⅔   A1A1 6 

---------------------------------------------------------------------------------------------------------------------------
(ii) G″(t) correct, any form  B1 
 Use G″(1)+G′(1)-{G′(1)]2  M1 

= ⅔    A1√ 3 ft G″(t). Or from marginal distn 
 ------------------------------------------------------------------------------------------------------------------------- 
 (iii) GS(t)= [t3(⅔+⅓t)3]n  M1 
  Attempt to find coefficient of t3n+3

 M1 
  3nC3(⅔)3n-3( ⅓)3   A1√  ft slightly incorrect GS(t) 
  Given answer obtained correctly A1 4 
 
_________________________________________________________________________________________ 

 
 


